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TZE FnRTILIZATI1U Or FISH "5905 

by 

G.G. Vinberg & V.P. Lyakhnovich 

*Drefoee  

In tond  pisciculture' practice fertilization is one of 

the most effective methods of increasing the fish yield of 

ponds. Accordingly, much research has been devoted in 

,recent years, both in the Soviet Union and abroad, to the study 

of various asPects of  the commlex affect of fertilizers. 

Hitherto, however, the data amassed have not been generalized 

or adequately utilized for the formulation of a theory of the 

effects of fertilizers. Such information is sorely needed by 

misciculturists, who are concerned with discovering the most 

effective and economical ways of increasing production. 

The sharp increase in the production of artificial 

fertilizers in the Soviet Union has given added urgency to the 

nr,blem. Dy 1166 the cutout of artificial fertilizers in the 

USSR will be 39,201,090 metric tons, and towards 1970 the figure 

will be as much as 70-30,000,000 metric tons. Thus it will be - 

eossible to use fertilizers in much greater quantities to 

increase the productivity of. pond fishes. 

The development of  the  domestic artificial fertilizer 

industry, which is aimed at intcnsifyin the Production of 

food-stuffs is just as immortant for nond pisciculture as 

for auriculture. To make effective Use of  the  new mossibilities 

for intensifying fish breeding through the use of artifiçial 

fertilizers we must hasten to determine  the  scientific nrinciples 

und 'erlying the fertilization of fish ronds. 

On the strength of the recults of their own  research 

and rUblished data the authors have sot themselves the task 

of showing what progress has been made with  the  problem and 

determining the direction of future studies end the Prospects 

of pond fertilization. To achieve this aim it proved necessary 

to go beyond the miscicultural criteria  of' the  effect .of 

fertilization and to draw widely on tho results of hydrochemical, 

hydrobiological and other research, whieh is of -Prime immortance 

• for an understanding of the laws governing the  action of 

fertilisera in ponds. Great attention wns devoted to ,:onoralization 

of the results of the research and pond fertilization practice 

• in countries abroad, since this question has been insufficiently 

discussed in the Soviet literature. 
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CHAPTER I 

"endrertilization at the Present  Time 

1.  Introduction 

Artificial and organic frtilizers are one of the mont 

imnerte.nt means of increasing the productivity of fish ponds. 

As fish cUlture is intensified the quantity bf .artificial and 

organic fertilizers added to the ponds Grows, and hence it 

becom,, s increeningly important to gain an understanding of 

the lauz governing the effect of these fertilizers on the 

fish yield of ri nend. There is a growing need for a statement 

and generalizntion of the principal results of research conducted 

• in this field to formulate a theory of the action of fertilizers. 

Such e. theory would .ho a mont effective guide to their Use. 

. The early results of the use and ntudy  of nond  
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fertilization in the U3S1 and the theories then entertained 

on the subject were discussed in the bock by 3.1. Arnold ( 1941 ), 

in the textbook by A.N. Eleonsky (1946), and in the well- • 	. 

known manual on general hydrobioloGy by S.A. Scrnov (1 934). 

At that not so remote time the main thaer'etical generalizstion 

was the theory . taken from the Germens (Demoll) of non-nitrogenous 

fertilization of nonds, under the influence  of  which most 

attention waa directed . to  the suporphosphste fertilizer. 

	

The most imnortant Soviet and fore in  'papers on good 	. 

fertilization nublished up to 1950 are cited in the paner 

by G.G. Vinborg (1952). A weighty, thouGh bibliogranhically 

	

incomplete survey of the literature on the fortililation of 	/6/.  

ponds and lakes was published in England in 1954 ('.1ortimer). 

In the same year appeared a stun.nary of the literature on the . 

fertilization of lakes and ponds in the USA (Mac.iolek, 1954). 

Tho literature on the fertilization of nonds and related problems 

At the end of.thefbrties the idea of "comnlex intensi-

fication of pond nisciculture" (,:ovehan, 1943) came into vo.nie 

in the Soviet Union and this stimulated the use of organic and 

mixed fertilizers in ponds, with denser stocking and intensified 

feeding. The achievementa of the leading producers, and 

scientific studies in the post-war yearn, the chief results 

of which will be examined laer,brouGht conaiderabie•success 

• both in the construction of a thebry of the effect of pond 

fertilizers and in fertilization nractice in the Soviet Union. 
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prior to 1955 wao aloo cited by 7.1. Madill (1?5' )) . In 

this book the 1/4uthor dwelt mainly on new echicvementa in 

pond fertilization amd recent renarch. ne uoe of fertilizers, 

and their study, developed chiefly on on ompirical basis, 

:;everthelezs, a certain role was also played by theoretical 

ideas on the Principles underlying their action. 	• 

The theory of the fertilization of ponds, closely linked 

with its successful apolication in'pond pisciculture, is at 

prezent under very intensive and fruitful study in the  Soviet  

Union. ''ond fertilization practice abroad and the theories 

devised reveal two main trends, one of which was established 

in the twenties in Ger.many and the other more recently in the 

USA. 

The ,Iermans devised the theory of non-nitrogenous fer-

tilization of ponds, according to which ponds fertilized by 

superphosphate or other nhosporuS compounds do not require 

nitrogenous fertilizers. It was assumed that phosphorus 

fertiliiers intensify the bacterial fixation of free nitrogen 

to such an extent that there is no need to add nitrogenous 

fertilizers. Thu3, superphosphate emerged in the role of the 

"universal fertilizer". In addition, the proponents of non-

nitrnrenous fertilization regarded artificial nitrogenous 

fertilizers as unprofitable, and not merely on account of their 

relatively high coat. They considered it pointless to add 

mineral commounds of nitrogen to the pond because of supposed  

6 

Intensive denitrification proceones leadinG  ta the irretrievable 

loss of the nitrogen introduced into the pond. An immortant 

element of the theory of non-nitrogenous fertilization was formed 

by the speculative iàeas advanced by German . authors concerning 

the "soil laboratory", overemphasizing the role of the silt 	. 

sediments of ronds In the useful effect of fertilizers. From 

these ideas flowed the practical recommendations tyrifying 

the German school, i.e. that mineral fertilizers should be 

• a:relied to the bottons  Of unfilled ponds, and the denial of the 

advantages accruing from repeated applications to the water. 

Pond piacieulturists in Germany have also been using 

organic fertilizers (manure and others) for a long time, but 

the way in which they net hns not boon systomntically studied. 

In the USA the practickt and theory of pond fertilization 

have developed quite differently. Thera, rond fertilizers 

began to be used much later than in Eurore (about 1930), 

and the study of this question followed an ineependent oath 

neglecting the experience Of European countries. Typically, 

Eurooean fertilization Practices and the corresponding theoriès 

in American piscicultural literature were first discussed in a . 

 review paper by Neess (1949) only thirteen years ago. In the 

same way Europe also ignored American rractices and research, 

and they were examined even later (Vinberg, 1952). 

In sharp contrast to the European traditions of non-

nitrogenous fertilizers applied once or twice  and in  relatively 

small quantities, in the  USA the prevalent practice is to use 

/7/ 
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hi:h do3es of nitro:en, lhosihorus end pot .ash fertilizers, 

introduced repeatedly into the water. American theories of the 

action of fertilizers hardly take into account silt sediments 

and emphasize the direct effect, of the fertilizers on the 

development of phytoplankton. 

The methods of fertilization recognized in the lisA are 

based on recommennons made by S-eith  end  Swingle on the 

strength of the results of their nZporiments conducted since 

1734 on trial ponds in the state of Alabama (Swingle,  Smith,  

1939, 1941; Smith, Swingle, 1939, 1940, 1941, /942, 1943; • 

Swingle, 1947). 

!Swingle e..nd Smith, and subsequently the overwhelming 

majority of Anerican authors (cf., for example, Rounsefell, 

Everhard, 1953), show a decided preference for artificial 

as against organic fertilizers, since it is easier to control 

their nutrient composition and they do not have undesirable 

side effects on the oxygen regime. Although liming is used 

in the USA to neutralize excessively acidic waters, it is not 

given the same importance as in the European countries. 

The difference in the fertilization methods used in the 

USA and in European countries (Czechoslovakia, %land and others) 

cannot be explained either by the natural conditions, which 

on the whole are fairly similar, or by the forte  of pond pisci-

culture, which, though differing strongly, does not alter the . 

biOlogicel action of the fertilizers. Thus wo have a picturo 

of an independent, predominantly empirical development of 

fertilization methods, which was deterlined  in the USA by the 

wide use in agriculture of large doses of mixed fertilizers, . 

different brands of which are produced by the chemical industry, 

and in pre-war Germany by a combination of a 	' of nitrogenous 

fertilizers and a developed supernhosphnte industry interested 

in promoting the une end sale or its produete. 

Until recently, the theory of non-nitrogenous fertilization 

of ponds was accepted in Soviet piscicultural literature.  In  

1952 G.G. Vinberg came out against this theory (1952, 1953) 

and showed it to be without foundation. 	n the basis of general 

theoretical principles and using the data of pond fertilization 

experience in the USA, the results of the research of A.Ya. 

'Iusatova and 5 ..1. Euznetsov (1951), and the initial data of.his 

own experiments, ho exprossed  the  view that in many ceses fish-

breeding ponds have insufficient forms of nitrogen available 

to the phytoplankton, and that this limits theirr;=4-production 

and the fish yield . During the same yearsi i.e. from the 

beginning of the  fifties, research was being performed bY 

Baranov, ViT. Zhndin and some other hydrobiologists, who arrived 

at similar conclusions. 	 ' 

Summing up, in recent years substantial changes have taken 

place both in the treatment of the question of fertilizers'in 

Soviet manuals on pisciculture (hartyshov, 1958) and in the 

Practice of applying  fertilisera in the USSR.' 

During the same period the theoretical views and fertilization 



practices described above have undergone little change in 

East and West Germany or the USA. Therefore  no exoosition 

of individual oroblems connected with pond fertilization 

should be nrefaced by a brief description of the nresent 

research position and current fertilizntion practices in vnrious 

countries. Naturally, a distinction will be drawn between the 

"L;uropean" school of ' thought on pond fertilization developed 

mainlY in pre-war Germany, the "American" school of thought 

evolving in the USA, and, finally, the research and pond . 

fertilization techniques succes'sfully developed in the Soviet 

Union in recent years and in soma of the peeoles ,  democracies. 

2. The Theory and ', I.:entice of "and Fertilizntion in Unst Germany 

and West lermeny  

5oth in '7;est and West Germany the theory and practice 

of non-nitrogenous fertilization still reigns supreme. German 

researchers continue to ignore the practice of mixed fertil-

ization accepted not only in the USA but also in many other 

countries. The Canerai situation in East GerMany may be 

summed up in the words of Schàperclaus (1961 b): 

"::atural foods are the basis of all carp breeding.  in 

their quantity and availability depends the degree of future 

intensification of carp breeding through denser stocking 

and fertilization. Therefore It in quite understandable that 

in East •;ermany a great deal of attention is devoted to 

increasing the nroduction of natural food. In Lausitz there 

are ppnds in which fish could not live without intensive annual 

liming of the water. Sosie 750-1500 kg of Ca003  are added Per 

hectnre. In addition extensive use is made of nhosnhates in 

quantities of 30-35 kg of P2 05per hectare. Since 1145 notash 

hns hnraly ever been usea, since the wnter has enough netnssium 

almont everywhere. Furthermore, notnssium can be used to 

greater advantage in agriculture. This is even truer of nitrogen. 

Nitrogen-fixing bacteria, and particularly nitroren-fixing 

blue-green algae, provide the ponds with sufficient quantities 

of nitrogen compounds. Therefore, we must continue to make use 

of non-nitrogenous fertilization. In view of the high nitrogen 

requirement of agriculture  this is in the interests of the 

economy of the Gorman Democratic epublic". Similar views and 

recommendations are expressed in the manual on pisciculture 

recently published.(1961) by the same author. 

In spite of the fact that frequent reference is made 

in fish-breeding literature to cases where phosphorus fertilizers 

havo proved ineffectual, *lost )orman authors retain an 

unshakable belief thnt "phosphate fertilizers are always useful" 

(Rahn, 1962). Fven new research work in the.field,of pond 

fertilization in the GDR is directed mainly towards a detailed 

As we see, complred with  are -war practice the only new 

development is that potash is no longer used for pond 

" fertilization in the GDR. Furthermore, the East Germans 

have recently been paying more attention to organic fertilizers, 

' especially nig manure. 
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study of the sonnet-0d system of non»nitrorenous fertilization. 

Tents 	being made of various phosphorus fertilizers, the 

effectivnness of liming,  the  savings achieved through.the use 

of different mechanicn1 devices for spreading fertilizer, and 

so on. 7urthenlore, in accordance with the traditions established 

at  the  time of the Willenbach research station, the effect of 

fertiliznrz is judgnd only by piscicultural data. As a rule, 

ro  attempt in made to discover how fertilizers act and at best 

their initial effect is judged bd the visual indices Of water 

bloom. 

In this connection one of the later papers of Schâperclaus 

(1?61 a) stands alone. Taking six ponds on two farms where 

artificial and organic  fertilisera und feed worn used, ho 

examines produstivity factors, citing data on the composition 

and gunntitative development 9f phyto- and zooplankton, the 

chemical composition of the water and the surface layers of 

the bottom and 30 on. Unfortunately, we cannot say that the 

eairly mixed material gathered by the author fortifies his 

views. Typically, the very high content of.phosphates in the 

ponds (1.3- ).6 mg P205/1) failed to provoke any doubt over the 

advisability of using phosphorus fertilizers under these conditions. 

Several reports in recent years have been devoted to the /10/ 

results of tests of various phosphorus fertilizers. Thus 

Schâoerclaus (1954) concludes that it is possible to use 

magnesium and silicomagnesium phosphate, which, nevertheless, 
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are inferior to Thomas meal. In another paper by the sane 

author (n56) he acknowledges on the results of its use in 	. 

ponds that alkaline thermonhosohate (Sinter ,hosnhst) is more 
In  1,Cgt. ,  

effective than the literature on pond fertilization", it is 

difficult to accent as reliable those small differences in 

the productivity Of the ponds on which . the cdnclusions are 

ba.sed. In ponds with a natural yield of 156 kg/ha. fertilization . 

with thermophosphate 'yielded 2 33.5 kg/ha: (plus 85), whereas 

fertilization with Thomas meal yielded only 276 kg/ha. (plus 

73:, ). In both cases 35 kg of ?205were applied per hectare. These 

figures, which differ so slightly and have not been worked up 

statistically, are hardly sufficient to serve as a relia'ble 

basin for conclusions concerning the advantages of one of the 

two phosphorus fertilizers.. 	 • 

I-tank (1955), likewise on the strength of the results 

of using fertilizers when breeding for the nqrket, considers 

that favourable results were obtained with.Hoechling phosPhate, 

which, in effectiveness, occupies an intermediate posiion 

between superphosphate and Thomas meal.  Panic,  like other 

authors of the Wunder School, ascribes special importance to 

water bloom as an indication of the effectiveness or  fertilisons.  

He speculates that the more favourable effect of Thomas meal 

as against superphosphate is due to its greater content or 

micro-nutrients, which, in his estimation, maybe present in 

insufficient amounts in superphosphate. 

In post-war East C;ermany the most thorouzh study of the 
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effectivenens of lining and ohosohorus fertilization of nonds 
was made by MUller (1954-61). The exneriments were conducted 

in the ponds of the Kbnicswartha experimental far% in Lausitz, 

i.e. a ron which in the heart of Eant •ermr;ny's pond pisciculture. 

The ponds of this  fana,  which  are  located  on light sandy soils 

poor in calcium and with an acid reaction (pH of salt extract 	. 
are filled with hiehly coloured water with an alkalinity 

of about 1 milliequivalent. In 1952 and 1953 different doses 

of calciun carbonate were added to the ponds, and in 1953 and 

1954 umslaked line.' In 1956 the ponds were not limed (elller, 1957). 
nhosp::.orus fertilizers were first used in the K8nicswartha ponds 
in 1957, and the results were described by Uilller in 1950 . Twelve 
finishing  ponds,  each with  an  aroa of 0.25 hectares, were divided 

int' e four grbups: 1 - control ponds, 2 - limed ponds (600 kg/ha 
of Car)), 3 -  concis  fertilized with double the normal dose of 

sunerphosohate, added twice (72.8 kg/ha of 7:05), and 4 - ponds 

limed and fertilized with superphosphate  in the  same doses. 	/11/ 
As the author hinself notes, the results of the experiment are 

not very cloar-cut. ?,,Dth the lowent (128 kg/ha.) and the highest 	- 
(330 kg/ha.) yields occurred in the control ponds. According 

to the averge data for the different croups of ponds, the only 

statistically reliable criterion separating them was the  average 
fish production of the six ponds without ehosphorus fertilization 

(P21.9 kg/ha.) and the  six ponds  fertilized with superohosohate 
(293.5 kg/ha.). In other words, there was no trace of whatever 

effect the lime may have had. Regardless of the relatively small 
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increase in fish production resulting from'  the introduction 

of  tue  double dose of phosphorus fertilizer, amounting to 

71.6 kg/ha, i.e. a total of 1 kg of fish per kg of P205 , 

acknowledges that it paid dividends. He regards as 

unexpected not so much the slight increase resultini from the 	• 

use of suoerphosphate but the - in his opinion - high yield of 

the unfertilized ponds, and ho directs the reader's attention 

to the relatively high content of phosphorus ohosphate in the 

water of the water source (0.05-0.2 mg of '205/litre) and of 

the  unfertilized ponds (0.01- 9 .08 mg of Prdlitre). As usual, 

the content of phosphorus phosphate in the water of the fertilized 

ponds dropoed rapidly, and on the 2nd of July, forty- one  days 	' 

after the second aoplication of superphosphate, it was no higher 

than in the control ponds (0.915-0.04 mg of P2 n5  per litre). 

It is possible that the phosphorus Sertilizers, Which proved 

ineffective under these conditions, would have been far more 	. 

useful if used in con,junction with nitrogen. 

T011or  notas  that water bloom was firnt observed in the 

ponds of Konigswartha farm in 1947 (ha is npoarently referring 

• 
te  the bloom of blaa-vreen  algue), but there was no clea r .  

connection with fertilization.  0f  those ponds fertilized with • 

phosphorus, only 'three bloomed. For this reanen 	is 

inclined to regard bloom with circums;ection as an index of 

the effectiveness of fertilizes (1 057). Hewever, let us note 

that the data cited by us ehow that or the six ponds fertilized 

with superphosphate the threo in which there 'was no water bloom 
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gave an average  yield of 67.3 kg of fish per nnnd and the three 
.,4 

In which therciyi ,;Ided  7 1.1 kg, i.e. 	nor°. 

Other peners byMLLller  (1957, 1 957h, 1961 ) , in whlch ho 

examined the effect of liming and, on the strength of his 

cznerience at the naigswerthn  fors,  concluded that,It brines 

little dividend, ere studied later. 

An regards technique, 'ellerls °niter written in 1 958  
(1953b) is of special interest, since for the firat time in 

the literature on the study of pond fertilizers ho uses modern 

methods of statistical analysis on the data from the experiments, 

i.e. variance (iseersion) analysis, with the aid of which it 

is possible to ectimate the do ,ree of reliability of  the  differences 

between the values comeerce, yet at the same tima detereine 	/12/ 

the relative significance of the various fadtors involved. 

Several authors (neess, 1949, 'Iortimer, 1954, Vinberg, 

195à, and others) note that a number of Soviet and foreiGn 

researchers concerned with nond eisciculture4 tend to neglect 

statistical methods of analysing the data of their experiments, 

and  this resulte in incorrect elannIng or the exeorimente. There-

fore many observations cannot be used as substantiated and reliable 

conclusions. In this resoect 'fish breedine lags far behind 

ar,riculturn1 end egrononieel reeeerch, in which w id e une  is made 

of statisticel methede for planning experiments and working up 

the resultn, 

• In research in the field of pond pisciculture it is often  
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imeossible to meat experiment 's many times. Frequently 

different versions of the experiments differ not in one but in ' 

several factors. Under those cenditions the nerelect of statistical . 

 methode spociallylfgigned for such contingencies becoees partic-

ularly reprehensible. The use of  dispersion  analysis, ran-

domization in the stnging of an exeeriment•and other methodical 

devices must be recognized as essential. 

The series of investigations ccnducted by 11ler is 

also interesting in that it Gives a clear idea of the general 

trend and level of study of artificial fertilization of ponds 

in East Germany and of the effectivenese of the accepted system 

of non-nitrogenous fertilizatioa with phosphorus. The figures  

cited above do not necessarily relate only to the experimental 

ponds examined. On the whole they also reflect the position 

on the producing farms of last Germany. Estimated on the basis 

of the entire area of fish-breeding ponds in the Gin (14,000 

hectares), in 1957 30 kg of 	was applied per hectare, mainly 

in single doses of Thomas meal spread on the'bottom of the pond 

in April. In addition, extensive use was made of nigts manure 

(4-6 m.t./ha). The natural yield on the poor sandy soils of 

Lausitz is 170-190 kg/ha. It is widely felt that thls figure 

has been achieved as the result of systematic aeelication of 

rertiliner (Przewlecki, lol,(l), but  this  in nt  borne out by 

the results obtained in experimental  ponds  at Minisswartha. 

' As  We  ace, in spite of the prolonged apnlication'of.high doses 

of phosnhorus fertilizer and pig's manure the average level of 
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naturel fish nroduotivity attained in -ast .%ermany is not hiLh. 

Incidentally, in the early post-war years the average fish yield 

of ponds in 7ast Germany was at a very low level (108 kg/ha in 

19). =hen it rose steadily and by 1957, when  the  total Pond 

area was approximately 14,000 hectares, it had reached 260 kg/ha 

(Schgperclaus, 1953). i,et Us note that in West Germany, with 

roughly the same area of carp ponds, the average crop in 1957 was 

only 115 kg/na. (..:ohb;perclaus, 1961). 	 /13/ 

The theories and practice of pond fertilization  in  

vogue in East and West Germany may also extend to fish culture 

in France and 2e1gium. The contents of the latest edition of 

the book by Huet (1960) - the tan  text-book on fish culture 

in French - would seem to suggest this. However, it is possible 

to COMA across  individuel  statements by French researchers . 

 which conflict with German ideas on the fertilization of ponds 

and are closer to the American point of view. Thus, for example, 

nsbet (1951), after fertilizing a pond with 500 kg of super-

phosphate and 150 kg of calcium nitrate, analyses his very 

incompletely described data and finds a rapid dron in the con-

centrations of phosphorus and nitrogen compounds.. He therefore 

exnreases himself in favour of rencated anplications of fertilizers. 

In 'rance  pond-fish culture 

Periodic aestivation of the ponds 

fertilization are commonly uned ( 

systematic study has been made of  

18 

In the French literature on fish culture only a few.short 

papers dating back to the thirties arc devoted to the fertilization 

of ponds, and these are concerned mainly with the effect of 

. liming (Péchant, ' 1960-192). The criteria for judginG the 

necessity for liming and the standard amounts to annly are 

the subjebt of a special study by Chimits (19ip9). 

In this section we have Given only a Loneral idea of 

present noaition with regard to the fertilization of ponds in 

East and Unst Germany. The results of the researchers by German 

authors in connection with individual snecific questions will 

be referred to more than once in the  subsequent chapters of 

this book. 

3. Fertilization of nonds in the USA and Israel. 

In the USA they use U-P-K artificial fertilizers. When 

studying the problem of pond fertilization American authors 

invariably refer to the researches of Swingle and Smith, which. 

were conducted in the thirties and at the beginning of the • 

forties on the ponds of an experimental  station in the state 

of Alabama. They recommend their method of fertilization  and 

 state that the neceasity for regular applications of . fertilizera . 

can best be judged from the ab.undance of ehytoplankton, or rather 

tho reduced trauSparnncy of the watorocaused by the latter. 

Initially Swingle and Saith, auiJed by the results of 

laboratory experiments in which they calculated the amount of 

phytonlanUon developing in relation to the weicht or.organic 

is chiefly extensive in nature. 

• liming and phosphorus 

'farm, 1954;  Wurtz,  1956). 110 

the effectiveness of fertilizers. 



20 

authors state in their first  armer (1n39), the use of this 

method increased the yield of the ponds from 151 to 648 kg/ha.. 

:Iitrogen fertilizers, like phosphorus fertilizers, failed to 

increase the crop when used alone in the eZneriments of Suingls 

and Smith. 

The  methods of fertilization devised by Swingle and 

Smith became standard practice in fish  culture in the USA. 

In Edminsterle short manual (1q47) on fish oulture in pend 

he suggests fertilizing the rondo with n co=....u..cinl mixture 

of 5-8-4, which signifies a content in 100 narts by weight of 

eight parts of nitrogen, eicht parts of ;t0g , four narts of . 

Kt° and eighty parts of filler supplying the necessary calcium. 

For hard water he recommends using ammonium sulphate instead' 

of ammonium nitrate. Of the organic fertilizers he-only 

recommends manure.. 

According to Edminster, fertilizers should be apPlied 

renoatedly, in a dose of 112 kg/ha. (100 lbs per acre), at 

i'ntervals of  one  week at the beginning of the season, and as ' 

needed, depending on the transparency of the water, after the 

appearance of bloom. The author states that the fertilizer 

should bo added as soon as the visibility is reduced to twelve 

inches in oonds with colourless water and 8-10 inches in ponds 

with water coloured by humus. To determine visibility one 

should immerse an arm in the water as far as the elbow and see 

how easily visible the Wrist is. 

/15/ 
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motier 	(losses due to calcination),.estimatod that the 	/14/ 
most effective  ratio of nitrogen to phosphorus was 4:1. Uhen 

the fertilizers were trie'  in small experimental ponds chemic.al  
a:.zlyzes revealed considerable adsorption of phosphorus by the 

bottom. A3 a result the nitrouen/eholohorna  ratio  was finally 
• 

set at 4:2. With application of the fertilizers to the oond 

every rcur weeks the computed concentrations of nitrogen, 

phosphorus and potassium in the water or the oond were respectively 

8:4; 2 zIg/1 plus le., :1c/1 of CaCO3 . 

3;1:ngle and Saith cite comparative data on the growth 

of the orgenic matter of the plankton with nonthly application 

of'fertilizer and with weekly application of a quarter of the 

dose. In the latter case, starting with the tenth week, the 

biomass of the plankton was much higher (Swingle,  Smith, 1939; 

Smith, Swin._:le, 1?31, 1041). 

As the result of their rezearch Swingle and Smith 

recz-ended adding with each application of fertilizer 

aporoximitely 15  kg of ammonium suinhate, 67 kg of 16.; super-

phosnhate, 5.6 kg of potassium chloride and 16.11  kg or calcium 

carbzte to every hectare of nond surface. In spring they 

advise fertilizing three times after the nond has been filled, 

at intervals of one  week. After this, depending on the 

development cf the phytoplankton, fertilizer should be annlied 

as needed, usually every four weeks. All in all, during the 

season, which in the state of Alabama lusts from Anril to 

October,  11-11 applications of fertilizer  are  required. As the 

1 -> 
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During the season no fewer than rive apnlications are 

necessary, and only in rare CLIGC,..S should the number exceed ton. 

This means that during the season from 560 to 1120 kg/ha.. of 

mixed fertilizer, or from 4.5 to 90 kg/ha. of nitrogen and the 

same quantity of '205 , are added - to the pond. Although special 

mixes are manufactured in the USA for the fertilization of monds 

CRydro-%k" and others), mixes intended for ngriculture are also 

deeneà entirely suitable. Such mixes differ in their percentage 

content of N, PLOs. and Y.20, possible combinations being 1C-10-5, 

12-12-4, 3-8-2. It is advisable to determine by experience 

which mixture is not 	itable for a given body of water. The 

quantity of fertilizer apilied per season varies considerably 

(ranging from 450 to 1350 kg/ha). The journal "Fish Farming" 

(195?) ntates thut wnfertilized ponds give an average yield of 

56 kg/ha, and fertilized  cries 224. kg/ha. (200 lbs mer acre). 	• 

Reid (1?61) writei that in the USA unfertilized ponds yield 

45-163 kg/ha, and fertilized ponds 224-560 kg/ha. 	Thus, 

fertilizers increase productivity by a factor of 3-4, i.e. their 

effectivenesn must be recognized as high. When evaluating 

these productivity figures it should be remembered that they 

relate not to carp, which are not bred in ponds in the USA, but 

to several different snecies of finhes, mainly contrarchids, 

which are semi-predacious or predacious feeders. A predacious 

type of diet is annociated with a longer food ,chain than is . 

the cane with  the carp. Accordingly the yield of ponds stocked 

with Predators must be lower, as will be the crop of fish per 

kg of fertilizer. One recalls that in the experimonts of Swingle 
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and Smith (Swingle, Smith, 1941) the yield of ponds stocked 

with predators (168-224 kg/ha.) was five times lower than that 

of ponds stocked nrincipLàly with plankton-oating fish under 

the same conditions (840-1120 kg/ha.). 

extra 
In the USA they often Rdd somromponent 

• 	
to 

the commercial mixes. For exammle, in the state of Connecticut 

for oach application of fertilizer thoy recommend taking 90 . kg 

of a 5-10-5 mix and 22.5 kg of sodium nitrate for  each hectare 

of pond area ("Fishery SUrvoy of the Lakes and Ponds of Connecticut", 

1959). Let us note that, in spite of the wide use 	* and, Me 

undoubted effectiveness of these methods of .fértililaticn, 

in some cases the ponds failed to act to the fertilizer over a 

s.oren  
period of 	years,(Clark, 1952). 

Since the basic research of Swingle and Smith only a few 

panera on fish culture have been published in the USA', devoted 

to the study of individual aspects of pond fertilization. Thus, 

for example, Zeller (1952) described his observations of the 

content of mineral and org .anic Phosphorus in two fertilized  ponds 

(1120 kg/hoct. of 4-12-4 fertilizer nor year) and four unfertiliséd 

ponds in the state of Missouri. Here the water of the unfertilized 

ponds wns marked by a ) .ory low content of rhonphates (P.010- 

0.016  mg P/litre) and a high content of nitrates (0.6-1.7 mg 

N/litro). Aftor the application of the fertilizers the con-

centration of phosphorus in the water dropped swiftly'. The 

quantity of plankton, which the author estimated from indirect 

Oppgrent 
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red ,.:c:isn in the ',ranslarency or 	:rater, -leaour ,, d 

with a Secchi disk), W82  Creator in the fertilized ponds. The 

fertilizers Lad a positive cffoct c..1 the growth of the fish. 

Zeller feels that a narticu/ar quantity of fertilizer will be 

more effective if used in small and . acre  frequent doses (weeklY). 

The  author describe's the development of filamentous . nlgae in one 

of the two fertilized ponds in the second half of the sunler: 

the ali7ae suppressed the development of plankton during this . 

time. 

In American fish breeding literature fears are often 

expressed that artificial fertilizers may lead to winter 

suffocation of the fish. This fear even induces certain authors 

who are fully aware of the effectiveness of fertilizers to 

refrain from recorllending their use (nail, 1952). 2uch views 

are linked with the fact that pond-fish culture in the USA is 

in its methods and the nature of the bodies of water used 

similar to lake culture. Therefore it is difficult to draw a 

precise line between data on the fertilization of ponds and 

the results described below of experimental fertilization of 

small "lakes" pursued on the sa.ne theoretical baeis. 

In the MA and Canada there is an unwillingness to resort 

to organic fertilizers, and artificial fertilizers are given 

greater emphasis. There have been cases where the application 

or artificial fertilizer was clearly unwarranted end unprofitable. 

This would'appear to apply to attempts to fertilize rivers. As 

211. 

long ago as the forties experiment:11 fertilization of a river 

was attempted in the oligotrophic region of Uova Scotia to 

improve the conditions of growth of young salmon. At the end 

of July 194.5 one hundred and seventy kilograms of a 4-12-6 mix 

were introduced into one of the effluents  of  Grand Lake, which 

has a slow rate of flow (0.2-0.3 m3/sec), and 56 kg of the same 

mix were left in a river in a bag. In 1946 three bai;s weighing 

56 kg each and containing the same fertilizer were again 

deposited in the river. In  o very incomplete description of 

the experiment it is stated that the effect of the fertilizer, 

which was reflected in the inten'sified growth of filamŒntous • 

algae and the accumulation of fish, made itself felt only at .  - 

a point 135 metres downstream (Hunts.ffl, 190). 	• 

Ue also know of another case where  a  %:atercourse was 

fertilized. ïhis time it was-in Tennessee and the experiment 

was conducted on a  larde  scale (Parson, Benson, 1960). The 

fertilizer used was a' 9-6-3 mix, which was hishly recommended /17/ 

by pond-fish breeders in the resion. In July 1954 forty tons 

of fertilizer were applied in quantities of 301 1:;.; per kilometre 

of a particular stretch of the river in which complete water 

replacement took thirty days. A year later another 31 tons of 

fertilizer wns added. neforn the fertilization of the river, 

in 1953, and after it, in 1956, rotenOne was used to check the 

ichthyofauna. For five to six kilometres downstream the fertil-

izers produced abundant Growth of filamentous aloes, intensified 

development of mollusks, and, as the authors state (without 
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citing any figures), an incrcase•in the quantity of plankton. 

Mention is also made of the fact that the number of fish caught 

also rose. 

The system of fertilization adopted in the USA and 

Cana..1: a  has influenced application practices and research into 

the effect of fertilizers on bodies of water in Japan and 

several other Asian countries; including Israel. 

In Japan, Matida (1953) experimented in the laboratory 

with 'T-15' 	-z 0 	o mixes in nronortions of 3-3-4, a-lo-4 and • '2 5  

10-8-4. Ile found that the development of phytoplankton was 

stimulated most by 10-3-4 and i3- 3-4 mixes, and used  the latter  

mix for fertilizing fish ponds. The fertilizer stimulated the 

develspment of phytoplankton and the intensity of its photo-

synthesis. The results of measurements of the rate of 

photosynthesis, obtained by the bottle method, were used " by 

the author for calculating the elements of thecgygen balance 

. of the pond. 

Other papers written by Jananose authors also contain 

references to the anplication of mixed artificial fortilizors. 

Thus, Shinadate  et alla  (1957), when analysing conditions of 

intensive carp culture, mentions changing from two to seven 

applications of fertilizer. Ito end Iwai (1960) described the 

changes in the character of an eel pond in which the water 

was nriginally hi;:hly acidic. Undor the influence of liming 

and fertilization with calcium phosphate, bir lime and urea, 
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abundant nhyto- and zooplankton (rotifers) develoned in the 

pond. Sulit ot alia (1957) rublished the results of a sucdoss-

ful exoeriment in the fertilization of a fry rond in the 

11.ilippinos with an 8-13-4 mix applied in fractional doses. 

These examples show that the fish breeders of the Orient use. 

mixes, mainly followin,; the American method. 

The American method of pond fertilization became 

particularly widespread ln Israel in the post-war years. Studies 

of pond fertilization conducted in Isael not only resulted in 

high yields in the specific conditions or that  country  but also 

led to interesting conclusions  of e  mors  general character. 

In Israel the limited scope for develorment of agriculture has' 

stimulated the development of intensive forms of fish culture. 

Pond culture in Israel uses intensive methods,  is 

 highly mechanized, differs strongly from pond-fish culture in 

the countries of the temnerate zone, andmuy serve as an example 

of fish-bro.:ding in the conditions of a subtropical climate. • 

Tho high water temperatures and the lerg growing scarer mean 

that two and oven throo crers aan be obtained every year. For 

example,.in the poids of the Dor experiment fiSh farm in 1957 

thoro acre Lhreo porio,ls of 	 i.c. from the 25th of 

February to  the  29th of May, from the Uh of June to the 26th 

of August, and fron the 29th of August tp the 21st of SePtember. 

On the strength of "their observations Ispreli rosectrchcrs 

consider that when the biomass of fish in the pond approaches 

/1 S/ 
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a soecific lev( l marking  th n maximum carrying caolcity of the 

the pond under the Liven conditions, the increase in the fish 

yield slows and '',von  stops. Therefore it becomes unprofitable - 

and pointless to increasr- the length of the neriod of culture. 

Aceordin„: to the figures for the period from 1153-1')57, -  in the 

unfertilized oonds of the Per exporinontel station, which had 

a low natural yield, the biolans of fish in each of the three 

periods of culture wos 81-120 kg/ha., with en averare of 100 

kr/ha., for a hiEh individual weight of the planting stock 

(31-61  grana). In these ponds, artificial nitro-ohosphorus 

fertilizers Ereatly increased the carrying capacity, hence 

ultimately their yield. In the name years, the biomass of fish 

in the fertilized ponds had reached 365-453 ki:/ha, by the time 

growth stopoed during one oeriod of culture, i.e. it was more 

than four times as large as in the unfertilized ponds. When 

carp were bred together with Mania even higher figures were 

obtained, for exemple 601 kg/ha. Under  the  circumstances 

the individual weight of the corn did not drop, the figures 

being 331-360 grams for the carp and 215-240 grams for the 

lspia  (Yashouv, 1959). .When the ponds were fertilized and 

the  fish fed, the biomasses became oven larger. Thus, according 

to the data for 1956, the biomass was 1530 kg/ha. for a carp 

monoculture and as much as 2683 kg/ha,  for a mixed differently 

aced culture: with lilenia  . Let us remember that these figures, 

'which were obtained with the small ponds of an experimental 

farm,  relate  to a single period of culture, whereas there may 

2 8 

be three a year. Therefore the annual fish harvest is very 

high. According to the published data (Sklower, 1949, 1955), 

the average fish harvest over a period of eight years (193 8- 

 '946) from the experimental ponds Was 3,451  kg/ha., with  an 

 overall range  of. 851  to 8,978 kg/ha, per year. 

According to a description  of the general state of carp 

culture in Israel given .by Jones (1956), the total area of the 

fish ponds even at that time was in excess  of 4,000 hectares 

and the average yield was 2,000 kg/ha., with .fluctuations in 

various ponds of 1,030-4,000 kg/ha. The growing season in the 

finishing ponds lasted on average for 230 days a year, with 

the ponds being drained and harvested twice. The carp reached /19/ 

commercial weight (250-300)  grena) in 100-110 days. In recent 

• years the commercial weight has increased considerably., Thus, 

in 1961, sixty-eight percent of the carp.delivered to the 

• market weighed more than 480 grams  (no  to 1,000 rra-us) and 

only 7.5% had a weight of between 260 and 340 .grams. 

In 1961 the total area of ponds in Israel - equal 

to 4518 hectares - yielded a total of 9,205 metric tons, i.e. 

an average of 2,040 kg/ha, of fish, 96.e cewhich was carp 

(Sang, 1962). 

Thus, fish culture in Israel is characterized by a 

high yield of fish per unit area of pond, and this,  due in large 

degree to the systematic application of artificial ni.tro-

phosPhorus fertilizers. 

CS.  
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The artificial fertilizers used in Israel are super-

phosphate and ammonium sulphate, and the main organic fertilizer 

is  bled lime. On the strength of the results of the initial 

research done nt the exoerimental fish f.rm it was auumed that 

for each anolication artificial fertilizers should be used 

in quantities sufficient to raise,the concentration of the active 

principles in the wator to 1.5 mg 1,1/litre and 0.5 mg 7/litre. 

Initially it was assumed that the quantity of fertilizer necessary 

for thia would be deteroined from the resulta of hydrochemical 

analyses of the water. For this purpose special laboratories 

were set up in the fish farming areas to make ranid  analyses.  

Three years of analysis by these laboratories showed thattwo 

days after the artificial fertilizers had been applied the 

water in the large ponds (1-6 hect.) contained only 5-10 of 

the amount added, and the content of mineral  foras of nitrogen 
esluthi.Sed :fre 

and ehosphorus had 	 at a snecific level characteristic 

of the  pond and region. This made it possible to close down 

the regional laboratories in 1955 and work from accumulated 

data when determining the standard amounts nr fertilizer to une. 

In accordance with these standards very large quanities 

of fertilizer wore added to the pools. Even higher doses were 

applied during the first period of research begun in 1949. Thus, 

in 1951, 12.1-15.5 centnerehectare of superphosphate and 17.9- 

20.7 c/ha, of ammoniUm sulphate Per year were introduced into 

the exPerimental ponds of the station of Sde Nahun (Wirzhubski, 

Sang, 1953). During a iater period of research, which was 
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conducted on new ponds in for, smaller, though still high 

doses were used (10-2O c/ha, cer year), and their effectiveness ' 

was increased. 

The effectiveness of the nitro-phosphor,is artificial 

fertilizers became evident during the first few Years of obser-

vations. The very first . studies, which were conducted between 

1949 and 1952 on the oonds of an experimental fish farm, showed . 

that the natural yielà of the ponds at Sde 7;ahum of 400-500 kg/ha Po/ 

Per year rose to 750-1150 kg/ha after fertilization With 

nitrogen and phosnhorus (Fisher, Rashkes, 1951; Reich, 1952 ; 

Wirzhubski,  Sang,  1953). These results were later confirmed 

by those obtained from the ponds at  for.  

During the four years of research (1953-1 057) at the 

for  experimental station six types of fertilizer were tosted, 

on twenty-two ponds. The standard adopted was fertilization 

once a fortnight in doses calculated to give  concentrations  of 

2 mg of nitrogen and 0.5 mg of phosphorus  par litre.  It ,was 

. nhnwn that the addition of this amount or fertilizer once a . 

week failed to give a higher yield (Yashouv, 1957). This 

extremely important conclusion is emphasized once again in a 

later paper by the same authpr (Yashouv, 1962) describing his 

research at the experimental station during.1961. In this 

Pacer Ynshouv states that in 1961 exoeriments were staged to 

increase still further the number of applications of . fertilizer 

by dnubling.the dose. Instead of the standard 60 kg or super- 

phosphate . and 70 kg of ammonium sulphate per hectare added every 

Ceniner 	100 k9 
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fortnight, they took a double dose and  applied it twice - at 

the beginning of each period of culture and thereafter at 

intervals of two WOCI:3. Thus, during the two perioes in 19:..)1 

480 kg of superphosehate and 560 kg of ar,menium nulphnte were 

aonlied 

 

sr hect:-.”o, and this led to a suhstantal saving 

comoared with the standard rates of fertilization adhered to 

in Israel. In ponds fertilizéd by this  navel  (for Israel) 

method the fish ,rau even senewhat ?aster than in ponds 

fertilized by the conventional method. Durinj the first 

senior'  (of car, culture) the respective rates tsTre 6.34 and 

6.22 kg/ha. per day, and during the second period (joint culture 

of carp and Tilapia ) they were 13.45 and 12.87 kg/ha, per 

day. The results of this oxneriment, which was to be continued, 

have nnt been published in full: If these interesting data 

are to be correctly understood and their significance properly 

apf)reciated we must remember that the ponds were filled with • 

water with a very high content of nitrates during the period 

of culture to prevent a drop in the wate;-. level. 

The results of the study of the fertilization of ponds 

in Israel have been generalized by Hepher (1962), and his data .  

show that durIng five years (1050-1954 at the Sde Nnhum station 

nitro-phosphorus mineral fertilizers raised the yield by  an 

 average of 77 . 

The relative effectivenea's of the action of mixed 

nitro-phosphorus artificial fertilizers proved much higher at 

the 7,,r fish farm than at Zdo Unhum. According to the'averages 
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for  five years (1953-1957) the yield of the fertilized ponds 

was 732:1, of the yield of the•unfertilized ponds. However; this 

i8 eue not to till hijier yield of the fArtilized Ponds but te) 

the Im 'zch lower yield of the unfertilized ones, which were 

fed not by the plankton-rich waters of the head pond RS in 

See Uehum, hut by ground water from bereholes. nn  average  

during the •five years . the rate of increase at the first station 

was 4.34 kg/ha per day in the fertilized 'ponds and 2.51 kg/ha  

per day in the unfertilized ones. The corresponding figures 

for the second station were 3.91 and 0.47 respectively. Let 

us note that the described results of the application of fertilizers 

to the new ponds of the Don station completely contradict the 

widely hold though unfonnded view that artificial fertilizers 

can be effective onlY in "mature" ponds with sufficient silt 

sediment. 

Particularly interesting data were obtained ln experiments 

conducted in 1955 and 1956, when the effect.of fertilization 

was studied in conjunction with feeding of the fish. To five '. 

 0.5 hectare ponds the researchArs added feed in amounts sufficient 

to produce the maximum increment achieved by feeding in previous 

yeara. To five other ponds they ridded artificial fertilizers 

and the same amounts of feed. On average during these two years 

the increase in the yield of the fertilired ponds under these 

conditions was 88::: as agninst the yield of the ponds where the 

fish wore fod but no fertilizer was added. The most•important -

uoint is that the amount of feed used fell from 3.5 to 1.9 kg 

per kilOgram of fish. 	• 

/21/ 
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le  should like to -mint out that. even the total amount 

of feed and fertilizer exnended per kilogram of fish was less 

than the exnenditure of feed in ponds where'the fisb . were fed 

but  no fertilizer was added. And the same sort of firures were 

obtained during the first years of fertilization studies (190 

and 199) at the Pools of the Sde Nahun station (Garig, Vnrdinia, 

1957). 	 • 

Even llrger yields were obtained by applying 'artificial 

fertilizerz  on  farns producing for the market (Sang,  1955). The 

ponds compared were divided into two croups (A and B) of 5-6 
ponds each ( ..:able. 1): 

Table 1  

The effectiveness n' artificial and or ,.ano-mineral fertilizers 
in nnn.'A in TsrAel ( ,:;r5g 1 1 ') 

I 	2' 	
3 	l'Aure•clo. 

rp,.. 	 7 
	e 	cs 

.i. 	 OGutnel up,. 	,., 	 ..... 	 romenan 
. 	 '1- 	" 	4 

–. 	n». 	.Y. ,P• 	 cepenx.tc.luda 	 niwoc(1 	 '''''''''' 	 `;,Y,"-- 	PwG.T. 

.. 	 e•>.-1..*. 	41.'0.110 • 	nquet, 	 ›"'" `''... 	 —;,-,'--- 	 AM.... .A. 	,...«,.. 
, 

1551 	A 	540 	540 	— 	170 	8,00 	life 
B— 	

— 	4,7 	170 	' 	9,84 	1970 
1952 	B 	1103 	1020 ' 	',.. 	— 	' 	262 	9,61 	2520 A 	825 	— 	10,4 	' 236 	• 8,49 	2000 
1951 	A 	490 	450 	— 	.. 199 	11,10 	-2210 

Ti 	425 	._ 	9.0 	237 	. 	7,91 	1888 

Llz:  I.  Year. 2.  '1m me  of ponds. 3. Pertilizern. h. Suporohnsphato, kg/hs. 5. Ammonium sulnhate, kg/ha. 6. Bird lime, m3/ha. 
7. Total length of season in days. 8. 24-hourly increase in k'/ha. 9. Annual yield of fish, kg/ha. 

Note; The figures in the laat column were obtained by multiplying 
thn figures. In thn two preonding columns. 
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Frocs the data of Table 1 we can judco the effectiveness 

of fertilization with bird lime, which, however, is less effective 

than fertilization with nitro-ohosphorus artificial fertilizera. 

Of particular interest is the fact that double doses of artificial 

fertilizers in 1952 resulted in a comparativelismall increase 	• 

in yield. This fact, like the  figures  given above, is convincing 

proof of the existence of an upner limit for rational doses of 

nitro-phosphorus artificial fertilizers. 

During the first stage of research at the experimental 

fish farm, begun in 1949, attempts were made to study all degrees 

• of utilization of fertilizers with the aid of hydrochanical 

and hydrobiological methods (Fischer;  flashes, 1951; Wirzhubski, 

îlrig, 1953). In the first of these two pacers . it is siated 	/22/ 

that in the fertilized ponds the quantity of plankton and 

chironomids rose by 671 and 	respectively, and the yield  of  

fish increased by 68. The authors of the second paper, which 

was based on data front  1951, found, contrary to their exoectatiOns, 

that the four fertilized ponds of the Scie  Nahum. experimental 

station, which yielded 643-1151 kg of fish per hectare during 

the three periods of culture, did not differ'so very much from 

the control pond'aa recards the development of food orr:anisms, 

especially zooplankton, although the'harvest of  the  control, 

pond was only 509 kg/ha. As is often the  case with such inves-

tintions, the phenomena involved proved to be very complex, and 

the hydrobiological datnaccumulated could only 'ha used  for  varicue 

arguments put forward by the authors. 
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'lore deeinita results -rere obtained in i.he hydrPcheminal 

part cf the research. In ente  of the weekly application of 

largo doses of smmoaium sulphate, the content of ruinerai  forms 

of nitroL:Gn in the w- tcr oC tbe fertilized oonds, socording 

to th* data of analyses madoevery five days, settled  ai:  the 

secle level ns in the unfertilized ponds. After the ao)lication 

of fertilizer the content of phosphates in thn wat , r also 

suffered a rand  drop, although it was markedly higher on 

average in the fertilized ponds than in the unfertilized ones, 

the fl;:ures being 0.04■0.09 and 0.008-0.016 mg ',/litre 

respectively. Consequently, the r:P ratio, which is vnry high 

in the waters of Israel because thOy contain large quantities 

of nitrogen nitrate and small amounts of phosphates, drooped 

perceptibly. 

The high content of mineral nitrogen in the water source 

of the por,ds  t ;de :ahal (1.15-1. (,5 mg :/litre) is due mainly 

to thernitroi,enfnitratel (Vardinia, 1954). It  is characteristic 

'that,  in both zhe fertilized and the unfertilised ponds, firstly 

the cont.nt of minnral forms of nitrogen was significantly 

lower than in the water entering the ponds (0.5-1.6 mg Vl 
In the fertilized ponds, 0.35-1.45 ng 71/1), and nenrndlY aerouma 

nitro --en and not nitrate nitrogen predominated in the water of 

the ponds. In 1)52 bird lime was introduced into two ponds in 

addition to artificial fertilizers. l'hP water of tlzoon panda 

contained far Power mineral forms of nitrogen than did the control 

sou,  and the proportion of n'itrnt ,, nitrogen reae.from 25;; to 1:5. 
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The factors governing the dynamics of phosphorus have 

been subjected to a àeorough scrutiny by  Hocher  ( 1 ,58a  end 1955b, 

1959, 1962a). The results of his studies, which are of Great 

general interost, will be examined later (r. 71). 

In 1962 Ilephor publishnd the results of studios of • 

the gratis  plankton production of ponds, thenaGnitude of which 

is regarded as a.good indication  of the effectiveness of 

fertilization. At the present time such studies are being 

conducted on a large scale (Yashouv, 1962). 

As we see, in Israel only the reconnaissance work of the 

first period was accompnnied by "comprehensive" or "complex" 

studies of tho ponds by hydrochemical and hydrobiological 

methods, which failed to yield clear-cut results. As they 

gained exporie"nce the workers at the experimental fish farm 

decided to switch to projects involving the study of individual 

problems connected with the fertilization of ponds, and this 

provod more fruitful. 

For the fertilization of commercial 'Ponds the Isrnelis 

use only nitro-phosphorus artificial fertilizers (ammonium 

sulphate and superphosphate), applied" in large doses, sometimes 

in combination with bird lime.' ToL:ether with the favourable 

conditions of the subtropical climate they have done a'zreat 

deal to help raise  the  average yields of ponds in Israel to 

record levels. 
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L.  Fertilization of :Tnn-nraining 	nnd iAkes  

A theory of pond fertilization can only bp formulated 

on the ba is of a deen unde -rstanding of the general nrincinles 

governing the cycle of nutrients in the body of weter. These 

deternine the fate of the substances  introduced into the pond 

and the effectiveneas'of their action. in this connection 

observations of the results of ' experinental fertilization of 

"lakea" are extremely important. We should say straight away 

that in most cases the lakes in question are small bodies of 

water with an area of a few hectares only, or even a few tenths 

of a hectare. They merit the designation "lake" only because 

they are natural pools and not  artificiel  ones, and becaune 

they differ fron the largo non-draining ponds in being smaller. 

Hewever, observations conducted in connection with the 

fertilization of deeper hetcrothermous lakes are equally as 

imnortant since they denonatrate certain imnortant features of 

the initial effect of the fertilizers whieh would be difficult 

to trace immediately in shallow ponds, where - they are obscured 

by the influence of the complex end highly variable interaction 

between the water mass and th n bottom sediments. 

Exncrimental fertilization of "lakes" hae boon pursued 

mainly in Americo, but one of the first and most interesting 

studies of this problem was undertaken in 1937 and 1938 in 

Gernany, in- connection with the small and thoroughly studied 

eutrophie Schleinsee (area 14.9 heetares,mmximum depth 11 metres, 
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average depth 6.5 netres), situated on the north shore of • 

Lake Constance. Careful and systenatic analyses of the mineral 

and organic phosphorus and nitrogen in the linter and in the 

composition of the plankton rnvenlod .the fat :Al of the phosphorus 

which had beon introdncéd into the lake (7insele, 1941; :; 91ann, 

1941). Guperphosphate was first added to the lake and dissolved 

in the water of the epilimnion (0-2 metres) in the sumner of 

1937, and as a result the content of inorganic 'phosnhorus, which 

was eresent in traces, rose to 50 mg/n 3 . in the course of the 

next ton days all the phosphorus wns taken up by the organic 

phosphorus and a considerable nortion of it sank to the hypolimnion 

with descending particles. After four weeks the quantity of 

phosphorus in the lake was the same as at the beginning. The 

firt addition had no perceptible effect on the production of 

plankton or the regeneration of the phosphorus in the hypolinnion. 

In 1938 phosohorus wqs added twice (on the 30th of. *:ay and the 

30th of July) in doses of 47 kg, which, when calculated for the 

entire  mass of water in the Lake, corresponds to an estinated 

concentration Of 100 mg/m3 .  Alter the first aonliention the 

content of inorganic phosphorus in the water rose from 0 to 

80  mr/m3,  but  dropped back to 40 mon/n 3  after four days because • 

of the high rate of absorption by the plankton. The ranid 

absorption of the inorganic phosphorus was accompanied by a • 

drop in its total volume in the trophogenous *layer as the result 

of the sinking of particles to the hypolimnion. . . 

It is particularly interesting that the rapid enrichnent 
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of the plankton with phosnhorus WAS in no way due to an 

incréese  in  its biomass. Tt was found that when the water WAS 

enriehed with phosnhorus there wns a eharp increase in its 

'relative content in the plankton, after which the content of 

phezehnrus eeein diminiehed. On the 1531; of Aun1t,  j. e.  on 

the second day after fertilizatien, the  relative' content of 	. 

phozphprus in the dry substance of the plare:ton wns 1.11. On 

the 15th of Aueust it was 1.521, and on the 7th of Gootember 

0.301. At a comparatively  constant  content of nitroeen (4-65) 

the 7:P ri,tio rose accordinely from 4.5 to 16.5.,  It was shown 

that in twenty-four  heure  the plankton is capable of abnorbing 

twente times  as  much phnsehoruz os it originelly contained. 	/25/ 

The orieinal 1T:P ratio of 21 then drops close to zero. 

Evidently the accumulation  of phosphorus was followed 

by nropagation of Ur pinnkton, since in 1938, as the result 

. of fertilization of the lake, plankton production, computed from 

the accumulation of Cflz  in the hypolimnion and by other methods, 

almost trebled. 

Analysai  showed that the absorption of phosphorus by 

the  plankton was accompanied by a drop in the content of total 

phpepheren 17, the upper leyers of water and in thé lnke an a 

whole because of its removal to the hypolimnion together with 

einkine particles. ';y the let of oetnbnr, Judelnc from the 

content and distribution of phosphorus in the water, the lake 

had reverted tm its original etete, and next seazon, but only 

' at the beginning of zumeer, there was a-small incroase in-the  

total quantity of nhosphorus in the wuter equivalent'  to 10', 

of the  amount added  the nrevious year. Tbus, it was shown 

that at least in eutrophie stratified lakes a single dose of 

phonnhorus produces only a very tranzitory effect and car.not 

mnterially effect the established cycle, which denends on the 

combination df conditinns chnracterizine the lake. 

The imnortant data of Einsele and Niimane (1z41), which 

were obtained at Schleinsee and published in the early years 

of the war in a German journal, were apf, nrently ignored during 	• 

the first uncoordineted attempts to fertilize lakes in the VSA 

and Canada. As in pond-fish culture, mixed artificial fertilizers 

were used for the lakes in the l'ku. The results of the initial 

experiments at the beginning of the forties arelinown only in 

their general outline. Taylor in Canada (.;uebee) added to a • 

lake with an area of 15.4-hectares a 4-5-10 fertilizer at a 

rate of 7.5 mg/l. It is noted that.the growth  of brook trout 

was intensified that year. In 191:3 King reported on the 	. 

fertilization of an 3.5 hectare lake in the state  cf  'north 

Carolina. Roughly 4.5 tons of a 6-9-13 mix and 0.5 tons of 

 sodium nitrate were added to the lnke. There was a large 

harvest of porch, but the yield per unit of fishing effort did 

not increase (Smith, 1143). 

• 	A large-scale experiment in lake fertilization was 

conducted in the Algonquin National Park 	in Ontario. In 

1946 one lake was fertilized, and in 1947 four lakes,. with 



areas ranging from 22.5 to 230 hectares and danths of 9-27 

metres. In all, some 690 hectares c.f water surface were fer-

tilized and roughly 24 tons of 12-24-12 fertilizer was used. 

Two laken were fertilizeçi in three stages, and one in two stages, 

to produce an estimated concentration of the mix in the water 

of the cnilimnion of 0.5 to 9 mg/l. in a season'. It is reported 

that 3-4 weeks after the addition of the fertilizer the phyto- 

. plankton ponulation increased on account of flagellates and 

diatoms. After reachin a peak, however, the numbers dronped /26/ 

rapidly again. After 3-5 weeks the numbers of zooplankton grew, 

mainly on account of rotifers. For reasons unknown, this was 

observed only after the first applicationof fertilizer (Langford, 

1950). 

In 1946 and 1947 experiments began on the fertilization 

of lakes in the state of Michigan (Ball, 1950; Ball, Tanner, 

1951). The scientists chose  one "salmon" lake (1.74 hectares, 

maximum denth 12 metres) and another "warm-water" lake (11.1 

' hectares, maximum derth 4. 6  metres). 10-6-4 fertilizers was' 

added every three weeks from June to September at a rate of 

mg of mix ner litre (in 1947 9 mg/1 were added to the salmon 

lake). Judging by the figures eited, 500-600 kg/hectare were 

added during a season. In each case the control was a neighbouring 

lake of similar type. In the  warm-water lake the fertilizer 

produced ntrong water bloom in the first year but not in the 

second, though,there was vigorous development of filamentous 

algae. After the latter decomposed there were large amounts  
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of nlankton. Tho authors note that the bloom did not roach 

the nroportions cited by Swingle and Smith (very high) and 

that it always terminated before the additidn of the next dose: 

In the salmon lake there was no bloom, but the transparency 

was reduced. In the opinion cf the author, the data en the 

oxygen and temnorature distribution indicate eutronhication of 

the lake. There was vigorous overgrowth and an imnrovement in 

the feeding and growth of the fish. In the second winter the 

fish began to suffocate in the two fertilized lakes as opposed 

to the unfertilized ones. This did not occur in the Previous 

years. This case achieved widespread notoriety in the USA and 

gave rise to fears that artificial fertilizers . might make winter 

oxygen conditions worse. 

On the 'same and other lakes in the state of Michigan '  

observations of the results of fertilization were continued 

by scientists at Michigan University (Barrett, 1953; Tanner, 

1960). In June and July of 1949 and 1)50, 6-10-4 fertiliser • 

wan added three times nt threc-week.intervals to four small 

lakes of karstic origin area 1.5-2.5 hectares, maximum depth 

• 15-24 metres, average depth 10-17 metres). The quantity of 

fertilizer added during a season corresponded to an estimated 

concentration of the mix of 4-15 mg/1. In the fertilized lakes 

there was a sharp drop in the content of nhosphates in the. water 

and vigorous development of Phytoplankton. After two years of 

•fertilization no difference cOuld be detected. in Summertime 

oà. 
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between the contents of total nhosphorus in the waters of the 

fertilized and unfertilized lakes. The rate of reduction of 

the nhosnhate content was found to be inversely nrooertional 

to the alkalinity of the  water in tho epilimnion. In the 

hynolimnion, where the water contains more organic substances, 

the opoosite was found - the concentration of nhosnhates was 

not inversely but directly nroportional to the alkalinity. In 

1949 and 1950 the thermocline in the fertilized lakes.  uns 

 higher, and the content of oxygen in the hypolimnion lower, 

thnn in 191,9. In the unfertilized lakes, either there was no 

difference or the difference was much less noticeable. The 

authora conaider that these nhenomena are due to more vigorous 

develonment of the nlankton in 1949 and 1950 as the result of 

fertilization. Their conclusions are made slightly leas 

convincing by the fact that the two control lnkes  are  characterized 

by lower alkalinity of the water than the fertilized lakes, the 

figure being 32 and 71 end 137-192 mg CaCO3/1 resnectively. 

Therefore it is not imnossible that the cr;ntrol lakes, with 

their lower yield, reacted more weekly  te  the meteorological 

differences between the various years. Uovertheless, there is 

no doubt that in sufficiently productive lakes the content of 

oxygen in the hypolimnion may be reduced under the influence 

of fertilizers. It is a well-known fact that the deficit of 

oxycn in the hypolimnion is directly proportional to the yield 

' end  «Kra° of "eutroehication".of a lake (Hasler, 1947; iklmondson, 

17e, 1). 

4.14.  

An instructive exnmole of the consequences of "o7er-

fertilization" is orovided by lakes into which nolluted waters . 

 brin lnrgc n_unntitics  cf  nitrogen and nhesnhorus. As we have 

already said (Vinberg, 1952), this is illnstretcd by the Wisconsin 

lake chain into which flows purified waste water from Madison 

city. According to the figures for 1944, 157, 661 and 329 kg 

of total nitrogen and 21, 99 and 66 kg of total phosphorus per 

hectare flow into the chain formed by lakes Monona, Wanbesa and 

Ke5oeba each year (Sawyer, 1°47). If we ignore the flow of the 

lakes, these figures, for average depths of 0.4, 4.9 and 

metres, correspond to estimated concentrations of 1.9n, 13.4 and 

7.1 mg of nitrogen and 0.Î54, 2.03 and 1.43 mg of phosphorus 

per litre. In spite of the largo annual inflow of nutrients 

thoy are used up so completely that in summertime the concentrations 

of mineral  fores of nitrogen end phosphorus in the water of the 

epilimnion are identical to those in the water of twelve Other 

lakes in the area which receive no waste water. Thus, if we 

go solrly by the results of chemical  analyses of tue  water we 

miLht arrive ut the paradoxical conclusion that these oVer-

fertilized lakes with excessive development of phytoplankton 

require fertilization. In eutrophie bodies of water large 

quantities of nutrients are buried in the  rand  deposits. In 

1944 for instance, the annual outflow of nitrogen in lakes . 

 Monona, Wnubesa and KonLesa amounted to 49.8;% 54.9;:; and 

61.4 of the inflow.  IL  is q;lite evident that  the  available 

amount of nutrients available to phytoplankton in 'eutrophie 

bodies of water is determined chiefly by tho conditions of 
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nutrient rognnerution and exchange between the bottom and 

the water in that basin. This is also true of nonds. 

The figures quoted show convincingly that although 	/28/ 

the additinn of artificial fertilizers to lakes nroduces 

characteristic and predictable consequences,  tue  content of 

nutrients in the water and their seasonal dynamics, at least 

in eutrophie lakes, are a st'Able feature of each particular 

lake. 

Initially it seemed thst in low-yielding bodies of 

water whose cycle centaine a small quantity of nutrients and 

.whose metabolism is distinguished by a high degree  of 

reversibility the situation was different. Ono might  hava 

thought that even a single apnlication of fertilizer would 

easily ch;r1e the content of nutrients in the waters of such 

lakes. Therefore the results obtained from the fertilization 

of originally oligotrophic lakes are of great internst. There 

is an example of this in the paner of Smith (1945). The lakes 

of 	3runswick, which are situated on granite, have a very 

low biological yield. The total biomnsn of  the  fow species of 

fishes living there (brook trout,  Pendulas,  eel) weighs 20-40 .  

kg/ha, yet the yield is less than 1 kg/hoctare per year. For 

fertilisation  they close Lake Crecy (area 20 .4 hectares, 

maximum dooth 3.8 metres, average depth 2.4 astres),  which 	. 

has very low mineralization (3 mg of combined CO 2  nor litre, 

pH 6.7), On the 19th of June 1946 one ton of ammonium phosphate  
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• and 226 kg of potassium chloride were added to the lnke, 

corresoonding to  0. 39, mg of phosphorus and 0.21 mg of nitrogen 

per litre. Towards the end of August, i.e. two months later, 

Anabaena  began to bloom vigorously, which had never happened 

before. Soon after fertilization the zopplankton renched its 

Peak. By the 27th of June  the total phosphoras, which Prior 

to fertilization had been at a level of 0. 016 mg/l, had 

reached 0.. 183 mgn/l. Then it began to diminish, but still it 

remained for a fairly long time at a higher level than before 

fertilization (26 July - 0.05) mg/l). Smith stresses that 

it proved possible to raise the biological yield of a lake with 

very low mineralization of the water without the addition of 

carbonate compounds. This fact is indeed of great general 

interest. 

The following year a second lake of the same t:TIDe was 

fertilized. This time the choice f'ell on Lake Gibson (24 hectares, 

• maximum depth 6.1  astres,  average depth 4 metresl, which is ' 

situated in the same region. On the 22na of July 1947 the lake 

was fertilized with 0.7 tons of potassium chleride  and 6 tons 

of crushed limestone. Secause of the larger volume of the lake 

only half the dose per litre was used compared With Lake Crecy. 

The lakes were fertilized a second  tiras in Junte  1951. In both 

lakes blue-green algae began to bloom after each application . 

of fertilizer, but an intensification .of the development of 

the benthos and macroohytes and an increase in the rate of 

growth of the fish (Salvelinus fontinalis)  were . observed only 
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in Lake Crecy. In order to ascertain the influence of the 

fertilizers on the yield of fish the second.  application of 

fertilizer wan aasociated with measures to count and - limit 

the predatory fish (eel) and birds and stocking of the lakes, 

which, as was shown by earlier research, failed ti) produce 

results in these lakes without fertilization. Having carefully 

examined the effect of theae measures, Smith came to the 

conclusion that the fertilization had increased  the  yield of 

fish only in Lake Crecy, whereas it failed to produce results 

in Lake Gibson. Emohasis is laid on the complexity of the 

conditions on which denend the ultimate effect of the fertilizers 

.and the transitoriness of their action. These studies disproved 

the original assunntion that it ia rosnible by means of a einglo 

application of massive doses of fertilizers to alter the content 

of nutrients in the water of oligotrophic lakes for a long 

time. 

Therefore Great interest attachcs . to the long-term 

obaereations of aystematic reneated fertilization of oligotrophic 

Bear Lnk., (J0 hectaren, mnximum depth 7.5 metros, average denth 
4 metres), aituated on iiodiak island in Alaska. This lake, 

like the others on the island, ia the dwelling-nlace of young 

red salmon (Oncorhyncus nerka). The lake was fertilized to 

cheek the sunoosition that the drop in the salmon yield was 

relatnd to a deterinration in food conditions in the freahwater 

period of its life, which lasts on average for three years. 

The suggestion was made that this deterioration . is  in  turn due 
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to a drop in  .the number of dend spawners remaining on the 

spawning grounds and a correspond.ing reduction in the amount 

of phosehorus and other nutrients entnring the.lake. 

To determine the amount of fertilizer necessary and 

exploratory experiment was staged in 1949 using water from 

Bear Lake to which had been added various quantities of 

phosohorus and nitrogen salts; From the intensity of photo- 	' 

synthesis and the number of cells of phytoplankton developing 

in the test jars it was found . that of the three fertilizers 

tested the greatest increase per unit was shown by the one 

with an addition of 0.05 mg of phosphorus and 0.25 mg of 

nitrogen per litre. These figures were tRken as estinated 

concentrations for subeequent applications of fertilizer. 

vhosohate and nitrate saltswere added to the lake every year, 

beginning in 1950. During the first two years . the .fertilizers 

were added once a season, but in subsequent years the dose 

was halved and given twice. Hydrochemical,.hydrobiological 

and ichthyological investigations were conducted systematically. 

After fertilization the development of the . phytoplankton 

lowered the transparency of the water, increased the oxygen 

content and made the water more alkaline. Uo narked regular 

variations in these factors was deected in different years. 

Highly Interesting data were obtained as. the  result of 

measurements of the intensity of ohotoaynthesis'of the plankton 

by the bottle method, which, the authors conclude,. is "the 

most direct existinc method, which very quickly reveals the 



Year of 
investiration 

1959 
1951 
1952 
1753 

Av. weight 
of one fish,in 

1;rams 

3.35 
4.P, 3 
5.59 
6.54 
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effecti7eue3J of the fertilizer used" (:telson, Edmondson 1955). 

When measurements are made by this method the figurosfor the 	• 

cross  yield can be expressed in absolute units. This made 

possible a quantitative comnarison of the initial and enà effect 

of fertilization and determination of the relationship between 

them. Figure 1 clearly shows that during the first izour years 

of fertilization or the lake the average intensity of photo- 

synthesis rose from year to year, and  this revealed the cumulative 

effeet, which could not be traced so distinctly by other methods. 

In subseqUent years, notwithstanding the continuing fertilization 

of the water of the lake, the gross yield remained-at the same 

level. Evidently, under the influence of the fertilizer there 

was also a progressive increase in the rate of growth of the 

young red salmon (Fig. 1, A). This tendency can also be detected 

in the increase in the average weight of the downstream migrant 

young, which yielded the following instructive series of figures 

(lelson, 1959): 

Yenr of 	 Av. weight 
investigation 	of one fish, 

in Grams 

1954 	 8.23 
1955 	 8.99 
1956 	 8.23 

Thus, we are faced with One of a few examples where 

fertilization of a lako not only resulted in an initial effect 

but also,. to some degree, led to the accomplishment of the 

ultimate aim - the impeovement of the conditions of development  
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of the fish and an increase in productivity. Characteristically 

this was achieved in an oliGotrophic homothermous lake. Of 

especial importance nerhaps is the fact that in this specific 

case the original supnosition that the fish yield is limited 

by the magnitude of the gross yield in oligotrophic lakes 

was borne out. Also inportant is the fact that the exneriment 

demonstrated the cumulative effect of the fertilizers over a 

series of years, i.e. the possibility of raisinG the trophic 

level of an oligotrophic lake by prolonged fertilization. Of 

particular interest for the theory of the action of fertilizers 

is the fact that in the years 19507.1952 the rise'in productivity 

had no effedt on the composition and quantitative development 	. 

of the zoopinnkton. As 'relson notes, this does not mean at all 

that the yield of zooplankton and other food organisas  remained 

at the same level. With an inveriable biomass of zooplankton, 

which is limited by the grazing of the fish, its yield could 

increase owing to a rise in fertility and a hastening of 

development under bettor tronhic conditions. JtidFinf; by sone 

data (McLeod, 1958), a certain increase in the yield of oli .go-

tronhic salmon lakes in Canada can be achieved with the aid of 

crab meal. 

Lake fertilization is known to have been tried in other 

countries apart from the USA and Canada. In rmstralia for 

example the cold-water oligotrophic Lake Dobson, which is situated 

at an altitude of 1030 metres  (ares 5.85 hectnres, maximum depth 

6.1 metres, average depth 2.34 metres) and contains wnter of 

/31/ 
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3  Years of investiEation 

F17. 1. The effect of fertilization of Bear Lake on rross 
production and r,',owth cf  young red salmon (after Nelson, 
175?): 
A - Av. lenEth of migrating fish of diffnrent ages; 
1,2,3,4 - aFe in 'r 	 nh ears; B - otosynthesis of plankton 
forty days after 'June (VI) and .  July (VII) anolications 
of fertilizer and the mean intensity of photosynthesis 
(Co). 

very low mineralization (dry residue after hentinE - . 21 me/1), 

was, in the summer season of 1950/51, fertilized every month 

with some el') kr, of a mixture nf salts (4o''. ammonium sulphate, 

605 supernhosnhate, 5": ootnasium chloride and 15;. lime). Later 

lime was added three times. It was found that after fertilization 

a nh'‘rp drop in th* Initially hiîh cenLant of Phosphorus einaphnte 

is followed by an increase in the amount of organic phosnhorus 

in 'the wate.., and about a month later it reaches its peak.  
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The rate of zL,,rowth of  !vrioPhyllnn  wss sharply stimulated. 

The rate of growth of the fish also increased (Wcather'_y, 

Nicholls,. 1°55). 

Interesting results were obtained from phosphorus' 

fertilization of the oligotrorhic trout lake 	KinordecAy 	/32/ 

(16 hectares, average depth 2.h metres) in Nerbt Scotland. In the 

lakes of this localitY the content of phosphates in the water 

is very low (P-B04 <0.5 me/m3 ). In the sumner of 1952 two tons 

of suprrphosphste were added and an initial conce.:trati .on cf 

0.33 me of phosphorus per litre was achieved. ruring the first 

fortnight the content of phosphate dropped in accordance with 

the lourithnic law and twenty weekslater it had reached 

analytical zero. Analyses failed to reveal any influence of 

the fertilizers on the content of NI
' 
 '71
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 , and PC',  in the 

3 ' 	' 3 

water (Holden, 1956). 

The phytoplankton, which was nubjected to systematic 

study  2 	earn prior to the addition cf the fertilizer, proved 

to be strongly affected by it during the following two years. 

Within a fortnirrht of fertilization the number of cells of 

Astorienella  formosn which had been vPry small, prior to 

fertilization, rose to 1030 per ml. This was accompanied by a 

drop in the content of silicc;n in the water to a very lowlevel 

(0.1 mg Si01/1). This low contont , of silicon, which restricted 
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th* Oevelopmeht of diatoms, was not found in neighbouring lakes. 

Prior to fertilization the content of SiO z  in Loch Cairnardochi. 

In sumnertime was approximately 1 ng/l. In the spring of 1953, 

after there had been a aignificant increase in the content of 

silicon compounds in the water during the winter, ;sterionella 

reached . its peak (2311 cells per ml). In summer of the same 

year the blue-green alga Anaeystis montane developed - first 

in the plankton and then near the bottom. 

In Scotland during thc war years there was a widely 

publicized attempt to "fertilize the . sea". This interesting 

experiment was performed in an almost completely isolated 

body of water connected with a 8ea bay by a narrow channel 

barred by a dam. In its size and depth the experimental water 

basin was in essence a snall pool (area 7.4. hectares, average 

depth about 1 metre, maximum depth 5 metres) filled with sea 	• 

water. For three yearn, from spring 1942 to snring 1945, this 

basin was fertilized with sodium nitrate and superphosphate. 

During the first two years the fertilizer was added 7-8 times 

a season. All in all, 233 kg of sodium nitrate and 177 kg of 

201 superphosnhate were added in 1942. In 1943 the quantity of 

sodium nitrate was increased (249 kg) and the quantity of super-

phosphate reduced (137 kg). Tn spite of the small doses of 

fertilizer their application had a marked effect. As a rule, 

the phytoplanktondeveloped strongly during the first years, 

chiefly through the minute organisms of the nannoplankton and 

the peridinians. In some cases the fertilizer strongly stimulated.. 

the growth of Cladophora, and then there was no reaction on 

the part of the phy.toplankton. • It is interesting that in 19:44 • 

the phytoplankton failed to react to tho first two applications 

of fertilizer, and not until thc; h.th of August, when almost 

ton times the dose was used (608 kg of sodium nitrate and 203 

kg of superphosphate), did water bloon make an appearance. 

It is very significant thnt the binnass of benthos 

had increased and the rate of growth of the fish (plaice) 

had been strongly accelerated as early as 1943. But because 

the mixing of the water in Loch Craiglie was greatly inpeded . 

by the freshening and heating of its surface layers, in 1944, 

in spite of the relatively snail doses which had been used, 

adverse effects were noted. The oxygen deficiency near the 

bottom increased, hydrogen sulphide anpeared near theSottom, 

and so forth. Owing to this the biomass of benthos and the 

rate of growth of the fish were  flot  higher that year as they 

had been in 1943. In 1945, after the exchange of waters had . 

been intensified, the biomass of benthos and the rate of growth 

of the fish increased strongly again. lbservatinns showed ths:t" 

the fish maintained their good rate of groWth in subsequent 

yoars too (1946 and 1947), when fertilizer was no longer being 

added. This example is interesting br virtue of the fact that 

small doses of nitro-phosphorus artificial fertilizers (30-35 

kg/hectare of sodium nitrate and 18-24 kg/hectare of super-

phosphate per seaon) produced a marked improverient in the food 

conditions and increased . the fish yield of the body of water. 

/33/ 
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Although the studies of the mechanism of the action of 

the fertilizers were conducted unsyntematically they contein 

a number of interesting points. The reactions of the plankton 

to the annlication of the 'fertilizer differed great1y, and 

were in sonie cases non-existent. In seite of this, the content 

of mineral  foras of nitrogen and phosphorus in the water, which 

was high after fertilization, invariably dropnod ranidly in all 

seasons of the year. The zoOplankton, which was very abundant 

in the firat yeRr of fertilization, drooped to a much lower 

level during the subsequent years, and this might have been 

due both to more intensive Lrazing and to the conditions created 

as the result of fertilization (pH up to 10, oxygen content 

up to 399:: of saturation, and so on). The authors emphasize 

the great comnlexity of the phenomenon and the difficulty of 

analysing the mechanism of the notion of fertiliznrs (areas et 

alla),  1-)U, 1947, 1949; ' ■arshall,  Ore, 1948; Raymont, 1949)1 

Special experiments conducted in winter, when there are no 	- 

Cladephora, showed that the nitrate nitrogen of the sodium 

nitrate could be successfully replaced by ammonium ni.trogen in 

the compounds (NH4)2304, 110 3  and MOH27,04. However, for 

rensona which are not clear, the application of ammonium chloride 

and urea failed to evoke a response from the phytonlankton 

(Marahall, Orr, 1948). 

The authors referred to above also describe the results 
- 

or the fertilization with nitro-phosphorus substances of another, 

' more open part of the same sea bay. The experiments lasted 

56 

from  the  beginning of 1944 untii July 1946. Our attention is 

drawh once more to a rapid drop in the concentration of  nutrients 

in the water. rmphnsis is alao laid on the feet that the soize .  

of thc biomass of phyto- and zooplankton cannot he used as a 	• 

criterion to jud -o the effect of thc fertilizera, since the 

increase in the biomass in constantly beine erodrd. The authors 

describe a strong increase in the biomass of the benthos which /3 1./ 

continued even in 1947, i.e. one year after fertilization had 

ceased (Gross et alia, 104 )1 -1949; Raymont,• 1947). 

. 	In Yugoslavia, on the island of Mljet, an inte7esting 

experiment was conducted. in 1953 and 1954 under the sunervision 

of Buljan. It involved the fertilization of the securely isolated 

end portion of the bay ijet Lake, which is virtually a basin 

(area 183 hectares, maximum depth 46 metres, average depth 22.5 

metres) filled with'sca water (3 °,Yeo equals 37)  and  cennected 

with the bay by a shallow channel.  Th'e authors of this experiment 

. (Puljan, 1953: 1 957; rucher-'etkovic, 1 057, 1 960 ) used an 

	

ununual method or fertilirntipn. Because of the Iligh cost cf 	• 

nitrogenous fertilizers, Buljan, relying on  the  stimulation  of 

 nitro-en fi7etion, selected sun-rnheenhate ns  the  artificinl 

fertilizer. However, in 1953 the lake was.fertilized with a 

small quantity (2.27 tons) of cyanamide. 

To avoid the sinking of the undieeolved nart of the 

superphosphate which occurred in the Scottish experiment the . 

fortilizer was first dissolved in sulphuric acid diluted with 



57 

sca w, ter 'to one centner of suoarnhosohste . 7140 litres  of 

 we.ter arvl 4.75 litre of comuercial sulohuric .scid with .a 

snecific wcht of 1.68 fid  dilution to a volume of 200 litres). 

7.nrth ws added tn the solution no a source of micro-nutrients 

and sunalementary crowth factors. It is anoerted l:hat the 

iltrodm ,>tion of an acid solutiom , into a body cf watnr  con do 

' no  haro.  

7rom the 20th of January to the 25th of September 

1054 21.5 tons cf superphonohate in ninn doses were added in 

this way. A very careful check was kept on the effect  of the 

 fertilizer on the phytoplankton, which was studied in detail 

prior to fertilization, from larch 1951 to "larch 1952 and in 

the sana  year as the experiment ( 7)ucher-oetkovic, 1957, 10(s0). 

The firnt two anolicationn in January and larch had no effect 

on the ohytonlankton. Accordin7, to the authors this was because 

of stisulation of the growth of the benthos algae, which compete 

with the nlankton. Subsequent fertilizations induced strong 

develonment of the ohytoolnnkton. Before fertilization (1951-53) 

the quantity of ohyteolftnkton in summer uns 2-10 thousand oar 
. 	• 

litre; after fertilization (1953) it was four hundred to five 

hundred thousand ner litre. Tynically, no increase in the cuantity 

of z000lankton was observed in this particular case either. 

The rate of L;rowth of oysters planted in the lake increased 

strly, by a factor of 4.2. Due to the vigorous development 

of the phytop:iankton the surface layers of water were supersaturated 
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with oxyL;en.up to 200;; and above durini; thc year of fertilization, 

Yhereas the bottom layers developed a large oxygen deficiency. 	. 

These phenomena were not noted prior to the fertilization of 

the lake. 

Pot without sonie Justification Buljan considers that 

the creation of anaerobic conditions with the formation of 

at sonie very deep part of the demersal région has a 

beneficial effect, since the enrichment of the water with 

phosphates from the mud is facilitated in anaerobic conditions. 

He expresses his conviction that this method  cari  also be use.d 

with . success in freshwater lakes with an average depth not 

exceeding 10-12 metres. 

The contents of this chapter show that the fertilization ' 

of lakes is still at  the  early experimental stage and that the 

exocriments have not echieved their ultimate aim  ni  increasing 

tue  fish yield. Nevertheless, they are of gres.t interest since 

the observations accompanying them also enable.us to arrive at 

certain conclusions of general significance in addition to the 

comments on individual topics made above. 	. 

The inviiriably observed initial effect of the apnlication 

of artificial fertilizers showed that even in natural bodies 

of Water in the most varied regions of the globe the development 

of plankton is limited by the content of nitrogen 'end phosohorus 

compounds in the water, and this applies to both oligotronhic 

and eutrophic lakes. in the 'case of olicotroshiS lakes the 

/35/ 	• 
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possibility was shown of achieving the ultimate goal of 

fertilization, i.e. an increase in the fish yield. 

At th  sane time it wns found that not only in eutrophie 

lakea but also in oligotrophic ones it is difficult to change ' 

the establinhed level of the content of nutrients in the water. 

After each application of fertilizer there is only a brief 

increase in their content, which then returns to its normal 

.level for that narticular body of water. However, thero are 

grounds for thinking that, at least as far as oligotrOphie - 

lakes are concerned, systematic fertilization snread over a 

number of years may have a cumulative effect and increase the 

fish yield. 

Thene conclusions are directly apnlicable to large 

non-draininr- fish sonde. There is no doubt that even in the 

case of draining ponds one must, when fertilizing them, bear 

in mind their trophic type and the intensity of their cycle, 

which denends to a considerable extent on .the geographical 

'location of the nond, and climntic and ndnphic conditions. 

A correct underotanding of the importance of these factors 

will help us to fini the  boat  way to alter the properties of 

the pond in the required direction. 

5. Develonment of Research on the Fertilization of onds in 
the Soviet Union  

In the most-war years nond fertilization research in 

the Soviet Union received a great boost, and in many ways led 
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the world in this field. Many Soviet research nrojects on - 

pond fertilization arc complex in nature, . and  this is completely 

justified by the comnlexity and multifarious asnects of the ' • /36/ 

problem. In the Soviet Union hyerobiologists have played a ' 

Imminent part in this research. The stress on productivity 

in Soviet hydrobiology has also been carried over into the 

study of questions relating to  the  fertilization of ponds, the  

tank being to  trace  the entire intricate oath from the initial 

effect of fertilization to the final link  in  the chain of this 

nrocess - the culture of fish - and thereby ascertain the way 

in which fertilizers act and the principles underlying their 

action. Only in the researches of Soviet scientists A.S. Rodina, 

5.1. Kuznetsov, M.V. Mosevich and others has due attention been ' 

devoted to the special study of the microbiological processes 

involved in the fertilization of ponds. Soviet research has 

not been limited to the testing of individual types of fertilizer:" 

rather has it been directed towards the develonment of a complex 

method of fertilization with the aim of achieving the maximum 

economic effect with the minimum outlay. 

In view of the groat diversity of none, climatic and 

other natural conditions in the different nnrts of the country 

it is natural to sunmse that the methods and doses oC fertil-

ization in fish culture,.like those In field husbandry, cannot 

be uniform and universal, suitable under ' any conditions.' 

Furthermore different methods must be used for 'intensifying 

the culture of the young of eifferent species of . fishes. Hence 
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the diversity of the 'method's of fertilization which have been 

tested, developed and proposed and of the other means of 

intensifying fish culture. 

Pond fertilization projects embrace virtually all the 

fish breeding regions of the Soviet Union and are on a massive 

scale. Numer6us fish farmers and leading producers are taking 

part in the experiments. 

In pre-war Soviet Russia pond fertilization probleMa 

were studied at the All-Union Lake and River Fish Farming 

Research Institute under I.N. Arnold and at the All-Russian 

Pond Piscicultural Research Institute under A.R. Lipin and 

A.N. Eleonsky. 

Research on artificial phosphorus and potassium 

fertilization of ponds in the Ukraine was undertaken by M.K. 

Taran (1939, 1940). The same years witnessed the experiments 

of V.A. Movchan, the results of which are summarized in  his  

book on the ecological principles of co-ordinated intenaification 

of the growth of carp (1948). 

This book by V.A. Movchan directed the attention of 

fish culturiststo the advantages of co-ordinated intensification 

as against the desultory application of various methods of 

intensification. 

After the second world war research into pond fertil-

isation in the USSR was undertaken by the All-Russian Pond 
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Piscicultural Research Institute (VNIIPRKh), the State Lake 

and River Fish Farming Research Institute (GosNIORKh), the 

All-Union Research Institute of Fisheries and Oceanography 

(VNIRO), and the republican institutes of fish culture in the 

Ukraine, Belorussia and Latvia. A great contribution to the 

development of fertilization studies has been made by the institutes 

and laboratoriei of the Academy of Sciences of the USSR and 

the Academy of Sciencee of the Ukrainian, Moldavian, Latvian ' 

and other republice, and the departments and laboratories or 	. 

the universities of Belorussia, Moscow, Leningrad, Kiev, 

Dnepropetrovsk and many other institutions of higher learming 

and biological and agricultural institutes. 

A great deal of work on the fertilization of ponds is 

being done by fieh breeders for the market who are directly 

concerned with finding the most effective methods of increasing 

the productivity of ponds. 

Since 1950 over two hundred scientific papers specially 

devoted to pond fertilization problema have been published in 

journals and symposia.  This  number is greatly increased if we 

add the short notes and correspondence on new findings and other 

documenta in local publications. Unfortunately, many of the 

results of experiments and investigations of the fertilization 

of ponds never find their waY into print and are buried in the ' 

manuscript reports of piscicultural institutes and their branches* 

i.e. remain inaccessible to the wide circle of interested persons 

/37/ 
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and specialists in other organizations. 

As was mentioned earlier, after the war theories  in  

the Soviet Union concerning pond fertilization and fertilization 

practice underwent a sudden change. The previously dominant 

theory of non-nitrogenous fertilization of pond è was finally . 

refuted by Soviet scientista. ,  

There were corresponding  -changes in practical recom-

mendations. Great interest developed in nitro-phosphorus 

fertilizers and they were used in conjunction with organic 

fertilizers (combination or complex fertilization). Recommendations 

concerning the norms for the application of fertilizers also 

underwent great changes; instead of once or twice it is now 

recommended that artificial fertilizers be added to the water 

repeatedly. 

The research performed by Soviet scientists is given 

wide coverage in the subsequent chapters of this book. There-

fore the present chapter will be confined to a general outline 

of work on the fertilization of ponds carried out in the USSR, 

and a more detailed examination will be made only of the research 

which, for some reason or another, has not been allocated a 

place in the other chapters. 

During the last decade a number of papers have been 

publiehed on pond fertilization by scientiets at the All-Russian 

Pond Piscicultural Research Institute. These papers take 

up again; as it were, the threads of the research begun before 

the war, and the probleme of pond fertilization are examined . 

 from preconceived points of view. Discussion of the conclusions 

of most of these papers is hampered b7 the fact that the effect 

of the various fertilizers used was obscured by the simultaneous 

use of concentrated foods for feeding the fish. This is a 

powerful method of increasing the fish yield. Moreover, the 

authors unfortunately failed to give even approximate estimates 

of the part of the yield which was due . to  natural food, 

calculating the consumption of artificial foods per unit of 

overall fish gain without reference to fertilizers and other 

means of raising productivity (Komarova and MUsselius, 1959; 

Betenko, 1958; Bakhtina and Batenko, 1961; Mint; and Khairulina, 

1961 and others). 

In 1951 experiments were conducted in the . fertilization 

of six ponds at the Savvin experimental farm in the Moscow 

region using superphosphate (200 kg/ha.), lime (200 kg/ha.), 

manure (2 tons/ha.), peat (1.3-4 tons/ha.) and aquatic planti 	• 

(2-6 tons per hectare). Half of these fertilizers was added 

while the experimental ponds were dry and the remainder in 

three doses atter the ponds had been filled. During the grwing 

season the development of the plankton and benthos, and the 	. 

hydrochemical regime were observed, and the growth of the 

fish planted in the experimental ponds waa ohecked for different 	. 

densities of stocking. The authors (Il'in, Bakhtina, Brokhina, 

and Màmontova, 1956) came to the conclusion that the best  •ffect 

is achieved with superphosphate and lime, and with  th e .  fertilisers 
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in combination with aquatic plants. Peat proved quite ineffective 

as a pond fertilizer. However, it in difficult to Judge the 

•ffectiveness of the fertilizers in these experiments because 

there was a very large loss of underyearling carp in the cont;o1 

pond, and the authors were obliged to take for cMmparison an 

estimated figure for the yield of this pond. Th&  largest yield 

of fish in these experiments was 563 kg/hectare, with an average 

weight of the young of the year of 53 grams. In this particular 

case the authors used six tons/ha. of aquatic  plants and  two 

centners/ha. each of superphosphate and lime. The authors 

recommend adding the superphosphate and lime in the form of a 

solution poured into the water every ten days, and the aquatic 

plants in the name small doses 10-12 times during the growing 

0011.8022. 

In 1952 V.M. Iltich, A.N. Lipin, V.I. Bakhtina, M.P. 

Sheina, L.V. Erokhina, L.N. Mamontova and I.V. Komarova (1956) 

continued the experimental ucrk by fertilizing 14 nursery 

ponds at the Zagorsk fish nursery and 9 finishing ponds at the 

Savvin farm. For these experiments the same mineral fertilizers 

as before - lime (150 kg/ha.) and superphosphate (150 kg/ha.) 

were used. The organic fertilizers selected were aqUatic plants 

(1000-3000 kg/ha.) and vegetable meal (1000-3000 kg/ha.) and 

manure (300-500 kg/ha.) used in various combinations with 

artificial fertilizers. Regular observations were made of the 

temperature of the water and the content of dissolved oxygen, 

' and an analyais was  made  of  the Salt composition  of  the water, 
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the development of the food supply of the fish (plankton and 

benthos), the feeding of the fish, their growth, and so on. 

When assessing the effectiveness of the fertilizer's 

the authors did not compare the yield of the fertilized ponds 

with the actual mean yield in the control ponds, but took for 

this purpose some estimated figure lower than the actual 

figure, and this led to a clearly overstated assessment of the 

effectivene 'ss of the fertilizers. If we compare the experimental 

and control ponds from the standpoint of the actual yield of ' 

fish we obtain a negative result in four out of the twelve 

ponds. In the remaining eight ponds, which were fertilised 

with a similar complex of organo-mineral fertilizers, the 

yield was higher than in the control ponds. 

It is interesting that the highest yield (415 kg/ha.) 

was obtained in the ponds fertilized only with vegetable meal 

at a rate of 3 t/ha. (in the control pond the yield was 268 

kg/hect.). It was even slightly higher than in the other two 

ponds fertilized with the full range of fertilizers under test 

but with a smaller quantity of vegetable meal. From this 

we can conclude that if the mineral fertilizers in the form  of 

lime and superphosPhatebed any influence on the yield in these 

experiments it was only very small. 

A characteristic feature or these; and other projects 

of that period is that numerous results of all kinds of hydro-

chemical and hydrobiological observations are cited, yet they 
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are not used by the authors to draw any conclusions. 

Simultaneously the same team of scientists followed a 

similar program to study the finishing ponds at the Savvin 

experimental farm. On aeven ponds they tried various combinations 

of lime (150-200 kg/ha.), superphosphate (150-200 kg/ha.), 

aquatic plants (1-3 tons/ha.), manure (300-500 kg/ha.), and 

vegetable meal (1-3 tons/ha.). The ponds contained a mixed 

culture of yearling carp and trout (70% carp and 30% trout). 

The experiments also showed the greater effectiveness of organic 

fertilizers as against the superphosphate and lime. The reeults 

of these and several other studies by the Pond Piscicultnral 

Research institute in connection with the raising of the fish 

yield of carp ponds are summarized in the book by V.M.  lit  in  

(1955). 

The reaearches of I.V. Baranov, G.G. Vinberg, V.I. Zhadin 

and other Soviet scientists finally established the unsoundness 

of the theory of non-nitrogenous fertilization and proved the 

effectiveness of uaing nitrogenous and nitro-phosphorus fertilisers. 

After this, since 1957, the workers at the All-Russian Pond 

Piacicultural  Culture Research  Institute began experimenting 

with nitrogenous artificial fertilizers for fertilizing ponds. 

L.N. Mamontova, I.V. Komarova,and N.M. Kalish (1961), in their 

experiment. to study artificial nitro-phosphorus fertilizers, 

used very high doses of nitrogen (up to 7 mgN/1) and frequent 

applications. The nitrogenous fertilizers were added dail;r at. 

the beginning of the season and thon  every three,days. The aim 
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was to maintain a constantly high concentration of mineral 

nitrogen in the water in order to prevent the development of 	. 

blue-green algae, which L.N. Mamontova considers to be a trophic 

impasse, and which, in his opinion, cannot develop in a medium 

rich in mineral nitrogen. As a result the total quantity of 	. 

ammonium nitrate in the experiments of - Mamontova and her 

collaborators was increased to 27-30 centners/heotars. In the 

experiments Mamontova performed in 1961 the inOrease in the 

quantity of ammonium nitrate from 13.5 to 31.3 centners/hectare 

in the presence of similar quantities of superphosphate (roughly 

7 cent./ba.) failed to provide anY additional increane in the . • 

fish yield. 

In recent years the All-Russian Pond Piseicultural 

Research Institute (VNIIPRKh) has been searching for methods 

of reducing the consumption of nitrogenous fertilizers per 

unit of  increase in fish production and has begun experimenting 

in connection with problems relating to pond fertilization. 

In GosNIORKh the research of I.V. Baranov merits 

Special attention. He has made extensive use of biological 

tests to determine fertilizer requirements. I.V. Sammy,' 

advanced the idea of "combination fertilization" of water 

basins with mineral salts of nitrogen and phosphorus and 	' 

higher aquatic plants. His experiments in the ahallow parts 

of the Tsimlyansk reservoir showed in particular that with 

such a combination the intensification of the photosynthesis of 
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the plankton eliminates the danger of an oxygen deficiency 

due to the decomposition of the vegetable fertilizer (Baranov. 1950. 

Over a nuaber of yeara (1951-1956) pond fertilization 

studies were conducted by an expedition from the ‘Zoological 

Institute of the Academy of Sciences of the USSR under the 

supervision of V.I. Zhadin. From 1951-53 the experiments were 

conducted in the vimba-shemaia nursery in the North Caucasus, 

and from 1954-56 in the carp ponds of the Latvian SSR. A 

variety of specialiste took part in the studies. 'Studies were 

made of the hydrochemical regime of the ponds, and the 

composition and quantity of the phyto- and zooplankton and 

zoobenthos. Under the supervision of A.G. Rodina an immense 

amount of work was done on the study of the microbiology of the 

ponds in connection with fertilization. 

The fertilizers used in the experiments of this expe-

dition were superphosphate, ammonium sulphate, potassium salt 

and partly-dried vegetation. The separate application of 

phosphorus or nitrogen fertilizer alone had only a slight 	/41/ 

effect. Milch more effective wae the combined application of 

nitrogenous and phosphorus artificial fertilizers in equal 	. 

quantities, but the best results in the case of the ponds of the 

vimba-shemaia nursery were achieved with fertilization mith 

vegetation ueing the zonal method and with mineral salts of 

nitrogen and phosphorus addedevery week to the water in the fOrm 

. of a solution (Zhadin, 1955). The weekly application of 40 kg/ha. 

of superphosphate and ammonium nitrate, 2-5 kg/ha, of potassium 

salt and 500-750 kg/ha, of vegetation helped to raise the fiah 

yield of the ponds from 60-80 to 300-449 kg/ha. V.I. Zhadin • 

called this fertilization technique the complex method. 

The same methods of fertilization were tested by  the 

 Zoological Institutets expedition on carp breading ponds in 

the Latvian SSR. Here complex fertilization was again found 

to be comparatively effective, but it should be noted that the 

unusually low figure of 55 kg/ha,  for the original natural 

fish yield was taken for comparison (Zhadin, 1958). This 

figure was obtained in a pond used as a nursery,  although ' 

most of the experimental ponds with which it was compared  vers  

used as finishing ponds. The beet total fish yield of the 

. experimental ponds (including stickleback) was 418 kg/ha. 

Experiments conducted with the ponds of the "Pirmrin-

dnieks" collective farm in Latvia confirmed the previously 

obtained results, demonstrating the superior effectiveness of . 

complex fertilization with mineral salt/ and aquatic vegetation 

(Pankratova, 1958 ). 	 • 

Studies of the hydrochemical regime of the fertilized . 

ponds of the vimba-shemaia nursery and the carp ponds of the 

Latvian SSR (Ozertsovskaya and Smirnova, 1958, 1959a, 1959b) 

showed that as usual the addition of vegetation wae accompanied 

by a drop in the content of oxygen diesolved in the water, an 

increase in the oxidizabilày of the water and a shift in the 

pH in the direction of acidity. The addition of the eneral • 

-9e.  Vint 	e";,  64 	C 	 L'Âqi es 
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compounds N + P + K + Ca resulted in an intensification Of the 

photosynthetic processes, and this led to a rise in'the content 

of oxygen in the water and shifted the pH in the direction of 

alkalinity. The studies made by N.N. Khmeleva (1958, 1958a), 

%g. Khmeleva and L.I. Tsvetkova (1959), and I.A. Kiselev (1959) 

of the development of phytoplankfon in ponds in c'onnection with 

their fertilization are examined in chapter III. The papers 

of N.A. Akatova (1957, 1958, 1959) and L.A. Kutikova (1958) 

devoted to the study of the zooplanktonce fertilized i)onds are, 

like the data of V.Ya. Pankratova (1957, 1959a, 1959b) on the 

development of the zoobenthos, examined in chapter IV. 

A.G. Rodina who took part in these researches together 

with her pupils did an enormous amount of work on the study 

of microbiological processes in connection with the fertilization  ,42/ 

of the ponds. One of the most important results of these studies 

for pond fertilization practice was the discovery that "...when 

the fertilizers added are correctly selected....by far the greater 

*part of the nitrogen fertilizers applied is very rapidly fixed 

biologically in the cells of the algae and microbes. The high 

saturation of the water with oxygen in conjunction with the 

mass  development of phytoplankton also leads to a slowing of 

. the denitrification process and fails to stimulate an increase 

in the population of denitrifying bacterie (Rodina, 1958 a). 

This significant conclusion is an important milestone on the 

read to overcoming the notion rooted in the fish culture of 

many European countries that it is inadvisable to use nitrogen 
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fertilizers on account of denitrification processes. 

To determine the principles underlying the cycle of 

certain nutrients.in connection with the fertilization of ponds 

the Zoological Instituteis Baltic expedition zitaged aquarium 

experiments with radioactive isotopes of calcium (Shuvalor, 1959) 

and phosphorus (Zhadin, Rodina, Troshin, 1957; Bodine. and Troshin 

1954, 1959a; Khmeleva, 1959b). 

The studies and observations made enabled the researchers 

to recommend fertilization with the following set of nutrients 

- P . + N + K + Ca - in combination with aquatic bog vegetation. 

They recommend adding saineral compounds of nitrogen, phosphorus, 

potassium and calcium every week in equal portions in the form 

of a solution poured into the water in quantities of 40-60 kg 

of superphosphate, 40 kg of ammonium sulphate, 5 kg of potassium 

chloride and 15 kg of slaked lime per hectare in each application. 

The aquatic bog vegetation, which is preferred above all other 

types of organic fertilizer, should be added to the ponds by 

the zonal method of M.M. Isakova-Keo (Zhadin, 1959). 	" 

When  the Zoological Institute of the Soviet Academy  of  

Sciences had finished its work in Latvia the research on the 

fertilization of ponds was continued by workers of the Biological 

Institute of the Academy of Sciences or the Latvia SSR and the 

republican piscicultural research institute. Initially these . 

investigations were aimed at determining the possibility of 

increasing the fish yield of ponds fed by bogs. In such ponds 
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the application of fertilizers was preceded by liming (Matisone, 

1958, 1959, 1962; Matisone, Volkova and Vadze, 1960). The 

complex used by V./. Zhadin is recommended.for fertilization. 

M.N. Matisone (1962) considers that it is sufficient . to  add the 

artificial fertilizers twice a month, and the vegetation every 

two-three weeks. The total consumption of fertilizer during the 

growing season in then (in kg/ha.) lime 1000-1200, superphosphate 

1000-1200, ammonium sulphate 500, potassium chloride 50, and 

vegetation 1000-1200. According to the results of biological 

tests in the conditions of Latvia, neither Zhadin (1959) nor 

Matisone (1962) found any need for potassium fertilizers. In 

spite of this, the authors still Judge it essential to add 

. potassium chloride 7 apparently to complete the complex in the 

usual way. 

In 1960 a group of workers from the Piscicultural 

Research Institute Of the Latvian SSR made a comprehensive 

study of fertilized ponds at the Tukumsk fish farm. Phosphorus 

and nitro-phoaphorus minéral fertilizers were tested on three 

ponds with a total area of 5-8 hectares after liming. Detailed 

observations were made of the development of the phytoplankton 

(Tsukurs, 1962), zooplankton and zoobenthos (Volkova, Bunkis, 

1962) and the increase in the fish yield (Okhryamkina, 1962). 

Systematic observations led to the discovery that there 

was a direct link between the quantity of fertilizers added to 

the pond and the biomass of phyto- and zooplankton. No link was  

discovered between fertilization and the development of the 

benthic fauna. A larger qUantity of fertilizer brought a lower 

yield of fish. The highest natural yield  1 350 kg/ha) was obtained ' 

 from fertilization with 265 kg/ha of superphosphate, 544 kg/ha. 

of ammonium sulphate and 205 kg/ha, of lime .. In these experiments 

the question of the use of potassium fertilizer was not even 

raised. The smallness of the doses of lime is probably due to 

the fact that the experimental . ponds weré fed not by bogs but 

by atmospheric precipitation. In all the experimental and 

control ponds the fish receiied ample food, and for this reason 

the authors were obliged to estimate the increase in fish 

production as the result of fertilization frem the food coeffi-

cient of the artificial foods, which was taken to be constant. 

An objective assessment of the effectiveness of fertilization 

in these circumstances was difficult, aince we know what a 

difference there can be in the consumption of artificial 

foods  per unit  of growth in figh  production in different conditions. 

In Belorussia the first post-war exPerimenta in the 

fertilization of ponds were begun by the republican Fiscultural 

Research Institute (BNIIRKh) in 1949 under the supervision of 

D.P. Poliksenov and in 1950 under Z.G. Vinberg (Vinberg and • 

Shchelkanova, 1953; Lyakhnovich', 1953). Initially the research 

was perfermed within the framework of a plan for comprehensive 

intensification, using the method of  V.A. Movehan, on the ponds 

Of the largest fish  L'ara in the republic - the ''Volma n  term in 
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Minsk oblaat* . In later years the work was carried on by 

scientiss from BNIIRKh in commercial.  ponds on the. fiah farms 

of the Poleask area. 

The application of a complex of intenefication measures, 

among which a certain role was played by artificial and organic 

fertilizers, made it possible to raise the total productivity 

of the finishing ponds on "Saloo n  fish farm to 1007 kg/ha., 

while the yield due to natural foods amounted to 630 kg/ha. 

(Khomchuk, 1954). The same system of measures applied in 

respect of nursery ponds at "Krasnaya Zvezda" fish farm enabled 

an increase in fish production to 1397 kg/ha. (including 727 

kg/ha, due to natural foods) (Lyakhnovich, 1961). 

Starting in 1950, experiments to determine the fertilizer 

requirements of ponds were staged on several commercial fish 

farms by scientists from the Belorussian State University under . 

- the supervision of G.G. Vinberg. 

Biological tests established that the water of the.fish 

breeding ponds of various regiona of the republic mainly required 

nitrogenous or nitro-phosphorua fertilization (Vinberg, 1952, 

1953, 1956a, 1956b, 1957, 1958). 

To  test the results arrived at on the basis of biological 

An oblast is an administrative unit in the USSR - Translator.  
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tests conducted between 1953 and 1955 on five experimental 

ponds at the "Shemetovo" fiah nursery in Minsk oblast, experiments 

in the Use of'artificial fertilizers were performed. Super-

phosphate and ammonium nitrate were first tested separately and 

thon  together, in quantities ranging from 50-300 kg/ha, of 

ammonium nitrate and from 50-450 kg/ha. of superphosphate 

(Vinberg; 1958). The application of the phcaphorus fertilizer 

alone failed to yield any benefit but the combined action of 

nitrogen and phosphorusbas highly effective. The use of the 

nitrogen fertilizer provided a much smaller'boost to fish 

production than the use of a mixture of nitrogen and phosphorus. 

As the result of repeated applications of artificial fertilizers 

in the form of a solution  added straight to the water, the yield 

of the experimental ponds, which were being used as nursery 

ponds, was 3-4 times higher than in the control ponds. 

Complex studies of the experimental ponds made in 

connection with this research revealed the influence of artificial 

fertilizers on the main links in the production process, i.e. 

the development of the phytoplankton (Kishchenko, Sokolova,- • 

1958), the groas production (Vinberg, Kishchenkà, 1958), the 

development of bacteria (Belyatskaya, 1958), and the zooplankten 

and benthos (Dunke and Dorozhkin, 1958; Dunke, 1958), and made 

it possible to determine the characteristics of the cycle of 

phosphorus when the ponds were fertilized by the method of 

tracer atoms (Vinberg, Godnev, Gaponenko, 1955; Vinberg, 

Gaponenko, 1958; Gaponenko, 1955, 1958). 



77 

In the experiments conducted by research workers from 

BNIIRKh between 1960 and 1962, under the supervision of V.P. 

Lyàkhnovich, in the nursery ponds of "Volma" fish farm and the' 

finishing ponds of "Izobelino" fish farm in Minsk oblast, they 

tested nitro-phosphorus fertilizers in the form Of ammonium 	/45/ 
nitrate and superphosphate in a ratio of 2:1. The experiments 

ishowed the high degree of effectiveness of fertilizer added 

to the water in fractional doses at ten-day intervals. Using 

total quantities of up to 800 kg/ha ,  of ammonium nitrate and 

400  kg/ha ,  of superphosphate during the growing season the 

scientists failed to detect any tendency towards reduced 

effectiveness of fertilization. The natural fish yield increases 

in direct proportion to the quantity of fertilizer added, 

and in the most favourable case reached a level of 847 kg/ha. 

(Lyakhnovich, 1963). In the experiments there was a sharp rise 

In the quantity of phytoplankton under the influence of nitro - 

. phosphorus fertilization (Prosyany, 1963), an increase in 

primary production (Lyakhnovich, Surinovich, Prosyanik, 1963) 

and a considerable augmentation of the quantity of zooplankton 

food organisme for fish (Lyakhnovich, Korobchenko, 1963). 

Confirmation was also obtained a direct link between the biomass 

of food organisme and the fish crop of the ponds (for details 

concerning these ponds see chapter VI). 

In the Ukraine after the war the study of pond fertilization 

problems was conducted chiefly by the Ukrainian Institute of 

Pisciculture (V.S. Prosyany, G.I. Shpet,  LB. Feltdman et alla), 
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by the Ukrainian Pisoicultural kmelioration Station (L.P. 

Braginsky) and the Hydrobiological Institute in Dnepropetrovsk. 

(A.V. Evdushchenko). L.P. Braginsky, Who used the method of 

biological testing for the fertilizer requirements of ponds' 

and verified his observations on ponds, demonstrated that in • 

the conditions of the Ukraine nitrogen must be assigned a large 

role in the fertilization of ponds (Braginsky, Frolova, 1959; 

Braginsky, 1961). 

Valuable data were obtained by M.B. Fel , dman and 	- 

Sukhovii (1961)  front a study of the influence of fertilizers 

on the hydrochemical regime of ponds on the "Nivka" experimental . 

farm. This research confirmed the effectivenees of'epplying 

nitro-phosphorns fertilizers as against phosphorus fertilizers 

on their own. When the dose vas  increased from 135 to 320 kg/ha. 

of ammonium nitrate and from 206 te 425 kg/ha. of superphosphate, 

added together in fractional doses to the water, the fish yield 

• of the ponds grew in direct proportion to the quantity of • 

fertilizer used, reaching 443 kg/ha ,  in the experiment with the 

largest amount of fertilizer (Fel , dman and Sakhovii, , 1961). On 

the basis of the result!: of this study the Ukrainian Piscicultural 

Research Institute devised norms for nitro-phosphorus fertilisation 

and suggested their adoption for commercial ponds. For repeated 

applications they recommended using in each case the following 

estimeted concentrations of the active principles in the water 

	

of the ponds: 2 mg/1 of nitrogen and 0.5 mg/1  of  phosphorus. 	/46/ 

In 1959 and 1960 these norms were tested by G.E. Korosteleva 
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and L.S. Abramovich (1962) on carp  ponds in Lvov oblast. The 

total expenditure of fertilizer was 500-800 kg/ha. of ammonium . 

nitrate and 250-450 kg/ha, of superphosphate. As the Tesult 

of the fertilization, the fish yields in these experiments rose 

by 57-167 kg/ha. 

The experiments of L.P..Braginsky (1955, 1956 and others), 

D.E. Semenyuk (1956) and A.V. Evdushchenko (1955) served to 

prove the great effectiveneas of organiofertilizers for pond- 

fish culture in the Ukraine. The use of vegetation for fertilization 

of the ponds was studied by V.A. Kononovy and V.S. Prosyany (1949) 

and V.S. Prosyany (1954). 

The problem of the effectiveneaa of sowing  ponds for 

fertilization wee successfully tackled by A.A. Khomchuk (1948, 

1950, 1954). Unfortunately, no work is being done in this field 

in the Soviet Union now. 

All the papera examined have been zonnected with the 

raising of the productivity of carp ponds. Fertilizers are also 

used to improve the breeding conditions of young commercial 

tubes in hatcheries and in salmon Ponds. 

After the war there was a great deal of interest in 

the Soviet Union in the problem of the reproduction of valuable 

species of fish in hatcheries. Naturally, the exploitation of 

the largest areasof ponds in hatcheries required the elaboration 

of method* of raising the yield, including fertilization techniques. 

so 

An original method of organic fertilization of hatchery 

ponds was developed by S.I. Kuznetsov, G.S. Karsinkin and others. 

As we know, the hatchery ponds of the lower reaches of the Volga; 

Don and other southern rivers are very heavily choked with 

higher hydrophytes. The method of Kuznetsov and Karzinkin 	' 

involves systematic clearance of the overgrown arose of the 

ponds and simliltaneous securing.of freshly out floating vegetation 

as green fertilizer. /n hot weather the vegetation rapidly ' 

decomposes and the water is enriched with nutritive substances 

and organic residues. S.I. Kuznetsov and G.S. Karzinkin were 

the first to prove that in these conditions rigid  plants  can 	: 

be used as fertilizer.without first being removed to the bank 

and dried in the sun. This method of fertilization on the 

• "Yamat m , "Azovo-Dolgiin  and other fish farms yielded good results. 

During these experiments complex 'studies were made to determine , 

the rate of decay of the rigid plants and its influence on the 

oxygen regime of the fertilized areas, the development of 	' 

bacteria, phyto- and zooplankton, and on the growth of the fry 

and productivity. On and near the decomposing vegetation the 47/ 

observers noted intensified development of the food organisms 

of the zooplankton and benthos, and this accelerated the fattening • 

of the valuable young commercial fiahea.being bred in the ponds 

(Kuznetsov, Karzinkin et alia, 1955; Karsinkin, 1955; Karzinkin 

and Kuznetaov, 1956). 

In 1947 N.M. Irsakes.Keo published data on the first 

experiment to increase the yield of whitefish ponds using a 
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year, which provide for two applications of manure in spring, 

and then, in the summer, fertilization with doses of  4 tons/ha. 

of vegetation every 30-35 days in the case of weeds, 5.5 t/ha. 

in the case of macrophytes, and 2 t/ha. for alder twigs. Before 

planting the authors advice drying all green plant fertilizer in 

the aun. If the water in the ponds eXhibits an acid . reaction it 

ahould be limed before the addition of the fertilizer. 

Summing up our examination of the main trends in Soviet 

research on pond ferilization we ehould stress the general 

tendencies of the various methods employed. 

1. Neither the scientists nor the fish farmers of the 

USSR deny the need for nitrogen fertilizers. It is rathe; a 

question of whe forms of nitrogenous substances are most 

suitable as nitrogen fertilizers. 

2. There is general recognition of the advantage of 

fractional, comparatiVely frequent application of fertilizer 

as against one or two applications, irrespective of the form 

or quantity of the fertilizers used. 

3. Ever wider use is being made of combination fertilisation 

with mineral salts in combination with organic substances. As 

yet the forma of the combinations and th.  doses of fertilizer 

• vary considerably. 

6. Pond Fertilization in East Eurupean Countries  

In the Polish People's Republic) research on pond  fertilizatiaa 
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new method of *zonal fertilization", which was later called 

the zonal method of breeding live foods (Isakova-Keo, 1950). 

In essence the method involves placing organic fertilizer in 

a pond in zones in inlets or along dams on shoals. As the 

fertilizer decomposes in  one spot it in piled up in other areas 

around the edge of the pond. M.M. Isakova-Keo (1950, 1952) 

recommends covering 1/3 of the margin with fertilizer at a time 

So that the ring of fertilizer is closed by the third.application. 

The fertilizers Used in Isakovo-Keo's experiments (1943, 1950, 

1952, 1954, 1957) were  hydrophytes and.marginal vegetation, 

meadow grassand weeds, green branches of deciduous trees, manure, 

blood, fish entrails, boiled non-edible fish, and the like. 

The oxygen requirement was Judged from the oxidizability of the 

water. /f, in a sample of water taken 1 metre away from the 

point of fertilization, the oxidizability proved to be less . 

than 12 mg 0/1 it was considered necessary to add the regulation 

dose of fertilizer. 

The method of zonal fertilization of ponds with organic 

fertilizer suggested by Isakova-Keo was adopted by Ta.I. loft*, 

who, together with a group of fellow-workers from GosNIORKh, 

conducted pond fertilization researches on the "Sokolove fish 

farm in Novgorod oblast and the "Pelchi" fish farm in Latvia in 

1949 and 1950 (/offe, 1950, 1954; 'off s, Yandovskaya, Galkin et 

alla,  1955). 

'These experiments served as the basis  for the formnalation 

of biotechnical standards for the culture of salmon young of the 
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is being pursued in several directions. The first experiments 

after the war were concerned mainly with the effect of phosphorus 

fertilization on the regime of ponds (Wolny, 1956; Wrobel, 1960a; 

Stangenberg, 1959; Stangenberg-Oporowska, 1961). "After comparing 

the data of chemical analyses of water following fertilization 

with superphosphate and Thomas meal, S. Wrobel .(1960b) came to 

the conclusion that Thomas meal is the more suitable form of 

fertilizer since, when it is added, the content of phosphate 

in the water is maintained at a higher level than after the • 

addition of the equivalent amount of superphosphate. The author 

does not cite any other data in support of this conclusion, 

apart from the results of phosphate determination. 

P. Wolny (1956) coneidera that phosphorus fertilizers 

exert their full influence on the fish yield of ponds only in 

the second year after they have been added. In his opinion, 

phosphorus fertilizera stimulate the development of blue-green 

algae to a greater extent than representatives of other groups 

of phytoplankton, and since blue-green algae decompose very 

slowly they can only be used the next year. 

Under the influence of Soviet research examining the 

theory of non-nitrogenous fertilizetion (Vinberg, 1952) scientists 

in Poland began to devote their attention to nitrogen fertilizers 

(Danieliewski, 1957; Wrobel, 1960). Danieliewskirs experiment 

in the fertilization of experimental ponds at Ziabenec station 

near Warsaidth phosphorus and phosphorus in combination with 

nitrogen showed that after the addition of the nitrogen fertilizer 

811. 	• 

the concentration of nitritee and nitrates in the water increased 

sharply, and then very quickly dropped to its original level. 

Original thoughts on the use of nitrogen fertilizers 

in ponds were expressed by S. Wrobel (1960, 1962).  He  feels 

that ammonium sulphate should not be emploied for nitrogenoum 

fertilization of ponds because it is a physiologically acid 

substance, and the unavailable SO4 anion, accumulating in the . 

pond, reduces the alkalinity and displacee ' the CO2 from the 

salts, as the result of which the buffer effect is diminished 

and conditions are created for sudden fluctuations of the 

The author confirms these arguments with the results of his 

own experiments in the fertilization of ponds with ammonium 

sulphate which he conducted between 1957 and 1961 in the southern 

part of Poland ("Golysz" farm). During the first two years 

the addition of 250 kg/ha. of ammonium sulphate and superphosphate 

raised the yieldto 360 kg/ha., which was three times higher 

than in the control pond. The accompanying phenomena were 

water bloom, a high oxygen content during the day, and so on. 

In the third year (1959) the yield of the ponds fertilized,as 

in the first two years, was on1y14.0% of the yield of the control 

ponds, whereas the ponds which were fertilized with ammonium 

sulphate  for the  first time in the third year were more than 

twice as productive as the contrOl ponds. On the etrength of 

these data Wrobel feels that ammonium sUlphate is an unsuitable 

source of nitrogen for prolonged fertilization .  of ponds. Obviously 

Wrobelts conclusion relates Only to water of low or average 

49/ 
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mineralization and does not conflict with the successful 

application of ammonium sulphate in Israel, where, in highly 

mineralized waters, it must, for the same reasons, be regarded 

as the most suitable nitrogen fertilizer. Wrobel also casts 

doubt on the possibility of using ammonium nitrate for the 

fertilization of ponds because of the risk of denitrification. 

However, the author has failed to verify this point. Nevertheless, 

aines Wrobel admits that the need for nitrogen fertilization is 

indisputable he suggests using an2monia water, consisting up to 

20-25% of nitrogen and urea. Preliminary tests conducted  at  

"Golyse farm in 1959 showed that the addition to the pond of 

150 1/ha. of 25% ammonia water caused alkalization of  the water 

of the pond (the pH rose from 7 to 7.6), but as far as could 

be ascertained it had no detrimental effect on the fiah. 

Wrobel considera that in future ammonia water  and solutions 

of nitrogen-containing salts saturated with ammonia will be 

used as nitrogen fertilizers. Using the data of Soviet scientiatS, 

Wrobel (1962) tested fractional doses of nitro-phosphorus 

fertilizers added straight to the water over a period of four 

years (1958-1961) in the ponds of the "Golysz n  and "Landek" 

fish farma. In these experiments, in 1960, the author used 

the bottle method of determining the primary production of the 

plankton of fertilized and unfertilized ponds. It discovered 

a positive link between the quantity of nitro-phosphorus 

fertilizer and the primary production, and alao between the 

primary production and the Sish yield of the ponds. 
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On "Golysz n  farm several ponds were fertilized for many 

years in a row with superphosphate in quantities of 35 kg/ha. 	/50/ 

of 	The fish yield of the ponde did not exceed 250 kg/ha. 

An increase in the amount of superphosphate failed to produce 

any further increase in the yield. It is extremely interesting 

that the yield of the same ponds  was  raised to 357-513 kg/ha. 

when nitro-phosphorus fertilization was used. One kg of N + P
2

0
5 • 

gave an additional inorease of 1.3 to 2 kg of marketable carp. 

In 1961 Wlodek and Danieliewski (1962) conducted production' 

testa in the fertilization of ponds with ammonia water. Of 

thirty-two ponds belonging to nine state farms in central Poland, 

six were used for control purposes. Twelve were fertilized with 

superphosphate in quantities of 250 kg/ha., and fourteen were 

fertilized with superphosphate and nitrogen fertilizers, made 

up of twelve ponds treated with ammonia water in quantities of 

500 1/ha. (100 kg/ha.) and two with an equivalent quantity of 

ammonium sulphate. The fertilizers were added every fortnight 

in equal portions from the middle of May to the middle of 

August. The estimated concentrations  were  1.4 mg/1 of nitrogen 

and 0.6 mg/1 of Pz %. In  the final assessment of the effectiveness 

of the nitrogen fertilizer seven ponds were ignored beauties 

the feeding of the fish in them was incorrectly organized. Out 

of nine ponds fertilized only with superphosphate, five had 

an average increase In yield over many yeara ranging  trois  9 to 

196 kg/ha., and in the remaining four there was a drop or 14,76 

kg/ha. Out of eleven ponds fertilised with phosphorus and 
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nitrogen fertilizera, the yield was 38-140 kg/ha, above the 

average 6r many yearn in eight, and 30-85 kg/ha, below the 

average in three. Unfortunately, the authors do not cite any 

data on the control ponds, and they only indicate thé relative 

increase's or drops in production by comparison with the average • 

of many yearn in the same experimental ponds. The. authors 

emphasize that no water bloom was obaerved in the control ponds 

or the ponds fertilized only with superphosphate, whereas in 

Most of the ponds fertilized with superphosphate and  .ammonia 

water bloom Was caused by green and blue-green algae. 

The authors traced the dynamics of the nitrogen when 

the ammonia water was added and showed that the high level of 

nitrogen does not persist; after five days it drops to lower 

levels than in the control ponds. In fertilization with 

ammonia water the loss of nitrogen occurs somewhat more rapidly 

than when  ammonium  sulphate is used. The authors recommend 

• more frequent application of ammonia water than once every 

fortnight and doubling the dose of nitrogen fertilizer. The 

heightened interest shown by Polish scientiats in liquid ammonia 

water as a source of nitrogen in the fertilization of ponds 	/51/ 

is due te the fact that, in terms of nitrogen, it is half the 

price of ammonium sulphate. 

The tests of new types of artificial fertilizers conducted 

by Polish scientiats are highly interesting ,  ln the experimental 

carp fry ponds of "Ziabenee n  station in 1963 eXperimenta were 

staged to determine the comparative effectiveness  of  ammonia 
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water, urea, ammonium sulphate and ammonium carbonate (Wolny, 

1964). All types of nitrogen fertilizer were tested twice againat 

the same background of liming (1000 kg/ha. of lime) and phosphorua 

fertilization (330 kg/ha, of superphosphate). The ammonium 

carbonate was added to the ponds irdne doses in a quantity of 

1000 kg/ha. The remaining nitrogen fertilizers were applied in 

quantities containing the same amount of nitrogen at the same 

times. The best piscicultural results were obtained from 

fertilization with ammonium carbonate. In second place was 

ammonium sulphate (269 kg/ha.). Under these conditions ammonia 

water and urea proved ineffective (ammonia water taken in 

large doses causes mass mortality °fey). Wolny feels that the . 

effectiveness of the ammonium carbonate is'clue to the successful 

coupling in  its  composition of two elements of phytoplankton 

mineral nutrition - nitrogen and carbon. 

In addition to the research on artificial fertilizers 

Polish scientists have been making a study of different forma 	• 

of organic fertilizer. Wlodek even considera that "...organic 

fertilizer must be regarded as basic and artificial fertilizer 

an ancillary" (Wlodek, 1956), because organic fertilizer is more 

complete in its composition than artificial fertilizer, and the 

path from organic matter to the final object - the fish - is 

shorter than from mineral salts. In expressing this view Wlodek 

apparently forgets that organic fertilizer causes many.side 

effects in ponds, such as depletion of  the  supply of oxygen in 

the water, which limit the scope  for  their application.  On tour • 
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of the ponds of "Ziabenec" experimental station near Warsaw, 

Wlodek (1957) tested manure taken in very large quantities (20 

centners/ha. of dry substance). He studied the effectiveness 

of a single application before filling, and of five fractional 

doses spread over a period of 25 days. For comparison a crop 

of agricultural plants, which, as determined by  the  author, 

also contained 20 centners/ha. of dry substance, was also poured 

into one of the ponds. One pond was used for control. The 

increase in yield in the fertilized ponds as  against the control 

pond was 29-45 kg/ha., i.e. the effectiveness of the fertilization 

was very low. The author considers that the best results 

were given by the fractional doses of manure and crops. Wlodek 

made an attempt to compare the quantity of food organismo for /52/ 

the fish, but he failed to obtain clear-cut results. 

According to Wlodek, twenty centners/ha. of dry organic 

substance (70 centn./ha. of moist substance) failed to harm 

the gas regime of the ponds. 

At the same experimental station (Ziabenec) a more 

detailed study was made of the effectiveness of sowing ponds 

with agricultural crops (Wlodek, 1957, 1958; Jasinski, Klimczyk, 

Rosol, 1957; Gurzeda, 1956; Paladin°, 1954). The results 

obtained proved to be similar to the data of A.A. Khomchuk (1948 ), 

who made a study of the aestivation of ponds in the environs of 

Moscow and in the Ukraine. Some of the data from these papers 

are examined in the  chapter devoted to organizfertilizer. 
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On the whole, fish culture in the Polish Peoplels Republic 

in recent years has clearly switched from pure phosphorue 

fertilizer, copying the German fish culturists, to combined 	' 

nitrogen and phosphorus fertilizer. Particular emphasis is 

laid on the role of nitrogen in raising the fish productivity 

of ponds, with references to the research of Soviet sàentists 

.(0ieraltowski, 1961). Instructions have been compiled on the 

use of lime and nitrogen and phosphorus fertilizers to suit 

the conditions of different parts of the country (Gieraltowski, 

1961). It is accepted that in future fertilization rates must 

reach the following levels (in kg/ha.):  N  - 100, P - 50, and 

lime 750 (Wrobel, 1962). 

In Czechoslovakia pond fertilization has, until recently, 

followed German methods. The mineral compounds used were lime, 

superphosphate and potassium salt. Artificial nitrogen fertilizers 

were never used. Fairly wide use is made of manure and various 

forme of green fertilizer. In recent years, under the influence 

of the work of Soviet scientists,the advisability of using 

artificial nitrogen fertilizer has been widely discussed (Lane, 

1954; Sena, 1957; Havelka, 1960; Lanecek, 1961). 

V. Susta (1953), drawing on a vast amount of statistical 

material, analyzed the effectiveness in Czechoslovakia of 

different combinations and doses of lima and superphosphate, 

and also manure  for the fertilization of ponds. As his criteria 

he  used the increase in tish productivity and monetary expenditure 
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per centner of supplementary growth of the fish. According to 

hie  calculations, combined organo-mineral fertilization of ponds 

with manure, superphosphate and potassium salt raises the yield 

of fish by a factor of 2-2.5. The expenditure of fertilizer 

per unit of supplementary increase in the fish yield varies 

within very wide limita. Averaged data show that in Czechoslovakia 

some 4.5 centners of lime, 2.2 . centners of superphosphate, 	/53/ 

0.1 centners of potassium salt and up to 15 centners of manure 

are expended for each centner of additional fish  production.  

Manure used on ita own in a quantity of 29 centners also ensures 

the additional growth of 1 centner of fish. 

Zn the experiments of F. Havlena (1956) 1 centner of 

pigls manure gave an increase of 2.6-2.9 kg of fish. The most 

suitable rate of application of the manure is considered by 

the author to be 50 centn./ha. The researches of other Czech 

authors confirm these data (Rena, 1957; gtedronsky, Pekar, 195; 

Cernojev, 1954; Vaclavik, 1957). 

LI 1962-1963 workers at the Vodnany experimental 

station conducted comparative experiments in the application 

of nitrogen fertilizers in the culture of yearling carp (Tanecek, 

1963). Janacek stresses that prior to this artificial nitrogen 

fertilizers had not been used in Czechoslovakia and that their 

tests were begun under.the influence of the successea achieyed 

by Soviet scientists. The experiments were performed on small 

plots measuring 25 x 100 metres marked off in the ponds with 

the aid of polyethylene film. They tested ammonium sulphate 
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and calcium-ammonium nitrate against a background of limibg 

and Phosphorus fertilizer. Fractional weekly doses of 

fertilizer applied in the form of a solution poured into the 

water resulted in a direct correlation between the quantity 

of fertilizer added and the increase in fish production. The 

largest overall amount of fertilizer used was (in kg per ha): 

P/0 - 144, N - 160. The maximum increase in fish production 

was 608 kg per ha, as against 70 kg per ha in the control. 

The differenoe in the effectiveness of the nitrogen fertilizers 

tested proved to be insignificant and was due primarily to 

the fact that the amounts of fertilizer  used  were not strictly 

equivalent with respect to nitrogen. 

Much of the research performed by Czech scientists 

has been devoted to assessing the effectiveness of green 

organic fertilizer (Lane, 1955, 1957a, 1957b; g'tedronsky, 1954a, 

1954b, 1955; Kastak, 1957). These papers examine the effect 

of sowing the bottom of ponds with agricultural crops and then 

filling the pond. Recommendations are also Made on the use 

of macrophyte shrubs in ponds. 

Of particular interest are the methods devised in 

Czechoslovakia for the utilization of waste water from food 

factories in fish ponds. R. Pytlik and Z. Swec (19510 devised 

norms for the drainage of waste water from dairy faotories 

.into summer fish 'ponds. Then recommendations were made 

concerning the utilisation of waste water from sugar factories 

(Pytlik,lrotava, Bones, 19510, abattoirs (Pytlik, Dusek, 1956; 
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Pytlik, 1957) and starch factories (Pytlik, Lavicky, Kalina, 

Meiska, Dvorak, 1957). These researches were aimed primarily 

at solving the problem of purirying the waste waters of food 

factorisa. At the same time, their utilization in fish ponds /54/ 

with observance of the apipropriate norms of drainage, linked 

with obligatory abundant liming of the ponds (59 centners of 

Ca0 per ha), raises fish production to 600 kg per ha (as against 

80-120 kg per ha in unfertilized ponds). 

Judging by the data of papers by certain researchers 

(Frcek, 1957, Janacek V, Janacek V, 1958) combined carp and 

duck farming is very beneficial for fish culture. When ducks 

are bred on the ponds the fish yield rises by a factor of 4-5, 

reaching 500 kg per ha and over. This topic will be examined 

in greater detail in the chapter on organic fertilizers. It 

should be noted that in Czechoslovakia it has been suggested 

that composted peat could be used for the fertilization of ponds. 

But nothing  ha  s been reported on the effectiveness of this 

• compost (Bona, 1957a). 

In 1961 the mean yield of carp culture ponds in Czechoslovakia 

was 217 kg per ha (Zykmund, 1962). 

In Hungary, manure, and especially pig's manure, is 

widely used for fertilizing fish ponds. According to the 

information available, it is deemed more sensible in Hungary 

to use artificial feed for feeding pigs than for feeding fish, 

and to fertilize fish culture ponds uithmanure obtained from 
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pig farms, especially as pig's manure is considered ineffective 

for fertilizing fields. Accordingly, it seems, the attention 

of scientists in Hungary has been directed primarily to the 

solution of problems connected with organic fertilization: 

An original method of organic fertilization of ponds 

was devised hy E. Woynarovich (1956a, 1956b, 1956c, 1957). 

The method consists essentially in diluting pig's manure  with 

 water and spraying the wash over the surface of the water with 

a motor pump. According to the observations of the author, a 

single application of 4-5 centners of manure per ha does not ' 

create a dangerous oxygen deficiency. The organic substance 

decomposes so rapidly in the aerobic conditions that the next 

dose of fertilizer can be added after 24. hours. 

Woynarovich advanced and still defends the hypothesis 

that the main active principle of organic fertilizer in ponds 

is carbon. We shall examine this point in greater . detail  in  

the chapter of organic fertilizers. 

As far as we know, the Bulgarian literature since the 

war consists only of two papers by M. Dimitrov (1959, 1961) 

devoted to problems of pond fertilization. They examine the -- 

advisability of using rigid plants an fertilizer: The author 

made interesting studies of the way submerged shears of plants 

were populated by  groupa of aquatic animals, estimated their 

numbers at various stages as from the time of introduction of 

the plants, and came to the conclusion, confirming the resulte /55/ 
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of G.S. Karzinkin, S.I. Kuznetsov (1956) and other authors, 

that cut rigid plants can be uaed as organic fertilizer. 

In Rumania papers on pond fertilization have been 

published in recent years (Busnita, 1958, 1960; Popes= et 
alla,  1961 a, 1961b; Rosca et alla,  1961), which ,. with reference 
to Soviet research, deal with the effect of complex fertilization 

of ponds. 

Popescu and his co-authors report on the resulta-of 
studies made in 1960 of two ponds at the "Balaridfish farm, 
one of which, with an area of 10 ha, was overgrown with submerged 

vegetation, the other, with an area of 7 ha, was free from 

overgrowth. Limo was added to both ponds (0.5 tons per ha) 

and they were fertilized with relatively small doses of manure, 

cut vegetation and artificial fertilizers added once or twice 

at different times. In addition, on the 25th of June the first 
pond was treated with three litres of a suspension of Azotobacter 
chroococcum  with a density of 158,opo,000 celle per cubic 

'metre and 8.45 kg of biomass of Bac. megatherium  var. phosphaticus  
(phosphobacterin), containing 400,000,000 cells per gram. 
On the first of August 6 litres of a suspension of azotobacter 
(230,000,000 cells per ml) and 3.6 kg or phosphobaotorin (250,000,000 
cells per gram) were added. The authors give the results of 

analyses of the water and bottom and of qualitative studies of 
the phyto- and tooplankton and benthos. Sharp fluctuations 
were noted in the quantity  of  plankton and benthos. Because 

of the very large waste (81.5%) the harvested weight from 

the first  pond (230 kg per ha) was 3.3 times higher than the 

planted Weight. The harvest from the second pond, which was 

fertilized much .less intensively (bacterial fertilize r.  was 

not added), was 535 kg per ha. 

Frem the hydrobiologieal data obtained the authors 

try to discover the reaction of the population of the pond 

to each of the individual applications of various  fertilisera,  

and at the end of the paper they even make some recommendations. 

But in spite of the vast amount of material collected the results 

atill cannot be regarded as substantiated. 

In the same year (1960) bacterial fertilizers Were 

used at the Nucet fish-breeding station (Rosca et alla,  1961) 

in a small pond with an area of 200 m2  which had been lime d .  

and fertilized with manure (5 tons per ha). Another pond 

with an area of 2.5 ha„)  :illicit.). had been fertilized with manure 
art ic 

and nitro-phosphorus 	fertilizer, was used for control 

purposes. The authors give some estimates of the number of 

cells of azotobacter and Bac. megatherium in the water- (azotobacter 

was found only once) and in the silt of both ponds, resulta of 

analysis of silts and estimatee of the number of individuals in 

the different groups of zooplankton. The authors try to find 

in their data eigns that . the bacterial fertilizer added had 

a beneficial effect. However, such  sigma ' are completely' , 

unconvincing,since the experimental and control 'ponds  are  quit.  
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different in size and conditions. At all stages of the 

observations the number of all  groupa of zooplankton in the 

 email experimental pond was  4-5 times greater than in the 
control pond. The biomass of benthos in the pond, to Which 

biopreparations were added three times during the summer, waJS 

also higher than in the control pond, by a factor of nearly 

5. When the ponds were drained and harvested It was found that 

the experimental pond yielded 504 kg of carp per ha, while the 

control pond gave 353 kg of carp per ha and 415 of crucian carp 
per ha. Therefore, the higher indices of the development of 

food organisme in the experimental pond cannot be regarded as 

the consequence of the action of the biopreparations. It is 

much more probable that they are due to other factors, such 

as less intensive consumption of food organisms. 

We can also discount the conclusions concerning the 

rates of fertilization which Popesou and hi a co-authors (1961 b) 

arrived at with completely unjustified boldness on the strength 

of a mere couple of attempts to use the biological testing 

method to determine the fertilizer requirement. 	 • 

/56/ 	 On the whole it must be confessed that 
the study of 

the fertilization of fish ponde 
in Rumania is still in its 

exploratory stages. . 

Thus, among East European countries the study of pond 

fertilization is most advanced in Poland, where 
the consequences 

of the theory of 
non-nitrogenous fertilization have been over-

come and methods of combined artificial 
and organic fertilization 

have been successfully developed, 
and in Czechoslovakia, where 

great auccess has been achieved in the'elaboration of 
techniques' 

of utilizing industrial waster waters 
in fish farm ponds. 

On the whole, the Eaat 
European countries have been 

avitohing in recent years to complex fertilization 
of pondS 

under the influence of aueceiesee achieved 
in pond-fiel culture 

in the Soviet Union. 

/n Soileanuis paper (1960) on the results of three years 

of hydrobiologioal study (1957-1959) of five fish-breeding 

ponds he examines the question of the relation between the food 

source and fish yield of the ponds and the degree of development 

or  phytoplankton, wbich is closely bound up with th» study of 
the ettect  et  fertilizers. 
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CHAPTER II 

The Use of Artificial Fertilizers in Ponds 

1: Introduction 

As was shown in Chapter I, pond fertilization practices 

differ widely in different countries. There are several methods 

of fertilizing ponds. Practical experience does not give a 

direct answer to the basic problem - i.e. what fertilizers are 

most sensible and profitable, and under what conditions? There 

is an urgent need to improve our theoretical knowledge of the 

influence of fertilizers on the productivity of bodies of water. 

The solution of this problem is beset with great difficulties. 

The use of fertilizera in agriculture has long been 

studied by agronomists, acientista, and farmera. Corresponding 

research in piscicultural science was begun much later and is 

being conducted with far leas expenditure. Nevertheleas the 

effect of fertilizers on the fish yield of a body of water is 

based on much more complex phenomena than the influence of 

fertilizers on the fertility of soils. 

A pond, like any other body of water, ia a complex 

spatially dissected system in which the distribution and conversion 

of the substances added to it are governed by one set  of laws 

and conditions in the water mass, with its population of organisme, 

and by another in the demersal region, and so on, all these 

phenomena being interrelated in a complex way. 
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In agriculture, fertilizers added to the aoil serve 

directly as nutrition for the end product of agriculture - the . 

crop. In pond pisciculture they can only affect 'the fish yield 

through complex trophic (food) interrelationships between the 

organisms populating the body of water. The first link in this 

food chain, or the first trophio level, is plants (phytoplankton 

and macrophytes), which provide the primary yield, i.e. the 

organic substance newly formed as the result of photosynthesis. . 

The second link in the chain is plant-eating, water-dwelling 

animals, for example those forms of zooplankton which feed on 

phytoplankton. The third link of the chain is animals feeding 	. 

on the creatures forming the second link of the chain. Suoh 

"peaceful nefish as carp feed on organisms belonging both to 

the second and third links in the food chain. Of course, this 

greatly simplified scheme inadequately reflects the trephic 

interrelationships of the population of the pond. Per example,.. 

it is not clear from the scheme that a large role is played 

in the feeding of many food organisms by bacteria developing 

as the result of dead organio matter. Finally, it is not only /58/ 
the primary production of the particular body of water which 

constitutes the original material and energy resoureea of the 

production process. In some cases an important part may be 

played by allochthonous substances, i.e. organic compounds which 

enter the pond and form detritus, dissolvei snbstances, and so 

on. 

Organic fertilizer enriches the pond directly with 

', on-predato r/  
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allochthonous organic substances, whereas minerals fertilizers 

improve the conditions of the autochthonous synthesis of organic 

substances by plant organisms, mainly phytoplankton. 

First of all we must examine artificial fertilizers, 

since their influence on the fish yield is exerted through 

the first link in the food chain - primary production - and in 

transmitted to the final link - the fish - through all the 

intermediate links in the food chain, i.e. it embraces the 

entire production process. 

Fish farming is concerned with obtaining the greatest 

possible final yield, and with highly effective fertilizers. 

This means, firstly, that fertilizera must increase the primary 

production as far as possible, and, aecondly, that the primary 

production must be utilized as fully as possible by food organisms, 

and the latter by fish. The effectiveness of the application 

of fertilizers in fish breeding, i.e. the influence on the fish. 

yield, is compounded of the efficiency with which the substance 

is used and energy of the food in all the stages in the production 

process described above. The disturbance of any one of them 

may lower the final effectiveness of the fertilizers added to 

the pond, andeven deprive them of any influence on the fish 

breeding process. 

It 'should be noted that in practical experiments in 

the fertilization of ponde on fish farms the complexity of the 

problem is generally not realized. Usually the investigators 
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confine themselves to pisciculture' indices of the effect of 

fertilizers, or undertake traditional "complex tudies in which 

they use descriptive hydrodhemical and hydrobiological methods. 

It is not appreciated that the data obtained with the aid  of 

 these laborious methods are inadequate for determining the ways 

in which the phenomena described are connected. Poor use is 

made of physiological methods and ideas, and the results and 

possibilities of experimental methods of investigation. All 

this has deferred the formulation of an effective theory of 

pond fertilization. 

The present book given a brief result& of our as yet 

very incomplete knowledge of the individual stages of the action 

of fertilizers, and examines the principles governing the physical 

and chemical conditions of utilization of fertilizers added to. 

a pond, their effect on primary production, on the production 

of food organisms and on the fish yield. The initial affect  

of artificial fertilizers is to supply additional food to the /59/ 

phytoplankton and thereby facilitate its more vigorous development. 

When the addition of fertilizers to a pond does not result in . 

an int.nsification of the development of phytoplankton orother 

plant organisms, i.e. when the initial effect is lacking, we 	. 

cannot expect the fertilizers to have any effeot on'the fish yield. 

Hence, the initial effect of fertilizers is an essential conditio n .  

of their pisoicultural effectiveness. 	. 

An original view concerning the vay in which artificial 
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fertilizers act was put forward by G.S. Karzinkin and I.A. 

Shekhanov (1957). Under laboratory conditions, with the aid 

of a phosphorus radio-isotope, they demonstrated that fish are 

capable of absorbing mineral compounds of phosphorus directly • 

from aqueous solutions. In view of this, the authors suggested 

that phosphorus fertilizers may have a direct berieficial 

effect on fish and thereby increase the yield of fish in a 

.body of water regardless of the influence on primary production 

and food conditions in-the pond. This view cannot no considered 

sufficiently substantiated. 

The possibility of the absorption of ions of mineral 

compounds by the gills and scales of fish does not mean that 

fish feeding normally and receiving a great deal of phosphorus 

in their food and excreting it in large 

products, require additional phosphorus 

of the pond, in which it is in any case 

concentrations. Of  course,  we grant that under speoial conditions 

the absorption of mineral compounds of phosphorus by fish 

has some significance in nature also, although this haa not 

yet been proved by anyone. But this curious physiological 

phenomenon in no way disturbs the basic view described above 

that the effect of fertilizer's on the primary production and 

the subsequent utilization of the latter in the food chain lies 

at the beats of their pisciculture.' effectiveness. 

The use of artificial fertilizers in ponde was originally 
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based on the successful application of fertilisera  in agriculture, 

where the chief role is played by nitrogen, phosphorus and 

potassium. Therefore we need these same three elements in flail 

culture also. 

In European countries, phosphorus and potassium. 

fertilization of ponds has predominated for a long time. In 

spite of this, there are no convincing data proving the effective-

mess of potassium fertilization of ponds, Which has been always 

in doubt among a large number of fish breeders. Thus, for 

example, A.N. Eleonsky (1946) wrote: "It often happens that 

when potassium fertilizera are added to a pond the productivity 

of the pond is not only likely to rise, it may even drop". 

The belief in the necessity for using potassium fertilizer 

apparently stems from its use in agriculture, /since it  vas  not 

realized at first that fertilizer requirements and the prinoiples 

underlying their action in the soil and in water may differ 

very substantially. 

Artificial fertilizers exert a direct effect on 	/60/ 

phytoplankton. Therefore only those substances which Phyto-

plankton requires in additional quantities under certain condition* 

can be used as fertilizers to raine the fish yield of • pond. 

As regards potassium, there are no experimental data or tneorical 

arguments to show whether, in natural  conditions, it, like 

nitrogen and phosphorus, limits the development of phytoplankton, 

and there are many reason» for believing that the opposite is 

quantitiea with metabolic 

directly from the water 

contained in insignificant 
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the case. Thus, in his well-known study of the mineral nutrition 

of fresh water algae, Rodhe (1948) shows that a concentration 

of potassium in the water or approximately 1 mg. per liter is 

sufficient for the optimum growth of Scenedesmus quadricauda: 

Rodhe conaiders that a potassium concentration of 0.2 to 3 mg. 

per liter in the water of the lakes of Sweden is not too little, 

i.e. does not restrict the development of phytoplankton, which 

in these conditions is limited mainly by phosphorus and nitrogen 

compounds. H811 (1951) made a special examination Of the content 

of potassium in the water of different types of lakes and showed 

that it ranges from 5.0 to 6.6 mg. per liter in strongly eutrophie 

lakes and from 0.85 to 1.9 mg. per liter in other European lakes. 

He also concluded that potassium, as a rule, does not restrict 

the growth of phytoplankton, although at times of vigorous algal 

development its content in the water drops. On the basis of 

data collected on a large number of lakes, the authoritative 

English limnologist Lund (1956), the author of classic works 

on the ecological physiology of fresh-water phytoplankton, compared 

the quantitative development of phytoplankton with the content 

of potassium in the water and came to the conclusion that there 

is no connection between these values. However, from his data 

we can see that vigorous development of phytoplankton occurs 

less often in lakes with a potassium content in the water of 

0.04 to 0.4 mg. per liter than in lakes with a content of potassium 

or 0.4 to 2, Aind,  more than 2 mg. per liter. A colleague at the 

sans laboratory, Mackereth (1956), after analysing data on the 
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ion composition of fi,esh water, came to the conclusion that 	• 

potassium, like calcium, magnesium and sodium, does not limit 

production. Barrett (1957)opoints out that in fertilized 

Michigan. Jakeswater bloom is often noted at a potassium content 

of around lmg. per liter. This fact, and also the result of 

observations of the development of phytoplankton in vessels 

containing water enriched with various quantities of potassium, 

led him to conclude that potassium does not limit the development 

of phytoplankton. ' 

- We find data on the content of potassium in the water . 	. 

of fishibrm ponds in the detailed paper of Stangenberg-Oporowska /g/ j 

• (1961), who, on the basia of a large number of analyses, showed 	• 

that the content of this element in the ponds of Poland ranges 

from 0.7 to 11.7 mg. per liter (in most cases 2 to 6 mg. per 

liter). The author notes that it is generally somewhat higher 

in ponds than in the waters feeding them and increases from spei.17 

to autumn. Thus,.it might be expected that the water of ponds 

 contains more potassium than lake water. There is all the less 

reason for considering that the supply may be inadequate when 

the content of potassium in the substance of the phytoplankton 

is small (0.5 to 1% of dry weight). Let us qualify this by 

saying that the foregoing comments on . the content of potassium 

in water relate to waters of the hydrocarbonate class with low 

• and average mineralization, the range of Which embraces the main 

areas of European and North American pond culture. .Naturally in 

waters of another composition, for example in waters of the chloride 
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type, the ratios may be different and the content of potassium 

much higher. 

The problem of the importance of potassium as a . 

component part of artificial fertilizers has been tackled 

in yet another and perhaps more convincing way, i.e. with the 

aid of biological tests to determine the phytoplanktonla nutrient 

requirementa. The principle and method of these testa have 

been allocated a special place in Chapter III. 

The results of biological testa systematically carried 

out in 1950 in many ponds on three fish farms situated in 

different areas of Belorussia in which the water was enriched 

with K2SO4 to a concentration of L.  mg. of potassium per liter, 

showed that the addition of potassium to pond water both unenriched 

and enriched with nitrogen and phosphorus fails to stimulate 

the viability and development of the phytoplankton, and even 

has a adverse effect (Vinberg, 1953). E.P. Braginsky (1951, 

1958, 1961), who  used  the same method of biological . testing on 

Ukrainian fish ponds, confirms the results obtained from the 

Belorussian ponds. Similar resUlts were yielded by biological 

tests conducted on the ponds of the Vimba and Shemaia Nursery 

in Krasnodar region by N.N. Khmeleva and L.I. Tsvetkova (1959) 

and on Latvian ponds by M.N. Matisone (1962). 

Thun, we may conclude that in spite of the important 

role played by potassium in the composition of agricultural 

fertilizers there are no grounds for considering it an essential 
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element in artificial fertilizers for ponds. This JilOW3 how 

different are the principles of fertilization of ponds and 

farm land. 

Let us recall that in pro -war Germany, phosphorus-

potassium fertilizers were used for fertilizing ponds, whereas 

after the war potassium salts were no longer used for this 

purpose (p. 9). In the American method of mixed fertilizers 

potassium is iricluded in the composition of the fertilizing 

mixes, but this is merely a carry-over from agricultural 

practices and not because ita presence haa been proved essential./t2/ 

As there is no justification for uaing potassium salts 

as artificial pond fertilizers we shall ignore potassium 

fertilizers in the rest of this book. 

As regards mineral compounds of phosphorus and nitrogen, 

there is no doubt that their content in the water limits the 

development of phytoplankton. Màny authors have shown that 

the addition of phosphates and nitrogen compounds to water 

. results in intensified development of phytoplankton. Hence 

in the overwhelming majority of  cases  these two particular 

elementa occur in minimal quantities in different  types  of 

lakes. Experience in the use of  artificial fertilizers for 

fish culture has helped to confirm this general principle of 

the theory of the biological productivity of bodies of 'water. 
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2. Phosphorus Fertilizers and the Phosphorus Cycle in Ponds. 

Years of experience in the use of phosphorus fertilizers 

for ponds would, one might have thought, have led to .quite 

definite recommendations on the methods and rates of application. 

and shown under what conditions they are most effective. In 

actual fact, however, the piecicultural literatt;re shows  a 	• 

division of opinion on these questions. For example, as 

recently as 1953 F.M. Sukhoverkhov stated that "now the view 

that fertilizers must be added to the water in individual 

portions several times during the summer has been repudiated", 

whereas V.M. Il'in (1955) at approximately the same time wrote: 

"phosphorus fertilizer, like lime, must be added to ponds as 

often as possible, but not lass than once every  ton  days". At 

the present time, there is a marked tendency to add fertilizers 

several times, but this important question has by no means 

been finally solved. 

Many contradictory opinions also exist concerning the 

conditions under which phosphorus fertilizers are most necessary 

and useful. For example, according to V.M. Il'in (1955), "on 

podzolic and waterlogged soils and sanày, sandy-loam, loamy and 

argillaceous soils such phosphorus fertilizers as super-phosphate 

are leas effective than on black soils". At the same time, 

A.I. Isaev (1948) considers that phosphorus is required by 

"almost all types of soils, but particularly sandy-loam, argilla-

ceous-loamy, peaty and podzolio soils". This lack of uniformity 

in the recommendations reflects contradictory results of the 
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application of phosphorus or phosphorus-potassium fertilizer, 

which, as is now clear, did not always answer the fertilizer 

requirements of ponds. 

At the present time, when the previously prevalent 

phosphorus-potassium fertilization is being replaced by other 

systems of fertilization and increasing use is being made of 

other methods of intensifying pond culture, the productivity 

of which is increasing from year to year, o the conditions under 

which fertilizers act are undergoing radical change. The rates 

and methods of application of fertilizers, devised under conditions 

of extensive farming for a low yield, are unsuitable for intensive 

pond culture wiMa a high yield of fish. The new conditions 

require the development of new criteria for judging the advis-

ability of applying fertilizers and assessing their effectiveness. 

For example, the experimental ponds of the "Shemetove fish farm 

did not respond to phosphorus fertilization, and reacted very 

weakly to nitrogen fertilization and very strongly to nitrogen-

phosphorus fertilization (Vinberg, 1957). In ' other words, 

under these conditions superphosphate on its own proved unnecassary, 

and,moreover, was quite superfluous in the same ponds as a 

• component in mixed fertilizers. 

At the present time only the general principles  of  

the newer and more highly perfected systems of fertilization 

are known and it still remains to determine in what forms they 

are most beneficial to different typss.of ponds situated in the 

/63/ 
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different soil and climate zones of the Soviet Union. Therefor* 

it is particularly important to discover the general principles 

underlying the cycle of the individual elements forming the 

active principle of fertilizers, and this means in the first 

place phosphorus and nitrogen. After having deteragned the 

exact way in which the individual nutrients help to create the 

fish yield of a pond we can discover what conditions are 

favorable  for  each of the components of the fertilizers. This 

will enable us to determine the fors  of fertilizer necessary 

in the specific conditions of particular ponds,farms and regions, 

and will facilitate future study of special problems concerning 

the compositions, times, and rates of application of fertilisera 

under different natural and commercial conditions. 

Let us examine from this standpoint the part played by 

phosphorus in raising the productivity of ponds. 

The necessityfbr phosphorus fertilizer arises from 

the low content of phosphorus compounds in the water. Therefore 

it is natural to assume that the phosphorus fertilizer require-

ments can be judged from the results of chemical analyses of 

the water to determine its content of phosphorus compounds. In 

the Soviet Union and abroad frequent more or less detailed 

hydrochemical examinations have been made of unfertilized and 

fertilized fish ponds. By now a very large volume of hydrochemical 

data has been accumulated, but unfortunately only some  of it 

has been published. 
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In spite of the large scope of the studies conducted, 

manuals on fish breeding do not indicate the exact manner in 

which the data of chemical analyses can be used to determine 

the fertilizer requirements of ponds. There is no indication, 

for example, whatcontent of phosphates in the water of a pond 

necessitates recourse to phosphorus fertilization, or what 

content of phosphates is adequate, thus rendering fertilization 

unnecessary. This seemingly paradoxical analyses to judge a 

pondis fertilizer requirements. Of course, wben the water 

contains an unusually large or unusually small amount of mineral 

phosphorus, some not very accurate conclusions can be drawn 

from the data of the analyses of the water. In the overwhelming 

majority of cases however when the content of mineral phosphorus 

in the water of ponds romains  within normal limits (hundredths 	. 

or a few tenths of a milligram per liter), it becomes extremely 

difficult to draw any conclusions whatsoever concerning fertilizer : 

 requirements from the chemical composition of the water. 

Many authors have shown that the addition of a phosphort.ls 

fertilizer - usually superphosphate - to a pond merely leads to 

a very brief increase in the content of phosphates in the water, 

which after a few days drops once again to a cbaractekstic level 

for the given body of water, which hardly differs from the original 

level (Gaponenko, 1958; Vinberg, 1958; Ozeretskovskaya, Smirnova, 

1959a; Felldman, Prosyany, Sukhovii, 1961; Nisbet, 1951; Zeller, 

1952; Hepher, 1958a; Willer, 1958a; Wrobel, 1960; Stangenberg. 

Oporowska, 1961). 
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An experiment in bulk analysis conducted by five 

special laboratories in Israel showed that after fertilization 

with phosphate phosphorus, with the concentration being brOught 

to  O.  mg. of phosphorus per liter approximately 1% of the initial 

concentration of mineral phosphorus remains  in. the  waterafter .  

1 to 2 days (Hepher, 1958a). As in other such cases, this drop 

in the concentration of mineral phosphorus can be due only in 

, very small part to its consumption by phytoplankton. .The water 

in the ponds of Israel has an alkaline reaction  end  is highly 

mineralized, and this facilitates precipitation and combination 

of phosphorus. In other conditions the mechanism of the removal 

of phosphorus from solution is quite different, but the rapid 

drop in the concentration of dissolved phosphorus after the 

addition of fertilizers is a common phenomena observed everywhere. 

Under certain conditions the content of phosphates in 

the water of fertilized ponds may be even  louer  than in unfertilized 

ponds. This occurs for example when nitrogen-phosphorus 

fertilization stimulates vigorous development of phytoplankton, 

which very rapidly consumes phosphorus compounds (Pelidman, 

Prosyany, SUkhovii, 1961). This example clearly shows that the 

content of phosphates in the water reflects only the relation 

between the rate at which they enter the water and the rate at 

which they are consumed and absorbed. A change in the content /65/ 

of  phosphates in the water  shows  that the relation of these 

processes has changed, but it does not enable us to estimate the 

rates at which they take place, which for one and the same 
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content of phosphates in the water may be low (in low-yield 

lakes) or high (in lakes with an intensive cycle, which results .  

in high productivity). The total content of phosphorus present 

at any given time in the water of a pond is  very small by 

ommparison with the quantity contained in the composition of 

the substance of hydrophytes, bottom-dwelling animals, and, 

particularly, in bottom sediments. According to Stangenberg 

(1959), poor bottoms • in ponds contained less than 0.1% phosphorus,. 

whereas rich bottoms, for example peaty soils, contain from 

0.2 to 0.5% and more (percentage taken from a dry weight and 

expresses the content of phosphorus and not P205: ). If the 

bottom contains only 0.15% phosphorus and its moisture content 

is 90%,  thon a layer of soil 20 cm. thick in 1 hectare of pond 

contains 300 kg. of phosphorus. Even at such a high content 

in the water as 0.1 mg. of phosphorus per liter, the  water in . 

a pond 1 meter deep contains only 1 kg of phosphorus per 

hectare. As a rough guide, it is useful to compare with these 

values the quantity.of phosphorus in a harveeted fish. According 

to the data of various authors the content of phosphorus in the 

body of a fish is 0.2 to 0.6% of the raw weight. Assuming 04%, . 

we find that for a harvested weight of 1,000 km Per hectare the 

bodies of the harvested fish contain  L.  kg per hectare of phosphOrus. 

And so, as we see, one hectare  of pond  bottom contains 

hundreds of kilogram, of combined phosphorus, whereas the water 

usually contains fractions Of a kilogram, i.e. many hundreds • 

of times less. This fact enables 'us to understand better bihy 
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it is necessary every year to add a large quantity of artificial 

fertilizer. For example, on many farms in the German Democratic 

Republic every year for a number of years 30 kg. of P205 have 

added with superphosphates, i.e. 13 kg. of phosphoras per 

hectare. Compared with the total quantity of phosphorus in the 

soil thia is not so very much, therefore a large part of the 

phosphorus added easily combines with bottom sediments and only 

a small part is available to the phytoplankton. 

As we mentioned earlier, even more fertilizer is added 

every year to the ponds of the United States and Israel. 

That small part of the total stock of phosphorus in 

.the pond which at any given moment is present in the form of 

phosphate phosphorus dissolved in the water participates 

intensively in the cycle. Each individual phosphorus-containing 	. 

molecule or ion is in a dissolved state for a limited period 

from the moment it emerges from  the composition of the organic 

substances of the live bodies of organisme or ailt deposits 

until the time it is included once again in the composition 

of the body of phytoplankton or other plant organisms prior 

to precipitation and combination with the bottom deposits. 	/66/ 

The phosphorus combined with bottom sediments is excluded from 

the active cycle, or rather participates in it at a far slower 

rate. However, the bottom sediments contain hundreds of times 

more phosphorus than the water of the pond. Therefore, the 

quantity of phosphorua dissolved in.the water at any given time 

and aVailabli to the phytoplankton depends primarily on the 
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conditions of phosphorus exchange between water and bottom. 

When the conditions  favor the combination'of 
phosphorus with 

the bottom its content in the water drops, in the 
contrary 

case it rises. 

In recent years our information on the principles 

underlying the phosphorus cycle in bodies of water has become 

far more complete owing to the use of the phosphorus radio-isotop• 

31 
P • The tracer atom method enables us to trace the distribution 

of the phosphorus added to a pond and to obtain quantitative 
data 

on the rate of the phosphorus cycle under different conditions. 

The latter problem cannot be solved with the aid of ordinary 	
. 

analyses. If, for example, the content of 

. water remains at the same level for a long 

that the rate of removal of the phosphorus 

state and the speed at which it enters the 

analyses do not show what these speeds are 

quantity of dissolved phosphorus present is renewed. The answer 

to the latter question is easy to obtain if we add P to Llie 

pond. Measurements of the  radio-activity at different times 
gz 

after the introduction of P yield data from which we can judge 

what part of the radio-active phosphorus added still remains 

in solution and at what speed it is being removed from solution. 

In its chemical properties the phoephorus radio-isotope does . 

not differ from non-radio-active phosphorus. Therefore the speed 

of its cycle reflects the steady speed of the phosphorus cycle 

under given conditions. 

phosphorus in the 

time this only means 

from its dissolved 

water ire equal, but 

and how often the 
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Interesting results obtained during the study of the 

principles underlining the phosphorus cycle in bodies of water 

with the aid of P are generalized in the paper by  Hayes and. 

Phillips (1958). These authors examine  the concentrationof 

mineral phosphorus in water as the sum total of continuous 

exchange with phytoplankton and bacteria, with zopplankton, with 

phosphorus-containing organic compounds dissolved in the water, 

with m cr6phytes, and, •finally, with bottom sediments. In all 

these different directions the exchange with dissolved mineral • 

phosphorus takes place at different speeds. It is emphasized 

that the exchange of dissolved mineral phosphorus with phyto-

plankton and bacteria takes place particularly quickly, the 

. "transfer" time being astonishingly small - roughly 5 minutes. 
Still fast, but not so fast, is the exchange with higher hydro-

phytes is still slower,.thi "transfer" time of phosphorus being 

a few days. The exchange with the bottom of the pond is slowest, 

zincs the phosphorus is retained most strongly. 

Figure 2 illustrates an experiment.  in which the phosphorus 

radio-isotope was added to a pond. The experiment was staged 

in 1953 in small (roughly 0.1 hectare) experimental ponds on the 

"Shemetovo" fish farm in Belorussia (Vinberg, Godnev, and 

Gaponenko, 1955). The results of the experiment are shown in 

the figure in the form of a semilogarithmic graph. The points 

indicating the initial phase of the experiment lay along a 

straight line on this graph. This means that in the first week 

the drop in the concentration of P took place at a steady speed.  
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Fig. 2  Total radio-activity of the water of experimental ponds 
after the introduction of the phosphorus radio-isotope 
P32 (after Vinberg, Godnev, Gaponenko, 1955); 

1- pond no. 3; 2- pond no. 5 (the small circles indicate 
the samples taken near the left bank of the ponds, and 
the triangles those taken near the right bank). 

In 24 hours the concentration dropped by 15.7%  in'  pond no. 3,an4 

by 17.2% in pond no.5. Since the total concentration of • 

phosphorus remained approximately the same during this time the 

indicated rate of decline of thecontent of P in the water 

corresponds to the "transfer" time of the phosphorous, which 	• 

equals 6.4 days in pond no. 3 and 5.8 days  in pond no. 5. , 

Subsequently, and apparently as the result of the reverse process 

of the emergence of the absorbed P into the water, its content 

in the water dropped more slowly and Considerable quantities 

of P
32 

remained for a long time in solution. ' Later, in 19514 

the experiment was repeated, but P3  was added to the water only 



1958). As in the previous year, FrIL 

quantities of 	remianed in the 

example, after two w2e28 the water 

of the amount of 	added. By 
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in pond no. 3, whereas in the case of pond no. 5 granulated 
superphosphate containing P was scattered over the bed of 

the empty pond (Gaponenko, 

in pond no. 3 considerable 

water for a long time. For 

contained approximately 20% 

contrast, in pond no. 5 only a small quantity of P - not more 

than 3% of the dose added - emerged into the water. 'Eighteen 

daya after the pond has been filled there was no trace of P
32 

/68/ 

in the water. These data show that when phosphorus fertilizers 

are scattered over the bed of a dry pond, a much greater proportion 

of them is retained by the bottom than when the fertilizer is 

poured into the water. 

Of course, the first experiments with radio-active 

phosphorus have not yet solved the complex problem of the forme . 

in which the phosphorus fertilizer should be added to the ponds, 

but they indicate the great possibilities ' of this method, which 

deserves wide application in the study of many problems associated 

with the fertilization of ponds. 

The mechanism by which the dissolved mineral phosphorus 

combines with the bottoms of ponds may vary. This complex 

phenomenon which depends on many conditions has been poorly 

' studied and no light has yet been shed on many of its important 

aspects. '  

The absorption or mineral soluble coMpounds of phosphorus  
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by the bottom sediments of ponds is governed by chemical and 

physicochemical sorption processes, and by biological fixation . 

of the phosphorus entering the bodies of micro-organisms. The 

absorptive capacity of silts in the greater, the finer its 

component particles and the greater its total surface area, and 

also the more mineral and organic colloids the silts cOntain. 

Of groat importance are the chemical composition of the mineral 

part of the silt, the reaction of the :Jilt solution and the redox 

conditions prevailing in it. Acid aoils combine firmly with 

phosphorus, the phosphorus in this case combining with sesquioxides 

(aluminium, ion) to form aluminophosphates for example. In 

view of this, we must, as pointed out by Nenec and Fastova (1941), 

expect that the productivity of the pond will, all other things 

. being equal, depend not on the absolute content of phoaphorus 

in the bottom, but on the ratio of P205 to Al203. More explicitly, 

the main role i3 played by the ratio between tyvontent of 

phosphorus and the total of sesquioxides.(R203 )1, since. many 

bottoms contain more iranthan aluminum, and it plays an important 

role in the combination of the phosphorus. Many fish-breeders 

have noted that phosphorus fertilizers have no effect in ponds 	' 

with a bottom that is rich in iron. 

The combination of phosphates with sesquioxides is 

particularly pronounced where there is an 'acid reaction, as 

soil scientists will know.  As regarda the adsorption of the 

phosphates . dissolved in the  water on ferric,  hydroxide, this 

wasdémonstrated experimentally by  Obi.  (1937). Wbers thare 
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is an acid reaction the phosphorus also combines with humic 

acids. 

When the reac 'tion of the silt solutibn becomes more 

alkaline, a change takes place in the physicochemical conditions 

of the combination of phosphorus with sesquioxides.and humic 

acids, and the phosphorus easily passes into solution. Accordingly, 

equilibrium between the absorbed and dissolved phosphorus is 

achieved not at low concentrations of phosphorus in the water, ' 

as for an acid reaction, but at much higher  concentration. 

This  is well illustrated by figure 3, in which, on the basis 

of the results of Hackereth's experiment (1953), ie shown the 

concentration of phosphate-phosphorus in water after agitation 

Of 250 ml. of surface silt from Lake Windermere and 

of water giving different reactions. 

pig. 3  The influence of the pH  reaction on the exchange of 
phosphates between mud and water according to the 
observations of Mackereth (1953) on Lake Windermere.  
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Under these conditions, at a pH of 6.8 to 7.0 equilibrium ia 

achieved at an insignificant level Of phosphorus in the water 

(approximately 0.1 mg per liter), whereas for an alkaline 

reaction, as can be seen from the curve, it is achieved at a 

concentration of 0.1 mg of phosphorus per liter and above. 

The same thing, and this time only in connection with pond 

silt, was demonstrated by M.S. 	 V.S. Prosyany and 

A.V. Sukhovii (1961), when they agitated air-dried silts and 

buffer solutions and fournl,that a minimal amount of phosphorus 
ell e 

passed into solution at 	• As in the experiments of Hackereth, 

when the water gave an alkaline reaction, the quantity of 

phosphorus in the solution increased sharply. Thus, the 

neutralization and alkalinization of acid soils makes it 

easier for the phosphorus combined with the soils to pass 

into solution, and this is achieved in practice.on fish farms 

by liming acid pond bottoms. We find an illustrative example 

of the effect of liming in the paper of Waters (1957). The . 

author notes that after the liming of a small swampland pond 

(area 0.7 hectares) with very low mineralization  and an acid 

reaction of the water (pH approximately 5) the content of total 

phosphorus in the water increase sharply, after which water 

bloom occurred and the concentration of dissolved phosphorus 

dropped again (fig. 4). The laboratory experiments of the 

same author showed that the addition of an extra amount of 

lime  to the water facilitated the transfer of phomphorus frost 

silt to water. 

/69/ 
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Pig. 4  The effect of liming on the enrichment of water with 
phosphorue from the bottom according to the observation 
of Waters (1957) on a dystrophic lake with an acid 
reaction. (the vertical dotted lines indicate the time 
of liming). 

However, alkalinization of the water and increasing 

the content of calcium only facilitates the passing .of phosphates 

into solution when they do not exceed a given level. In alkaline 

highly mineralized waters containing much  calcium  the opposite 

occurs. Very strong alkalinization of the water may be caused 

by photosynthesis of hydrophytes. For example, it takes place 

as the result of vigorous water bloom, when abundantly developed 

phytoplankton consumes the free CO2 and bicarbonate ions (HCO. ), 

causing an increase in the concentration of CO3  ions. Urider 

these conditions, in sufficiently highly mineralizeewaters, 

the Ca and CO 3 3 ions may become soluble and the poorly soluble 

calcium carbonate is precipitated, i.e. biogenic decalcification 

i.e. rich in mineral salts 
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of the water begins. Settling on the bottom, the CaCO 3  particles 

enrich the bottom sediments with calcium. This is accompanied 

by a sharp drop in the content of phosphates in the solution, 

since they are precipitated in the form of weakly soluble 

tricalcium phosphate, Ca3  (PO4 ) 2 . Hepher (1958), after making /71/ 

a detailed examination of the conditions of the  physicochemical 

balance of the phosphate  ions and calcium ions at different 

pH values, calculated the maximum possible concentration of 

phosphate phosphorus in relation to the content of calcium and 

the pH. The result of his  computations as  shown in fig. 5. 

calcium content of water, mg/1 

Maximum concentrations of phosphate phosphorue in the 
water for different contents of calcium and different 
water reactions. (The straight lines indicate the 
estimated maximum possible concentrations of phosphorus 
in solution at different pH values). (Hepher, 1958). . 



125 

4J1  
As we see, at 	a relatively large concentration of phosphate 

phosphorus in still possible,at 	quantities of more than 

0.1 mg. of phosphate phosphorus per liter are possible only 

with a low calcium content, while at WO, eVen at a low content 

of calcium, the water cannot contain more than a few hundredths 

of a milligram of phosphorus per liter. These computed values 

coincide with the results of the laboratory experiments of 

Eepher. According to Eepher, in the fish ponds of /areal, in 

which the pH is often as high as 9.2 to 9.4, the sharp . drop 

in the content of phosphorus in the water after the addition 

of fertilizers is due mainly to the factor we have Just examined. 

Thus, the ponds in Israel, the water and bottoms of which are 

both typically alkaline, not only do not require liming, but 

tend in fact to suffer from an excess of lime. Therefore, 

Eepher (1958) suggests that it may be possible to replace 

superphosphate, with which approximately half its weight of 

calcium sulphate is added, by other  phosphoras  fertilizers 

("monophos, phosphoric acid"). 

Since, under the conditions described, insoluble 

phosphorue-calcium compounds form when there is an alkaline 

reaction acidification of the water through enrichment with 

free carbon dioxide must help to keep the phosphorus in solution. 

/n this way Eepher explains a high concentration of phosphate 

phosphorua which he observed .in the bottom  layera of water of 

a pond which was higher than the content of phosphorus near the 

surface of the pond. In this Ott30 the carbon dioxide released 
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by the bottom acidifies the water and facilitates the accu-

mulation of soluble phosphates. Hepher links this . with the 

high content of phosphorus in the water of ponds to which 

organic fertilizers are added in addition to phosphorus 

fertilizer. 

It seems to us that the direct effect of carbon dioxide 

on the physicochemical conditions can Only partially explain 

these extremely interesting observations. We must also take 

into consideration the fact that micro-organisme play a very 

important role in the cycle of  phosphoras. In the paper of 

A.T. Rodin& (19580, N.V. Moeevich, V.N. Danilevich (1955) 

and D.Z. Gak (1958, 1960) it is shown that two groups of 

bacteria play a particularly large part' in the cycle of phosphorus 

'in ponds, on the one hand facilitating the transfer of phosphorus 

from water-insoluble compounds to soluble compounds, for example . 

from tricalcium phosphates to soluble phosphates, and on the 

other facilitating the conversion of organically combined 

phosphorus into mineral phosphorue. Studying the dynamics 	• 

of the population of bacteria of both groups in the ponds of 

the "Rita-Ausma" and "Pirmrindnieks" (Latvia) fish farms, 

which pondswere fertilized by various methods. , D.Z. Gak found 

that the activiti of the bacteria of both the third and second 

group ie strongly stimulated when organic fertilizer is added 

to the pond in the form of decomposing vegetation. Hence , . 

organic fertilizers, like organic bottom sediments, promote 

a high content of phosphorus in the water not only by virtue 

/72/ 
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of the fact that the decomposition enriches the water with 

free carbon dioxide, but also because the presence of easily 
assimilated organic substance fosters the activity and 

propagation of phosphate - dissolving bacteria. 	- 

The characteristics of the cycle of phosphorus in 

highly mineralized alkaline waters with a high calcium content, 

which have been studied in detail by Hepher, must in some 

degree also occur in the ponds of the southern zones of the 
Soviet Union, where the waters are highly mineralized and the 
phytoplankton of the ponds develop) vigorously. 

In the central zone of the Soviet Union, where the 
waters are of average or low mineralization and the bottoms 
acid, as we have already noted, the exchange of phosphorus 

between bottom and water is quite different. In addition to 
the factors already examined (content of sesquioxides in the 

bottom, the pH of the water and bottom, the calcium content), 

the combination and release of phosphorus by the bottom are 
strongly influenced by the oxidation and reduction conditions.. 

As far as the oxidation and reduction conditions are 

concerned, submersed soils, i.e. the bottom sediments of water 

basins, differ greatly from unsubmersed soils in that a far 
greater part is played by anaerobic processes. Therefore, when 

examining this aspect of the problem we cannot rely on the ideas 
formulated by soil scientists,  zincs  we are confronted with 

phenomena specific to bodies of water, which have so far been 
inadequately studied. 
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In submersed soils, especially in deposits 
of silt rich 

in organic substance, the free 
oxygen is quickly consumed owing 

to intensive microbiological oxidation of the organic substances. . 

Hence anaerobic, i.e. reduction conditions, prevail in silts. 

The substances taking part in the redox reactions in 
silt 

sediments become reduced - for example trivalent iron becomes 

bivalent iron. As the result of anaerobic decomposition Of 

the organic substances, the nitrogen incorporated 
in them is 

released in the form of an ammonium ions (NH), and 
sulfur is 

4 
released in the form of hydrogen sulphide (H2S). When 

conditions 

ensure profound anaerobic decomposition of the organic substances, 

the result is the formation of methane (CH4 ), in which carbon 

is present in its most reduced form, and gaseous free 
nitrogen 

(112 ) » 

consequence of the relatively low speed of 

the aqueous medium and intensive absorption of 

when the surface of the silt is in contact with 

water saturated with oxygen, it is only in the thin surface 

layer of the silt that oXidizing conditions prevail. As soon 

as mixing .of the water in the bottom region diminishes and 

created, the content ofoxygen in the 

adjacent to the silt drops and often 

case reduction processes take place 

the boundary between the areas of 

reduction and oxidation shifts into the mid-water. As we know, 

in sufficiently deep eutrophie bodies of water the bottom 
 layera  

As a 

diffusion in 

oxygen, even 

stagnant conditions are 

layer of water directly 

falls to zero. In that 

in the surface silt and 
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of water are deprived of oxygen for the entire period of 

winter or summer stagnation. In shallow  bodies of water such 

prolonged periods with stable stratification of water do not 

generally occur. But even in shallow ponds on windless summer 

days mort or less long periods easily occur when there is some 

alight difference in temperature between the warmer surface 

layersand bottom layers. In these conditions mixing is difficult, 

and for a while anaerobic conditions are created in the layers 

of water directly adjoining the bottom. In the life of the 

pond this phenomenon may be very important since the conditions 

of exchange with the bottom differ fundamentally, depending on 

whether the water adjacent to the silt contains oxygen or not. 

We shall illustrate this important principle by taking the 

example of the link between the cycles of phosphorus and iron. 

As we know, bivalent ferrous iron forms compounds 

which are easily soluble in water (ferrous hydroxide Fe 

ferrous iron salts, etc.), whereas compounds of trivalent 

ferric oxide - for example, ferric hydroxide Fe(OH) 3  - are much • 

more difficult to dissolve and are easily precipitated from 

aqueous solutions in the form of sediments. Under oxidizing 

conditions, i.e. in the presence of oxygen, iron is oxidized 

and may remain in solution only at high pH values (fig. 6). 

With a neutral and weakly acid reaction, for example pH6 , 

trivalent iron in the form of hydroxide (Fe(OR)3) its deposited 

from the solution As already mentioned, when this happens 

phosphate ions are adsorbed and precipitated together with  the iron. 

• 'Bottom 

Fig. 6  Diagram explaining the effect of iron on the exchange 
of phosphate ions between water and bottom sediments 
in relation to oxidizing and reduction conditions. 

This same process may be represented as the formation of a 

poorly soluble salt FePO4, which is deposited from the solution. 

Descending into the reduction area, i.e. into layers of water 

without oxygen or silt deposits, the trivalent iron is again 

reduced into easily soluble ferrous iron,thereupon releasing 

phosphate ions. As a result, conditions are created in which 

bivalent ferrous iron and phosphates can accumulate in the 

- oxygenless layers of water near the bottom: 

When hYdrogen sulphide is Present in the gilt 

solution or in the bottom water, the ferrous iron combines 

firmly with the sulfur to form insoluble ferrous 

As a result the ion concentration of the ferrous 

while the phosphate ion romains in solution. As 

becomes more vigorous, the ions accumulated in the bottom water, 

sulphide. 

iron drops, 

sOon as mixing 

/75/ 
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phosphate ions in particular, are again distributed throughout 

the water of the pond. The weakening and intensification of 

mixing in shallow bodies of water is due to variable meteo-

rological conditions, and this is one of the most important, 

though not always duly considered, causes of th'e familiar 

instability of the hydrochemical indices in ponds. 

Hence, when the silt is in contact with wterrich in 

oxygen and the surface layer is oxidized, conditions favour 

the combination of dissolved phosphorus. However, when .the 

surface layers of silt are reduced and oxygenless water lies 

above them, conditions favour the dissolution of the phosphate 

ions. 

Let us qualify this by saying that not in- every 

case will an anaerobic medium, regardless of other:conditions, 

facilitate the emergence of phosphorus into the water. Thus, 	. 

. for example, in the laboratory experiments of Hayes (1955), 

the rate of consumption of the phosphorus radio-isotope 

by silt in anaerobic conditions, with nitrogen bubbled through 

the water was slower than in aerobic conditions with-air bubbled 

through the water. These same experiments showed that micro-

biological processes play an important role in the absorption 

of phosphorus in aerobic conditions, since the rate of absorption 

was much slower when an antibiotio was added. Furthermore, 

it was confirmed experimentally that it is not only the thin 

. surface layer of silt which takes part directly in the exchange 

with the water. During the two weeks of the 'experiments, the 
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absorbed P failed to penetrate more than 1 ml. into the silt. 

Of course, in the conditions of a lake the layer of silt partici-

pating in the exchange is thicker. Of great interest in this 

connection are the data of Holden (1961), which were obtained 

after an analysis of the resuls of fertilization with phosphorus 

of a small lake in Scotland and accompanying laboratory tests. 

According to Holden, the rate of cdmbination of the 

initially water-soluble phosphorus addedto the lake aunt 

follow a logistical curve, described by theequation 

dt 

 

=KI -m)  (aV - in) dm 

where Kt - is a . constant; 

m - is the quantity of phosphorus removed by time t, 
per unit of surface of the silt; 

- maximum value of m when the silt is saturated; 

a - initial concentration of phosphorus in the water; 

V volume of water per unit of surface of the silt. 

The equation is greatly simplified when m is very small 

in relation to 5, which often happens in practice. 

According to calculations made by Holden under laboratory 

conditions, S for the silt examined by him, which contains 12.7% 

of dry material, proved to be equal to 0.14 mg. of phosphorus 

per milliliter of raw mud. This meana that a layer of mud with 

a maximum thickness of 1 cm. can absorb all the phosphorus 	. 

disaolved in a column of' water 10 metres high, with a content 

dt V S / 	V 

• /76/ 
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of phosphorus in the water of 0.14 mg. per liter. Taking into 

consideration this figure and his investigations of the rate of 

decline of the concentration of phosphorus in the water after 

fertilization with superphosphate, Holden calculated that  the 

 absorbing layer of silt is 10 to 15 mm. thick, yhich is no more 

than the layer of oxidized silt which, according to Holden, 

measured approximately 2 cm. Direct observations of the 

distribution of phosphorus at different levels in a oolumn 

of silt showed that after the addition to the body, of  water 

of 30 kg. of phosphorus per hectare the phosphorus in some 

cases penetrated the silt for at least 150 mm. The author 

attributes this to mixing of the silt by the animais  dwelling 

in it. 

Let us note that the conditions influencing the mixing 

of water above the silt and the silt itself are of prime 

importance for the question under study. Both Holden and 

Hepher (1958) in laboratory experiments obtained a lower rate 

of consumption of phosphorus by the surface of the silt than 

in the conditions of the pond. Of interest is the 'observation 

of Hepher, who stated that, all other things being equal, the 

rate of decline of the content of phosphorus in the water of 

a pond etocked with fishs perceptibly higher than in a pond 

without fish. But it cannot be concluded from this that 

intensification of the mixing of natural water and muddying 

of the water, alWays lead to a drop in the  concentration of 

phOsphorus in the water. In most cases, where the concentration  
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of phosphorus in the water is lower than the value at which, 

under given conditions, equilibrium with the silt is achieved, 

mixing will have the reverse effect, i.e.'the water will be 

enriched with phosphorus. Only in these circumstances can we 

expect an increase in productivity from harrowing the bottom 

of a filled pond (Kopet, 1955). It follows that this method 

may indeed lead to an increase in the content or nutrients in 

the water in some circumstances, whereas.in others the content 

may be reduced. 

In the paper referred to above Holden showed that 

only 6% of the tétal quantity.  of phosphorus combined with 

the silt passed into solution in a decinormal hydrochloric 

acid extract. This led him to conclude that most of the 

phosphorus entering the silt is fixed biologically, i.e.  'entera 

 into the composition of the bodies of micro-organisms. It 

is impossible to t;gree with this since not all the mineral 

phosphorus passes into 0.1N. hydrochloric acid. Nevertheless 

it must be acknowledged that organic forms of phosphorus 

play an important role in its overall cycle. Unfortunately, . 

the hydrochemical research connected with the study of pond 	/77/ 

fertilization is, with a rare exception (Stangenberg-Oporowska, 

1961), limited to analyses to determine the content of 

mineral phosphorus in the water and total phosphorus in the 

soils. Therefore, very little is known about the  connection 

between mineral and organic phosphorus in the water and soils 

of ponds. In the silts of a number of small lakei in the 
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Velikiye Luki and Novgorod ()blasts and Lake Ladoga the content 

of organic phosphorus was in most cases 15 to 30% of the total 

phosphorus, but in 30M8 cases, for example in the ma-rginal 

areas of Lake Ladoga,  it constitutes as much as 45% (Nosevich, 

1990. Clearly we must expect a higher percentage of organic 

phosphorus in pond silts than lake silts. 

UsUally organic phosphorus is determined by the 

difference between total and mineral phosphorus. There are 

grounds for believing (Fatchikhina, 1948) that this difference 

is not always due only to organic phosphorus. 

Figure 7 depicts the results of examinations of total /78/ 

and phosphate phosphorus in the water of two ponds on the 

"Shemetovo" fish farm (Belorussian SSR), into the water of 

which, on the 15th of June 1953, was poured superphosphate 

(Vinberg, Godnev, Gaponenko, 1955). As we can see, the phosphate 
0 

phosphorus remained at a low level for the first month after 

the addition of the fertilizer, and it was not until the 

second month
0 
 that its content increased. Without data on the 

content of total phosphorus in the water it would be natural 

to conclude that the phosphorus added was initially adsorbed 

by the silt and that its appearance in the water in the second 

month was the result of exchange with the bottom. In actual 

tact, as was shown by analyses for total phosphorus, the content 

of phosphorus in the water was high after fertilizatiOn, but 
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then gradually dropped. Knowing this, it was natural to arrive 

at a completely different conclusion. It is most likely that . 

in this particular case the total phosphorus in the water WR3 

not only organic phosphorus but also the phosphorus of unprecipitated 

tiny particles which was not revealed by the normal method of ' 
, 	• 

determining phosphate phosphorus. Apparently, processes - 	' 

possibly microbiological processes - occurred which gradually 

converted  this  phosphorus into soluble mineral phosphorus. 

Analyses for the total phosphorus in this case provided a 

better understanding  of the dynamics of the phosphate phosphorus 

in fertilizer ponds. 

Unfortunately, because of the absence of data it is 

* difficult to determine whether such conditions occur frequently, 

but the example given is sufficient for us to conclude that 

the laws of phosphorus fertilization cannot be understood 

we continue to confine ourselves to determining  the  

mineral water-soluble forms of phosphorus and ignore analyses 

for the total phosphorus of suspended particles. • 

From what has been said it follows that when large doses 

of phosphorus fertilizer are added to the ponds the quantities 

of phosphorus involved represent only a small part of its reserves, 

which are present mainly in the bottom sediments and participate 

to some extent or other in the biotic cycle of phosphorus in 

the pond. At any given moment the water contains very little 

phosphorus  in  the form of soluble compounds directly available 

to the phytoplankton. The daily replacement of these forms of 

; 
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phosphorus, on which the initial effect of fertilization 

directly depends, both in fertilized and unfertilized ponds, 

is governed by the speed of the phosphorus cycle, and especially 

by the conditions of exchange between the bottom and the water • 

of the pond. This process is dependent on both the physico-

chemical and microbiological factors common to submevsed and 

unsubmersed soils (content of sesquioxides, pH, calcium content, 

influence of pH on microbiological processes), and on factors 

specific to submersed soils, in connection with  the  particularly 

large role played in them by anaerobic processes. To understand 

the conditions under which the use of phosphorUs fertilizers 	/79/ 

is most effective we require a more profound systematic study 

of the-factors involved in the cycle of phosphorus in ponds. 
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Fig. 7  Content of total phosphorus Cl and 2) and mineral 
phosphorus (3 and 4) in the water of a fertilized pond. 
(Time of application of superphosphate indicated by 
vertical arrow) (after Vinberg, Godnev and Gaponenko, 

. 1955).  
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3.tilti.nkenIArtific1allFert1lizers and the Cycle of Nitrogen  

in Ponds. 

Until recently nitrogen artificial fertilizers were 

not used in pond culture in the Soviet Union. After Soviet 

hydrobiologists (S.I. Kuznetsov, G.G. Vinberg, V.I. Zhadin, 

I.V. Baranov et alla)  demonstrated the effectiveness of 

repeated applications of nitrogen-phosphorus fertilizers at 

the begining of the fifties (page 126), this method ,af 

fertilization was tested at VNIIPRKh/All-Union Pond Pisciculture' 

Research Institute/(Mamontova, Komarova, Kalish,1959; 

Mamontova, Komarova and Kalish, 1961; Mamontova, 1961, 1962; 

Batenko, 1959; Batenko and Bakhtina, 1961, 1962; Bakhtina and 

Batenko, 1961), at the Belorussian NIRKh/Fish-Breeding Research 

•Institute/ (Lyakhnovich, 1963a, 1963b; Lyakhnovich, Surinovich 

and Astapovich, 1963; Lyakhnovich, Surinovich and Prosyanik, 

1963; Prosyanik, 1963; Faktorovich, 1963), at the Ukrainian 

NIRKh (Felsdman, Prosyanii and Sukhovii, 1961) and at the 

Latvian NIRKh (Tsukurs, 1962; Volkova, Bunikis, 1962; Okhryamkin, 

1962). The research performed by these institutes confirmed 

the effectiveness of nitrogen-phosphorus fertilization of ponds. 

This method is now being introduced on a wide scale on fish 

farms. Some'authors have even lost their sense of proportion 

where nitrogen fertilizers ara concerned and recommend using 

them in unjustifiably high doses (Mamontova, 1961, 1962). 

As mentioned earlier, whereas the Americans are certain 

of the effectiveness of nitrogen-phosphorus fertilizer's, all 
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European text-books and manuals on fish culture invariably 

say that insufficient is known about the conditions under 

which nitrogen fertilizers may.  be  effective, that contradictory 

results have been achieved with them, and that they are relatiVely 

expensive and in short supply. To a considerable extent these 

statements reflect the fundamental principles of the theory 

of non-nitrogenous fertilization of ponds. Adherence to these 

Aogmatic principles has hampered research into the real factors 

involved in the action of nitrogen fertilizers and has led to 

unjustified recommendations, acceptance of which has concealed 

the useful effect of nitrogen fertilizers. We ahall content 

ourselves with citing Just one highly typical example. A book 

published in 1955 by V.M. 	who considered that "all ponds 

require phosphorus", contains the following sentence: "Ammonium 

nitrate is added to the ponds only once during the entire 

seaaon". How are we to understand such a recommendation which 

runs completely counter to the successes achieved in recent 

years with fractional and multiple joint applications of nitrogen 

and phosphorus? Undoubtedly it is an echo of the views of the /80/ 

German school of Hofer and Demon, who greatly exaggerated the 

danger of nitrogen loss as the result of denitrification. Without 

any experimental data it was assumed on the basis of mere 

speculation that M26 rapid drop in the concentration of the 

nitrogen compounds when they are added to the water is due 

entirely to denitrification. Hence the strange conclusion was 

drawn that artificial nitrogen fertilizera muât be added in winter, 

14.0 

when the low temperature prevents denitrification. It is 

impossible to understand what prevents denitrification when 

summer arrives, if, of course, we do not naively assume that 

the nitrogen will be used biologically at the low temperatures 

and remain in the "used" state. In actual fact, of course, 

during the growing season the atoms of nitrogen repeatedly 

leave the medium and reenters  the cycle  of biotic transformations. 

Unfortunately we have at present only the most general 

information on the principles governing the cycle of nitrogen 

in the pond and we are still far from being in possession  of  

the detailed knowledge necessary for an understanding of the 

mechanism of the effect of nitrogen fertilizers and for 

substantiation of practical recommendations concerning their 

use. To a considerable extent this is due to the fact that 

attention has been devoted mainly to fish-breeding  indices  

and their ultimate effectiveness, whereas hardly an'y special 

study has been given to the general principles of the action 

of fertilizers. 	 . 	. 

At any given time in the active biological cycle the 

pond contains a small part of the total reserves of nitrogen. 

The quantity of nitrogen in the bottom sediments is very large. 

The composition of the ash-free organic substance of the 

bottom sediments generally contains approximately 4% nitrogen 

(KUznetsov, Speranskaya and Konshin, 1939; Stangenberg, 1949). 

Let us take by way of example silt containing 40% organic 
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eubstances and having a moisture content of 85%. In this 

case the top ten centimetres of silt alone in an area of 1 

hectare contain 2,400 kg of nitrogen. At the same time, even . 

 when plankton develops at a.  rate of 50 mg of dry weight per 

litre, plankton containing 8% nitrogen dry weight will, for 

a mean depth of the pond of one metre, contain only about 40 	. 

kg of nitrogen per hectare, the body of fish (1,000 kg per ha) 

about 25 kg, the organic substances dissolved in the water,' 

with their fairly high total content (40 mg per litre for  

5% nitrogen), roughly 20 kg, and the hydrophytes during their 
period of peak development approximately 25 kg or nitrogen per 

hectare. All in ai]., the active biotic cycle in this particular 

case includes 110 kg of nitrogen per hectare. It is interesting 

to compare this figure with the possible total quantity of 

mineral compounda of nitrogen dissolved in the water. Even 

if we take as high a figure as 1 mg/1 for the sum of 

ammonium and nitrate nitrogen, it will correspond to only 

10 kg of nitrogen per hectare for a mean pond depth of 1 metre, 

and this is leas even than the removal of nitrogen in harvested 

fish. 

Of course, for this rough calculation we could have 

taken other initial figures for the content of plankton,fish 

yield, and so forth, but this would not alter the overall result 

that the mineral compounds dissolved in the water contain tens 

of times less nitrogen than the live organiems, whereat' the latter 

in turn contain tens of times less nitrogen than the bottomeediments. 
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Hence we are faced with the problem of how to mobilize 

the reservea of nitrogen and how to use them more effectively. 

In piecicultural practice the solution adopted is to create 

better conditions for the mineralization of the organic compounds 

by way of liming, aestivation and other methods. Unfortunately, 

very little study has been made of the way in which these 

measures affect the nitrogen cycle. 

Let us examine the main stages in the nitrogen cycle. 

pond generally contains a very small quantity 

(for example tenths of a milligram per litre) of mineral 

compounds of nitrogen in the form of ammonium cation (NHil. ) 

and nitrate anion (NO3). Both these ions serve as the chief 

source of nitrogen in the nutrition of the algae of the 

phytoplankton and other hydrophytes. 

The nitrogen cycle differs greatly from the phoaphorus 

cycle since these two elementa participate in completely different 

waye in the metaboliam of the live organiems. The biochemical 

processes of energy exchange include constant repeated linking 

The water of the 

/81/ 	 The bulk of the nitrogen of the organic compounds goes 

to form proteins, or more specifically amino acids, from which 

the proteins are constructed. In the amino acids the amine 

radical contains (NH2 ) in a reduced state. The protein nitrogen 

can only be reconverted to the mineral form as the result of 

far advanced Processes of disintegration or mineralizatiOn of - 

the protein molecule, which occur microbiologicallY in nature. 
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and division of remnanta of phosphoricscid from organic compounds. 

Becauae of the lability of the phosphorus links, a considerable, 

and often large part of it, during a very short spaced time 

after the death of the cella, sometimes measured  in minutes, 

 is easily liberated as the result of fermentative autolysis 

proceaaes and transferred tothe surrounding medium in the 

form of phosphates. Golterman (1960) showed that after as 

little as five hours of fermentative autolysis in sterile 

conditions, without any aid from microorganisms, 49% .of the 

total content of phosphorus in the protococcal alga Scenedesmus  

quadricauda  is transferred to the water, mainly in the form 

of phosphate phoaphorua. Later the autolytic splitting of the . 

phosphorus proceeds more slowly, but even so, within a few 	/82/ 

'days 70-80% of it has passed into the water. Only a small 

part of the phosphorus, forming part of the nucleic acids and 

proteins, fails to separate during autolysis. As against this, 

only 20-30% of the total content of nitrogen is liberated 

during fermentative autolysis. The nitrogen in the organic 

substances is attached by much stronger bonds than the phosphorus. 

Therefore conversion of moat,  of the nitrogen into a mineral 

form is possible only as the 'reault of profound microbiological 

destruction of the organic molecules. 

As we have seen, microbiological processes also play 

a certain role in the phosphorus cycle, which depends to a 

large degree on physico-chemical conditions. In the nitrogen 

cycle the microbiological processes are definitely in the 

1414 

forefront, and the importance of such physico-chemical phenomena 

as the differing degress of solubility of the various nitrogen 

compounds, sorption, and so on, is much less than in the case 

of the phosphorus cycle. 

In a body of water the protein compounds, under aerobic 

and anaerobic conditions, are decomposed everywhere by various 

scattered saprophytic ammonifying bacteria. In the process, 

part of the nitrogen of the proteins is released into the 

medium in the form of ammonium ion and part of it goes into 

the construction of the bodies of the bacteria. What proportion 

of the nitrogen passes into the bodies of the bacteria and 

what proportion is liberated in the form of ammonium nitrogen 

. depends in the first place on the relative content of nitrogen - 

in the decomposing material and on the carbon: nitrogen ratio 

in it. When the decomposing substances contain much nitrogen 

(C:N less than 20) the excess . nitrogen is .roleased in the 

form of ammonium nitrogen. If the reverse holds true, i.e. 

if there is an excess of carbon, for example when a considerable 

quantity of hydrocarbons enters the composition of decompoaing 

substances of vegetable origin together with.proteina (C:N 

greater than 20), all the nitrogen will be used in the construction 

of the bodies  of the bacteria. As waa shown by the researches 

of V.D. Konshin (1939), the lower the ratio of  assimilated forma 

of carbon and nitrogen (C:N) in silts,  the more of the total . 

nitrogen occurs in them in the form of ammonia. The  ammonifying 

function is fulfilled by many species of anaerobic and aerobic 

saprophytic heterotrophio bacteria. 
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Organic substances are mineralized most fully and 

most  rapidly in the presence of oxygen, i.e. under aerobic 

conditions. With full mineralization the organic nitrogen 

is releaaed in the form of NH
3' In ponds, aerobic conditions 

prevail in the mid-water and in the thin surface layer of 	' 

silt. In the main mass of the silt anaerobic processes bring 

about the decomposition of the organic substances, to the 

accompaniment of the generation of ammonia gas. The ammonium 

nitrogen entering the water from the bottom sediments is an 

important source of replacement of the nitrogen compounds 

dissolved in the water. Hence, rapid decomposition of the 

organic substances in the bottom sediments fosters high pond 	/83/ 

productivity. The rate of mineralization is determined by 

many conditions. An acid reaction of the medium, an insufficient 

content of calcium, phosphorus and other elements essential to 

the ammonifying bacteria, retard this process. Therefore the 

quantity of ammonifying bacteria in the water and bottoms of 

ponds may vary greatly. In ponds with an acid water and 

soil reaction the ammonifiers may be very few in spite of the 

presence of large quantities of organic substances in the form 

of difficulty assimilable humic compounds «. The addition to 

the pond of easily oxidizably substances in the form of organic 

fertilizers leads to a very atrong increase in the quantity of 

ammonifying bacteria. Liming and harrowing of the  bottom of 

a pond in conjunction with aestivation improve the conditions 

Of mineralization of,the organics substances and foster ammonification, 

114.6 

i.e. the recycling of the combined nitrogen of the silt deposits. 

The ammonium nitrogen (N1i ,4 ion) entering the water is 

immediately consumed by the algae of the phytoplankton, many 

of which prefer this form of nitrogen to the nitrate nitrogen. 

This is in line with the successful application.of the ammonia 

forai  of nitrogen in the shape of ammonium sulphate in Israel, 

or ammonia water, which is Just being introduced in pond culture 

(page 51). 

The presence  of  free oxygen in the water makes for 

nitrification, i.e. the conversien of the reduced ammonium 

nitrogen into its oxidized nitrate form. This process'takes 

place microbiologically as the result of the activity of 

nitrifying bacteria, which absorb the ammonium ion and oxidize 

the ammonium nitrogen first into the trivalent nitrite form 

and then into the pentavalent nitrogen of nitrates. The first 

phase of the nitrification process is controlled by the nitrite . 

microbe Nitromonas,  the second by the nitrate microbe Nitrobacter.  

During the oxidation of the nitrogen a certain imount of energy 	• 

is liberated which is used by the nitrifying bacteria for their 

work. Therefore they do not need to feed on organic substances, . 

i.e. they belong to the autotrophie microorgitnisms. It is 

frequently pointed out that the organic substances even hamper 

their development, but this applies only to large concentrations 

of organic substances in media for the cultivation of heterotrophic 

bacteria. Far smaller concentrations of organic substances, such 
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as may occur in natural waters, promote the development of 

the nitrifiera  rather than restrict it, since the decomposition 

of the organic substances, for example organic fertilizers, 

is accompanied by ammonificaion, and this creates the necessary 

conditions for the development of the nitrifying bacteria. 

Therefore the number of nitrifiera and the intensity of the 

nitrification process increase when organic fertilizers are 

added to the pond. Nitrification, together with other 

biological processea, is stimulated particularly strongly 

when artificial fertilizers are added in combination with the 

organic forms. The nitrification leads to a drop in the 

concentration of ammonium nitrogen and a corresponding increase 

-in the content of nitrates, which, like  the ammonium nitrogen, 

are eagerly consumed by the phytoplankton. The nitrifying 

bacteria are very difficult to isolate in a culture, and this 

greatly hampers study of the conditions favouring nitrification. 

Nitrifying bacteria, especially Nitrobacter,  are relatively 

insensitive to the reaction of the medium. .The development 

of Nitrobacter is possible within a wide range of reactions 

from pH 5, and even lower, to pH 12 and above. Conditions 

are at their best for the activity of Nitrobacter  when the 

reaction is elightly alkaline. Nitromonas develops best when 

the reaction is neutral, and the pH limit for this specie 

does not lie so far in the direction of alkalinity as with 

Nitrobacter. Judging by the data of  laboratory experiments 

. in which were traced the consequences of the decomposition of 
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plankton and other organic substances of animal origin, nitri-

fication is strongly linked with the content of calcium in 

the water, ie sharply depressed even at 20-40 mg/1 of Ca, and 

practically ceases at 10-15 mg/1 (Kuehl, Mann, 1955). Theie 

data confirm that liming - when it leads to an increase in 

the content of calcium in the water, of course - besides 

stimulating ammonification must also have a similar effect on 

nitrification. In soils, nitrification, whidh results. in the 

accumulation of nitrate nitrogen, increaaes fertility and is 

therefore one of the beneficial processes. The importance of 

nitrification to the productivity of ponds is less clear. On 

the one hand the nitrate form of nitrogen, as the negatively 

charged anion, unlike the cation NH 	undergoea sorption 

and cannot escape from the body of water into the atmosphere 

like ammonium nitrogen when the water is alkaline. On the 

other hand, and this is very important, nitrate nitrogen unlike 

ammonium nitrogen can be lost through denitrification. 

As the result of denitrification, i.e. the process in 

which nitrate nitrogen is reduced, the nitrogen of the nitrates 

is converted into inert molecular nitrogen . (N2 ). In practice 

denitrification leads to the loss of nitrogen. 

The first phase in denitrification - the reduction of 

nitrate nitrogen to nitrite nitrogen (N0 1 3  —÷ H0 1 2 ) - may be 

due to the activiy of many different bacteria. However, the 

reduction of the nitrates and nitrites to molecular nitrogen 



1119 

is caused by a few specific bacteria - denitrifiers (Pseudo-

monas, Achromobacter, Chromobacterium), which are heterotrophic 

saprophytic bacteria, i.e. require to feed on organié substances./85/ 

They have the ability, for the oxidation of organic substances 

(respiration), to use either free oxygen, like other heterotrophic 

organisme, or the oxygen of nitrates and nitrites. Therefore, »  

when respiration can take place at the expense of the free 

oxygen present in the medium, denitrification, while possible, 

is strongly depressed. Under anaerobic conditions, on the 

other hand, denitrification is stimulated. As A.G. Rodina (1958) 

stresses, "in nature, where denitrification takes place in an 

extremely complex environment, a necessary condition for the 

process of nitrate reduction is inadequate aeration". The 

question is further complicated by the fact that, for example, 

the content of oxygen dissolved in the water may be high, 

whereas at the same time conditions of a reduced oxygen content, 

foatering denitrification, may be created within the decomposing 

particles suepended in the water. The importance of such 

"microzones" was demonstrated experimentally by Jannasch (1960, 

1961). With the aid of a heavy nitrogen isotope (N15 ) he found 

that when molecular nitrogen was generated in the presence of 

suspended particles in a culture of Pseudomonas Stutzeri, mixing 

of the medium intensified absorption of oxygen and depressed 

nitrification. 

Denitrification is strongly linked with the reaction 

of.the medium. Denitrification occurs most intensely when the 
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reaction is nearly neutral and slightlialkaline (pH 7.0 - 8 . 2 ), 

and practically ceases at pH 6.1 and 9.5. Ronce  neutralization . 

of a strongly acidic medium coupled with liming also creates 

favourable conditions for denitrification, which of Course can 

in no way be compared with the beneficial effectcf liming on 

the fish yield, since denitrification is always undesirable. 

For the solution of the main problems connected with 

the application of artificial fertilizers it is extremely 

important to know about the quantitative aspect of denitrification 

under the conditions obtaining in fish  ponds,  i.e. to be able 

to estimate how much nitrogen is lost as the result of deni-

trification. Unfortunately, no answer has yet been found to 

this question, since the quantitative side of denitrification 

in fish ponds, as indeed in other bodies of water, remaine 

unknown. There is a pressing need for the organization or 

appropriate special studies. 

In spite of the absence of specific data, the opinion 

was long expressed, first in German and later in Russianmanuals 

on fish culture, that denitrification in ponds proceeds at such' 

a rate that it is senseless to apply nitrogen fertilizers. 

A.G. Rodina (1958a), after thorough microbiological  investigations 

of fish ponds in various regions (Krasnodarsk .  region, Latvia, 

Leningrad oblast) convincingly demonstrated the incorreCtness 	/88/ 

of this extreme view, the unsoundness of which had been pointed 

out earlier in the literature (Vinbei.g, 1952). 
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Furthermore, when the fertilizers act effectively phytoplankton 

flourishes, and this leads to an increase in the content of 

oxygen in the water and to an alkaline reaction on the part of 

the water, i.e. it creates conditions unfavourable for denitrification, 

which in these cases is unable to prevent the rapid assimilation 

of nitrates by the vigorously developing phyioplankton. We 

must agree with these observations and recognize that there are 

no grounds for attributing too much importance to the nitrogen 

losses 'of fertilizers due to denitrificatioh. 

Fig. 8  Fluctuations of the numbers of denitrifying bacteria 
after fertilization of ponds with sodium nitrate (after 
Rodina, 1958): 
1 - No. of denitrifying bacteria, 2 - content of N0 , 1  

ion in the water. (Time of application of the fertilizers 
indicated by the vertical dotted arrows). 

And yet it is  incorrect  to consider the problem 

completely solved. We must reckon witn  the  fact that the 

addition or  nitrate nitrogen . leads to a strong'increase in 

/87/ 
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Rodina eaowed theoretically that the number of deni-

trifiers increases only when nitrates are added, whereas the 

addition of ammonium  sulphate generally does not, i.e. does 

not result in intensification of denitrifiCation. Strictly 

speaking, this is only to be expected, since the addition of 

ammonium nitrogen can affect the denitrification,process only 

after the ammonium nitrogen has been converted into nitrate 
0/ 

nitrogen as the result of nitrification. From this feows the 

important practical consequence that as regards possible losses' 

due to denitrification there is a great difference between 

ammonia and ammonium fertilizers on the one hand and fertilizers 

which contain nitrogen in the nitrate form on the other. 

Actually, according to the data of 'Iodine (1958), after 

the application of nitrate fertilizers to warm-water southern 

ponds the number of denitrifiers is substantially increased 

(Fig. 8). Hence denitrification is also intensified to SOMA 

extent. In spite of this Rodina comes to the conclusion that: 

"The addition of sodium nitrate usually stimulates the deni-

trification process, but this stimulus is more often than not 

insignificant. Intensification of the process to the point 

where it might result in catastrophic losses of nitrogen from 

the salts added was not observed. It is impossible to speak 

of the destruction of the fertilizers by bacteria when sodium 

nitrate is added". The process of denitrificat ion in bodies 

of  water is usually restricted by a deficiency not only of 

nitrates but also of easily assimilable organic substances. 
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the number of denitrificates, which is particularly evident 

when artificial and organic fertilizers are added once only. 

Special studies are required to determine the importance of 

the denitrification process in the fertilization of ponds, not 

only indirectly from the number of denitrificates but also 

with the aid of methods giving a quantitative estimate of the 

intensity of this process under different sets of conditions. 

When conditions permit denitrification, the process 

takes place mainly in the mid-water and possibly in the upper-

most oxidized layers of silt. In the main mass of the bottom 

sediments where there ia no oxygen and there  are far more 

. denitrificates than in the water, which, it would seem, promotes 

denitrification, this process i3 unable to develop, since there 

are no nitrates in the reducing medium of the bottom sediments. 

Under certain conditions, in bottom sediments rich 

in easily assimilable organic substances and nitrogen, a 

completely different process may occur, i.e; anaerobic fermentation 

of the nitrogen-containing substances, which, like denitrificatiOn, 

results in the loss of nitrogen in the molecular form. This 

phenomenon can be seen in certain highly productive and fairly 

deep ponds, in which, with intensive feeding of the fish and 

• dense atocking, the , Jr. the bottom sediments 

(êrifssion of bubblea of ga -s-) can sometimes be observed. This 

gas may contain a considerable amount of free nitrogen. Rough 

calculations done by 8.1. Kuznetsov (1952) for highly eutrophio 

small lakes - lakes Beloye and Chernoye - in Kosino showed 

that considerable quantities of nitrogen can be lost in this 

way. However, in correctly exploited fish ponds which are 

drained every year nitrogen losses of this sort would be 

important only in a few apparently rare cases.. 

Free nitrogen can only be included in the biotic cyCle 

because of specific characteristics of the metabolism of a 

few microorganisms, i.e. nitrogen-fixers . AmOng the aquatic 

bacteria this ability is possessed by aerobic bacteria of 

the genus Azotobacter and the facultatively anaerobic bacteria 

Clostridium pasterianum, which are capable of developing under 

both aerobic and anaerobic conditions. In spite of the fact 

.that Clostridium is found more easily and in greater quantities 

than Azotobacter in the water, and especially in the silt 

deposits, it is considered that Azotobacter  plays the main part 

in the fixation of nitrogen in bodies of water (Kuznetsov, 1952; 

Rodina, 1958). 

, The nitrogen-fixing bacteria are heterotrophic, i.e. 

they need to feed on organic substances. Accordingly, organic 

fertilizers stimulate the development of nitrogen-fixers, 

provided the other necessary environmental conditions exist. 

Azotobacter  can only develop within a narrow range of pH values, 

from 6.5 to 8.0. Even at pH 6.0, i.e. in a.weakly acidic medium, 

nitrogen fixation stops. It is evident that neutralization 

of the medium coupled with liming also intensifies this tunetion 

/88/ 
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of the microbial population of the pond. 

Apart from the nitrogen-fixing bacteria, certain species 

of blue-green algae may also assimilate free nitrogen. '  So far: 

this ability has been detected in more than three dozen species. 

About twenty of them occur in the Soviet Union, but only a few 

of them are planktonic (Shtina, 1962). The ability to fix 

nitrogen is encountered most coMmonly among forns of Nostocalea. 

Among the planktonic forms this ability is shared by some 

(but not all) species of the 	genus Anabaena,  and 

Gloeotrichia.  It is very important to remember that one of 

the most common forme of Nostocales - Aphanizomenon flos-aquae  - 

which often develops in masses in fish ponds, lacks the ability 

to fix nitrogen. This incapacity is also shared by the widely 

distributed mass species of planktonic blue-green algae Microcystis 

aeruginosa, which causes water bloom no less frequently than 

Aphanizomenon flos-aquae  (Fogg, 1953). 	 • 

The rough calculations of Kuznetso-i (1952) show that 

blue-green algae may play an important role in the balance of 

a body of water. However, there is no quantitative 

on their active role in this respect under natural 

It is possible that in some cases it may be great. 

Thus, for example, Japanese scientists consider that blue-green 

algae are highly important for the fertility rice fields. To 

increase the rice harvest attempt° have even been made to breed 

blue-green algae and "algalize" rice fields with them. It appears 
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that free nitrogen fixation in paddy fields occurs as the 

result of a peculiar symbiosis of nitrogen-fixing bacteria 

and blue-green algae with the seure ability. 

Although the literature contains references to the 	/89/ 

effect that when blue-green algae bloom the content of nitrogen 

in the water rises (Aleev and Mudretsova, 1957), it should 

nevertheless be remembered that for the most part blue-green 

algal water bloom in ponds is due to the development of 

Aphanizomenon  and Microcystis,  i.e. species which lack the 

ability to assimilate free nitrogen. 

The biochemical mechanism of nitrogen fixation has 

proved to be very 'similar in both blue-green algae and bacterià. 

In particular this function is in both cases strongly linked 

with the presence of sufficient quantities of molybdenum in 

the medium. For Anabaena cylindrica the optimum conditions 

for nitrogen fixation in a nitrogenless medium exist at 

concentrations of 0.2 mg Mo/1 and above (Fogg, 1953). 

Nitregen fixers, like other microorganisms, need calcium, 

phosphorus and several other elements. Therefore, when condition» 

are favourable for their development, and there is insufficient 

phosphorus, the addition of phosphorus fertilizers is bound to 

intensify the development of nitrogen fixers and increase the 

rate of fixation. Phosphorus fertilizers do not always have 

this effect by any means; it only hapPens in those cases where 

it is an insufficiency ot.  phosphorus and not other  substances 

nitrogen in 

information 

conditions. 
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which is holding back the fixation of nitrogen. When the 

phosphorus stimulates the development of phytoplankton, and 

hence the synthesis of organic substances, this must also 

have a beneficial effect on the fixation of nitrogen. But 

even in these cases there is no proof that the fixation of 

nitrogen can increase so atrongly that a pond no longer 

requires nitrogen fertilizers. Moreover, there are many 

reasons for believing that thia does not occur. For example, 

biological tests to determine the fertilizer requirement 'i of 

the water of ponds (page 26) revealed that there was a 

particularly strong need for nitrogen fertilizers in ponds 

fertilized with phosphorus (Vinberg, 1953). 

Of great interest are the data shown in Fig. 9. They 

Fig. 9  Content of nitrogen in the water of unfertilized ponds 
on /araeli experimental station (1), ponds fertilized 
with phosphorus (2) and ponds fertilized with nitrogen 

. and phosphorus (3) in three breeding seasons (attar 
. Hepher, 1952).  

represent the results of four years of systematic studies 

of ponds in Israel. As we see, the addition of phosphorus 

resulted not in an increase, but in a drop in the content of 

nitrogen compounds in the water of the ponds. This is easily 

explained by the growing consumption of nitrogen by the phyto-

plankton, which developed vigorouslyunder the effects of the 

phosphorus fertilizers. It appears that in this particular 

case the fixation of nitrogen could not compensate for its 

consumption. However, the impact of this eXample is weakened 

by the fact that the concentration of mineral compounds of 

nitrogen is very high in the ponds of Israel. Under these 

conditions 	 the nitrogen7fixing microorganisms 

are albe to satisfy their nitrogen requirements not only from 

the free nitrogen but also  1' rom the mineral forms of nitrogen. 

When the water contains sufficient mineral compounds of nitrogen 

the fixation of nitrogen becomes, as it were, superflueus. 

The suggested depression of nitrogen fixation by 

mineral compounds of nitrogen, together with other reasons, 

has been used as an argument against the advisability of applying 

. artificial nitrogen fertilizers. It is impossible to deny that 

artificial nitrogen fertilizers may to some extent depress the 

fixation of nitrogen, but evaluation of the significance of the 

effect depends on the role played by nitrogen fixation in the 

overall nitrogen balance in the pond. The unsubstantiated view 

that nitrogen fixation in ponds fertilized with phosphorus is 

intensified to such an extent that the need for nitrogen is 

/90/ 
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entirely obviated has been refuted by recent research and 

experience in the application of artificial fertilizers. 

Therefore it is clear that nitrogen fixation cannot completely 

eliminate the need for nitrogen in ponds. Unfortunately we • 

still have no idea what role nitrogen fixation playa, quanti-

tatively speaking. This problem, too, requires special studies 

of ponds fertilized in different ways. 

As we can see, microbiological phenomena play a very 

important role in the nitrogen cycle. This fact has been used 

as a basis for attempts to raise the yield of a pond with the 

aid of bacterial fertilizers. Particularly high hopes in  this  

regard have been entertained by nitrogen-fixing microorganisms, 
• 
• for example Azotobacter,  since they can be relied on to help 

increase the quantity of nitrogen in the biotic cycle at the 

• expense of the universal excess of molecularnitrogen. In 

addition to this it would be very important to accelerate the /91/ 

microbiological processes of the cycle of phosphorus and other • 

nutrients, for which such beneficial fertilizers as phospho-

'bacterin are used. • 

So far only a few uncoordinated experiments have been 

made in bacterial fertilization of ponds. These experiments 

were not always sufficiently sound, nor were the results properly 

checked in every case. Earlier, when we were describing 

Rumanian research, we gave an example where unsound bacterial 

fertilization of ponds failed to produce a definite effect. 
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A serious study of bacterial fertilization of ponds 

was made by A.G. Rodina and her pupils, who in a series of 

experiments added "azotobacterin" and other bacterial fertilizers 

to ponds. Unfortunately, the effect of the fertilizers  was 

 determined only from the number of cella of the relevant 

bacteria, which increased in the area of the fertilizer. Rodin& 

reaches highly important conclusions. She considers that, 

firstly, only special preparations prepared from strains isolated 

not from soil. but from an aqueous medium are suited to the 

conditions of a body of water, and secondly that bacterial 

fertilizers can be useful only in cases where the conditions 

ensure the development of the species of bacteria added. For 

example, Azotobacter  requires a neutral or weakly alkaline 

medium, the presence of sufficient quantities of calcium and, 

in particular, of easily assimilable non-nitrogenous organic 

substances. 	 • 

The proposition that bacterial fertilizers may be 

effective  mot  always but only in conditions ensuring the 

development of the appropriate bacteria is of fundamental 

importance. Azotobacter,  like other microorganisms, are found 

in greater or smaller quantities everywhere. It would appear 

that when conditions exist which favour the development of a 

particular species of bacteria, this species achieves its 

maximum possible density in the medium within a short space 

of time.. If we considered this argument alone we should come 

to the facile conclusion that bacterial fertilizers  have  



161 

nothing to offer and that all our effort should be concentrated 

on the creation of conditions favourable to bacteria whose 

activity needs to be intensified to increase the productivity • 

of a pond. There is a grain of truth in this, but in actual 

fact the problem is much more complex. Under natural conditions 

the various forme of microorganisms are linked by diverse and 

complex symbiotic and antibiotic relations which determine 

the relative size and role of different physiological groups 

i.e. ammonifiers, nitrifiers, and others. In these complex 

circumstances the addition of massive doses of bacteria of 

the required species may apparently in certain cases be one 

of the ways of shifting the balance in the necessary direction, 

or at least accelerating this process. 

As we know, various bacterial fertilizers (nitragin, 

azotobacterin, phosphobacterin, and others) have been suggested 

and used to increase the fertility of the soil. The experience 

gained from the application of bacterial fertilizers, or mineral 

fertilizers, in agriculture cannot be automatically applied 

to the essentially different conditions of an aqueous medium. 

The soil is a medium which, if not completely immobile, at 

least offers the particles limited scope for movement. On the 

other hand, an aqueous medium in shallow ponds is constantly 

undergoing intensive mixing, which must certainly facilitate 

the rapid diffusion of all species of bacteria for which the 

conditions are favourable. The latter argument persuades us 

that conditions under which bacterial fertilizers may be 
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effective occur less often in an aqueous medium than in soils. 

It should be noted that in agriculture too, apart from 

intragin - a preparation of nodule bacteria which  ha  s completely 

ia.ndicated itself, but which cannot be used in ponds, the 

effectiveness of bacterial preparations is assessed very dif-

ferently. Summing up the use of bacterial preparations in 

agriculture, E.N. Mishustin (1962) Writes: "Azotobacterin and 

phosphobacterin in bulk give a very small increase in the yield 

of field crops", and mentions that these preparations frequently 

prove ineffective, but that when they do have an effect the 

increase in the yield is no higher than 10-13%. On soils which 

are rich in organic substances, such as kitchen gardens, bacterial 

. fertilizers are most effective. In addition the author states 

that bacterial fertilizers cannot be regarded as analogues of, 

or be used to replace, artificial fertilizers, but must be 

used in conjunction with other types of fertilizer. 

These arguments obviously also apply to pond culture. 

The effectiveness of bacterial fertilization of ponds requires 

further study. Under certain conditions it will probably 

prove useful in conjunction with other methods ofraising the 

yield of ponds, but as far as we know at present there are n6 

grounds for thinking that bacterial fertilization may acq ire 	. 

the importance of a basic method of increasing pond productivity. 

The cycle of nitrogen, as of any other individual 

elekent, does not exist in isolation, but is merely a component 
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part of  the single and integral process of the cycle of matter 

and energy in a body of water. This means that it is impossible 

to understand the principle underlying the Cycle of nitrogen 

in a body of water by examining it separately from the cycle 

of phosphorus. It is quite obvious that when a large amount 

of nitrogen and an insufficient quantity of phosphorus enter 

the cycle the former cannot be fully utilized and it will prore 

to be in excess. The reverse will happen if a large amount 

of phosphorus and an insufficient quantity of nitrogen enter 

the cycle. Let us stress that we are talking here of entry 

into the cycle, which is not necessarily the same as entry 

.into the body of water. It often ha PPens that because of the 

conditions prevailing in the body of water the phosphorus or 

any other biogenous element entering it is quickly adsorbed, 

deposited or removed in some other way from the biotic cycle. 

Similarly, the cycle of phosphorus is connected with 

.the content of assimilable nitrogen in the medium. In the 

experiments of V.I. Gaponenko (1958) the drop in the content 	• 

of radioactive phosphorus in the water occurred much more 

slowly in the cases where  rio  nitrogen fertilizer was used than 

when mineral compounds of nitrogen were added simultaneously, 

since in the latter case more rapid consumption of the phosphorus 

by plankton was ensured. Likewise, filamentous algae also 

consumed P32  much more rapidly in the presence of ammonium 

nitrate. 	- 
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A striking example of the connection between the 

cycles of phosphorus and nitrogen is provided by the fish 

ponds in Israel, the nhemistry of which has been thoroughly 

studied (see Fig. 9). Here the waters supplying the ponds 

have a very high content of nitrogen, mainly nitrate nitrogen. "  ' 

A3 can be 'seen from the figure, the content of nitrogen in 

the water of the ponds drops throughout each of the breeding 

seasons. Particularly characteristic. and instructive  is the 

fact that the nitrogen content in unfertilized ponds remains 

at a relatively high level, whe'reas in ponds fertilized with 

phosphorus it rapidly drops to much lower values. This is , 

easily explained since the nitrogen is quickly absorbed by 

the plankton when the phosphorus deficiency is remedied. It 

is particularly interesting that the nitrogen content also 

dropped rapidly in the ponds to which very high doses not only 

of phosphorus but also of nitrogen fertilizer were added every 

two weeks. Let us remembe 'r that the hydrochemical picture 

described relates to ponds whose fertilization resulted in rapid 

development of phytoplankton and ultimately led to a high fish 

Yield. This instructive example tells us a great deal. With 

such a high content of nitrogen compounds in the source water 

as 2 mg/1, it might be thought that 'nitrogenous fertilization 

would be superfluous. A special analysis of the role of 

nitrogen and phosphorus made by Hepher (1962) on the basis of 

the results of four years of study of the ponds of the Dor 

experimental station (Israel) led him to conclude that "nitrogen 

has an indubitable effect on the fish yield of ponds" under 

1 
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these conditions also. At the same time it was noted that . 

the nitrogen is effective in the spring and autumn seasons 

and almost ineffectual in the summer season. Hepher explains 

this by saying that water rich in nitrogenles added in summer 

and that blue-green algae were growing in the ponds.. It 

seems to us that, apart from this, importance could be 

attributed to the acceleration of the mineralization processes 

and the nitrogen cycle at high temperature. Nevertheless, 

as can be seen from Fig. 10, in the ponds of Israel the 

greatest effect is produced by phosphorus, which is entirely 

natural with such a high nitrogen content in the feeding waters 

and under the unfavourable conditions of the phosphorus cycle 

described above. 

It has several times been mentioned that the high 

content of ammonium and nitrate nitrogen in the water after 

the addition of artificial nitrogen fertilizers very soon 

drops. At the same time it often happens that in intensively 

fertilized ponds with vigorously developing phytoplankton 

the content of mineralforms of nitrogen in the water soon 

after fertilization is not higher but lower than in Unfertilized 

(control) ponds (Wien, 1930; Vinberg, 1958; Felldman, ProsyanY, 

Sukhovii, 1961). 

Fie. 10 Comparative effectiveness of nitrogen and phosphorus 
fertilization of ponds at an Israeli experimental 
station: 1 - fish yield of ponds fertilized with nitrogen 
and phosphorus; 2 - yield of ponds fertilized only with 
phosphorus; 3 - yield of unfertilized ponds. (After 
Hepher, 1962). 
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These examples show how difficult it is merely on 

the basis of the results of hydrochemical analyses to Judge 

a pond's fertilizer requirements. At any given moment the 

concentration of nitrogen compounds in the water of the pond 

reflects a specific correlation between the outflow and inflow 

rates of nitrogen, which are governed by many causes and conditions. 

A high content of nitrogen or any other nutrient in the water .  

is evidence primarily that under the given conditions that 

element cannot be effectively used. Hence, when a high content 	• 

of nutrients is maintained in the water with the aid of large 

doses of artificial fertilizers, this means that the fertilizers 

being added to the pond are not being used effectively. Frequently 

fish farmers underestimate the complexity of the phenonena of 

the biotic cycle of the nutrients determining the first stages 

of the production process, and various methods of increasing 

Cr 
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the yield of the pond are suggested without sufficient 

justification. This ultimately leads to a vain waste of 

effort and means. 

After our examination of the main points of the cycle 

of nitrogen in the pond it would be a good idea to list the 

chief proceeses of which this complex phenomenon is composed. 

1. The consumption of mineral (ammonium and nitrate) 

nitrogen by phytoplankton and other plants and the conversion 

of mineral nitrogen into organic nitrogen. 

2. The consumption of phytoplankton and other plants 

by planktonic and benthic animale  with subsequent biochemical 

changes in the assimilated nitrogen-containing organic substances. 

3. The various biochemical processes involved in the 

metabolism of the plant and animal organisms, as the result 

of which some of the nitrogen returns to the medium in the 

form of ammonium ion or some other relatively simple compounds 

available to the plants. 

4. Bacterial decomposition of faeces and dead bodies 

of plant and animal organisms in the mid-water or bottom 

sediments, as the result of which some of the nitrogen is 

converted into the ammonium form (ammonification) and some 

. passes into the composition of the bodies of the bacteria, 

which in their turn may be consumed by animal filter feeders 

and detritus eaters. 

S.  Nitrification, i.e. bacterial oxidation of ammonium 
nitrogen into nitrate nitrogen. 

6. Denitrification, taking place under certain conditions 

and leading to loss of nitrogen, i.e. to a drop in the quantity - 

of nitrogen present in the biotic cycle. 

7. The reverse process of free nitrogen fixation, lenich 

brings the nitrogen back into the biotic cycle. . 

Although we already know plenty about the conditions 

on which the various stages of the conversion of nitrogen in 

ponds depend, it is still  impossible  to assess the quantitative /96/ 

aspect of these processes. Because insufficient study has 

been made of the cycle of nitrogen, and, incidentally,of other 

nutrients also, we are not yet in a position to control these 

* complex phenomena and direct them as we require. The solution 

of this problem would enable us to increase the yield of ponds 

substantially without recourse to fertilizers, or at least 

permit us to use smaller doses. 

By adding nitrogen fertilizers we strive to  influence 

a particular stage of the nitrogen cycle in a particular 

direction. The success of such attempts depends on how well 

we know the process which we hope to influence. Hence, fish 

farming interests demand systematic and profound studies 

directed towards the formulation of scientifically substantiat•d 

Conceptions of the principles underlying  the  biotic cycle of 

nitrogen in ponds. 	 • 
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In spite of our lack of knowledge of the nitrogen cycle, 

and hence of individual stages of the effect of nitrogen fertilizers 

on the fieh yield, the experience which has been acquired in 

their application enables us to draw certain general conclusions. 

There are no serious grounds for thinking that artificial 

nitrogen fertilizers canachieve a great effect undeinormal, 

i.e. the most commonly encountered, conditions unless they are 

used in conjunction with phosphorus fertilizers. This conclusion 

is confirmed by the results described below of biological tests 

to determine the fertilizer requirements of water in ponds. 

Thus the practice of applying mixed nitrogen and phosphorus 

artificial fertilizers ie fully justified. 

Theoretical arguments can also be adduced to support 

the practice of fractional multiple doees of nitrogen-phosphorus 

fertilizer. It is supposed that with this method of application 

a considerable part of the nitrogen compounds added is swiftly 

absorbed by the phytoplankton, i.e. is most fully utilized, 

that no high concentrations of nitrates are formed to promote 

denitrification, and that the phytoplankton receive "liquid 

dressing" throughout the entire growing season. ' Let us note 

however that this tendency towards repeated application of 

nitrogen-phosphorus fertilizers is based chiefly on theoretical 

considerationz and not on experimental data. The comparative 

effectiveness of single, double or multiple doses of nitrogen-

phosphorus artificial fertilizers has as yet barely been studied. 
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Such studies should therefore be instituted on em 

appropriate scale in connection with highly productive ponds. 

The complex, though highly important, problems surrounding 

the application of nitrogen-phosphorus artificial fertilizers 

in conjunction with organic fertilizers, 

feeding of the fish, will, together with 

fertilizer doses, be touched on in later 

effect of the application of fertilizers and their influence 

on the food supply and fish yield of ponds. 

The rates and methods of fertilization must be established 

on the basis of a knowledge of the general principles governing 

the action of fertilizers in conformity with the natural 

historical cha;acteristice of ponds, the level of intensification 

of pond culture reached, and the ways in which the ponde are ' 

managed. 

4. The Effect of Fertilization on the Oxygen Regime of Ponds. 

So far we have not touched on the importance of artificial 

fertilizers as a means of improving the oxygen regime of ponds, 

which is often a great need with intensive forms of pond culture. . 

In highly productive ponds, particularly when the fieh are fed 

intensively, the ' consumption of oxygen by bacterioplankton, 

phytoplankton and especially bottom sediments may result in a 

large drop in the oxygen content of the water. Highly eutrophie 

and effectively fertilized ponds are characterized by pronounced 

daily fluctuations in the content of dissolved oxygen in the 	• 

water. 

coupled with 'simultaneous 

the  question of 

chaptera on the initial /97/ 
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Fig. llillustrates one of the many examples to be found in 

the literature. When these pronounced daily fluctuations occur 

there is a real dangerof morning oxygen starvation of the nigh. 

After examining thia question, V.M. Illin and his coauthors 

(1958) come to the conclusion that "with an annual inerease 

in the denaity of stocking in carp ponds and intensification 

of culture in the summer months the ponds inevitably become 

deficient in oxygen. Thua, in highly intensive culture the 

oxygen regime is the main factor restricting further  intensi-

fication and augmentation of the fish yield of ponds". 

This necessitates the institution of special expensive 

studiea to develop varioue methods of artificial aeration of 

the water with the aid of sprinklers. bubbling (I1 , in et alia, 

1958) or other mechanical aeration techniques (Sphet and Fel , dman; 

1961). Meanwhile, artificial fertilizers may be a powerful 

means of maintaining a favourable oxygen regime. Comments to 

this effect have already been made in the literature (Barantov, 

1953, Mamontova, 1961). However, no special study has yet 

been made of thia problem, nor  bas it been examined from the 

quantitative angle. 

We shall not  touch on all the factors of the oxygen 

regime of fish ponds, which are discussed in papers specially 

devoted to this . topic (Sphot, Felldman, 1959, 1961; Shpet, 1961; 

11 , in et alia, 1958), nor shall we stop to analyse the causes 
of the daily fluctuations in the oxygen supply, which haa been 

done in another paper (Vinterg, 1955, 1960). Instead we shall 
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confine ourselves to an examination of 30Me ideas which uill 

help us to assess the importance of fertilizers to the 
oxygen 

regime  of ponds. 

The fish breeder is faCed with an immediateproblem 

when the oxygen content drops in the morning hourà to very low 

values or even close to zero. During the night the oxygen 

content of the water falls beeauée of the cessation of the 

photosynthetic aeration of the water, which in the daylight » 

 hours is compensated by the continuous process of oxygen 

consumption by the mieroflora in the water and surface layers 

of the bottom, by plankton, and so on. It is less well known 

that the cessation of photosynthesis is not the sole reason 

for the drop in the oxygen content during the night. In highly 

* eutrophic ponds with vigorous planktonic growth and intensive 

absorption of oxygen by the bottom sediments the daytime • 

continually brings a pronounced vertical stratification of 

the oxygen content, pH and other hydrochemical components (Oliftn, 

1928; Sivko, 1961 and many other sources). This well-known 

fact shows that on sunny days in aummer, when the surface layeri 

of water are heated by absorption of solar radiation energy, 

the mixing of the water is rendered so difficult, even in 

shallow ponds, that pronounced stratification of the water occurs. 

Owing to this stratification, in daytime on sunny daya gaseous 

.exchange with the atmosphere and the bo .ttom sediments is greatly 

reduced, and in extreme cases practically . ceases. There is no 

doubt that under these conditions "arrears of oxygen" accumulate 

/98/ 
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in the surface layers of the bottom sediments and the adjacent 

water, creating a strong deoxidizing medium. 

At night there is thermal and well as wind mixing of 

the water due to the cooling of the surface layers, Which extends 

deeper and deeper in the course of the night. The thermal 

mixing facilitates gaseoue exchange with the atmosphere, which, 

therefore, given the same deficit or supersaturation of the 

water with oxygen, proceeds much faster at night than during 

the day (Vinberg, 1955). The depth to which thermal mixing 

extends in calm weather during the brief summer night depends 

primarily on how pronounced the thermal stratification is 

during the day, and on the meteorological conditions, which 

determine the radiation balance. When the daytime vertical 

stratification of the temperature is sufficiently distinct 

nocturnal thermal mixing reaches a depth of only a few decimetres 

(Vinberg, 1940). When the thermal mixing extends to the 

bottom, contact is established between the mixed water and 

the surface of the bottom sediments, which are then able to 

absorb a large amount of oxygen, and the drop in the oxygen 

content of the water becomes very rapid. This is particularly 

marked in those cases where a series of calm hot days is 

succeeded by a cold spell, or the wind strengthens, and the 

water is thoroughly mixed. In these cases the rapid loss of 

oxygen from the waternay be due to the fact that in the warm 

windless days preceding the cold spell the nocturnal thermal 

mixing did not extend  te  the bottom (this eVen occurs in ihallow 
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ponds), so that large "arrears of oxygen" accumulated in the 

space of a few days in the upper layers of silt and the adjacent 

water. Apparently the mechanism in question plais a large part 

In the creation of oxygen starvation phenomena, which, as has 

been pointed out more than once, occur when the weather changes. 

Only a feu  authors (Newell, 1957) have noted that the mixing 
* 

of the water may result'in suffocation. Frequently these 

phenomena have been described without an explanation of their 

true nature. Thus, for example, V.M. Illin and his co-authors 

(1958), after observing sUmmer suffocation:-  note: "The windless 

sunny weather in the second half of August helped to create a 

state of suffocation in the body of water on the 20 "th and 21st 

of the month, and this was accompanied by losses of fish". 

From Table 2 in their paper it 

arrived on the 20th of August. 

description of a case in which 

of a pond suddenly dropped and 

an abrupt change in the weather; a strong wind rose and a 

thunderstorm threatened. In the ponds the oxygen content 

dropped to 2 mg/1 as against 3.7 mg/l. This may have been the 

result of a sudden change in pressure". It is impossible to 

see how a drop in pressure could have had anything to do with 

it, but it is quite natural to assume that in this case too the 

main factors were mixing with the oxygen-deficient bottom layers 

of water and the contact establiahed with the bottom sediments. 

When eutfocatiojbegins to occur after a change in the 

can be seen that cooler weather 

In the same paper we find a 

the oxygen content in the water 

within ten minutes "there was 

1 Devilie/reel « 
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weather it is usually assumed that cooling or some other effect 

caused thedeath of the phytoplankton", which in turn led to 

a sudden burst of bacterial oxidation. Such phenomena are 

apparently possible, but nobody has yet succeeded in detecting 

them through measurements of. the rate of consumptiob of oxygen 

by the water, or other data of direct observations. 

As we see, in each individual case morning suffocation 	. 

of fish is due to a combination of a number of factors which 

await specific analysis, taking into account the conditions 

influencing the activity of the phyto- and bacterioplankton, 

the degree of stability of the water, which determines the 

value of the constants of the exchange with the atmosphere, 

the rate of absorption of oxygen by the bottom sediments, and 

so on. A clear understanding of the mechanism of the occurrence 

of suffocation will assist ua to devise and apply counter measures 

when suffocation is both possible and probable. A discussion 

of this special problem is beyond the acope of this book. 

However, we must examine the more general question of the extent 

to which it is possible to create with the aid Of artificial 

fertilizers conditions under which it is impossible for morning 

suffocation to occur. 

Fig. 11 shows the published results of G.I. Shpet and 

H.S. Feltdman (1961) of observations of the daily fluctuations 

in the level of oxygen dissolved in the water of two ponds on 

the "Nivka fish farm. In both cases the daily variations were 

ot practically the same magnitude, but as can be seen from the 

Fig. 11  Daily fluctuations in the content of oxygen in the 

ponds of "Nivka" fish farm with 2.5 times normal 
stocking density (pond 4) and 12.5 times normal s 

• 	stocking density (pond 6) (after Shpet and Felgdman, 
1961): 
1 - at point where food introdàced, 2 - away from point 
where food introduced. 

figure there was no danger of suffocation in pond No. 4, sinc•  

the average saturation of the water with oxygen in twenty-four 

hours was much higher than in pond No. 6, in which the right 

combination of circumstances made suffocation both possible 

and probable. 

This instructive example illustrates an extremely 

important general principle. The possibility of the occurrence 

of suffocation is determined not only by the spread of the 

daily fluctuations, i.e. by the magnitude of the difference 

between the maximum and minimum contents of oxygen during 

twenty-four houra, but also by the average oxygen content 
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during the same period. When the mean daily saturation of 

the water with oxygen is sufficiently high, the danger of 

suffocation is removed or improbable. 

Hence we  must  discover what the mean daily oxfgen 

saturation level depends upon and determine whether it can 

be kept sufficiently high by the application of fertilizers. 

Let us recall that the mean daily saturation of the 

surface layers of water with oxygen determines the direction 

and rate of exchange with the atmosphere. When saturation 

exceeds 100% the pond gives up a certain amount of oxygen 

during the day, but when it is less than 100% the pond is 

enriched with oxygen from the atmosphere
1

. 

It ia quite evident also that the ponds give oxygen . 

to the atmosphere when the sum total of  photosynthesis in the 

course of twenty-four hours is greater than the sum total of 

all . the oxidation and destruction processes. Hence, when 

on average the pond yields up oxygen to the atmosphere during 

the day this means that newly-formed organic material has 

accumulated in it in ananount strictly proportional to the excess 

quantity of oxygen. However, when on average during the day 

Strictly apeaking it is not quite correct that the direction 
of the gaseous exchange changes at a mean daily saturation of 
100%. If we bear in mind the lower values of the gaseous 
exchange constants in the daytime (see above) it is easy to 
see that the direction of the gaseous exchange during twenty-
four hours alters at a saturation level of alightly above 
10e.  
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the water is undersaturated with oxygen and the pond receives 

oxygen from the atmosphere, destruction processes  are in the 

ascendant, i.e. a negative balance of organic materials prevails. 

A negative balance of organic materials is  possible 

only when organic materiale enter the pond and are destroyed 

there. This happens in fish  ponds  when organic fertilizera 

are added and the fish are fed. But in these same ponds 

phytoplankton is developing intensively, and this is coupled 

with the formation of new organic material as the result of 

photosynthesis. To be able to understand these complex • 

phenomena we must first examine the general direction of the 

conversions of matt .er  and energy in two extreme ideal cases; 

first, when the fish yield of the pond is based solely on 

autochthonous formation of organic substances (primary 

production) and natural foods, and second, when it is due 

eolely to artificial foods or in general to allochthonous 

substances. 

With the autochthonous production process the phyto- 
. 

synthetic assimilation of carbon dioxide and the consumption 

of minorai  salts results in the formation of the substances 

of the bodies of the plant organisms and the release of an 

equivalent volume of oxygen. In the subsequent links of the 

food chains a large part of the primary production is subjected 

to oxidation in the energy exchange processes of the hetero-

trophic organisme, while a certain part is transformed into 

the substances of the  bodies of heterotrophic microorganisms, 
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zooplankton, zoobenthos and fish. If, as the result of these 

processes, the total quantity of organic substances in the 

body of water remains the same as before, i.e. when all the . 

newly-formed organic matter undergoes destruction, the same 

amount of oxygerfis expended on oxidation as was geherated 

during the photosynthetic construction of the oxidized substances, 

i.e. the pond is neither enriched with oxygen nor depleted. 

It is enriched when there is an increment in the biomass of 

organisms populating the pond, i.e. when a certain proportion 

of the newly-formed organic substances remains unoxidized and 

when the total volume of destruction is less than the primary 

production during the same period. 

The enrichment of the water with oxygen as the result 

of photosynthesis is inevitably accompanied by an increase in 

the total quantity of organic substances. This certainly does 

not mean that the biomass of plant organisms increases. More-

over, the accumulation of unconsumable plant organisms may even 

bring undesirable consequences. When the primary production 

is not consumed for sons  reason or other and it helps to swell 

the biomass of phytoplankton, the water is heavily oversaturated 

with oxygen and a considerable part of it is given off into 

the atmosphere. When large biomasses of phytoplankton or other 

plant organisms accumulate, they may begin to die and decompose 

at a given time, and this will be accompanied by heavy consumption 

of oxygen. 
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When the primary  production  is fully utilized, the 

entire increase in the phytoplankton is completely consumed 

by animals, and the production of the latter is fully consumed 

by the fish; only the biomass of the fish increases. For 

example, suppose that the primary production under these 

circumstances is equal to 10 kcal/m2  and the increase in the 

biomass of fish during 24 hours is 0.5 kcal/m2 , while the 

remaining 9.5kcal/m2  is dispersed in the process of exchange 

with the fish, food organisms and bacteria. When the enrichment 

or the water with oxygen is (0.5 kcal/m2 ): (3.4 kcal/g0) equals 

0.15 gO/m2 , i.e. at a mean depth of the pond of one metre, 

it will be equal to 0.15 mg0/litre per day /i.e. 24 hours-

translator/. 

Now let us imagine that the increment in the 'biomass 

of fish is due not to the primary production and natural foods 

but to an inflow of allochthonous organic substances, for 

example artificial foods added to the pond. Let us assume 

by way of example that theenergy of the increase in the fish 	- 

is 25% of the energy of the assimilated food, while 75% of 

the energy of the assimilated food, i.e. three times more, is 

dispersed in the process of energy exchange. If the 'increase 

due to the feeding is equal to 5 kg/ha per day, i.e. 0.5 kcal/a2  

per day, then the consumption will be 3.0.5 kca1:3.4 kcal/g0 

equals 0.44 80 per square metre per day. As we see, the increase 

in the biomass of flash due to artificial foods ia acCompanied 

not by enrichment of the  pond  with oxygen, but by depletion. 



181 

Let'us note that the estimated quantity of oxygen consumed 

(0.44 g) was three times greater than the amount of excess 

oxygen (0.15 g) found above for the same biomass of fish when /103/ 

it is due to an autochthonous process, i.e. primary production 

and natural foods. In addition, with artificial feeding 

considerable quantities of oxygen are expended on microbiological 

oxidation of the portion of food unconsumed by the fish and 

of their faeces. 

In real conditions in ponds where feeding and organio 

fertilization are practised photosynthetic processes also take 

place simultaneously, ensuring aeration of the water. The 

mineralization products (CO 2 , NHI, etc.) of the foods or other 

organic substances added to the pond may serve, and to a certain 

extent do serve, as the raw material for the photosynthesis • 

and formation of new organic materials. This is evidently 

one of the chief reasons why "tbehigher the degree of intensi-

fication and density of stocking with fish the more vigorous 

the water bloom" (Iltin et alia, 1958). The photosynthetic 

assimilation of the mineralization products of foods and organic 

fertilizers partially offsets the expenditure of oxygen on 

their oxidation, increases the amount of natural food and 

thereby tends to increase the degree of utilization of and 

the return for the artificial foods. One could even imagine 

that all the mineralization products of the foods are used 

over and over in photosynthesis. In this case, and only in 

this case, photosynthetic aeration would compensate fully  for  
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the oxygen consumed during the oxidation and mineralization 

of the foods. With such a completely reversible cycle and 

"repeated" utilization of the substance of the foods, the foods 

added to the ponds would practically pay for themselves. We 

are well aware that this does not occur and that the real figures 

• for the financial benefits derived from the foods under the 

most favourable conditions are  not much greater than when the 

substance of the food is used only once. Eenée, the partial 

assimilation of the food mineralization products by the 

phytoplankton, which undoubtedly occurs'and increases the 

quantity of natural foods, is on a relatively small scale. 

Therefore there are no grounds for considering that the 

expenditure of oxygen on the oxidation processes accompanying 

the mineralization of the foods may be compensated for by 

photosynthetic assimilation of the mineralization products. 

Hence, under real conditions the feeding of the fish is 

inevitably accompanied by consumption of oxygen and a 

corresponding drop in the mean level of its content in the  

water. 

• This undesirable effect may be offset if artificial 

fertilizers are used in conjunction with feeding. As was 

shown earlier, the necessary quantity of oxygen is obtained 

most rapidly and economically when the biomass of the photo-

synthesizing organisms themselves - unconsumable algae - 

increases. But a useful effect of this nature can only be 

achieved for brief spells, whereas for long periods we should 

/me 
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require absurdly large accumulations of phytoplankton. A 

longterm effect can only be obtained if the biomass of fish 

increases at the expense of the primary production and natural 

foods. 

In other words, we arrive at the important conclusion  

that in ponds . where intensive feeding is practised the saturation 

of the water with oxygen through the application of artificial 

fertilizers can only be maintained on condition that the fish 

yield due to the artificial fertilizers is sufficiently great 

and at least comparable to the fish yield obtained as the 

result of feeding. Hence, the conditions which ensure the 

greatest effectiveness of artificial fertilizers, in the sense 

of providing an increase in the natural yield of fish, at the 

aame time also ensure the greatest effectiveness in respect 

or prolonged ,maintenance of a favourable oxygen regime. 

So far, in an effort to avoid complicating matters, 

we have not dwelt on the importance of the different elemental 

and chemical compositions of the organic substances added to 

the pond and the body materials of the organisms produced, as 

though aasuming that they have the same composition and 

caloricity. 

Now we must make the necessary corrections. 

Let us imagine that a certain quantity of organic 

matter enters the pond with the food or fertilizers and undergoea 

destruction,  and the mineralization products (CO2, N114 and others) 
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are fully utilized by the photosynthesizing organisms and. 

serve for the construction of new organic substances. If 

the nitrogen-rich organic substances (food or fertilizer) 

added to the pond are characterized by a lower C:N ratio 

than the organisms being produced, more nitrogen'accumulates 

in the medium than is necessary for the assimilation of ali 

the carbon of the mineralization products. This excess of 

nitrogen enables the phytoplankton to construct More organic 

substances than were added to the pond, but this requires, in 

addition to the carbon of the mineralization products, the 

assimilation of a certain amount of the free carbon dioxide 

dissolved in the water, or bicarbonates. Accordingly the 

water will be enriched with oxygen, the content of CO2 and 

HCO3 will drop, and the reaction of the water will shift in 

the direction of alkalinity. 

The opposite changes will be observed in the medium 

when material with a low nitrogen content is added the pond, 

i.e. material with a higher C:n ratio than the material of the 

newly forming organisms. This case is of particular interest 

since it approximates the conditions arising when the fish 	/105, 

. are given feed poor in nitrogen, such as oilcake, or when the 

ponds are fertilized with plant fertilizers with a high C:N 

ratio. Then, mineralization of.the substances added to the 

pond liberates less nitrogen than is necessary for the photo-

synthetic assimilation of all the carbon of the mineralization 

products. Under these conditions the photosynthetic construction 
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of the organic substances will be limited by the insufficiency 

of nitrogen, and the content of oxygen in the medium will drop. 

Thus, for the fullest possible utilization of the carbon of 

the mineralization products by the phytoplankton, and hence • 

for the atrongest possible photosynthetic aeration, we must 

add the missing quantity of nitrogen in the artificial . 

fertilizers. 

To ensure the fastest and fullest mineralization and 

utilization of artificial fertilizers and a normal oxygen 

regime, it is necessary that the total ratio of carbon, oxygen, 

nitrogen and other nutrients in all the mineral and organic 

substances entering the cycle should be as close as possible 

to the ratio of these elements in the substance of the 

organisms produced. Therefore, the addition to the pond of 

organic substances with a lower relative content of nitrogen 

and phosphorus must be accompanied by the addition of nitrogen-

phosphorus artificial fertilizers. In addition, to increase 

the effectiveness of the nitrogen-phosphorus fertilizers they 

must be accompanied by a source of replenishment of free carbon 

dioxide such as nitrogen-deficient organic substances. 

There is no doubt that the phenomena in question do 

not depend only on the C:N ratio. A role may also be played 

by differenceein the level of oxidation of the substances 

being destroyed and produced. This can be deternined for 

•xample from the corresponding magnitudes of the coefficient 
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of respiration (CR equals C0 1 :01), i.e. the ratio of the 

volume (number of molecules) of carbon dioxide gas generated 

with full oxidation of the substance in question to the 
volume' 

(number of molecules) of oxygen consumed during oxidation. 

Only when the Cats of the substances oxidized and produced are 

equal are the generation and absorption of CO2 and 02 during 

oxidation and synthesis compensated. However, the possible 

differences in the CH's are relatively small. 

The ratios we have been discussing can be summed up 

briefly by saying that a mean daily saturation of the water 

with oxygen of close to 100% corresponds to a state of balance 

in the processes of synthesis anddéstruction of the organic • 

substances, i.e. a considerable degree of reversibility of the 

biotic balance; while large deviations.from 100% naturation 

correspond to a sudden predominance of the processes of 

primary production or destruction, which is alwaya undesirable. 

Of course, the general arguments put forward fail to 

convey an idea of the overall complexity of the actuel procesaes /106/ 

taking place in the body of water, where at any given moment 

the relation of production to destruction may depend to a 

considerable degree on the different speeds of these processes 

and not on the final states which have Just been discussed. 

Nevertheless, the theoretical analysis made has  demonstrated 

the deep organic connection between the oxygen regime and the 

processea of syntheais and destruction' of the organic substances 

in a body of water, through which the artificial and organic 
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fertilizers achieve their effect. 

s  All this leads us to the important conclusion that 

the conditions ensuring the best utilization of the substances, 

added to the pond to increase the yield of fish and the 

conditions necessary for maintaining the normal content of 

oxygen in the water coincide. To maintain a favourable 

. oxygen regime for the fish very cheaply through the use of 

artificial fertilizers in the face of heavy oxygen consumption 

due to dense stocking and the addition of large quantities 

of foods or organic fertilizers, we 

fish yield obtained through the use 

is the same as or greater than that 

of feeding. 

5. The Imnortance of Liming for Pond Fertilization 

Artificial fertilizers produce a useful effect only 

in ponds which have been previously prepared for culture. 

They are brought to this state by the usual ameliatory measures 

(control of excessive plant growth and marshiness, aestivation 

of the ponds and liming of the bottom, etc.). Here there is 

no opportunity or need to examine each of them, and we shall 

deal only with liming, since it has a close bearing on the 

fertilization of ponds. Often, especially in the German 

literature, there is mention of "calcium fertilization" 

(Kalkeingung). This term and the ideas which it connotes 

are also found in Soviet manuals (Martyshev, 1958). 
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Liming is used in a variety of ways and for different 

purposes. Its effect is complex and a distinction should be 

drawn between the various consequences. Many authors are prone.  . 

to view liming on the one hand as an ameliorative measure, 

helping to improve the physico-chemical conditions of the 

medium, and on the other as fertilization, i.e. the addition 

to the body of water of a lacking nutritive element. The 

latter is justified by the faet that aquatic organisms need 	' 

calcium salts, since the body of water is lacking in food 

value without them. Some hold the'view thatthe fish being 

bred remove a great deal of calcium from the pond. A statement 

to this effect Is to be found in the latest edition of the 	' /107/ 

authoritative manual on pond culture by F.G. Martyshev (1958), 

in which we read: "Every year, organisms remove a vast quantity' 

of calcium from the pond which often cannot be replaced by the 

amount of the element contained in the water feeding the pond 

from the catchment area." The impression is created that there 

may be a lack of calcium in the pond and that one of the purposes 

of liming is "calcium fertilization", i.e. the replacement of 

the missing amount of calcium. All this is the result of a 

misunderstanding rooted in the literature. 

It is quite impossible that the water feeding the 

pond should bring with it.less calcium than is removed in the 

composition of the bodies of fish anedther organisms leaving 

the pond. This is ahown by the following calculation. Let 

us suppose that the water contains only 2mg-equ. of calcium, 

must ensure that the 

of artificial fertilizers 

obtained with the aid 
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which corresponds to a low alkalinity.. Let us suppose that, 

in spite of the low alkalinity of the water, the yield of fish 

is high and amounts to 1,000 kg/ha. With a mean depth of 

the pond of one metre the water will contain 560 kg CaO per 

hectare. If the 1.25% of the live weight of the bodies of 

the fish consists of CaO, the total quantity of Ca° in the 

high yield of fish selected for the example will be 12.5 kg, 

i.e. no more than 2% of the quantity present in the water. 

/n calcium carbonate waters, the range of distribution 

of Which embraces the main regions of European and North 

American fish culture, calcium predominates above all other 

cations. Therefore a lack of calcium can be assumed only in 

waters of very low mineralization. But the low yield of such 

waters can be explained with equal justification by the still 

smaller content of other substances or by a low concentrations 

of bicarbonates. 

The generally known fact that the best waters for fish 

culture are those of average mineralization, for example with 

an alkalinity ranging from 2-5 mg-equiv./litre, is also only 

indirectly connected with the calcium content. Not only 

calcium but also other hydrochemical elements are positively 

correlated with such indices of the total mineralization of 

the water as the alkalinity. 

In the overwhelming majority of cases, except perhaps 

for waters with an extremely low content of calcium, which, 

190 

however, hardly ever occur in carp breeding ponds, there are 

no grounds for thinking that the fish, like the other organisms, 

receive insufficient calcium from the waéer end foods. In 

general there are no convincing arguments in favour of the 

necessity for "calcium fertilization". Hence, liming must 

be regarded as a measure to improve the water and bottom of 

ponds. The increase in the content of calcium is Only a 

side-effect, and not the main purpose of liming. 

In spite of the great importance of liming in the 	/108/ 

system of measures for the intensification of pond culture, 	. 

the theory of its effect and scientific proof.in  support of. 

the doses of lime to be used lag far behind practical requirements. 

We are compelled to agree with N.B. Felldman and N.P. Rudakov • 

(1958), who wrOte: "In spite of considerable experience in 

the augmentation of productivity through the liming of ponds, 

lime is added not so much because of the peculiarities of 

the particular body of water as because of the entrenched 

conventional view that it is undoubtedly useful, and this 

results in considerable wastage of lime, and in some cases 

leads to a deterioration in the conditions under which the 

aquatic organisms live." 

In the German Democratic Republic and the Federal 

German Republic, as in other central European countries, 

liming is a customary measure of mane years standing, which 

is of fundamental importance to ponds with acid bottoms and 

water. As noted by Sehaperolaus, without the neutralization 
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induced by liming of acid bottoms, pond culture would be 

impossible on the whole in certain areas of Lausitz. In these 

extreme cases thero .  is no doubt of the necessity for liming. . 

. But in pond culture practice liming is resorted to much more 

often. In spite of this, its mechanism and actibn have barely 

been subjected to special duty. In recent years interesting 

papers have been published by  M iller (1957b, 1961a, 1961b) 

in which the author discusses the importance of liming from 

a new angle, on the basis of the results of research performed 

over a number of years at a farm in K8nigswartha, situated 

in the main fish breeding region of East Germany - Lauaitz. . 

Noting the "astonishing result" of the experiments 

conducted at the K8nigswartha farm, which showed that liMing 

does not lead to an increase in the harvest and has no 

perceptible effect on the chemical properties  of the  water, 

Heller  cornes out decisiVely in favour of terminating the 

• practice of liming ponds in Lausitz. It should be added 

that Willer is  flot  opposed to the neutralization of acid 

bottoms and water with lime in ponds in which, without liming, - 

fish culture would be impossible. Nor does he deny, of course, 

the use of lime as a sanitary measure. He has in mind the 

liming systematically practised on the fialifkrms of East 

Germany as calcium fertilization to increase  the  fish yield 

of ponds, in accordance with the views of Schaperclaus, 

Sunder and others. Mailer states, not without justification, 
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that there are no data in the literature to prove the 

effectiveness of "calcium fertilization", whereas there are, 

on the other hand, references to its failure to produce results 

(Wurtz, 1956; Wunder, 1949, 1956). 

In the USA and in countries where American experience 

is followed in matters relating to the fertilization of ponds, 

liming is hardly ever used, and culturiste remain satisfied 	109/ 

with the amount of lime contained in commercial fertilizer 

mixes. Swingle (1947) even found that the application of  

lime to ponds fertilized with organic fertilizers (urea, 

ammonium ' sulphate, sodium nitrate and mixed fertilizers),,led 

in all cases to a drop in the yield of fish. Apparently he 

is referring to.ponds with water of fairly high alkalinityi 

in which no beneficial  affect  could have been expected.in the 

tiret place. 

In recent years, however, the American literature 

has included isolated examples of successful liming, some 

of which have already been . discuesed above. Zeller (Zeller, 

Montgomery, 1958) report that the liming of twenty-two ponds.  

in Georgia, which had previously failed to respond to 

fertilization, helped to increase the general hardness and 

pH cf the water and fostered the development of plankton. 

Snow and Jones  (1961) describe the effect of the addition of 

0.4-3 tons/ha of slaked lime to twelve small ponds (0.3-1.3 ha) 

in a fish nursery in the state of Alabama. They note the 

possibility of determining the necessity  for  liming from the 
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metabolic acidity of the bottom. /t is suggested that the 

effect  of  liming can be judged six months after it has been 

done, as the pH of strongly acid bottoms returns to its 

original value after 18 months. 

Interesting data obtained under very unusual'conditiona 

in 36 ponds in Malacca (Malaya) are reported by Fish (1961). 

These ponds, measuring 1 acre, are characterized by a very 

low ' initial natural yield (some 20 kg/ha) and very low 

mineralization of the water (content of calcium in the water 

no more than 3-4 mg/litre), a strongly acid reaction of the 

water (pH 3.5-4) and a low oxygen content. The author studied 

the effect of adding to the pond powdered lime in six different 

doses (up to fi've tons per hectare). In the ponds which had 

been limed and fertilized with ammonium phosphate the alkalinity 

and calcium content rose, the pH increased to 7-8, and oxygen 

saturation of the water was raised to 100% and over. The 

biological productivity of the ponds and the harvest of fish 

alsd rose. The greatest fish yield was obtained for the 

highest doses of lime, but the author considers that 2.5 kg/ha 

is.aufficient. Here we are faced with an example of the use 

of lime for the neutralization of water of high acidity where 

the useful ameliorative effect of liming is most evident and 

indiaputable. 

Liming neutralized the acid reaction of the water and 

increases the content of calcium and bicarbonates in it, i.e. 
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it increases the alkalinity of the water. Therefore we 

• should regard the rise in the alkalinity of the water as the 

specific feature of liming, and this is caused mainly by an 

increase in the content or bicarbonate ions and their 

accompanying calcium ions. When powdered lime, i.e. CaCO3 , 

is used for liming, it is incapable on its own of perceptibly /110/ 

influencing the alkalinityl •because of its very low solubility • 

(about 0.06 mg-equ./1) at 20° C. The alkalinity of the water 

rises only as the result of the formation of easily soluble 

bicarbonates when the calcium carbonate . reacts with carben 

dioxide: CaCO3 + CO2 + H20 = Ca(HCO3)2. 

Hence, when CaCO3  is added the alkalinity of the water. 

cari  increase only when, under given physicochemical conditions 

(aggressive), excess carbon dioxide is present, or wh'en there 

is a source to enrich the water with free carbon dioxide, for 

• example decomposing organic substances. 

The addition of slaked lime Ca(OH)2 to water without 

dissolved carbon dioxide leads only to a sharp shift in the 

direction of alkalinity. The pH of the water may easily reach 

values fatal for the fish and all living creatures. When Ca(OH)2 

lIn carbonate waters the alkalinity of the water (carbonate 
alkalinity) is basically proportional to the content of  bicarbonate 
ion (HCO3). It is usually expressed in milligram-equivalents or 
CO2. The ,reaction of the water (pH) for a given alkalinity 	. 
depends on the content or free carbon dioxide and carbonate 
ion (CO3)  in the water. 
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in added to water containing free carbon dioxide the pH of 

the water  changes more weakly, and the alkalinity of the water 

rises as the result of the formation of bicarbonates in the 

reaction Ca(OH)2 + 2CO2 :1= Ca(HCO3)2. 

However, when there is an excess of Ca(OH)2  over CO2 
the effect of liming may be not an increase in the alkalinity 

of the water but a drop as the result of the formation and 

precipitation from solution of difficulty soluble carbonates 

in the reaction Ca(OH)2 + Ca(HCO3)2 = CaCO3 + 2H2 0. 

Hence, the addition of slaked lime to the water of 

ponds requirea great care and should only be done in small 

doses. 

At first sight it seems that, knowing the content of 

free CO2 , we can easily calculate the necessary quantity of 

CaO  from the equations above; bearing in mind that 1 mg-equ. 

of-Ca0 ie 28 mg, Ca(OH)2 37 mg and CO2 44 mg. In actual fact, 

however, as the free CO2 enters a system of physicochemical 

equilibrium with the bicarbonates (HCOi ion) and hydrogen ions 

(H*), more lime (CaO) is required in highly alkaline water 1 

than in weakly alkaline water if the pH of the water is to be 

brought to any predetermined value. 

The view has been expressed (by I.V. Baranov) that the 

oxidizability of the water is also important when liming. When 

the water ia highly oxidizable more lime has to be used to 

achieve a given change in the pH. 
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It is equally inadequate to e 'stimate the necessary 

amount of Ca° from the alkalinity alone, as is suggested by 	/111/ 

Chimitz (1949). He considers that liming-must bring the 

alkalinity to 3 mg-equ./litre and.suggests that the calculation 

be based on the difference (3-a), where a is the present 	. 

alkalinity of the water in mg-equ. This calculation is correct 

if the water contains a sufficient quantity of free 0021 and 

in practice natural waters contain far leas: Therefore, the 

extent of the increase in the alkalinity will depend primarily 

on the amount of free CO2 present. 

Thus, special significance is acquired by auch  sources 

of enrichment of the water with free CO2  as the decomposition . 

of the organic substances of bottom deposits, unconsumed food 

and organic . fertilizers. 

These arguments fit in with the results obtained by 

M.B. Feltdman and N.P. Rudakov (1958) from a study of the 

effect of' liming on the hydrochemical regime of experimental 

ponds on "Nivka" farm. Samples taken from the peaty bottoms 

of these ponds before filling revealed a reaction of a salt 

extract tending in the direction of acidity (in five ponds 

the plic  ranged from  5.2-5.9, and in the two remaining ponds 

from 6.4-6.8), the reaction of an aqueous extract being close 

to neutral (pH 6.2-7.1). The pH of the water of the ponds 

ranged from 7.4-8.2, i.e. the water had a weakly ;'i'aikaline 

reaction. To seven out of fourteen ponds four doses of lima 
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were added to give a total quantity for the season of 4-12 

centners per hectare. Contrary to the expectations of the 

authors they could not detect any sign that the liming affected 

the content of calcium or, in general, the ;alt composition 

and pH of the water. 

The result of this experiment clearly  shows thatliming 

on its own is still insufficient to raise the calcium content, 

and hence the content of bicarbonates, in the water of a pond. 

/n this particular case, where the reaction of the water was 

alkaline and there was hardly any free carbon dioxide, such 

• an effect should not have been expected. 

Hence, if the aim is to increase the alkalinity of the 

water, liming must be accompanied by the application of organic 

fertilizers. On the other hand, liming of the water can 

eliminate ' the accumulation of carbon dioxide and acidification 

of the water when organic substances decompose. This is one or 

the reasons for underlying the practice of fertilizing ponds 

with manure and lime, which is bound to lead to an increase 

in the content of bicarbonate ions in the water. 

The importance of carbon dioxide as a sine qua non  for 

increasing the alkalinity of water through liming has been 

convincingly demonstrated by Willer (1957a). Initially this 

was shown in laboratory experiments in which various doses of 

calcium carbonate were added to aquariums with and without soil. 

Prolonged meaaurementa of the alkalinity of the water revealed /112/ 
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that, regardless of the dose, the calcium carbonate, in 

virtue of its low solubility, has on its own no perceptible 

effect on the alkalinity of the water. It increased only 

in those aquaria in which the water was enriched with carbon 

dioxide generated by the silt. 	 • 

In K8nigwartha the ponds, which are situated in light 

• sandy soils, are filleewith highly coloured water of low 

mineralization and an alkalinity of approximately 1 mg-equ./litre. 

As already mentioned (page 108), special eZperiments.failed • 

to disclose any sign that liMing had a . positive effect on 

the fish yield (teller, 1958). This prompted the experimenters 

to discover how liming affects the alkalinity of the water. 

It was found that in this respect ponds to which 5-10 centners • 

per hectare of lime had been added every spring for a number 

of years in no way differed froM unlimed ponds (Miller,1961a, 

1961c). Apparently, the sandy soils of these ponds, which are 

poor in organic substances, produced so little carbon dioxide 

that the lime added to them had hardly any effect. 

These experiments and observations confirm once again 

that the carbon dioxide produced by the bottom ia one of the 

chief factors.governing the success of liming of the water. 

At the same time liming of the bottom increases the rate of 

decomposition of the organic substances and hence the rate of 

production or carbon dioxide. Thus there ia a close link and 

interdependence between the effects  of • liming the bottom and 

the water. 
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' Liming of the bottom of the pond achieves its full 

effect if it neutralized the acidity of the bottom. The result • 

is firstly a change in the physicochemical conditions of 

exchange between the bottom and the water of the pond, and 

secondly the creation of more favourable conditions for the 

activity of its microflora, which are in turn of fundamental 

importance to the cycle of nutritive elements *  

In acid soils hydrogen ions predominate among the 

absorbed ions. When liming occurs they are replaced by calcium 

ions and there is a corresponding drop in the acidity of the 

bottom. When  the bottom is neutralized, the linkage of the 

phosphates with sesquioxides is weakened and the release of 

phosphate ions into the water is facilitated. This promotes 

the utilization of phosphorus fertilizers by phytoplankton 

and ultimately has a beneficial influence on their effectiveness. 

Apart from the immediate change in the physicochemical 

conditions it is of no less importance that the neutralization 

of the bottom has a strong influence on the microbiological 

processes, which are largely depressed at low pH values. All 

that was said earlier about the dependence of the microbiological 	. 

phenomena in the soil on the pH also applies in respect of the 

bacterisplankton. Thus, for example, the data of Brandt and 

• hia co-authors (Brandt, Klust and Mann, 1956) showed that the 

rate of decomposition of cellular tissue, which was determined 

from the loss of strength of cotton threads placed in a body 	/113/  
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of water at a particular time, ie also clearly dependent on 

the pH and calcium content of the water. In ponds with a low' 

pH of the water (5.4-5.6) no decomposition of cellular  material 

was noted during a period of one month, whereas in ponds with 

a higher pH (6.0-7.6) and a higher content of calcium'it 

occurred very rapidly* The  authors express the opinion that 

the rate of deomposition of the cellular,  material may be 

used as a good integral index of the productivity of bodies 

of water. 

When the bottom exhibits an acid reaction the processes 

of decomposition and mineralization of organic substances are 

sharply retarded by a lessening or cessation of the activity 

. of bacteria  of the. most varied physiological groups. As a 

result, there is a sudden slowing down of the regeneration of 

nutrients, which in turn leads to a drop in the speed or 

intensity of their cycle. Liming creates more favourable 

conditions for the development of bacteria in the bottom sediments 

and thereby intensifies the cycle of nutrients • and promotes 

the mobilization and utilization of their stocks in the bottom - 

sediments, the fixation of free nitrogen, and so on. 

By stimulating the development of the bacterioflora, 

liming of pond bottoms apparently improves the conditions of 

.bacterial nutrition of the bottom food Organisme, although 

direct proof of this is atill lacking. 

Not all ponds need liming. Different doses and techniques 
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of the results of the researches of N.I. Chigirin, conducted 

between 1957 and 1959, on the liming of ponds. Ilms far 

these results have not been published. 

Apart from the neutralization of the free organic 

acids contained in the bottons of ponds, the result of liming 

is that the calcium ions displace the hydrogen ions adsorbed 

by particles of soil, thereby . lowering the so-called  latent 

or potential acidity of the bottom. 

The number of calcium ions which must be added to 

this effect depends firstly on how many cations are 

on the whole of combining with  the  soil in question, 

depends on the latter's characteristic total capacity 

achieve 

capable 

i.e. it 

for absorbing cations, and secondly on the.extent to which • 

 this capacity has already been utilized, i.e. on the degree 

to which the absorbing complex of the bottom is saturated 

with the cations of calcium,' magnesium, potassium, etc. which 

it has adsorbed. The answer to these questions may be obtained 

by determining the total cation absorption capacity  (T) and 

hydrolytic acidity (H) in samples of the bottom. These values 

are normally expressed in mg-equ. per 100 grams of dry soil. . 

From these.fignres for T and H we can compute the degree of 

saturation of the bottom with base cations as a percentage of 

the total cation absorption capacity using the formula 
T - H 

V 	 100.. 
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of application must be used for different conditions. There 

arises the question of the principles of the determination of 

liming requirements. 

In spite of the fact that submersed soils digfer from 

unsubmersed soils in many respects, in the fish-breeding 

literature the problem of liming requirements and the doses 

of lime to be used are examined mainly in the light of agronomical • 

experience, on which are based the doses of lime recommended 

for different soils by Schâperclaus and other, later authors. 

There is no need to list these recommendations here, since 

they are not very often followed in fish breeding practice. 

Various authors, on the strength of extremely diverse data 

stemming from liming practices, cite sharply differing figures, 

ranging from 0.5 to 30-40 centners per hectare of unslaked 

lime. References to the need to take into account the acidity 

of the soil are insufficiently precise, since they are,strange 

though it may seem never accompanied by an indication of which 

method of the several employed in soil science is being used 

for measuring and expressing the acidity of the soils (Wunder, 

1949; SukhoVerkhov, 1953; Martyshev, 1958; Iltin, 1955; Pakhomov 

et alia, 1958). In this connection too we run up against 

inadequate analysis of theoreticei concepts, and this makes 

it impossible to issue quite definite and scientifically based /114/ 

recommendations for fish culturists. 

Accordingly it is appropriate here to set  out sosie  
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Pond bottoms are characterized by high absorption 

capacities. Thus, M.S. Feltdman and N.P. Rudakov (1958) found 

that the peaty soils of the pond of "Nivka" fish farm (Kiev , 

oblast) have an absorption capacity (T) of 29.5-46.6 mg-equ. 

per 100 grams when heavily impregnated with bases (84-98%). 

H in this case ranged from 0.75 to 7.8 mg-equ. per 100 grams. 

According to the data of Chigirin (Table 2), the T value of 

the bottons of ponds in Velikiye Luki, Shipulino and Opochka 

lay between 20 and 49, while H fluctuated from 0.2 to 11.3 

mg-equ. per 100 grams. 

The lower the percentage of impregnation of the 

absorbing complex of the bottom with base cations the more 

calcium ions, relatively speaking, it can still absorb and 

the more acutely will the bottom be in need of liming. On 

the other hand, when the absorption capacity is largely taken 

up with cations, there ia no necessity to lime the bottom. 

Another index of the necessity for liming is the pH, 

value, which reflecta the potential acidity of the bottom 

and ita content of free acids and acid salts. The connection 

between the values V and pHo is apparently complex, but a 

comparison of a series of determinations of the two values in 

different soils reveals that they are clearly related. As 

was ahown by Chigirin, this relation in the ponds investigated 

by him can be expressed by the equation 

V = 1.667 + 0.047 pHe . 

204 

Although the relation expressed by this equation is 

not universal and requires amendment for different ponds in 

different pedo-geographical'zones, it indicates the possibility 

of using the plie  values for practical purposes " to assess 

the degree to which ponds require liming. The advantages of 

pHe  over V are that it is more.stable and that the method of 

determination is simpler and more straightforliard. 

Table 2 
• 1 

Results of the determination of pH, the degree of saturation 
with bases, hydrolytic acidity and doses for liming of pond 
bottoms in 1957 (data of N.I. Chigirin) 

H 	T 	Ca0,, 
cent./ha 

Velikie Luki 	 . 
nursery pond No. 1 - 	 6.2 • 94 	1.8 	30 	4.1 
nursery pond No. 2 	 5.0 	88 4.6 	38 	13.5 . 

Shipulino 
nursery pond No. 1 	 4.1 .77 10.3 45 19.0 
nursery pond No. 2 	 4.7 77 11.3 49 20.0 

Opochka 
nursery pond No 1 	 6.0 	94 .  2.3 	38 	5.6 
nursery pond No. 2 	 5.8 89 4.3 	39 	9.2 
whitefish pond No.1 	 6.7 	97 	1.2 40 	2.3 
fry pond No. 1 	  6.5 95 1.9 	38 	5.3 
fry pond No. 2 	  7.3 99 0.4 40 	1.5 
spawning pond No. 8 	 6.0 93 2.9 41 	8.1 
hibernating pond No.2 	 7.6 	99 	0.2 .  20 	0.8 

Sebezh 
fish nursery 	  6.8 97 0.9 30 	2.2 

pH, - pH value of salt extract from the bottom (using 
potassium chloride solution). 

On the strength of an analysis of data from ponds in . 

the north-west of the USSR N.I. Chigirin suggests that we let 

ourselves be guided by the following estimates' of the liming 
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requirementa of pond bottons, depending on the results of 

measurements of V or pHe . 

Need for liming 	 V 

Great 	  under 80 
Moderate 	80-90 
Slight or 

non-existent 	over 90 

As was noted earlier, we can judge from the figures 	/116/ 

for V and pH c  whether it is necessary to lime the bottom of 

a pond, but they do not give us any idea of the quantity of 

lime to be applied to the bottom to saturate the absorption 

capacity with cations. 

This quantity can be estimated from the hydrolytic 

acidity, expressed in mg-equ. per 100 grams of dry soil. Having 

determined the hydrolytic acidity of a sample of the bottom 

and knowing that 1 mg-equ. of the latter corresponds to 28 mg 

of CaO, and also having made'allowance for the natural moisture 

content of the bottom, we can compute the quantity of lime 

needed for neutralization and saturation of the absorbing 

complex with cations in a layer of the bottom of a given 

thickness with an area of 1 hectare. If we assume that the 

effect of the lime extends under natural conditions to a depth 

of 10 cm, thon, according to the calculations of N.I. Chigirin, 

we obtain quantities of lime close to those recommended on the 

strength of practical experience. The data in the last column 

of Table 2 on the quantity of CaO need to lime the ponds were 

computed by the method described above for layer 10 cm thick. 
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We can ensure that the effect of the lime extends to a given 

and constant depth by harrowing, or some other method of 

breaking up the soil of the bottoms. 

In the main, three types of lime are used for the 

liming of ponds: unslaked or burnt lime, which is calcium • 

oxide (CaO), slaked lime or calcium hydroxide (Ca(OH)2), and 

limestone or similar rock, consisting Mainly of calcium 

carbonate (CaCO3 ). The most convenient form for adding to 

a pond is slaked lime, which is a fine powder. It acts quickly, 

and care must be taken to control the dosage and check the 

results. Finely ground limestone is frequently used. It acts 

much more slowly than slaked lime, and therefore the danger 

of an overdose does not exist. Ground limestone is also 	• 

suitable for application in small annual  doses  to 'aufficiently 

cultivated ponds. Unslaked lime acts similarly to slaked lime. 

It is best applied by aerial top-dressing. In addition to the 

forms of lime alreadimentioned we can also use marl, limeatone 

• tuffs, lake-lime,and ash. 

The various forms of lime have different neutralizing 

capacities. If we assume that this capacity is unity for pure 

unslaked lime, it would be 1.3 times less for slaked lime, and 

1.8 times less for limestone. • Therefore when welare estimating /117/ 

the doses of lime to be added to the pond, the computed quantities 

of CaO  must be multiplied by the correaponding coefficients 

of the neutralizing capacity of the form of lime being used. 

under 5 
5-6 

ol'rer 6 
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Furthermore, the lime used in practice is normally polluted 

with admixtures such as unburnt rock, clay, or sand, which 

to a greater or less extent reduce its neutralizing capacity. 

To avoid gehss miscalculations of the size of the 

dose because of these complicating factors we must determine 

the neutralizing capacity of each batch of lime added to the 

pond. 

Liming of the bottom of pond does not necessarily 

require the full dose calculated from the hydrolytic acidity. 

Some benefit will be derived from part of the required dose, 

which will reduce the necessity for liming. 	 • 

Chigirin tested the methods he recommends for 

determining liming requirements and the dosage on ponds in 

Shipulino in 1959. The tests showed that the results came 

up to expectations. From the hydrolytic acidity of the 

bottom (pH,), which in three ponds with a clay-peat bottom 

ranged from 5.0-5.3, and in a fourth, with a peat bottom, 

was 4.1, he computed the necessary quantities of CaO. To 

the first pond, which required an estimated 20 centners/ha 

of Ca0 he added 20 centners/ha, to the second, which required 

an estimated 21 cent./ha, he added 15, to the third, which 

required 12, he added 10, and to the last, which required 20, 

he added 10. After two months the pH, values were 6.4, 5.7, 
6.7 and 5.4 respectively. These pH, values indicate'a somewhat 

higher residual CaO requirement than was expected from the 
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calculations; i.e. 5, 8.5, and 14 cent./ha of CaO. This may 

be due to the fact that the dose of lime calculated was rather 

lower than the amount needed to eliminate all the acidity 

of the bottom, or it may have been  the  result of an intensification • 

of the decomposi 'tion of the organic substances in the soil of 

the bottom under the influence of the liming. 

Thus, before embarking on liming'we must deterkine 

the necessity for it from measurements of the  pH, value. /a 

greatest need of liming are pond bottons  with a pH, of less 

than 5. The procedure is , to determine the hydrolyticsacidity 

of the bottom and then compute trOm this the dose of  lime 	. 

required for liming. 

The main Conditions for effective liming of pond 

bottons are even distribution of the lime in the form of the 

finest powder possible and good interaction between the 

particles of lime and soil, which ia achieved by loosening 	/118/ 

the soil and working the lime in to a given depth. 

The effectiveness of the liming can be verified . 

 by regular determination of the pH, value. A substantial 

drop in the pH, signifies the necessity for repeating the 

liming process. Ponds acutely in need of lime must have a 

full dose applied to the dried bottom,. If the ponds are fed' 

by water with an alkalinity of more than 2 mg-equ./litre, • 

there is no need to lime the water then the bottom is limed 

in the normal way. If the alkalinity of the water is low it 
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• is advisable to add small doses of quenched lime, at the sanie  . 

tim .e keeping a close watch on the reaction of the water (pH 

must not exceed 8.2-8.4). Liming of the water should be 

accompanied by the addition of organic fertilizers easily 

stirred up in the water, but the consumption of oxxgen by 

these fertilizers should be taken into account. It is very 

important to make allowance for the reaction of the lime 

with the different types of fertilizers added to the pond. 

Errors creeping in owing to an inability to understand this 

point are often the cause of serious failures and disappointmente. 

The principles of the methods described for determining 

liming requirements are taken from soil science. Submersed 

soils are peculiar in many respects. Accordingly doubts have 

been expressed about the applicability to submersed soils of 

the methods used in soil science  (Millier,  1961). Willer points 

out that, unlike submersed soils, arable soils, on being washed 

by rains, lose their bases (cations), thereby enriching the 

drainage water with calcium. This drainage water then flows 

into the ponds. This means that submersed soils are heavily 

saturated with bases. According to Müller, the practice 

borrowed from soil science of determining the plic  value from 

exsiccated samples gives an incorrect notion of the reaction 

of the damp bottom of a pond. According to his data, in fresh 

amples  of bottom sediments the reaction is always clearly. 

linked to the pH of the water, and at high pH values of the 

water, even in ponds which have never been fertilized, the 
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actual pH value of the bottom is always greater than /, whereat; 

measurements of plic  give much lower values (4.75-6.45). Thus, 

in the opinion of Mdller, the pH of the water acquires special 

significance when we  are  determining the necessity for liming. 

These arguments are valuable in so far as they 

concentrate attention on the close connection between the 

reaction of the water and bottom and the necessity of'specific 

methods for studying submersed soils, methods which have not 

yet been devised. But . Müller does not indicate what we should 

take as our yardstick for determining liming requirements and 

the doses of lime to be added to ponds with an acid reaction 

of the water and bottom, where the need for liming is patent. 

Therefore, the methods outlined above are not diminished in 

value, but they must be applied with an awareness of the 

conditions attached and the results obtained rust be : checked. 

The effect of lime added to a pond must be viewed not 

in isolation but in relation to the conditions prevailing in 

the pond. Here we once again run up against the close inter- 

• dependence of  thi individual manifestations of the single 

process of the cycle of matter and energy in a body of water. 

In ponds containing poorly mineralized water with low 

carbonate alkalinity, when the bottoms are weakly saturated 

with bases and contain little CaO, as against sesquioxides, 

liming facilitates the transfer of combined phosphorus to the 

water and thereby helps to aeoelerateits cycle, increeee the 

/119/ 
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effectiveness of the utilization of phosphorus fertilizers, 

and reduce the amounts of these fertilizers necessary. ' 

In the opposite case, with high carbonate alkalinity 

of the water, for example above 3 mg-equ./litre, and bottoms 

saturated with bases, liming is superfluous and may'even be 
nt 

harmful. Under these conditions an increase in the quahity 

of the calcium merely leads to precipitation from the water 

and fixation of phosphates in the bottom in the form of 

insoluble tricalcium phosphate. 

The importance of liming for the nitrogen cycle and 

effectiveness of nitrogen fertilizers consists above all in 

the fact that liming eliminates the acid reaction of the medium 

which prevails in soils weakly saturated with bases and which 

depresses the microbiological processes of ammonification, 

nitrification and nitrogen fixation. As a result the nitrogen 

cycle is speeded up and there is a corresponding increase in 

the effectiveness of nitrogen fertilizers. 

The fact that successful liming of the water, i.e. 

the augmentation of its alkalinity, requires a source of free 

carbon dioxide, which normally takes the form of the micro-

biological and biological processes of the destruction of the 

organic substances, in turn stimulated by the liming, is of 

fundamental importance. /t compels us to acknowledge that 

liming will be most successful when  the  necessary scale of 

decomposition of the organic substances  La  enaured,  for  example  
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by the application of manure or vegetable organic fertilizers 

in conjunction with artificial fertilizers or with intensive 

feeding, when the unconsumed part of the food decomposes, and 

so on. The interdependence between liming and the intensity 

of the biotic cycle also shows that each of the active principles 

of the fertilizers can be expected to be more effective when 

they are combined together in Organo-mineral tertilizera.. 
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CHAPTER III 

THE INITIAL EFF:LCT GF ARTIFICIAL FERTILIZERS 

ON PONDS. 

1. Gene-11 conditions of develonment of rhvtonlankton in nonds. 

As we hive already stated more than once, the initial effect 

of artifical fertilisers in effectively fertilised ponds is to 

stimulate vigorous development of phytoplankton. 

The speci ,-s composition of the phytopinnkton of fertilized 

and unfertilized ponds is the same. No species are found in 

fertilised ponds that  ire  not found in unfertilized ponds. 

This is not unexpected'since the hydrochemical conditions-for 

e±ample the content of mitrients are not so very different in 

fertilized and unfertilized ponds. This was also emphasized 

earlier on. Hence we can merely speak of the influence of 

fertilizers on the relative numbers of the different forms of 

phytopinnkton. 

At the present time this is a very confused topic. Only 

rarely have papers on the study of pond fertilization been 

accompanied by a qualified study of the phytoplankton. Often 

the authors confine themselves to extremely F.:eneral comments 

on "vigorous" or "weak" water bloom due to green or blue-green . 

aleae, and so on. On the other hand, some fairly detailed al-

goloeicn1 research on fish ponds has, unfortunately, been done 

without reference to the conditions under which these ponds are 

used (Zretenskaya, 1961). Also almost unusable are data on phy-

toplankton relntine to specimens collected with a plankton net. 

Zuch catches contain only large forms, the importance of which 

in the creation of primary production may be Much less than 

thnt of smaller species which cnn 	be capturxi by more 

comprehensive methods  (centrifuge, membrane, sedimentatisn). 

/120/ Finally, not much benefit can be derived for practical pur-

poses from the results of the study of phytoplankton which mere- 

• • 	ly refer to the number of individuals, the number of cells (Khem- 

leva, 1958; Tsukurs, 1962), or even the number of"Items per 

litre" (11'in et alla, 1956). All this ereatly restricts the 

number of papers whicn can be used to answer this problem of 

• how phytoplankton actually  changes  under the influence of fer-

tilizers. 

There is no doubt that the species composition of phyto-

plankton which has developed as the result of fertilization is 

of importance for its later utilization and the ultimate ef- . 

.fectIveness of the fertilizer. But so far, it is nnt clear what 

• composition of phytoplankton is most favourable for the creation 

of 9 high .  natural fish yield in ponds. At present different 

and even contrary views exist on this subject. It is widely 

felt thnt it is necessary . to  promote the development of small 

• species of algae, primarily Protococcaceae, which can be easily 

consumed by zooplankton. Blue-green algae are recognized to be 

• undeslreable components of phytoplankton since they are not 

immediately consumed. These ideas stem frOm the theoretical 

formulations of certain hydrobiologi.sts who  regard the develop-

ment of blue-green algae as a "trophic blind alley" (Gaevskaya, 

1947). 

A completely different assessment of the role of blue-

green algae has been arrived at by authnrs working from pond 

culture practice and generalizing studies of commercial ponds. 

Thus, Wunder, after years of study of the fish farms of Sil- 

/ / 
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esia, distingiishes three categories of ponds: 1 - ponds with 

the lowest fish yeild, in which the water is colourless or 

brown all year long; 2 - ponds with a greater yield in which 

brief water bloom can be observed mainly in spring or at the 

beginning of summer; 3 - the most productive ponds, in the best 

of which vigorous ond prolonged bloom lasts all sunnier. In 

the last category of ponds it is, according to Wunder, already 

zossible to di ,rtinguish two types of water bloom with the na-

ked eye,'1.e. uniform bloom by "punctate" al ,:ae (chiefly  Ana- 

a) and bloom by "fzlcate" aleae (A-hanizonenon.)  The best-

quality ponds are distinguished by two forms of bloom which 

breeders sho ..ild strive to stimulate in practice. Wunder thinks 

that a single application of a large doee of fertilizer induces 

prolonged bloom whereas multiple applications have only a trans-

itory effect. In summer, bloom begins roughly two weeks after 

the applicati,n of the fertilizer (Wunder et alla, 1935; Weiman, 

1935a, 1935b, 1944). 

Of special  importance  is the stntement by Wunder concerning 

the positive value of bloom due to Aphnnizomenon flos-anuse. 

',:under suegests that mass development of this species be re-

eorded as e criterion of the Eood condition of ponds rad, the 

effective action of fertilizers. It is interesting to note that 

Wunder's disciple, the famous connoisseur of phytoplankton, 

UCterehl (1936), on the basis of hi q studies of the phytoplank-

ton in the ponls of :jilesis, accepts the method .lugsested by 

Wunder for classifying the ponds by the development of the phy■ 

toelankton, and also considers that oositive significance should 

be ascribed to mass development of 11:)hani7omenon.  In . his paper, 

he, like otner authors, stresses that the nase  species of 
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phytoplankton are found in both fertilized and unfertilized 

ponds, but he eoes on to say thzt when the phytoplanktori de-

velops in ereater quantities, the number of component species 

in fertilized ponds is.far smeller. In the most he.vily fer-

tilized ponds only Aphoniz 'omenon develops, which in many cases 

dominates the plankton, displacing all other species b}: , ac-

cordinr to U:termohl, chemical activity. U -termghi notes that 

in no other ponds is Da.ohriia 'found in such great quantities as • 

in those in which this alene is vigorously blooming. UCtermOhl 

summari7es his observations thus: "The aim of fertilization 

must be the development Of blue-green algae, especially Azhan-

izomenon". 

Other authors arrive nt the same conclusion. Fott(1952). 

after examining the phytoplankton of fish Conde in Czecho-

slovakia in conneetion with their fish yield, divides the pcnds 

into five I:roups: 1 - those without ,,ater bloom, 2 - those with 

blooming green algae and diatoms, 3 - those with bloomine  green 

algae and flagellates, 4 - those with blooming green al:ae, 

flagellates, diatoms and blue-green al7ae (Anobaena, Eicrocstid  

5 - thoee with bloominm Aohonizomenon. In his conclusions Fott 

makes special note of the fact thnt many well fertilized  and 

limed ponds Eive a small yield of plankton. . Let us remember 

thet he is referring to phosphorus fertilizer, the only type 

being used Rt that time in Czechoslovakia. i';evertheless, he . 

considers thet the zroupinE of --ends eccordine to their phyto- . 

 plankton reflects the intensity of fertili - etion: .The fifth 

r,roup includes the most heavily fertilized highly productive 

ponds. When A-honizomenon blooms the develoPment of nanno-

plankton is depressed, but  lare  Clldocera  flourish. Fott ob-

serves that it is not yet clear whether blue-rreen or green 
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algae are more dasirs.ble in fish :ponds. 

F. Havlena (1956), when invastigating the effectiveness 

of US1217 pig's manure for fertilizine ponds, observed mass 

development of laree D-ohnin (Doohnia  aulx,  D. lon , isoino)  in 

fertilized ponds. Dalhnia  yns particularly obundant where there 

vas vilaarous voter bloom lue to Aahanizomenon,  when the biomass 

of al.:ae. reached .?00 kg/ha of dry matter. 

::ovak (1961) mode a special study of the consequence of 

vigorou s water bloom in the fish-breedine'ponds of a Czech 

fish firm caused by Ashanizomenon  with a very large biomass 

(9.2 mg/litre of dry matter in 1957 and 46.9 in 1958). At times 

of maximum bloom there is suppression of other forms of phyto-

plankton and many  foras of zoo)lankton, but at the same time 

there is obundént development of larme Clrdocera  which are val-

uable in the food sense (Daphnia pulex). After bloomscease, the 

variety of the species composition is quickly restored. There-

fore Novak concludes that there are no grounds for fearing that 

w, ter bloom due to e,ohonizomenon  will reduce the fish yield of 

ponds. 

Of ?articuler interest are the studies conducted between 

1950 and 1956 of more than 100 fish ponds in Belorussia. As 

the recuit of these Etudies, it was found thnt "it is those 

ponds in which i:rolonged persistent bloom is observed, with pre-

dominance of .:.-hanzomenon,  that Eive the maximum natural yield 

of fish of 400 - 700 kg/ha" (Lyakhnovich,1958a). On the basis 

of his own and published data, V. P. Lyakhnovich includes Aph-

nIxamenon  among the indicator organisms whose mass 4eve1opment 

serves a reliable indication of a hi.gh natural iish'yield in a 

pond. 
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Later, Lyakhnovich and L. V. Frosy'nik (1962), in a con-

ference paper devoted to the role of blue-green alzae (Sept., 

1962), summarized the data from 40 Unishinm onds on five farms 

in 2elorussia ond shoaed thut as the natural fish yield of ponds 

increases under the influence of intensifi:cation measures the 

biomass of phytoPlankton also.increases, and at the snme time 

there is a parallel increase in the ercenta ,e of blue-green 

algae in the total biomass:  The  largest biomass in 'ponds with 

the highest yield normally occurs when t..ere ls water bloom due 

to blue- green alrae. The authors cnme to he  conclusion that 

"in the ponds  of'  this group it is the blue-green aleae which 

constitute the material and energY, base which leads to the high 

fish yield". 

Lyakhnovich and Prosyanik note that their material does not, 

reveal the suppressive effect of Llue-Ereen alrae on aleoe of 

other taxonomic groups. A similar concluilon was ,rrived at by 

T. M. Mikheeva (1964), who examined the phytoplanton the lakes 

of Belorussia in a paper rend at the .s. ,, me conference. Other 

reports and speeches also noted a positive link between mass 

developstent of blue-green algae and himh fish yields of ponds 

and reservoirs. 

Interesting information to the effect that a hizh fish 

yield was obtained from  the 'ponds of thé "Para" fish farm in 

Rostoblast in 1953 and l954.in.the presence of stronz water . 

bloom due to blue-green algae and Protiococcaceae is contained 

in a paper written by wo'kers of VNIIPhliii (Il' in et alla, 1958). 

The authors assert that the "intensity of water bloom (partic-

ularly when due to blue-green almae) increases from year to 

year with intensive culture". 
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At first rlance all these data are in striking contrast to 

the widely held views concernin ,  the undesirability ele and  even 

"harmfulness" of water bloom formed in ponds by blue-green algae 

and the absolute preferability of protococcal plankton, which . 

is easily consumed by zooplankton. Nevertheless, there still 

reems to be a way of reconcilina these two extreme points of 

view. Generally speaking - , the opinion regardin,- the advantages - 

of protococcal algae was orieinally not based on the results of 

observations of ponds but arrived out through speculation, ar-

guinr from the ease of consumption by zooplankton, whereas blue-

green alrae, it was thou:ht, are not eaten by zOoplankton. Of 

course, the difference in food value anl coneumability between 

protococcal  and  blue-green algae is not absolute. 

Let us recall the importprit data of O. N. Dusina (1956), 

who shored th-t larvae of Chironolus dorsalis  eagerly feed on 

dying cells of , .rhanizomenon,whereas Protococcaceae are un-

suitable as food for them. :here is no doubt that blue-green 

algae are also consumed by. the large  Daphnia. 

Protococcal plankton apparently enjoys an advantare when 

' efforts are being made with artifical fertilizers or some other 

method to increase the production of ponds in the same season. 

It is to be expected that when there is an equal biomass of 

blue-green algae, which affects the yield of fish in a more 

roundabout way, the pisciculture' effect of fertilization in 

the same season will be less. 

However, these ideas concerning the superiority of protp-

'coccal algae become less convincing if we take into account the 

f?ct that not only are the food orgamisms, and ultimately the 

fish yield, dependent on the phytoplankton, but that the reverse 
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also holds rood, i.e. that the species composition and quan-

titative development of the phytoplankton depend on it con-

sumers. Strange though it May seem, this fact is often 

• forgotten. If we take this  aspect  of the matter into,con-'  

siderition we can understand why the largest  biomasses of pond 	• . 

phytoplankton occur when there is develo:ment of blue-green ' 

algue.  In actual fact, if the propagation of the zooplankton '  

is  flot  restricted in any way, its biomass will in a short time. 	• 

reach such à magnitude that  the rate of consumption of the 

Protococcaceae 1/111 be hiEher than the rate oé incrense and 

their biomass will rapidly diminish. That this is in fact the 	- 

case was convinc , nEly demonstrated by 'investigations of bio-

logical cleaning ponds in Minsk. These ponds are periodically 

drained and refilled with run-off water, in which .within a few . 

days, masses of Protococcaceae develop. In summer, when the 

temperature favours the development of rotifers, they Multiply 

on a list scale (tens of thouFands per litre) Pfter the develop-

ment of the phytoplankton and rapidly destroy the'protococcal 

plankton (Galkovskua, 1961; Sivko, 1961). This same phenomenon 

was described for the eel ponds of Japan by Ito (1955). It is 	de 72g/ 
a well-known fact that the development of rotifers, cladoceran . 

 crustaceans and other consumers of phytoplankton 1$ a difficult • 

obstacle to the mass cultivation of akae in the open (Vinberg, • 

1957). Hence it follows th - t large biomasses of 2rotococcaceae 

and other easily consumed algae can only be maintained for a 

prolonged period in esses where increase in the biomass of zoo-

plankton is limited by intensive consumption of the latter by 

fish, or in some other way. This means that dense stocking of 

fish ponds is bound to facilitate the development of phytoplank-

ton. Confirmation  of  this can loe found  in the dataof Solleanu 

11.• 
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(1960), who, after observing the fish ponds of Rumania, came 

to the conclusion that consumption of zooplankton by fish 

pronotes the development of woter bloom. I.;y this he explains 

. the strong water bloom in ponds stocked with an eatimated 

?,0,000 ureleryeorlings per hectare.  From this point of view, 

when large does of fertilizer  are  used it is rational to anti-

cipate dense stocking. In the absence of factors restricting 

the development of zooplankton, large biomasses of phytoplankton 

may be created only if species develop which cannot be consumed, 

or are not easily consumed, by zooplankton. This is confirmed 

by the data of three years of study by N. I. SretenskaYa(1961) 

of thirty-one ponds on three Belorussian fish farms . , including 

both low-nroducing and high-producing effectively fertilized 

ponds. In the table drawn up by Sretensknya, out of 76 average 

seasonal results of measurements, the biomass of Protococcacese 

exceeded 5mg./1 in only nine cases and was greater than 10mg/1 

in only three. A larve biomass of phytoplankton was àchieved 

only because of the development of blue-green alvne, the biomass 

of which was greater than 100me/1 (maximum size 578 mg/1) in 

eieht cases. 

It is because blue-green  algae are not immediately con-

sumed by most of the forms of zooplankton tl-vt they are able 

to develop in masses and give the maximum primary yield, which 

throuell bacterial decomposition and cther channels is included 

in the biotic cycle and raises the productivity of the pond. If 

systematic fertilization over a number of years causes intense 

water bloom due to blue-green algae we can be sure thàt it leads 

to an Increase in the natural yield of the pond. 
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The ideas expressed still need to be subjected to ex-

perimental verification. Nevertheless, it Is already cleor 

that the degree of development. of phytoplankton consumers, the 

density of stocking, and other biotic factors influence the 

composition and quantitative development of thelphytoplenkton 

no less than (JO the physical and chemical conditions of the 

 medium, for example the temperature.of the water of the con-

tent of nutrients, whIch . aré usually the only factors taken 

into consideration. 

An oversimplified idea of a complex natural phenomenon 

retards research and prvents the discovery of ways in which 

the phenomenon cnn be controlled. Therefore, even the primary 

eff , ct of fertilizers must be studied with awareness of the 

great complexity and obscurity of the conditions governing the 

development of phytoplankton and the primary production of 

ponds. Recently it has been discovered that many alvae, for 

example Eurlenoldina, require not only  minerai  nutritive el-

ements but also vitamins. Yockereth (1957) showed that Aster-

ionellq, 11 en artificial medium prepared with distilled water, 

is inc -pable of accumulating phosphorus from NII4Z04, whereas 

in lake water, where there  are  much smaller concentr%tions of 

phosphates, phosphor7Us accumulates in its cells. ..alén 

lake water is added to the artificial medium the capacity for 

the accumulation of phosphor7us is restored. ,Dn the other hand, 

S. I. Kuznetsov (1945) and N. B. Zavarzina (1955) found that 

the water of lakes may contain some substances as yet.unstudied 

which suppress the development of phytoplankton. Let us not 

foret  too the antibiotic relations between various species of 

phytoplankton, which undoubtedly exist altKough they have barely . 

 been studied. W. e still know little about all these phenomena, 
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but  we  knor enough to beware of slmplified notions on the brsis 

of which it is immsible to determine the principles governing 

the initial effect of fertilizers. 

2. The Develop -rent of Phytoolankton In Relation to the Content  
of ::utrlantr in the Water. 

The development of phytoplankton depends on many factors, 

of these, the content in the water of the nutrients serving as 

the active princicles of artificial fertilizers are of part-

icular interest. 

It is often thoueht that it is necessary to maintain a 

specific concentration of nutrients in the water of a pond with 

the aid .  of fertilizers. Thus, for  xample, on the strength  of o  

the results of three years (1958-1960) of research on the ponds 

of the "Nivka" experimental fish farm (Fel'dman, Prosyanii and 

Sukhovii, 1961), the Institute of Fish Culture of the Ukran-

Jan SSR devised norms for the use of nitrogen-ehosphorfeis art-

ificial fertilizers in ponds 7nd.recommendations for their 

application. They recommend adding mineral  malts  every fort-

night until  The  desired concentrations of 2 inz of nitrogen per 

litre and 0.5 mg of phosphoîus per litre are reached, the doses 

of fertilizer being determined from the results of hydrochemical 

analyses, revealing te required anounts of nitrogen and phos-

phorous to be added. The same norms have been Adopted in Is-

rael. L. N. Mcmontova (1959, 1961) considers it necessary to 

eonstantly maintain a very high concentration of mineral nitro-

gen in the water of ponds (for exam;le, 5 mg W1) and a sub-

stantial content of phosphorous (0.3 mg .2/1), which, according 

to her recommendations, c-n t.e achieved by adding very large 

doses of artificial fertilizers every three days. Slmultan- 
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eously she recommends denser stocking.  In the vieil of Mamontova, 

(1959, 1961) these conditions facilitate the development of 

green algae and suppress the develoment of blue-green algae. . 

	

As are  can see, the recommendations for practices leading 	• 

to heavy consumption of artifical fertilizers are based on the 

necessity for achieving the initial effect of fertilization, 

these very  crucial  conclusions being bared on definite . ideas 

concerning the epological and phYsiological characteristics.of 

different algae of the phytopinnkton. It would seem that these 

basic premisses must be well-founded. In point of fact, horever, 

no Attention is usually paid . to  the physiology of the phytoplank-

ton when the fertilization  of ponds is being studied. Therefore 

many of the ideas on the physiological characteristics and chem-

ical composition of air-me  which have become rooted in pisci-

culture turn out to be unsubstantiated or improbably, while mo-

dern eckogical and physiological knowledge and methods emain 

Pnused. It w?s thie that induced us in the present chA:ter to 

examine those basic Ideas on the physiological characteristics 

of fresh-veter plankton which must ,  be examined in the first place 

for A better understanding of the initial effect of pond fer-

tilire:ion. 

It is evident that for rational fertilizrtion of Ponds we 

must use those fertilizing substances which are most needed, and 

in quantities which will ensure thab theyfre drawn into the 

biotic cycle. 

It is difficult And often impossible to jud7e the.fertil-

izer requirements of a pond from the results of hydrochemical 

Analyses, i.e. to determine which of the active *principles of 

the fertilizers must •e added in each individual case. This 

point has already been discussed before.  s far bnck as 1900 
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quirements or ponds by the resulte of observations to determine 

which of the various fertilizinc substances Induced the most 

vieorous dévelopment of phytoplankton ln vessels containing . 

water from the pond under investleation. This method Is invar-

iably described and even recommended in fish-breeding manuals, 

but It has not been widely 7pPlied. 

'eeardlens of t'aie,  and without reference to the interests 

. of pond culture, L. 7. erantzev (1932) suezested the "hydrobio- 

logical productivity method" in -hich cells of the protococcal 

al-a -cenede--alz ru ,.dricauda  are rdded to the wrter under study 

to aee which of the salts added appenrs to cause the , reatest 

increase. Frantsev's method was used by A. T. Musatova and S. dent/ 

I. Kuznetsov (1951) durine a study of experimental ponds on the. 

G'-:iralovek fish farm (Moscow region) in the summer of 1938. 

Roth unfertilized ponds and one fertilized with superphosphate 

revelled the need of nitrog•en and the joint application of ni- 	• 

troren and phosphoçîus. According to the results of tests, in 

the period from the 29th of May to the 3rd of Ueptember ten 

applications of nitro:en-phosphor2us fertilizer were m - de until 

estimated consentratiOnz of 0.4 - 0.8 me/litre of nitrogen and 

phosphorus were achieved. ,The .application of the fertilizers 

InvarlaUy caused an intensification of the development of first 

the phytoplankton and then the zooplankton, -hereas in pond. no 11, 

-hich was fertilized only with superphosphate, planktonic develop-

ment wa- even weaker than in the control pond. The renults of the 

research by Musatov ,■ and Kuznetsov, which ecame known to a circle 

of specialists long before their 4ublication in 1951, were of 

zreat theoretical inportance, since they shook the belief current 

at that time that ponds do not require nitrogen fertilizer. 
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S. I. Kuznetsov used the -zeme method (1956) when making a 

study of pons on the ".Ust-Koisue" fish ferm (Rostov oblast). 

Through biological tests performed on the 22nd and 30th of May 

and the 5th of June, he discovered a pronounced need for nit-

,roeen. In this particular cnse . nitrogen-phosphous fertilizers 

added to the pond stimulated the development of filamentous and 	. 

periphytonic algae and failed to induce vieorous development of 

phytoplankton. Nevertheless the rate of Frorth of the fry ras 

hi.her in the fertilized pond. 	 • 

A vei:y similar technique was  employed by iotnsh (1956) in 

his ',-ear-long study ln 1951 of two ponds in the stnte of New rork. 

He used a culture of another species of Protococcaceae-Kirchner- • 

iella subsolltrria.  From the results of dnily.  counts of the 

number of cells in the experimental vessels he conpnted the as-

symptote of the logistic curve of growth, which also served as an 

indications of the liait of erorth under the given conditions: 

It was found thrt phosphores was at a minimum in the winter mon-

ths, but that after March nitrogen was the factor limiting growth. 

The author notes that the method used by him cnn be used for study-

ing fertilization of ponds. 

In 1949 and 1950 Frantsev's method was used by S.  S. 1-..aslav-

skaya and his colleaeues (1953) in research on ponds in the Kam-

yshkin region of the Volgograd oblast  and comparrd it with another . 

 form of biological testing in which the influence of the different 

fertilizer materials is determined ibrectly from the reaction of 

the phytoplankton in the pond in question. Althoueh there was 

gener%1 agreement between the results obtained bv the two methods, 

preference  '-'as  given to the second,  which was then a'opted for the 

study of pond fertilization 
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The reaction of the plankton to t ,.e ad,iition Of a part-

icul - r subst nce waz determined either from the increase in the 

'number of cells in the course of the experiment, or from . the 

Intensity of photosehesis of the pqcton, which cnn he judged ln 

the simplest case by the content of oxygen in the  "ter  ln the 

experimental bottle towurls the end of the experiment: The latter  

method, which was adopted by I. V. J.:aranov (1949) durine obser-

vations in 1949 of the Artemiev pond on the "Ropshe fish far 

(Len7inmrad oblest), and later used ID:: other authors (3aslavskaya 

et alla 1952, 1953; Zatisone, 1962), proved most practical. It 

is simple, gives  a rspid answer to the question posed, and unlike 

the Counting does not require examination of plankton which is 

po scàble only efUea a:ualified almologist. The counting method, 

In addition to its laboriousness in the face of the complex com- 

positian of the phytoplankton, ::ives a very confused picture, from 

which it is by no meantalwnys posnible to arrive nt a definite 

conclusion concerninm the effect of the substance on trial on the 

function of the plankton as a whole. As aEainst thin, for any 

species composition it is possible to obtain from the rate of 7en-

era.ion of oxygen directly comparible quantitative do*a relating 

to th-t thief function of the plankton - primary production - to 

stimulate which the fertilizers are being used. 

The procedures followed by the different authors for their 

biologics l  tests varied both in the len ,th of the experiment  and 

 concentrations of the salts added, end in the compostion of the 

salts and the plan of the experiment. The most extensive bio-

loelcal tests for the fertilization requirements of ponds were 

conducted between 1950 and 1952 on many ponds of the "Volma", 

"Krasnaya Zvezda", "Beloe",  "tuba" and "hemetovo" fish farms 

 situated in various  parts of Belorussia (V1nberg, 1953, 19$4, 

Lesearch on the ponds in Belorussie led to completely clear-

cut results. In all the ponds examined on the Various fish ferms 

the activity of the phytopinnktonyns stimulated either by ni- 
or lay ni erorth 

trorentand phospholis together, the need for nitrogen 17eing much 

more marked ln the ponds fertilized' with pflosphorius. Only in rare 

cases was there evidence of a weak need for phosphoeas. The same • 

results were obtnined by S. S. Zaslelvskaya -nd her co-authors 

(1952, 1953) in biological tests performed on ronds ln the Volgo- 
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/129/ 1956a, 1956b, 1956c, 1959; Vinberg, iashcenko, 1958). In these 

experiments salts were added to the water until the following 

concentrelons were renchad: 2.7 mg of nitrogen, 1.3 mm of phos-

phores and 4 mg of potassium per litre. These concentr—tions 

: are close to those which cen occur when artificial fertilizers ' 

are used, but they are apparently markedly himher than the minimum 

concentrations swfWent to reve ,.1 the fertiliser requirEments. 

In special tests stagcd to•cle r . up this'problem in 1951 on the 

"Volma" and "Al'ba" fish farms,  Ta. P. Salei and V. I. Gnponenko 

(Vinberg, 1956a) found that . after 48 hours of exp6sure the max-

imum effect W9.1  bans echievad with the addition of as iittle as 

0.3 mg of nitrogen per  litre in the form of 'calcium nitrate. The 	• 

renult of the experiments was b-sicellY the same for different 

concentrations of the salts added and different len.:ths of the ' 

experiments (2, 3, 6 days). Nevertheless, it must not be consid- 

ered that it Is a matter of indifference under a ll conditions•how 

long the bottles are exposed for deing the biolomical tests. This 

question requires further study. Apparently, with weakly developed PI/ 
phytoplankton it is advisible . to  expose the bottles for lonl-er per- 

iods and, perhaps, to use smaller concentrations of the salts ad- 

ded :  
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grad °blast, by A. A. Eaorova (1954) on the bayous of the Vola 

delta, by M. N. Natinone (1962) on the Latvian fish farms, by 

L. P. arseirinky (1955, 1956, 1957, 1961) on the ponds of fish 

nurseries of Kiev °blast and certain other °blasts Of the Ukraine, 

end by N. N. Khmeleva and . I. Tsvetkova (1959) on the ponds of the 

vimba-chemnia nursery in Krasnodar region. 

S. I. Kuznetsov (1945) and N. 2. Lavarzina (1955), on using 

the method of Frantzev, found thnt the lakes they were studying 

near Moecow (aeloe, i.:vyatoe, Nerskoe, Dolgoe, Krugloe, Bolishoe 

and Milos.. Medvezhil) mainly display a need for nitrogen. 

I. V. Baranov, one of the first to Use biologlcal tenting 

and to have fully evel'ated the data obtained in this way, em-

ployed this method systematically for hydrochemical research on 

m'any bodies of water (Ialranov, 1948, 1949, 1952, 1953, 1954, 1958, 

1960, 1961, and 1962). In the firet end second papers, in which 

he used the dota of 19 1:6, he showed thet the phatoplankton of 

-Artem'ev pond on the "Ropsha" fish farm In  Leningrad  °blest reacted 

only to the addition of phonphoeua and fniled to react to ni- 

tro en. In this case the pronounced need for phosphoîus and the 

analogous dete for Nikol s sky pond oituated near Petrodvorets (Par-

-may, 1957) are due to the feat thet the bodies of water of the 

Silurian plateau of Leniner d ()blast are fed by  glacial wrters with 

a very low content of phosphates. It might be added that in al- . 

kaline waters of high minernlization the condItIons described above 

foster the combination of phosphtqus. Thene observations are of 

great interent, nince they were made on aonds whIch, unlike the 

overwhelmlna majority,  of the bodies of ,,ater atudied, are character-

lzed by a marked and persistent need of phos ,:hoes due in all cases 

to the special feetures of their hydroc ,..emtc 1 regime. Let us re-

member that the first experiments in phospheîus fertilization of 
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ponds, which were widely known in their time and of Ereat sia- 

nificance, , e'e made by N. I. Arnold between 1929 and 1931 On the 

ponds of the "Ropsha" fish farm, which, as is now clear, now oc- /21/ 

upy a quite special 'position as regards fertilizer requirements. 

As e ,.rly as 1952, I. V. É-- ranov found that the very first 

biological tests of water of the Vlasov, Batrachek end Mayachny 

bayous in the Volaa delta cleatly revealed a markrd need of ni- 

• troaen. Seranov suaaested:apilying nitrogen fertilizers  as an 

element of the "combination" orgeno-minerel fertilization recommended 

by him, which is also examined in his pnper of 1953. On the 

streneth of this, ammonium sulphate was us d.  as early es 1952 for 

the fertillartion of the Batrachek bayou (Milishtein, 1957). 

In subsequentresearch Baranov used . the . same method of bio-

loerical testing/ to find thnt the need for nitrogen or nitrogen - 

and phosphos3us was chnracteristic of the lakes  (Onega, Chuzhkov-

skoye, Kuibyshevskoye) studied by him. Only i4solated case did he 

discover a weak need for phosphoîps as n temporary or seasonal 

phenomenon (Kulbyshevskoye reservoir in 1957 and 1958). 

Thus the method of biological testing used on many  bodies of ' 

water in different zones of the Joviet Union showed convincingly 

th.t it is usually nitrogen or nitrogen and phospholus compounds 

thot are needed to stimulate the development of phytoplankton. 

This proved that application of mixed nitrogen-phosphoes fertil-

izers is eound practice. 

It is particularly Important that the strongest effect in 

biological  tests  is Fenerally obtained from the joint application . 

of nitroeen and phosphofDs, whereas in matut cases, for exemple  in 

the "Shemetovo" experimental ponds (Vinberg, 1958), the phyto-

plankton failed to rep ,t on the whole to sepnrate application of 

these elements. These facts show that the cycles of nitrozen and 
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phosphos are very clocely linked. Ls te k.:ow, the ratio of 	• 

the concentr:tions of nitroeen and phosphogàs in the natural 

waters (on average r:P equals 10) is generally close . to the av- ' 

erage ratio of these elements in living organisms, and this 

reflects he balance achieved between the constructive and de- 

' structive processes of the biotic cycle in nature. 

From this follows the important conclusion thnt the sparate 

aaplication of both phosphoibs and nitrogen fertilirers can 

• only be adequate in special, apparently rare, cas s. As ft rule, 

these two componeres are most effective only when used together. 

The important results nchieved with the biological testing 

method should not lead us to overestimate its possibilites. In 

the form in Which it was used by the nuthors mentioned nbove it 

can only rive a clear Idea of which of the elements is required by /132/ 

the phytoplankton of a pnrticular body of water at a particular 

time. When biolo=ical tests show thnt the plankton requires a 

specific nutrient this fact still docs not, in itself, prove that 

the corres',onding fertilizer should be added to the pond. Thus, 

for example, when phytoplankton develops exceszively it also dis-

peys a "need" of nitrogen or phosphoîas, which might lend to a 
•h 
senseless increaze in the biomnss and production of the phyto-

plankton with possibly undesirable consequences. 

We cannot expect biological testine to supply an answer to '  ' 

the ,,ueeion of how mach of the necessnry element must be used for 

fertilization. In this connection quite unacceptable recommend-

ations  are  made by Popescu (Popescu et alla).  Since there were 

only two ex - eriments, in each of ,hich ammonium nitrate was used in 

four different concentrations, it cannot be accepte4 that the re-' • 

sults of the biological tests conducted (which, incidentally, were 

not very clear-cut) permit the recommendation of specific doses of 
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fertilizer. The amountsrecessary and sufficient depend not only L_L 

wee'?  I 
on the processes which take place in the main body of the -ater 

Me 	1—/ , 
rebee*  . d  ctr 

can to some extent be -ter3e2azie-e-- ,,-,2ze-aclerition in the blolo:Ical 	é4t  
ie.1›.1"A47*41„2  

tests; they are also dependent to no less degree on the exchange 	44.« 

between the w , ter and the bottoM, the macrophytes, and so on. 

Therefore, to determine and test the arplicability of the results 

of biological tests to the body of  ater as a whole we must con-

duct appropriate experimentS:on'the ponds. 

In one and the same body of water, but in different seasons, 

the phytoplankton may display substantially different requirements 

as regards  nutritive substances.  Thus, for example, in 1951, re-

search on the ponds of the "Volma" fish farm in Belorussia at the 

beginning of summer, when the phytoplankton vas still weakly de- .  

veloped, revealed a need of phosphoqàs, which was later replaced 	• 

by n clearly marked need of nitrogen. Apparently, here as in other 

similar cases (Potash, 1956),  aras  manifested the absence of phas-

phoiîus and nitrogen cycles referred to above. By virtue of the 

more labile links, the feed-back of the phosphoîàs, at least within 

the limits of the wnter messes, . must be greater than that of the 

nitrogen, the liberation of which requires more thorough decomp-

osition of the organic subbtances. Therefore, we should expect 

that rather more nitro:en than phosphoilus will be immobilized in 

the orgnnicremnnnts, not yet decOmposed, in the annual cycle during • 	' 

the growing sea,on. -nich arguments havgalready been  adduced to ex- 

plain the decline in summer of NO 3 :P ratio in New York harbour 

aher'fertilization with pollutants (Jeffries, 1962). 

L. P. Braginsky (1961) also  states that in ponds "In spring 

(in May and the beginning of June)....there is a slight increase 

• • 
• 
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in the need for phosphodas; later there is a persistent need of 

nitrogen and NP", but he is inclined to put a different inter - 

pretatioh on the sensonal differences in the results of biological 

tests and to regard them as the conseeuence  of 	of the 

dominant species of phytoplankton. 

. According to his ohserv-.tions of the composition of the phy-

toplankton developing in experimental bottles during biological 

terts, L. P. kraginsky makes an interasting attempt "to show how 

variations in the species composition of the phytoplankton are 

linked with variation in its "need" of nutritive elements, as 

determined from the intensity of photosynthesis". The computed 

concentrations of the main nutritive elements in hls experiments, 

as in the experiments of C. G. Vinberr, were 2.7 mg of nitro:en, 

1. 2  mg of phosphoirjus end 4 mg of potassium per litre. He.ving 

summarized the material of many experiments , L. P. Braginsky came 

to the conclusion that "it is possible to observe a definite sim-

ilarlty in the re-ctions of phytoplankton to fertilizers of the 

same type, particularly nitrogen fertilizers." Protococcncane,  

esleciallv .7..cenedesmus  and some Zumlanoldina (Trnchelomonas), re-

act with intensified multiplication to the addition of nitrogen 

fertilizers in vitro or in the pond. L. 2. Brazinsky suizzests 

th.se species hitrophils. "Diatoms (Pinnulnria sp. sPr. 

r - vicala  SD. sp.) and some hlue- green aL-ae (Nerismonedia nuntata, 

M.  tenuinsimn)  react in the slate way to the addition of phos-

I,hodas" (phosphorophllous species); "forms of desmidian algae from 

the renera Clostarium, Cesmnrium  and ,trurnstrum react slowly to 

potassium, there being no resultant increase in the intensity of 

photosynthesis". 

It seems that Braginsky suggests that the result of the bio-

lorical tests also depends on what almae achieVe dominance in the 
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tpst hottles, eince, for 'netnnce, in his  via", Protococcnceae 

will require nitrogen, blue-green nlEne will need phosphoÉps 

and so on. Bravinsky, like some other nuthors (K. A. Gusei) 

appeays to irnore the fact that the term "requirement" or "need" 

used of phytoplenkton in connection ;Pith a ,,articular Plement 

may be understood in two quite diffe - ent senses. In the ecolorical 

sense it means the optimum concentration in the medium for the 

develonment of n Eiven . speçies, end this is the way . Eraginsky in- 

• terprets the term, distinguishing nitrophilotis, phosphorOphilous 

andiother species. The other'meaning of "reeuirement" is the part-

icular qunntity .of a nutritive element necessa-y for the production 

of n certain biomass of phytoelankton of a Elven composition. 

There is no doubt that different specie 's of al-8e  develop 

best under ,Ufferent environmental 'conditions.  K. .  Guseva(1952) 

show?d that dintems cultiv .7,ted by her grew best nt a nitrate ni- 

tro?en con'.ent rangin- from 0.01.(T- bellaria fenestruta) .  to 0.4- • 

0.8  mg N/litre (Synedra acus), whereas the maximum development of 

frotococcncene w - s achieved nt 5 mg of :71, and the penk develop- /Ite 

ment of Volvocind, (:ulorinn; Chelnmvdomonns) t  not lower than 2-5 

mg of N/1. The same effect was.achieved with npproximntely 10 'times 

smaller concentrations of amlonium nitrogen. In respect of blue-

Ereen alone Cuseva notes thut some speclzs . ln this rroup cive their 

maximum lncrease nt the name. concentrations as the dintoms mention- .• 

cd enrlier (Aphanizompnon flos inpune, Annb-enn Lem”armnnnii), 

whereas other speci - s do so at nitrogen requirements similnr to 

thone of green algae. Let us note that in other groups too the 

needs of various species undoubtedly differ just 9S much, which is 

in complete conflict with the feedinr chnracteristics of lar -je 

eroups of algae that have come to be accepted in hydrobiology. 
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E vine demonstrted thoroughly that different species elevelop 

bezt at different contents of nitroven in the modium ) Suseva at-

te - pts to,connect the different nitrogen requirements.of the 

species studied by her with the fsct thnt "according to need" they 

differ in the content of nitrogen in dry matter. This seems to  us 

unconvincinr, since many data show that the chemical composition 

of the org'nic matter of the most diverse niece is ve -ey 

In this case a eiven increase in the biomass requires n elven 

qunn'lty of nitroven, and in this sense the various species of 

algae will not differ in their nitroren requirements. As we can 

see, a clear distinction must be drawn etween the two possible 

me•nings of the term "requirement ° . Let us explain this by an-

other example. Let us imagine thnt "phoszhcqus-lovinespecIes, 

. i.e. s.ecies which reluire for their normal development relatIVe- « 

 ly high concentrations of phosphates in the medium, do not differ 
eeervir. 	swr4 	Cer 

in their chemical composition ir
,. 
 , U. ,,: t7fe n -lA t  the aime  quan-

tity of nutritive substances will be required for a given Increase 

In tha biomass of each of thece . species. Let us suppose that there 

is a larve excess of phosphoCus in the medium and that the phy-

toplankton accordqly consists of phospho/7us-lovine species. 

Eo•ever, if there 12 en excess of phosphous, the upper growth 

limit of the biomnss will . be  determined not by the phosphorbs but 

by nitroven. Zence, during biological tests these phosphoi9Us-

lovinr species displ-y e need of nitrogen. thus, the final resUlt 

o f the biological tests will indicate the nutritive element which 

is in insufficient supply to ensure growth, i.e. that element which 

is present In the smallest quantities s,nd which determines the limit 

of the possible dêvelopment of the total biomass of phytoplankton 

for any given species composition. 

Hence we must clearly differentiate between.the two meanings 

nutritive elements and the n,-ed of fertilizer. The'first, or ecol- 
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ogical meaning is uppermost when un analysis is made of the cm- 	/le/ 
ditions of the medium ensuring the possibility of developXent 	• 

of a given species. The second meaning is paramount when a study 

is made of the conditions ensuring the possibility of en incresse 

in the total biomass of tile . phytoplankton as a whole. The re-

quirements us determined by the method of biological testing, in 

the form described earlier in which such inteeral functions as the 

intensity of photosyntheis . or'groath of the biomass are used as 	• 	. 

the criterion of the activity . of the plankéon, should be understood 

mainly in the second sense. 

Let us note ihat the requiraments of the plankton are on the 

whole far less s2ecific than those of its component species, taken . 

separately.  L'or  example, n lack of silicon or vitamin 312  mny 

limit the development of a particulnr species, but it'cannot res-'' 	• 

trict the vrowth of the biomass of phytoplankton as a whole, if it 

is made up of species which do not need silicon or vit amin  

This appears to explain the generally uniform picture emereinv froM 

the bioloEical tests, according to which the development of the 

phytoplankton of the most disparate bodies of water is limited by • 

nitrogen and phosphorous. As avninst this there is no doubt thnt 

the development of individual species of algae may be limited by 	• 

mlny different factors, such as micronutrients, vitamins and many 

others. 

Artificial fertilizers, by suPplyine lackinv nutritive el-

ements, help to increase the yield or phytoplankton, with the 

active principles of the fertilizers, primnrily nitrogen and 

phosphorous, entering into the composition of the bodies of the 

alEae. From this it is clear that accurate ideab of the chemical 

composition of the'phytoplenkton are of prime . interest for an 

unàerstanding of the way ln which fértilizeri act and of the con- 
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ditions determininr the maximum possible initial effect of their 

application. 

The similarity between the main indicies of the chemical 

composition of the orgcnic motter of different alae has been 

confirmed  sain  and a min  by many recent studies. This does not 

mean, however, thot there is n certain invariable chernical com-

position of algoe independent of the conditions of Erovrth; it 

merely means that the differences in the chemical composition of. 

the organic matter of one and  the same speci-s under different 

conditions  may be no less than in a comparison or data relatinE to 

different species. This important principle, vhich was enuncilted 

25 years ago (Ketchum, Uedfield, 1949), has been verified by many 

authors. At first siEht it contradicts the oft repeated statement 

that, for example, blue-green algae are "rich ln nitrogen", whereas 

diotoms contain less nProgen and hence, protein, the quantity of 

which, as we know, ic colculated from the quantity of nitrogen. In 

point of fact, the content of nitrogen in diatoms, expressed as a /e/ 
percentage of the dry weight, is 10-er than the content of nitrogen 

in the dry matter of green or blue- green  algae. However,.this dif-

ference Is fully explained by the fact thnt diatoms are character-

ized by a hirh aeh content  due  to layers of silicon (up to 50-70% 

of the dry weight). ;:hen calculated for ashless (organic) substance 

the content of nitrogen in comparable conditions is the same as in 

other algae. 

The extent of the similarity between the composition and chief 

biochemical characteristics of different algae is clear, if only 

from the results 6f a careful study of the accumulation of fat in 

cultures of algae from the most diverse taxonodc Glosses. The 

study failed to reveal any "substantial" differences in fat ac-

cumulation in representatives of Chlorophyceae, Zugleninae, 
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Xanthophyceae and Bacillariophyceee. The authors note that"the 

generally accepted view that accumulation of fat is characteristic 

of certain classes of alEae is.besed on insufficient data" (Collyer, 

Forrff. 1955). 

Let us point out thalt it is the chemical . compositIon of the 

organic Latter and not the d-y matter that determines the food 

value of alsae,  as  indeed of other organisms, and that it is the 

organic  motter  which ' cOntains the energy and the major part of the 

nutritive elements. Therefore, for the aurposes of biological pro- 

duction and fish breeding it is the chemical œmposition of the'oshless 

and not dry màter whist": is of greatest Interest in the overwhelming 

majority of cases. 

The composition of alFae reared in a culture may differ strong.: 

, ly from that of phytoplankton in bodies of water. ::evertheless, for 

the purposes of comparison it Is interesting to cite certain data. 

On the strenght of extensive cultural experience it is assumed that 

the normal requirement of Chlorelle  per 100 parts by welEht of car-

bon is:* N - 15, P - 5, Mg - 2.5, K - 1.8, S - 1.6, with carbon 

normally forming 51-56% of the ashless matter. Let us note the 	' 

unusually high content of phosphoras,  which should evidently be 

ascribed to the hiah content of phosphates In the culture medium.. 

The extent of the possible difference in the chemical comp-

ositions of the cells of the snme species reared under different 

conditions is shown by the widely known data obtained from Chlorella  

cultures. Dependinr on the conditions of cultivation, the content 

of nitrogen in the cells of Chlorella  may, eccordinr to the well-

known paper of Spoehr and Milner (1949) range from 1.2-14%, which 

would correspond to 7.3-88.2% of protein. The relative content of 

many other components . may also fluctuate within similarly wide 

limits. Therefore, there is sense in citing collated data of the 

results of analyses of the composition of different algae (Krause, /137,/ 
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1958), relating mainly to cells 7rown in cultures. ( 	
239

11ble 3) 

Table 3 also contains data obtained un'er extreme conditions 

of cultivation. For comparison -e give in the last column av-

erage  data  of analyses of alzae, chiefly Protococcaceae, bred on 

municipal drainage water, i.e. under conditions of a restricted 

carbon diet and a rood supply of nutritive elements (Gotaas et 

alla, 1954). 

Table 3 .ives only a eeneral Idea of the range of variation 

of the content of individual components. The range of the content 

of phosphodis has been greatly compressed, as lt Is very v-riable 

and may be hirher than 1.5% or lo-er than 0.94%.dry weight. How-

ever, it is mnrked by éreat steadiness and in the overwhelming 

majority of cases It constitutes  $0-55;; of the ashless substance. 

Unfortunately there era only a few data characterizing the 

chemical coxposition of fresh-water planktonic algae bred under 

natural conditions.  The nitroren content in the dry  setter of dia-

toms of fresh-rater  plankton ranges under natural conditions from 

1.6-3.1%,. The corresponding figures for green alrae and blue-

green algae are 2.4-8.32; and (.5-9.22. respectively (Guseva, 1952). 

Let us remember that these differences are obliterated when reek-

onine on the bais  of ashless ratte.  According to Cuseva, the 

Ifnosphorous content in the dry matter in different algae of fresh-

water phvtoplankton  ranges  from C.19 to 0.55%. 

TABLE 3 
Range of fluctuation of elementary composition of monocellulnr algae 
of various taxonomic classes bred under different conditions.(as 2(, 
dry weirht). 

• 

Element 	 AccordInm to Krauss 	Bred on drainage 
(1953) 	 water, recording to 

Gotaas.(1954) 
• 

	

49.51-70.17 	 44.9 

	

17.40-33.20 	 25.7 
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6-57-10.20 
1.39-10.98 

0.91 
0.94-1.51 
0.00-1.55 
0.04-1.44 
0.26-1.51 

The great differences referred to in the chemical composition 

of the cells of specific species occur under different conditions 	• 

of cultivation. The extreme value; for example the particularly 	' 

low content of ni .trogen, which was acco.panied by a hieh fat content)  1139/ 

were observed under special conditions, with nitro:en starvation 

and strongly retarded growth. In nature such cells are incapable of 

competing. It appears that-in a population of phytoplankton made 

up of many species each species can remain . in the composition.  of the 

plankton and not be replaced by species more attuned .to the riven 

combination of environmental factors only in circumstances permittinr 

more or less normal development of the species in question'. There-

fore the fluctuations that may occur in the'chemical composition . 

under natural conditions are bound to be much smnller than those ob-

served in monocultures in extreme c -mditions. This rives rise to 

the Idea of a "normal" chemical  composition  which is steadfastly 

- preserved in actively growing populations. 

The determination of the "normal" chemical compositiOn of the 

various algae of the phytoplankton is beset with many difficulties. 

Extremely interestinr data have been obtained for Microcvstis neruE- 	• 

inosa (Cerloff,'Skoog, 1954). Careful exaMinations of cultures of 

this . species led the authors to the conclusion thnt the "normal" or 

"critical"content of nitrogen in Microcvstis  was 5% of the ashless 

matter, since this content of nitroren ensures . the maximum speed of 

growth '. Under cultural conditions the "normal" content of nitrogen 

in the cells (e) is achieVed at approximately . 10 mg of nitrate 

H 

Co  

Mg 

7. 69 
8.92 
1.11 
1.00 
1.2 

0 .35 
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Se 
•nitroren per litre of medium while the mIximum content (8,1) Is 

achieved at,lf, mg of nitrate  nitro-en per litre of medium. At 

the -:ame time, under natuna conditions, Eicrocvstls  develops 

nplendidly rith a far lo-er.con'ent of nitrogen in the medium. 

It is noteworthy t'at in nature a high content of nitrogen 

and phosphorgs ln the cells of Microcvstis  Is achlevk at con-

centrations of these two elements in the medium at which the 

cells in cultures experience acute nitroeen and phosphoarus star-

vation and have a lo-g nitrog.en content. In material collected in 

nature the nitrogen content ranged from 5.64-8.68, with an average 

of 6.83,.and the phosphorius content varied from 0.52-0.984 with 

. an average of 0.69%. ihis ex7.mp1e shows once again how difficult 

it is to judge the trophic conditions for phytoplankton in bodies 

of water from data obtained in cultural conditions. 

Frequently the results of physiological  investigations on 

cultures prove to be in conflict with the views which have been 

formed by hydrobiologists. Thus,.for exle, a study of the con-

ditions ensuring the reatest speed of growth of Microcystis  in 

cultures revealed that it is achieved only at a very high content 

(not less than 13.6 mg/litre) of nitrogen in the medium. (Gerloff, 

Fltzrer7.1d, Skoog, 1952).  On the  strength of this, the "normal" 

nitrogen content in the culture medium would be 20.4 mg/litre(:). 

In absolute contradiction of the idea that blue-green algae are 

phosphous-loving, the concentrations of phosphoeus adequate to 

ensure maximum mrowth proved to be comparatively low (0.18 mg/litre). 

The authors conclude that of the elements formine the mineral diet 

of Microcv-tis  "there is most reason why nitrogen should be the 

(actor limiting groWth". 

Although these data, which were obtained on cultures, cannot  
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be applied without qualification to natural conditions, we cannot 

ignore them either. These data, like the material of many authors 

who have successfully cultivated . different species of planktonic . 

and blue-green almae on media containing mirn;ral compounis of ni-

'trogen in considerable concentrations, show how Insecurely based 

are those ideas tha't the development Of blue-green alrae is, so .to 

speak,excluded when the medium contains about 5 mg of mineral ni-

tro7:en per litre. Therefore it is no surprise that in sosie cases 

water bloom due to blue-green alrae (Microcvstis  and other;)has 

been observed in ponds in which a 	content of nitrogen com- 

pounds has been maintained in the water throueh the application of 

large doses of nitrogen-phosphorigs fertilizers. 

The study of the chemical composition and trophic requirements 

of phytoplankton Is also ereatly impeded by the fact that planktonia 

algae may accutulnte phosphoegs, and to.a lesser derree nitrogen, 

beyond the "normal" content of these elements. Therefora they prove 

able to grow in media which do not contain these nutritive sub-

stances, where they can complete isevern1 subsequent divisions due to 

a drop in the relative content of nitrogen and phosphodus in the 

 cells (Frantsev, 1932; Modhe, 1948). The ability iE particularly 

marked in respect Of phosphorils and less marked in the case of 

trogen. Thus, for example, Microcvstis  in a medium without nitro- . 

gen gave a .100% Increase in driweight, whereas the increment wad 

much greater in a medium without phoSphogus. The increment was 

308% for cells bred at 1.8 mg of P per litre,  177% for those bred 

at 0.18 mg P/1, and 102% for cells bred nt 0.09 mg P/1. (Gerloff et 

alla, 1954). 

Accordingly, the relative content of phosphoOs is partic-

ularly variable. The.ability of the cells of phytoplankton to ac-

cumulate "excess" quantitie 's.  of phosphaags is  of prime importance 
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It would npperr that many planktonic n1-e, whore phySio-

logical characte .ristics in natural conditions have not been 

studied, differ from Astérionella  in several ways, for example 

they need large concentrations of nutritive elements in the 

medium. Ho-ever, it is a well-known fact that phytorlankton of 

the most vnried composition vegetates successfully and develops 

en masse at low  concentrations  of nntritive elements and is cap-. 

able of reducing'their content in the wnter to analytical zero, 

i.e. to insignificantly small concentrations which cannot te de-

tected by chemical" methods. . Therefore there are no grounds for 

thinking that a high  content.. of  nutritive elements - some several . 

mg of nitrogen per litre or several tenths of a m: of phosphogus 

per litre - can stimulate the development of phytoplankton the 	. 

more, the 10-er the coneentrntions of these elements. Most prob-

ably, to achieve the maximum speed of propagation of at least the 

overwhelminm majority of species of alene it is sufficient to main  - 

tain moderntely high concentrations, for exnmple'up to 0.1 mr of 

phosphoeUs/1 and up to 1 mg of nitroeen/l. The lengthy presence 

or large concentrations of nutritive substances must be regarded 

as proof that under the conditions in question they cannot be u-

tilized, i.e. as an indication of lack of effectiveness.of fertil- 

• izers. 

3. 2hvtonlankton 	An index of the Initial  F.ffect of Fertilizers.  y 
Investigation of the dei:ree of development, and in particular 

measurements of the primary production, ennble us to express the 

initial effect of artificial fertilizers in quantitative terms and 	/41/ 

to find the connection between primary  production and the fish 

yield of fertilized and unfertilized ponds. 'alen euch com7arisons. 

are made the species composition of the .phytoplankton should be 
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.to a study of the effect of fertilizers. As long aeo as 1941 

Linsele (1941) noted, on the strength of the results of a study 

of the cen ,eauences of fertilization of 	Schleinsee, that 

the content of nitrogen in the net plankton of the lake was rel- 	• 

atively stable (4.2 - 6.o;) whereas the c ,ntent of phosphoes 

fluctuated much more strongly (0.33 - 1.1A, as the re;ult of 

which the r:P ratio also varied widely ( 1 .5 - 18.2). 

Planktonic  ale are also able to nccumulate plaosphoiîus when 

its content in the medium is very low. In this connection the 

data of Mackereth (1953) are  exceptionally interesting.. He showed 

that the diatom Asterionella foreosa cnn accumulate .-,hosphol9us 	/46/ 
at insienificantly small concentrations of phosphate phosphof?us 

in the ,,ater down to 0.0001 mg P./litre. In the lake studied by 

Mackereiith, perticularly favourable conditions for the accumulation 	. 

of phosphoes axist alrer.dy in wintertime. This ensures rapid • 

propaeation of A-terionella in the spring. The content of phos-

nholUs in the cells of rackereth's observations dropped very 

heavily when the number of cells, both in cultures  and in natural 

conditions, increased. For  instance,  in a culture in which the 

on-mal  content of phospiloijus in the medium as 0.001 mg per 

litre there were initielly . 1.5 . 1cror-rams, but bu the time the max-

imum numher w"ra re - ched there w as only  0.06 micromrams of phos-

phoOle per million cells. According to  te data of Lund (1950), 

who in his classic research projects conducted in the rame lnbora-

tory on Z.'reiEe Uinderrere  made  n detailed study of the lire cycle of 

Aster , onells,  the content of phosphoCis in the cells of this species 

varies within even  ,rider  limits - from 0.06 to 4.2 micromrams per mil-

lion cells. nowever, we must t'ke into account  th e fact thnt after 

subser:uent  divisions the volume of the cells of diatoms may diminish 

substantially. 

.• 
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taken into account, since it is quite possible that when there 

is a predominance of Protococcaceae, for example, fertilizers 

may te rot effective for a smaller biomass and lcwer phyto-

plankton yield than when blue-ercen alene predominate. The 

biomass achieved due to the development of Volvox  will not  cive  

such an ef:'ect as might be obtained, sholl we say, with a smaller 

biomass of Ghlanvlomonas,and  so on. Unfortunetely, there is no 

way at present of differenti..ting between these different aspects 

of the problem, so ve have to compar  the fish yield with the 

total biomass and primary production of the phytoplankton regard-

less of the species composition of the latter. 

Several methods have been Used for making a quantitative 

estimate of the deeree of development of phytoplankton. Among 

these the most widespread is the counting method, which is indis-

penrable when it is necessary to follow the dynamics of the de-

velopment of individual species. But material on the number of 

cells, or coenobia, does not enable us to compare the general de-

velopment of phytoplankton of different species compositions. To 

overcome this difficulty we have to resort to computing the biomass 

from the total volume of cells. In this way we obtain values for 

the total bioisss of phytoplankton ,hich are nt first sight quite 

comparable, irrespect ive of the op cies comaosition. To a certain 

extent this is the case, but even the figures for the biomass Com- 

puted from the volume of cells  are  not free from many qualifications. 

The same biomasses of diatoms, say Protococcaceae, may differ in 

their content of dry or oreanic matter, caloricity, etc.-In spite 

of this there is- some point in comparing the available material 

on the biomass of the plankton of fish ponds with the rich yield 

of those ponds. 
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On the basis of the results of an investigation of 69 fish 

ponds in Belorussia in June and July in 1958 and 1959 E. L. 

Chernyakova (1961) divided all the ponds examined into'four cat-

ezories according to the biomass of phytoplankton: 1 - those 

with a biomnss on less than lme/litre (28% of the total num*:er of • 

of ponds examined); II - those with a biomass of i-10 me/1 (48A; 

III - those with a biomass of 10+100 mg/1 (20;:); IV - tose with 

a biomass of over 100 mg/1 (only two ponds). These data 'show that 

the ponds investigated are characterized by weak development of the 

phytoplankton. The data of V. 2. Lyakhnovich and L. V. Prosyanik 

(1962) reproduced in Table 4 demonstrate this. 

TAUS 4  

Average sizes of the biomasses cf phytoplanktcn during the 
growinfr season and the natural fish yield of ponds in Eelorussia 

(after Lyokhnovich and ?rooyanik, 1962) • 	• 

KEY: (1) Group. (2) :!o. of ponds. (3) Fish yeild in  kg/ha. 
(4) mean. 	(5) Minimum and maximum. U. ) Flomass of PhYto - - 
plankton in g/m3. (7) Numer of blue-green as percentaze 
of phytoplankton. 	 • 

Without any attempt nt selection the t.ble includes all the 

final results of systematic studies of the ponds of Belorussian 

fish farfb between 1950 and 1960. As we see, the ronds ) .rlUch are 

errouped according tO their natural Ash yield) also clearly differ 

as to the mean biomass of phytoplanktorifor each grou'p of -:onds, 

A z/ 
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determined from the average data of observ , tinns extending for the 

entire length of the growing season. The hijier the fish yield, 

the hi ,her the mean biomass of phytoplankton of the ponds of the 

corresponding group. Such strictly regular results .  can only be 

obtained on the basis of the mean data of systematic studies of ' 

a large number of ponds. The wide fluctuations in the mean blo- 
t 

masses for individual ponds, asr elected in the table, show that , 

no clearcut connectlmns can be expected between the development 

of the mhytoplankton and the fish yield when  ore  compare the re-

sults of a few observations. 

Lyakhnovich  and. Procyanik (1962) note that in Belorussia in 

recent years increasing eutrophication of fish londs has been ob-

served everywhere, and this is connected with the growing inten-

:Sty of farming. Observ-tions of the same ponds revealed that at 

the beginning of the fifties the biomass of phytoplankton in them 

w?s only 8-10 g/m 3  and over. Accordingly, the fish yield has 

risen from 150 to 600-800 kg/ha. From the data given in Table 4 

Lyakhnovich and Prosyanik estimated how many kilograms of biomass 

of phytpplankton went to produce 1 kg of fish in the ponds of each 

of the four groups, and obtained the following figures; Group 1 - 

0.(3, Uroup II - 1.67, Group III - 3.1$ ,  croup IV - 3.76. The 

impression is created that •when there is an increase in the bio- 

mass the effectiveness of the utilization of the primary production 

ls reduced, but we should bear ln mind that the aquatic vegetation 

-as more strongly developed in londs with aoorly developed phyto- 	' 

plankton, and this vegetation could have served as an important 	/143/ 
source of primary production. It is interesting to note that if we 

exclude the blue-green algae from the bloméss of phytoplankton we 

obtain for the ponds of all four Eroups a figure of 0.40-0.76 kg 

of phytoplankton ar kg of fish yield. 
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It is still difficult to say how typical these figures . relat-

ing the biomass of phytoplankton . to.the fish yield are. In aart-

icular we need data on the biomass  of phytoplankton of ponds sit- - 

uated in the southern regions of the Soviet Union, where the 

figures should be higher. However, it is doubtful whether the 

mean even for the southern regions exceeds  $00 mg/l. 

As already noted, the blomassItà of phytoplankton calculsted 

from the %el-me of celle are ver y relative, depend on the methods 

of measuring the cells and making the computationis, have different 

significnnce Cor different species compositions of the phytoplank-

ton,and so on. It is preferable to express the biomass of phyto-

plankton directly in terms of . dry weight,.and even better to do so 

in terms of the dry weight of the ashless, i.e. orgsnic, matter, 

since the food value and energy content of the cells of the phyto-

plankton depend primarily on the quantity of orgnnic matter, which 

is formed as the result of photosynthesis (primary  production) of 

the plankton. 

Unfortunately, only in a féw cases was the biomass of phyto-

plankton expressed in these units. Swingle and fllith (1939 ) and 

other papers in their celebrated investigations of the effective-

ness of artificial fertilizers, came to the conclusion that there 

is a direct link in fertilized ponds between the deFree of  develop- • 

ment of phyboplankton end the fish yield. This is clearly illus-

trated by the graph in Fig. 12, which was constructed from their 

data. Swingle and Smith consider that an effort should be  made  to 

maintain the development of phytoplankton in the ponds at °a level 

of 1$-30 mg of ashless matter per litre. They note that when the 

biomass is larEer overvigorous development of phytoplankton may 

have adverse consequences. For example, they mention a case of 

suffocation of fish as the result of the decomposition of phyto-

plankton which had accumulated on the surface of  ronds, the total 
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Fir. 12 - Link between mean biom , ss of phytoolankton of experimental 

ponds , nd their fish yield (based on data of Swingle and 
Smith, 1939). 
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biomass of this phytoplankton being 78.1 mg of ashless weight per 

litre. 

nesearch on the ponds of Belorussia (Vinberg, Leshins and Vas-

ll'eva, 1958) revealed th - t  the total  biomass of plankton can be 

rstimated with almost s fficient accurncy from the bichromate ox-

IdizabIllty of seston collected on a membrane filter covered with 

powdered gloss. Of course, this f17ure, like the ashless weight of 

"plankton" of Swinrle and jmith, includes both detritus nnd  zoo-

planton. Ho-ever, in the wnfertilized ponds with reak development 

of plankton the content of sedton did not exceed 2-2.5 mg of ashless 

flatter per litre, rhereas in fertilized ponds it was much higher, 

reachinr 14 sr-J/1. Hence, the difference ln the bichromate oxidim- 

ability of seston in control and experimental ponds provides us, 	/441 
through this easy and simple method, with valuable Information on 

the biomass of plankton in fertilized ponds, expressed in absolute 

units of weight or energy'. 
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1Let us remember that It is ensy on the b-sls of the results of the 
bichromate oxidizability to ex-ress the content of seston in cal-
ories by usin7 the oxycaloric coefficient 	cal/m  of O. Having • 
taken a specific value for the ealoricity of the  veston, e.r. 
cal/mg of ashless matter, we can express tbe quantity of oxidized 
subst - nce in m7 of oshless matter also. To do this we must zul-
tiply the bichromate oxidizability, expressed in mr of 0, by some 
coefficient, in our ex-mple 3. 24/4.5 equals 0.75 me of ashless 
weight/mr of O. Knowin: the ash content, we cnn easily proceed 
from the ashless to the dry motter. Havina-, allowed for n certain 
incompleteness of oxidation or organic substrnces durinr bichrozate 
oxidations, such as was _later verified by 	P. Ostapenya (1983), 
and for the ash content, G. G; Vinberg end his coautho:s (1958) 
considered It permissible to assume for s'mplificatIon of roush 
calculations that the bichromate oxidizability expressed ln mg of 
0 is numerically equal to the dry weight expressed in mg. 

Finally, a particularly promisine index o the blomaes of 

phytoalonkton is the content of chlordphyll, and more'especislly 

chlorophyll "a", in the plankton. On the basis of his own data 

and data in the .literature, G. G. Vinbers (1960) mode a study of 

the chlorophyll content in ,,ond pla -:kton. Here we shsli merely  

cite the following conclusion drawn by Vinbergs "In the 1.snkton 

of fish ponds with different natural yields of fish the content 

of chlorophyll usually ranges from 5-100 mlcrorrams per litre,. but 

during odd periods of virorous development of the phytoplankton It 

may reach 500 micror.rams per litre and over. It is clear that in 	• 

ponds with highly productive phytoplankton s-ch high levels'may 

be maintained for a long time." 

Since the biomass of phytoplankton can be expressed in dlf-

ferent ways there is m need for conversion factors rhich  coud  at 

least be used for rouFh com arisons of bionasses expressed in dif-

ferent units. This is difficult since, for example, the content 

of ashless matter in the 'et  weight of phytoplankton, found from 	' 

the entimated volumes of cells, may vary widely. Furthermore, the 

content of chlorophyll 'in the dry.matter of plankton also flue- 
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tuates, even if only witban narrow llmits, and so forth. 	ever- 

theless, even approximate mean estimates are useful. 

In hydrobiology it is usually assumed that the content of 

dry matter ln the Yet weight of alankton Is 10 2 . In actual fact 

the content of dry matter in the -et weight of the cells of many 

algae, for eXample :rotococcacene, is much higher (2d-30 2  and more). 

Heeever, the biomass of p'nytoplankton estimated from the volume of 

the cells may deviate strongly from the true wet reight. Therefore . 

 tnere are inadeauate grounds as yet for rejectIrg the conventionally 

accepted aszumption that the dry weight of phytoolankton is 1/10th 

of the computed -et weight • The conditionality of the determin-

atinn of the dry weight from the computed wet weight and the low 

content of ashes In all aL . a.e apart from diatoms mean th 'at we cnn 

assume the dry weight equals the ashless weight when making rough 

calculations. The mean content of chlorophyll in the dry setter of 

planktonic algae cnn be assumed equal to 2.5%. The content of chlor-

ophyll in seston, and not in the pure  phytoplankton, fluctuates 

strongly, and it is usually much . less than 2.5%, for exemple 1% or 
- 

loYer. 

Bearing in mini these figures ond other published data, we  can, 

as a rough guide, note the following r-r..dotion of the degree of de-

velnom.nt of nh , t- onlnkton ln flth monds.(ile  
5  

Rough indices of the degree of development of phytoplankton. 

Computed wet 	Dry ',!eight 	Chlorophyll 
relmht, mg/1 	me/1 	contont,g/1 

Low 	  0.4-4 	 0.04-0.4 	 1-10 
Medium 	-   4-40 	 0.4-4 	 10-100 
Bigb 	  40.400 	4-40 	 100-1000 
Very high 	  400 	 4C 	 1000  
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These figures are very tentative  and  . .rticularly rOugh 

guide, useful only as an initial working basis, and they must be 

checked and corrected on sp=cifib material. 

fertilizing ponds one should strive for a "high", but 

not "very high",,blomass of phytoplankton, sfnce the latter would' 

lead to less effective utilization of the primary production, and 

the consequences of overvigorous development of the phytoplanton 

mi..ht be deleterious. 	• 

The number of cells of the phytoplankton and its biomass, no 

matter how it is . expressed, only convey the degree of development 

of the phytoplankton at any given time. These statistical values 

do not reflect the production of the phytollowkton directly, and 

without knowing: this re cnnnot julgé its functional:role in the 

'biotic cycle and the productivity of he  pond.. During the growing 

se"son the phytoplankton of a pond proàuces ten times more organic 

substances than its biomass contains at any one time, I.e. the 

production of the phytoplankton  1,  ten times grenter than its bio-

nan t, s . Thrrefore, to understand the mechanism of the initial effeCt 

and utilization of fertilizers it. is extremely important to know 	. 

not only the blomoss of the phytoplankton but also its production , 

on the basis of which the food supply of ponàs and, ultimately, 

their fish yield . is  created. 

.The phytoplankton production is Tamed in the process of pho-

tosynthesis. Therefore, to determine  the  mognitude of the ..rimary 

production we must measure tne intensity of photosynthesis of the 

plankton. This is usually done with the aid of the sO-called bottle 

method. Dnrkened and undnrkened bottles are filled with the water 

to be tested, which contains a given amount of oxygen. These bot-

tles  are  placed for C Certain period,.normally.twenty-four hours, 

ln a body of mater, where they are in natural condltions of temp- 

Biomass 

/144/ 
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erature an! 11:ht. ,fter ex)ocure the content of oxy-en in the 

water of the bottles Is measured. The drop in the oxyven content of 

the d -,rkened bottle durin, the p .eriod of exposure indicates the rate 

of expenditure of oxygen on the reception of bacte .lia, phyto-:.'nd 

zoopl-nkton, i.e. the rate of respiration, Ind hence destruction, 

of org%nic substances (D). The difference between the conent of 

oxy7en in the light and durk bottles fter their exposure is pro-

portional to the true photosynthesis, or  Trocs  primary production 

(F), ':«hereas the difference ae arainst the initial oxyen content in 

the liht bottle is proortional to the apparent photosynthesis, or 

the net pri=ary production (F - D). Uith the aid of factors de- 

rivd fro= the equution describing the photosynthetic balance 
(6Ce2  4- 61120 	Ce111206 - 674 kcal/mol), 

end the coefficients of respiration and photosynthesis, Quantities 

and D, which  are  initially expressed in units of oxyzen, can be 

expressed in calories, for example by multiplyitr: them by the oxy-

caloric coefficient 3.4 cal/m7 of 0, or in conventional organic 

matter ("71ucose"), or in orzanic carbon, and so on. 

The bottle method, starting with the firet observ. , tions in 1932 
e«. 

of .i.e.zee-aeloeÂln Koeino, ras used initially by C. G. /inhere and 

later by other authors for determin tlon of the primary production 

of the ,:lankton of lakes, but by 1934 it wns being used by V. 3. 

Iviev (1939) for o'servution of the primary production of the ex-

perim-ntal ponds of Mosrybvtum, and then in 1935 by Vinberg (1937) 

In connection with pondr fertilized vith superphosphate and unfer- 

tilized ponde on Obiralov (Cavvin) fish  fars in Moscow oblnet. r;S.ncle 

the  thie  method has been employed by many authors for the study of 

:onds (::ranov, 191-B), (71netskaya, 1953z, 1953b, 1956; Daslavksaya 

and ausina, 1930; Vinber ,-: and .*chelkanova, 1953; 7inberg, Lshina 

snd Vabireva, 1938; Matida, 1953; Ishimura, 1954). The main re- 
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sults of these papers are examined in the book by G. Vinberg 

(1960), where it is shown that there is a close link between the 

primary production of the plankton and the fish yield of ponds. 

Papers published later (Matisone, 1961; Lyakhnovich, Surinovich 

and Kazanova, 1961; Wrobel, 1962a) confirmed this on new material. 

There is every reason for considering that the application of 

the technically simple, easy, yet accurate bottle method is "the 

most direct way of determining the initial effect of artificial 

fertilizer" (Vinberg, 1937). A similar conclusion was reached by 

Wrobel (1962a), who used different methods of as .sessing the effect 

of fertilizers and estimating the productivity of ponds in his 

experiments in Poland. 	• 

He wrote;"rhe most suitable method of estimating the effect 

of fertilizers and the productivity of the ponds proved to be 

measurement of the primary production of the phytoplankton with 

the light anddark bottles". Even single measurements by this ' 

method, made at the right time, often give a clear idea of the 

initial effect of fertilization. Such a case is illustrated in 

Fig. 13 on the basis of the results of measurements of the photo- 

synthesis of plankton in experimental ponds of the "Shemetovo" fish 

farm fertilized with different doses of nitrogen-phosphorus fer-

tilizers. No less illustrative are the data obtained by V. P. 

Lyakhnovich and his colleagues (1961) on investigating collective 

farm and state farm ponds in Belorussia in July 1958 and 1959. 

Only one examination was made of each of the 56 ponds. From the 

results of these observations the ponds were divided into four 

groups according to the level of primary production. It Was found 

that the fish yields of the ponds in the different groups also 

differed accordingly. 	 (TABLE 6) 



From the data in Table 6 we c ,In see that, when the cross pro-

duction of plankton (F) arows, the ratio of production to destruct-

ion (F:D) nlso increases. This means that when production is low 

the net production of the plankton is particularly small, while at 

high values of F, which are generally achieved when blue- ,Teen algae 

develop, since they are hard to consume, a considerable part of the 

production is reall7ed in the fors  of net production (increment) of 

plankton. hieh values of F:D signify  s  smaller decree of utilization 

of the gross primary -roduction. This accords well with the faCt 

that, according to the flaires in Table 6, the boundary values for 

the gross production differ by a factor of more than 20, while the 

range of the net production is even wider, yet the boundary values • 

of the fish yield differ Only by a factor of 6. 
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1.2 	50-70  
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2.1 	100-120 
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TAhLE 6  

Priary :..roduction of plankton and natur: , 1 fish yield in ponds of 
collective and state farms in 3elorussia. 
(after Lyakhnovich and Kazanova, 1961). 

.-f 

FM: 	 • iii-  i:-e-'• 	el 	1,  
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, 

FIR. 13  -  the  intensity of photosvnthe-is (1) and respiration (2) of 
plankton and the gunntity of fertilizers added (3) in 
five experimental ponds on "Shemetovo"•farm.. 	 . 
(After Vinberg and Kishchenko, 1958). 

. 	 • 

Having examined the data published prior to 1959 on the primary 

production of ponds, G. G. VinberE (1960) came to the conclusion 

that "in ponds of different yields the mean seasonal values of F 

(gross primnry production of plankton) usually lie between 0.5 and 

5 g 0/m
2 
 *days". When the season in the nursery ponds lasts for 

100 days the correspondinc values will be "50-500 gO/m 2  or 175-1750 

kcal/m2  for the breeding season." Let us note that it appearS that 

the largest  values for the cross primary production in the most pro- big/ 
ddctive ponds may be much hicher than the upper  liait  indicated, 

possibly rising to 2500 kcal and more per season, which, however, ' 

ha  s not yet been confirmed by ol;:lervatIons. 

To be able to compare the:primary production à.th the fish yield 

Vinberg determined from the Intensity of exchance of the fish the 

total energy of the food assimilnted (not consumied) by the fish dur-

ing the entire breeding seaSon  in the nursery ponds and found that 

the figure was three times greater than the content of energy in the 

bodies of the har'vested fishl. 



figure of 8.2%. 
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1 In the finishinr ponds, when the relative growth rate is slorer 

rather more must be expended on exchange,and it would evidently 

be  more correct  to take a factor of 4 in this case. 

Havine set the limits of natural productivity àt 50-500kr/ha, 

equivalent to 5-50 kcal/m 2 , which corresponds to an expenditure of 

energy of 15-150 kcal/m
2 
 per season, Vinberg compared thede figures 

with the limits given above for the gross primary production of the 

pon's (175-1750 kcal/m2 ) and came to the conclusion that "in ponds, 

the expenditure of energy by the fish Is about 8;', of the energy of 

gross primary production." He ndds that "this is only a rough mean 

figure 'r.d larger devintons must be expected from individual ponds." 

Cf great interest  are the results of the systematic observations 

of 7.  P.  Lyakhnovich on the primary production of seven experimental 

finishing ponds on the "Izobelino" fish farm. These ponds were fer-

tilized rith vlrious doses of nitrogen-phosphogus fertilizers. 

Using the bottle method the author established that both the primary 

production of the phyto2lankton snd the fish yield of the ponds 

rere directly linked to the doses of fertilizer (Fig. 14). From 

these data, using the method of least squares, he computed the equa-

tion of the strairht line best conveyinr the position of the em- 

pirical points: 

where y ls the fish yield in kr/ha and x is the mean seasonal gross 

primary production expressed in g 0/m2  per day. 

1:earing in mind th7t the se-son  lasted for 177 days, we find 

that . 123 kg/ha of fish per g 0/m2  corresponds, given the figures  used 

in the calculation above', to a utilization by the fish of 6.1",.; of 

the gross primary production of pllnkton. If, for the finishing. 

ponds, we assume-that the total expenditure of energy during  the 

growth of the fish is not three, but four times greater than the 

content of energy in the bodies of the harvested fish, we obtnin a  

f 	 J 	 J . 	f / . 	 . 	 . 

; Mean intensity of photosynthesio or plankton, meti per day 
Fir. 14.  - The menn intensItYi Of 'ph-Oto'synthesIs of the planktion in 

relit ion to the fish yield in the experimental ponds of 
"Izobellno" fish farm. (after Lyakhnovich). 

12 1 kg of fish = 1,000 kcal, 123 kg/ha = 123,00 kcal/ha. 1 g 0/m - 
3.4 kcal/m = 34,00 kcal/ha. This is during twenty-four hours, tut 
for 177 days the figure  is 6,018,000 kcal/ha. The expenditure of 
energy by the fish. is 3 X 123 	369,000 kcal/ha. 
Hence 362 X 100  = 

6,018 

The fact thnt the computed curve did not stnrt near the oririn Cf 

the coordinates, but shored instead that for zero primnry production -

the fish yield ras 271 kg/ha, is apparently not accidental. In the 

ponds used for control purposes intensive feeding ras prnctlsed in the 

preceding yenrs and only ceased ln the year the obserw.tions were 

made (1961). Under these conditions It is reasonnble to assume that 

part of the fish yield was formed On the lasls of the use of orrnnic 

substnnces already present in the ponds. Ihis part of the fish yield 

must actually have been less than 271 kg/ha, since the real relation-

ship between the fish yield of the ponds and the primary production ' 

wns -robnbly not linear. 

There Is insufficient.data as yet for us to judge what kind of 

a relationship between the energy of primnry production and the energy 

expenditure on fish production must be regnrded 'as best, but it is 

/eV 
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quite certain that this relationship concerns the main principles 

underlyinE the letion of fertilizers end therfo-e merits special 

study. The ratio between primary production and the fish yield is 

an objective euantitative index of the efficiency with which the 

or'mary production in used, and it can be employed as a basis for 

determining the optimum doses ond regulerity of application of fer-

tilizers. Iherefore, to simplify evaluation of the values  obtained 

in the exoeriment it would te sensible to determine the maximum value 

of the ratio of the fish yield 'o the primary production of plankton, 

which will only be attained under ideal conditions. The maximum 

utilization of the primary production will occur when it is fully 

consumed by the food organisms,,and when, in turn, the entire pro-

duction of these plant-eating food orEanisms is consumed without any 

vaste ty the fish. In conditions favourable for the development of 

phytoplankton, 10-15% of the Eross primary production (true photo-

gynthesis) will be expended on average :er day on the respiration of 

the phytoelankton, and the effective production or increase in the 

bi0":PZS of ehytoelenkton will at best be eeuril to 90% of the gross 

production.' 

Here we are talking about the respiration and effective production 
of ohytoolnekton, and not the reopiration (D) and net production 
(F-b) of the elankton an a whole, which c:n only be determined 
with the aid of the bottle method. The respiration of the phyto-
plankton is not determined directly by the bottle method  and, as 
a rule, it represents only a small part of the respiration of the 
elenkton as a whole (D). 

At a Eiven level of primnry production the production of the 

food crEsnisms will be hieher the erecter the assimilability of the 

roodg_ and the ,ereeter the coefficient of utilinotion of the as-

similated food for growth (K2 ) 	Given n very  hi e.,h a ne imilability 
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of 1 = 0.90 and a hie-h value of K = C.40, we find that of the. 
/ 	 2 

consumed food, i.e. of the effective.primary production, 36% 	. As-21 
(K1aK2  XI = 0.40 X 0.90 = 0.36) is used on the Erouth (production) 
Of the food orgenisms. Znrlier it wes assumed thnt the effective 

The coefficient of the utilirotion of assimilated food for tzrowth 
is K2 = P(ie), where P is the increment -nd  2 the expenditure 
on exchnnee, expr-ssed in eel—per unit of time or in other eeuiv-
alent valus. ihe coefficient of the utilizeti.:,n of conpumed foed 
for growth.is.,E 1.... l';11, where H is the ratio expressed in the rame 

 unitn as 2: n — 	= 	T ),  i  ,eine he  :uneeei-e.lted  part 
of the food. I, like K1  end 1: 2)  is  a dimenrionless coefficient. 
It in easy to nee th-t hl 	1 K2  or K, 	IKi. 	obtain ni by 
tpkinr the reciprocal of 	I, 	the food  coefficient multiplied 
by the ratio of the caloricity of the food to.the celericity of the 
increment (the caloricitv is the number of calories pe'r unit of 
weirht). 

primary production was 50% of the gross primery production, in which . 

ce-e the production of the food orgenisms will be 0.9rX1,36, 1.e. 

32% of the rross primary  production  or the :11e .:kton. 

Given that the fish also a' ssimilate 905 (1/I=0.9 of the nat-

. ural foods, and assumin.2 -  that they consume  ail of the production 

of the food orz-nims, we find that  ail  the energy of the assimil-

ated part of the food, i.e. the total energy. eXpended by-the fish 

on exchan ,;.e and gain, euals 0.9X32% 28% of the gross primary 

production of the plankton. 

There is no need to prove thot the reel values of the ratio of 

the enerey of the primary Toduction of .the plaekton to the energy 

expended by the fish must bC 	'han thoPe computed for the op- 

timum and ideal conditions of meximum velues. In actuol feet, not 

all of the primary production is consumed by the food organisms. In 

ad,lition to the fish yield there are other processes.in which the 

primary proiuction is used up, for example those which result in the 

dep,, rture  froc the pond oc chirononids and other beterotopic insects. 

Furthermore, not  ail the food orelnlems are veeet-rien.liearing 211 	. 

2 

1. c Orr., ;S■nj Jr4 ;r4 soert ou,  f..4  j.. 9J-À ,p 4 ,r4;4..1. 
• F.ofeatt e 	4-6 e  
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this in mind, the figures  cited above, which -ere obtained during 

the first atte . r.pts to co ,npare the primary :.roduction of ponds with 

their fish yield, may even be reearded ns too hih. It e!ould be 

noted, however, thet as the result of many years of pisciculturel 

practice conditions have been established in the pond which ensure 

llten7ive use of the yield of food org, nisms by fish. The results 

of compariçvp.ls between the primnry  production and the fish yield 

create the 1-pression that the production of phytoplankton is also 

efficiently utilized by the food orzaniams. Further rerearch is 

nece=try ln this direction to determine the relationship between 

the initial and final effect of fertilization end the conditions un-

der which this relltionship is optimum, i.e. ensure thnt t hey. are 

used with the greatest efficiency. 
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CHAPTER IV 

ORGANIC FERTILIZATIC , N  OF  PONDS  

1. Introduction  

The term "organic fertilization" can be used of any • 

method which uses organic substances to enrich the habitat 

of hydrobionts with.nutritive substances and inerease the 

yield of fish. Many forms of organic fertilizer weré being used 

on bodies of water long before the application of artificial 

fertilizing salts, by analogy with fertilization practices in 

agriculture. 

In practice the following forms of . organic fertilizer 

are being used for ponds: manure, compost and other organic sub-

stances, green fertilizer in the form of fresh plants added to 

the ponds, obtained either from the ponds themselves or from 

outside them, the sowing of the bottom with land plants followed 

by submersion of the greenery of the culture, the breeding of 

waterfowl on ponds, and household and certain industrial waste 

waters. 

Undoubtedly a large role is also being played by arti-

• ficial seeds à vegetable origin which are not utilized by fish, 

particularly when they are cut up very small. This means 

primarily cake and oil-seed meal, which are the most widely used 

items for feeding fish in the Soviet Union. To what extent these 

foods are directly consumed by the fish, and what part of them 

serves as fertilizer, is as yet uncertain. This complex problem 

merits careful and special investigation, but only the first few 

steps have been taken in this direction ( .0e i3ont, 1952; Lobacheva, 

1959; Kirpichni.kov, 1960; Lyakhnovich, 1952). 

/q3/ 



263 
2611- 

harm from their use in fish breeding. In the first place we 

must mention the increase in the biochemical consumption of 

oxygen for bacterial oxidatiOn of organic substances. This 

means that the addition, of a large quantity of organic matter 

te a pond may sometimes cause such a large drop in the content 

of dissolved oxygen in the water that the fish suffocate. So 

far organic fertilizers have'only affected the oxygen regime 

of ponds when applied in large doses. 

2. Manure  

Manure is one of thé most wiàely used forms of organic 

fertilizer. The quality of the manure and its composition depend 

to a large degree on the species of animals, the quality of the 

foods, and the quantity and type of bedding, its chemical and 

physical properties, and the methods' used to store the manure. 

Referring to analyses conducted . atthe All-Union Research  Inst-

itute for Fertilizers,..Agricultural Practiees and Agropedology, 

and other institutions, I.P. Mamchenkov (1955) gives the follow-

ing sample composition of fresh manure (Table 7). 

Some authors (41odek, 1956) consider it possible to 	. 

link "organic fertilization with such measures as the harrowing 

of the bottoms of ponds or loosening the bot -tom sediments. 

This would be an unwarranted extension of the concept of 

"organic fertilization" and render it less specific. 

It is incomparably more difficult to assess the role 

of organic fertilizers in ponds and understand the mechanism 

of their effect than  te have to deal with artificial fertilizers; 

because organic fertilizers are themselves mixtures Of complex 

compounds, and their addition to thelpond produces a senes of 

secondary and sometimes undesirable biochemical and physical 

processes which complicate understanding of the effect of 	/154/ 

organir fertilizers. After finding its way into the body of 

water'organic fertilizer can either decompose to form mineral " 

compounds of the nutritive elements, which will then act on a 

level with artificial fertilizer as the nutritive substances 

of autotrophic plants, or be immediately consumed by the detritus-

eating forms of small aquatic animals, i.e. be used directly 

by heterotrophic organisms. An intermediate case would be the 

utilization of organic ferti]izers in the heterotrophic phase 

of conversions through the bacterial link. It is a well-known 

fact that many freshwater invertebrates consume bacteria. 

Finally, part of the dissolved organic matter of the 

fertilizer may be assimilated by algae and thus be used in the 

. first link of the chain without preliminary mineralization. 

but organic fertilizers also have their drawbacks, and 

unless we keep these in sight we shall derive not benefit but 
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15. Iron and aliiminum oxide (R,0 0 ). 16. Manure on straw bedding. 
17. MixLd. 18, Horse's. 19 , Cafi.tle's 20,  Sheep's. 21. Pig's. 
22. Manure on peat bedding. 21. Horse's. 24. Cattle's. 

V.A. Movchan (1948), in his experiments in complex in-

tensification of the growth . of carp, made extensive use of 

manure and obtained a positive result, reflected in a rise in 

fish production from 50 to .205% compared with unfertilized ponds'. 

This author 'recommends adding manure in several applications 

throughout the growing season, placing it in small heaps along 

the banks of the pond. In Morchan's experiments 18-70 units by 

weight of fresh orgmnic fertilizer in the form of manure, compost 

and liquid manure were expended per unit of growth of fish 	. /155/ 

production (compared with the control pond). 
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Wunder (1949) emphasizes that an important prerequisite 

for the effectiveness of manure is the absence from the ponds 

of rigid plant overgrowth. 

aolny (1956b) mentions that manure must be added in 

quantities of 20-30 t/ha, being distributed in small heaps over . 

the bottom. The manure.  is capable of increasing the fish yield 

by 100%. Liquid manure is more effective than ordinary manure 

in increasing the food supply of the fish. 

Summarizing the rich experience in the use of manure 

in pond-fish culture in Czechoslovakia, Dyk, Podubsky and Stedron-

sky (1956) note that the manure must be added to the ponds im- 	. 

mediately before filling and thereafter be poured'into the water 

at intervals of one month. The manure must be placed in . héaps 

projecting above the surface of the water, in shallow well-heated, 

places. The authors assert . that the amount of ordinary or liquid 

manure used must be determined according to the productivity of 

the pond, to the content of humus in the soil, and to the type 

of fertilizer employed, but they do not give specific reccmmen-

dations on this point. Eight to fourteen centners of manure are 

added per hectare of pond surface, which gives an increase in 

fish yield of 80-150 kg/ha. In such case one unit of additional /156/ 

growth in yield would require the application of 10 units by 

weight of mdnure, 'and this seems unlikely. In the view of these 

authors, the application of manure is an necessary prerequisite 

if artificial fertilizers are to be effective. However, the 

results of numerous -experiments show that ai'tificial fertilizers 

are found to be effective even when organic fertilizers are not 

*cram we saw 
17 

81.6 
31.8 
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added first. It appears that when organic and artificial 

fertilizers are used correctly they will have an added effect. 

• In the experiments of Havlena (1956) in thé fertil-

ization of ponds with pig's manure using doses of 18-100 centn-

er per hectare, the fish yield was raised by 31-417 kg/ha, or 

9-167%. On average the increase in fish yield per centner of 

fertilizer used was about 2.5-3 kg. In fertilized ponds mass 

development of the blue-green alga Aphanizomenon flos-aeuae 

was observed, the biomass of which in individual cases was 300 

kg of dry n atter per hectare. The author came to the conclusion 

that the best dose was 50 centners of manure per hectare, and 

best method of application to distribute the manure in heaps 

in the water. Economic calculations show that the use of pig's 

manure for fertilization of ponds not only pays for itself but 

even increases the profitability of the farm. 

Similar calculations, but on more extensive material . 

taken from various authors; were made by Susta (1953), who  show-

cd ihat the use of manure for the fertilization of ponds is ec-

onomically profitable. 

An original method of applying manures was devised by 

doynarovich (1956a, 1956b, 1956c, 1957). In his view organic 

fertilizer added to a body of water . must be oxidized as soon as 

possible in the aerobic conditions of the water to molecular 

carbon dioxide, and if possible it should not settle on the bot-

tom of the pond, where little oxygen is available and anaerobic 

conditions are easily created. To this end the authoirecommends 

mixing the manure with water (1 m3 of water to 1 centner of  

fresh pig's manure) and spraying the liquid manure thus formed 

over the surface of the pond.with a motor-pump and hose. In 

this way the bulk of the manure decomposes within 24 hours. The 

author recommends adding 2 centners of fresh manure per hectare 

every week, and 3-4 centners per hectare at a time during the 

warmest part of the summer. At the beginning of August fertil-

ization must cease. 'Aecor'ding to the observations of aoynarov 

ich this method of adding. fertilizer obviates the danger of .the 

occurrence of an acute oxygen deficit, which With other methods 

frequently prevents  an  increase in the dosage. This method of 

applying manure so that the fertilizing substances are rapidly 

included in the biotic cycle merits serious attention. 

Woynarovich calls his method "carbon fertilization". 	/1577 ' 

He considers that the main point in using manure•is to enrich 

the water with carbon dioxide. In his view the carbon added . 

in the manure impruves the conditions of carbonate nutrition 

of plankton, and it is this that he regards as the main point 

of organic fertilization. By way of proof  in support of his 

theory  ha cites the well-known formula for the combination of 

carbon dioxide gas and organic matter during photosynthesis 

and emphasizes that one centner of pig's manure contains eight 	. 

kilog.rams of pure carbon. Since other nutritive elements such 

as nitrogen, phosphorus, potaSsium•and calcium are present in 

smaller quantities in the manure WOynarovich considers the idea 

that organic fertilizer is a supplier of these nutritive elements 

to be outmoded. 	 • 

It is impossible to agree with this,  ln actual fact, the enrich- 
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ment of.the medium with carbon dioxide does under certain 

conditions hasten the .growth of algae, as has been repeatedly 

demonstrated in experimental conditions, but if we assume 

the carton  is the principal factor ,limiting the production 

process in the pond it . is  impossible to explain the great 

effect of the use of artificial nitrogen and phosphorus 

fertilizers. Also we should not forget that combined mineral 

carbon in the fora  of  bicarbonate ions (HCO;) readily available 

for photosynthetic assimilation are always present in natural 

water in large quantities, whereas the content of mineral 

nitrogen  and  phosphorus in the water often drops to analytical 

zero. Assuming the mean alkalinity of the pond water to be 

2 mg-equ., this gives 122 mg of'FICO per litre, and for a mean 

pond depth of 1 mctre we have 1220 kg/ha. Converting to 

mineral carbon, we obtain 240 kg/ha of carbon, which is thirty 

times more than in one centnen of pig's manure. The alkalinity 

of pond water is often greater than 2 mg-equ., and furthermore 

it contains the carbon of dissolved carbon dioxide, sr:that 

it is hardly likely . that "carbon starvation" of phytoplankton 

will occur in fish ponds under normal conditions. 

The great importance of carbon dioxide for the liming 

of ponds has been noted in the papers of Muller (see section 

on liming), but this in no way tallies with the theoretical 	' 

views of i;oynarovich on "carbon fertilization". 

The tline5 recommended by various auth ors for adding 

manure to ponds can be grouped as follows: 

a single application of the entire quantity of ferti- 

lizer prior to the . filling of the pond; • 

Repeated applications of'manure in  individual portions 

throughout the entire growing season or some part of it. 

A generalization.  of accumulated experience inclines us to the 

conclusion that the fertilizers  con  be-added to the ponds 

repeatedly in small portions. Although this means . more work 

and material, the resulis obained are far .better than With /158) 

a single application. 

As regards methods of adding manures, these differ 	• 

greatly. For a single  application of manure.before the filling * 

of the pond some authors ;ecommend spreading the manure evenly 

over the entire bottom, others say work it in to a certain 

depth. Some authors consider that the manure should be placed '  

in small heaps, distributed evenly all over the bottom and ' 

then sprinkled with soil.' 	 • 

• 	There is an even greater Variety of recommendations on 

the addition of manure to filled ponds. In practive the 

following methods are most commonly employed: distribution of 	. 

the manüre in small heaps in the vicinity of the bank along 

the water's edge; laying the manure behind the barriers sepa-

rating the dikes of the ponds from the pounding of the waves; . 

distribution of heaps of manure all over the pond or at its 

shallower points, so that part of the heaps projects above 

the surface of the water; mixing the manure with water and 

spraying the mixture over the pond. The.last method is also 

used when the bottom of the pond is fertilized prior to filling. 

The choice of dosage and method of fertilization is 
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governed by the particular features of the farm in question. 

In all cases, however, certain general . principles7rocedures 

and must be observed. Thus, the fertilizer must be spread . 

evenly over the entire area of the pond suitable for fertiliz-

ing. It is no less important that organic fertilizer should 

not reduce the content of oxygen in the water to a critical 

level. Finally, the method of fertilization must be technical-

ly progressive. ln the light of these considerations the tech-

nique devised by 'doynarovich is the most suitable for adding 

manure, liquid manure and other  forcis of organic fertilizer 

which lend ' theuselves to dissolution in or dilution by water. 

In the conditions of the Non-Chernozem Belt, where man-

ure is used extensively for fertilizing field and garden crons, 

it has limited application for the fertilization of ponds. Hence 

the pond-fish culturist is faced with the task of finding and 

using other forms of organic fetilizer. One possibility is 

vegetable compost, which can be prepared on any farm from higher 

aquatic plants, which grow abundantly in the shallows: The 

plants, having been prepared in the water or out of it, Are 

placed in compost heaps in 'a mixture with manure, liquid manure 

and lime. The matured compost is used for fertilizing ponds 

equally with manure. In its effectiveness and the technique of 

its arnlication the mature compost is practically the same as. 

manure.  The technique of preparing compost is described in all 

textbooks on pond-fish culture (Martyshev, 1954; Kononov and 

Prosyany, 1949; Dyk, Podubsky, ZtedronskS, , 1956; Vaclavik, 1957; 

Gurzeda, › 1956). 	 /159/ 

In the experiments of tedronskSr (1954a) in Czechoslo-

vakia, 1 centner of mature compost raised the fish yield of a 

carp pond by 15-20 kg. gtedronsk'Y cOnsiders that compost yields 

the best results . in  ponds in which the bottom sediments are 

poor in organic matter. In sema cases fertilization with 

compost produces better results .than the application of manure 

in the same quantities." From . the ' viewpoint of hygiene and 

sanitation, compost is superior to manure for pond fertiliza-

tion. 

However, the prepa .ration of compost involves a greater 

expenditure of labour. Therefore composts have been prepared 

and used in limited <quantities on pond-fish farm .s, particu- . 

 larly after it was shown that aquatic plants (the main material 

for the preparation of composts) can.be used successfully in 

ponds as green fertilizer. 

3. 	Green Fertilizers  

There are at least two basically different forms of 

green pond fertilizer. The first is the analogue of green 

manuring in agriculture and has been taken from horticultUre. 

It involves sowing 'the bottom Of the pond with farm crops OF 

grasses after the bottom has been suitably prepared. At the 

present time this form of green fertilization is limited 

mainly to nursery ponds, since the finishing ponds, when not 

allowed to aestivate, are used for fish breeding throughout 

the entire growing season. In addition ,te  this, the finishing 

ponds in many parts  of the joviet Union are not always drained 

sufficiently, even in the Ftetivation period, for land plants, 

to be sown. 
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when the bottom of the pond has been sown with farm 

crops and the latter have been covered with water, the green 

fertilizer acts on the pond as follows. 

1. The cultivated plant mass enriches the pond with 

organic matter. 

2. After the sowing of leguminous plants the rhizobia 

living in symbiosis with them accumulate nitrogen, thereby in-

creasing the stocks Of nitrogen in the bottom in accessible 

forms. 

3. The plant roots, penetrating deep into the ground, 

assimilate nutritive substances and convey them to the surface 

from the deep loyers of soil. This process is especially 

important for fish ponds because the reserves of nutritive 

elements in the bottom sediments of ponds are extremely large. 

4. kreparation of the bottom of the pond before sowing /160/ 

hastens the processes  of  mineralization of the  organic matter 

in the bottom sediments and proMotes the liberation of nutritive 

substances from them. 

In practice part of the crop is usually removed and 

only comparatively rarely is the entire crop grown covered 

with water, particularly when the bottom of the pond has been 

sown all over, since there is a danger that the fish will 

su:ffocate as the result of vigorous decomposition of the 

vast mass of plants. 

Research on green fertilizer has been conducted since 

1954 at the Institute of Hydrobiology of the l•olish Academy 

of :+ciences. They are studying the effectiveness of sowing 

carp ponds with a mixture of winter crops. Ploughing in of 

the after-harvest romains before filling the ponds failed to 

produce a beneficial result. .dhen the plants were cut at the 

filling level of the ponds (60 cm) and the after-harvest 

remains were inundated without ploghing in, abundant develop-

ment of zooplankton was observed and the fish.yield increased 

by 45% , compared with the control ponds (Jasinski, Klimczyk, • 

Rosol, 1957). 

The.inadvisability of turning in the green mass of the 

crop is also commented on by Wlodek'(1957, 1958). The author 

conducted a series of experiments on the ponds of an experi-

mental pond farm in Zabieniec (near Warsaw) in order to deter- 

mine the maximum quantity of greenery which could be inundated 

without risk of suffocation of the fish.' It was found that à 

green mass of rye or a mixture of winter rye and vetch in 

quantities of 75 centn/ha inundated during . the blooming stag e . 

 does not cause a dangerous oxygen deficiency in ponds and that 

green fertilizer in the form of the inundated crop yields 

better results than manure added to the pond in the same' 

quantities. 

Most contemporary authors recommend sowing the bottom 

of the pond not with one crop but with a mixture, which must 

include leguminous plants, which help to.enrich the pond with 

nitrogen to a greater extent than other plants. The crops in 

the mixture must be selected with,an eye to their rate of de- 

' •composition after filling of the pond, so that both rapidly 

and slowly decomposing species of plants should be included. 

As a result ' the process of decomposition will be extended over 

a longer period, there will be less danger Of suffocation, and 
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the fentilizing effect of the inundated crops will be more 

lasting. In the Soviet Union the most widely used crop in 

a mixture of vetch and oats. In other countries various 

mixtures of both spring and winter crops are used (Lane, 1957a). 

On the whole the work done on this problem confirms 

the conclusions  arrived at in his time by A.A. KhoMchuk (1948). 

His studies of the effectiveness of sowing the bottom of the /161/ 

pond with green fertilizer, which were conducted on the ponds 

of the Lenin fish farm near Moscow and on ponds in the Ukraine, 

remain the most complete and thorough which have ever been 

done. In his experiments in ponds in which a mixture of vetch 

and oats was sown on the bottom before filling, the food Organ-

isms of the plankton and ben thon used by the fish were observ-

ed to develop abundantly. leIrticularly numerous were larvae 

of chironomids on the decomposing plants of the vetch-oats 

mixture. The fish yield of the ponds fertilized in this way 

rose on average by 63% compared with the control ponds. 

The second form of green fertilization was based on 

the use of banks of macrophytes cut from ponds. In this case 

the green mass is used on «a smaller scale and it is prepared 

outside the ponds. Many authors consider that only the 

so-called "soft plants" and grasses are suitable for the fertil-

ization of pones. However, the experiments of S.I. Kuznetsov 

and G.S. Karzinkina (1955) on the spawning and nursery ponds 

of the Volga delta showed that "hard plants" can  aise  be used 

effectively, eepecLally if they are cut before blooming and 

fruit-bearing, i.e. before the stems of the plants have had 
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time to lignify. The authors recommend cutting . the hard 

plants in comparatively small areas and leaving uncut strips 

.between these areas to prevent removal of the plants by the 	. 

wind and the formation of large accumulations of the plants, 

which might have an adverse  effect on the oxygen regime of 

the pond. Thus, we eliminate the very laborious task of 

collecting the cut plants and securing them in specific places 

in the pond. 

Thei;keee) aquatic plants in the ponds develop very in-

tensively and yield a great quantity of 'greenery. S.'Dorokhcv 

(1958) states that for 1 hectare 'of  water area the biomass of . 

the overgrowth may aMount to 40-60 tons/metric tons - trens 	' 

lator/ of water thyme (Elodea), 50-90 tons of hornwort 

(Ceratophyllum  sp.), up to 50 tons of pondweed (Potomaneton  sp.), 

and up to 120 tons of ivY-leaved duckweed (N. trisulca). 

Control of the growth by cutting (2-3 times during the growing 

season) permits the preparation of a vast quantity of greenery 

which can be used successfully for fertilization. According . 

to the data of S. Dorokhov, 1 ton of freshly cut sedge, rushes . 

 and reeds contains roughly the following quantity  of substances: 

32 kg of nitrogenous substances, 126 kg of non-nitrogenous 

extractive substances, 109 kg of çellular tissue, 2.16 kg of 

calcium, and 0.86 kg of phosphorus. : 

V.M. Il'in (1955) recommends securing ctit plants, rolled 

into cylinders or loosely bound in sheaves, under water with • 

'poles or stakes so that the cylinders or sheaves are 20-30 cm 	• 

short of the bottom and the layer of water .above is no deeper 
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than 10-15 cm. It is inadvisable to deposit freshly cut 	/162/ 

macrophytes in large heaps of compost straight in the ponds 

since under anaerobic conditons they undergo lactic fermen-

tation and the lactic acid preserves them for a long time. 

Il'in cGnsiders that cut plants should under no circumstances 

be allowed to float free on the surface of the pond,  since 

they block out the light and may impair the oxygen regime. 

It was noted earlier that other methods of securing the 

plants in the pond are alSo possible. 	 A.N. Lipin, 

V.I. Bakhtina et alia (1956), on the strength of experiments 

in the fertilization of experimental carp ponds with plants 

at the Savvin fish nursery near Moscow, calculated that the 

addition of aquatic plants in quantities of 3-6 tons per 

hectare ensures a rise in the fish yield of 200-300 kg/ha. 

But these figures raise doubts. It is improbable that, ac-

cording to these calculations, every 15-20 kg of aquatic 

plants should increase the yield by 1 kg. The authors could 

only have arrived at this figure as the result of a clear-

ly understimated yield from the control pond. If we compare 

not the computed figure but the actuel figure for the fish 

yield of the control 'pond, we find that the fertilization 

factor (the expenditure of fertilizer per kg of increase in 

the fish yield) of the aquatic plants was 37.5 (Il'in, bakhtina 

et alla, 1 956; 	 Lipin et alla,  1956). The authors 

recommend addina aquatic plants in small amounts 10-12 times 

in the course of the summer, making sure to submergetetepto a 

depth of 10-15 cm, or, tying them up in taindles, to secure 
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them to the bottom  with  stakes. 

The workers of the State Lake and River Fisheries Re-

search Institute, aiming to détermine the effect of various 

organic fetilizers on the devolopment of the forms making up 

the food supply of the . fish, staged a series of experiments 	• 

in tanks and in the commercial ponds of the Sokolov fish farm 

(Valdai hill), at the. relchi.fish factory in LatVia and Salmi 

in the Karelian ASSR (Ioffe, 1950, 1954, 1957; Ioffe,'Yandovskaya, 

Mosevich et alia, 1955), In the experiments of these 

authors the addition of manure  bd  to intensive development 

of Daphnie  and Diaphanosoma;  ferti:ization with birch branches 

stimulated the development of boomine;  fertilization with sedge 

produced abundant development of Diactomus  •  In these experi-

ments manure and birch branches induced abundant development '  

of oligochaetes, whereas fertilization with sedge intensified 

the devolpment of chironomids. The repeated addition of small • 

portions of fertilizer to the ponds made possible a substantial 

increase in the fish yield. ln individual cases the yield was 	, 

increas'ed  te  170 kg/ha,and wes 6-7 times greater than in the 

control pond (young salmon being bred). 

M.M. Isakova-Keo (1947, 1950) suggested the so-called 	/163/ 

zonal method of fertilization, which is based entirely on. the 

use of green fertilizer. In this method the sun-dried or fresh 

green vegetation, obtained either from the same body of water 

or from elsawhere (weeds, branches of deciduous trees, hay, 	• 

and so), is placed in layers along the. bank, 1-4 metros wide and 

241-30 cm thick, so that water is above and below the layer. 

The authors recommends that each deposit of fertilizer should 

occupy one third of the length of the bank of the pond, and 
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that the fertilizer should be added three times a season, 

being placed in a new place every time. Thus, by the end 

of the summcr the entire periphery of the pond will:be covered 

by zonal fertilization (Isakova-Keo, 1950). Since loose layers. 

of vegetation near open banks may be broken up by the pound- 

ing of waves, Isakova-Keo recommends making the ponds a 

special shape, with narrod extended inlets, branches, and so 

forth. It is suggested that the time for the addition of the 

next batch of fertilizer can be estimated  frein the degree of 

oxidizability of the water, determined at a distance of one 

metre from the zone of fertilization. If the level is lower 

than 12 mg 0/1 this means that it is time to fertilize again. 

Isakova-Keo tested her method on the ponds of the"Ropsha" 

experimental farm near Leningrad and on the  ponds of the 

Prozersk fish breeding establishment on the Karelian isthmus, 

in which trout,.carp,  saison, sturgeon and other fishes were 

being bred (Isakova-Keo, 1950, 1954, 1957). .The dimensions 

of the ponds were 0.012-0.4 hectares, and only  in one case 

was a larger pond (1.5 ha)fertilized by the zonal method, and 

this one the outhr considered large. In small ponds the 

method proved fairly effective. The fish in the fertilized 

pOnds grew better and the fish yield was larger than in the 

same ponds prior to fertilization. However, on really large 

ponds with an area of several  tans  of hectares or more than 

100 ha it is much more difficult to use the zonal method, and 

its effectiveness In such cases is probably weak. In the 

first place pounding by waves is inevitable in large ponds, and 
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this destroys the 'zone of fertilization", and in the second 

plce when the banks are hundreds and thousands of metres' 

apart the na.rrow strip of fertilizer along the bank is hardly 

likely to have a serious effect on the yield of the pond as 

a whole. 	. 

As one of the elements in integrated fertilization, 

aquatic plants were used with success in the experiments 

• conducted by the Zoological Institute of the Academy of 

Sciences of the Soviet Union,  under the supervision of 

in.different. conditions of soil and climate on 

commercial fish farms throughout the  soviet  Union. These 

experiments were pursued with the aim of devising an integrated 

method of effective fertilization  and  determining in the 

process the mechanism of the action of the individuals 

elements used (Zhadin, 1955, 1957, 1958). From the publisbed 

results of this research it is difficult to determine to 	/164/ 

what degree the changes noted in the biological . regime 

and fish yield of the ponds were due to the Plant fertilizers, 

for the simple reason that-they were used in combination 

wiLh other forms of organic and mineral fertilizers. 

Summarizing what  lias  been said concnrning green ferti-

lization, we can note that both techniques - the sowing of 

the bottom of the pond with plants and the skilful appli-

cation of cut plants - yield good:results. In particular 
- 

it shbuld be emphasized that prel4ary composting' of the 

plants and even snndrying are now reglrded as unnecessary, 

• and Lhis considerably reduces the expenditure of labour and 

materials on the preparation and 'application of vegetable 
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fertilizer. At the same time it has been shown that even 

hard plants which decompose slowly give good results if they 

are added repeatedly every 15-20 days, or at least once a . 

mon th. 

4. 	Mixed Caro and Duck Culture  

' 	An unusual source of organic fertilizer For ponds is 

water-fowl. The most commonly used technique is mixed carp 

and duck culture. The first studies of the r,icicultural 

effectiveness of tending ducks on carp finishing ponds were 

cneducted dt the '.4111enbach station in Germany (Probst, 1934) 

and on the ponds of the Timiryazevsk Agricultural Academy 

near Moscow (Cherfqs, Orlova, 197, 5). After the second world 

war carp and duck culture received a big boost in the Soviet. 

Union, East Germany and Czechslovakia. Probst estimated 

that under the optimum condition one duck feeding on a 

pond for six months can  cause an  increase in the fish yield 

of 1 kg. Secondary  nurs e ry  ponds (breeding of yearling ' 

 with a three-year cultural cycle) in Probst's experiments 

pr ,wed 274 k more producive than control ponds when accom-

modating 130 ducks per hectare during the season. 

D.E. l;emenyuk (1956), working with the ponds of Kiev 

oblast, showed that ducks can also be accommodated on nursery 

ponds stocked with carp fry. ln his experiments the number 

of ducks was 400 per hectare, and the uih yield rose by a 

factor of 2-3 compared with the control ponds, and the losses 

of underyearlings were no greater than.in the ponds without 

ducks. 
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F.G. Martyshev (1954)  notes that bn the "Gzhelka" 

fish farm in Moscow oblast ihere is an increase of up to 

1.5 kg in the weight of the carp for each chick on the pond 

during the growing season. According to the date of 

• Sukhoverkhova (1953), 250 ducks per hectare have the same 

effect as the addition:of' 6  tons of  manure to the samearea. /165J 

it is estimated that one duck stationed on the pond for 45 days 

excretes into the pond about 10 kg of droppings, which are 

a most valuablé fertilizer. B.I. Cherfas and G.A.-Zernyshko 

(1946) and other authors Tecommend 150-20 0. ducks . per hectare • 

of pond area. 

Dyk, Podubsky and tedronski,  (1956) prefer a figure of . 

100 ducks per hectare when the ducks are stationed all over 	• 

the flooded area of the pond, or 220-250 per hectare if 'they 

are confined to an area with a depth of no more than one 

metre. The same.  densities are favoured by A.K. Shcherbina • 

(1952) on epizootic and sanitary grounds, provided the level 

of oxidization of the water is'suitable for carp ponds. 

Extremely instructive data on the effectiveness of 

keeping ducks on carp ponds in Czechoslovakia are contained 

in the paper of M. FrCek (1957). The author traced a steady 

rise in the fish yield of a nunber of commercial ponds over 

a period of seven years (1950-1956), and sole cause of this 

rise was ducks. It was found that the greatest increases in 

productivity were observed in the first . two to three years 

the ducks were kept on the ponds, and the lower the initial 

fish yield of the ponds the  greater the relative increpse in 
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the yield. Thus, the yield of the pond prior to the advent 

of the clacks (1953) was 76 kg/ha, but during the first year 

when ducks and carp were bred together it rose to 356 kg/ha, 

i.e. the yield increased by a factor of nearly 4.7. In the 

next two years of mixed culture the yield rose to 450 kg/ha, 

or 592% of the originql figure, but was only 1.26 times as 

large as during the first year of joint culture. In 1956 

the survey embraced 94 duck ponds. In 86 of these the yield 

roce on average by 98%. Only those ponds which were over-

loaded with organic matter of another origin failed to ex-

hibit an Increase  in  yield. The author stresses that exper-

ience of joint carp and duck culture in the Soviet Union 

has been favourable, and he recommends breeding ducklings 

and younger animals on fry and nursery ponds in Czechoslo-

vakia, and fattenlng the ducks for the market on carp 

finishing ponds. 

In the experiments of Wolny (1956c) in Poland the keep-

Inc of 200 . ducks per hectare on a finishing pond for 2b 

months led to an increase in the fish yield from 100 to 1.88.7' 

kg/ha. When 220 ducks per hectare were kept for three months 

the yield rose from 103 to 242.5 kg/ha. Three hundred and 

twenty ducks per hectare for 3 months helped to increase the 

yield from 100 to 307 kg/ha, i.e. more than trebled it. This 	Mt/ 
experiment also gives a very full picture of the nature of 

the effect Of ducks on the regime of the ponds. The author 

found that an oxygen deficiency occurs in the shallow parts 

of the pond (down to 6o cm) at night. In the deeper parts, 

which as a rule are rarely visited by the ducks, the oxygen 

regime was so favourable that vendace placed ln the ponds as 
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an indicator  of suffocation phenomena.ee4t4rsurvived, At 

the sanie time, in the ponds in which ducks were being bred 

the oxygen . content in the deeper parts was even higher than 

in  the  control ponds. Hence'it " follows that the keeping of 

200 ducks and over per hectare of pond surface is permiss-

ible only in those ponds in which parts with depths of more 

than 60 cm occupy a large percentage of the area. In shal-

lower ponds the density of stocking must be limited to 100 

per hectare. 

According to Wolny's observations (Wolny, 1956c), a 

flock of ducks with a density of stocking of 200-320 per 

hectare retarded the development of hard plants in the pond, 

but when they were thinned out the development of plants 

with fl'eting leaves became slightly more intensified. "  Down 

to a depth of 60 centimetres the bottoms of the ponds were • 

freed from moss and benthic fauna developed very plentifully 

in the area thus liberated. .The quantity of bacteria in the 

pond with ducks was much higher than in the control pond. 

In the experiments of V. JaneCek and V. ..lane vcek (1958 ) .• ' 

on fish ponds in Czechoslovakia lt was shbwn that three bat-

ches of ducks can be reared one after the other during the 

growing season without harm to carp. The authors found by 	' 

experimenting that the most suitable 'density of ducks on carp 

ponds will be the number per hectare adequate to maintain 

the oxidizability of the water at a level of 26.5 mg 02/litre. 

In that case the fish yield is 500 kg/ha, and when there is 

a mixed stock of fish of vurious ages the figure is as high 

as 785 kg/ha. Oxidizability above the level indicated is re- 
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garded as undesirable, although in the experiments it was 

sometimes as much as 52 mg 02/1, and the oxygen content in 

the morning ' hours fell to 0.1 mg/l. Nevertheless, cases of . 

suffocation were not observed. 

In recent times the practice of allowing free ranging 

of ducks on fish ponds has become widespread in the German 

Democratic Republic (Thumann, 1955a, 1955b, 1956; Blume, 1958, 

1960; Wundsch, 1960; Eppel, 1961). With this method the fish 

yield is increased by 100%. Uhe fish are not fed, but the 

feed boxes for the ducks, which are placed straight in the 

pond at different points, are designed so that the remains of 

the dOcks' food are easily washed into the water and pounced 

on by the carp. It has been noted that the losses of carp in 

. ponds with dunks are 12% lower than in the control pond. 

Thus, mneeof the ducks on fish ponds in quantities 

of 250-300 per hectare has a fertilizinz and nmelloratory eff-

ect. Eard plants are eliminated from the pond not only because 

the 'ducks: feed on them and - tramplO them down, but because 

where they feed the water becomes turbid from the abundance 

of organic substances and plankton, and this suppresses the 

hizher aquatic plants. In'addition, in seibing food on the 

bottom ducks stir up the bottom sediments and this helps to 

aerate them, accelerates decomposition and intensifies the 

transfer of the nutritive elements from the bottom sediments 

to the water. 

When practising combined carp and duck culture it is as 

well to bear in mind that excessive concentration of ducks 

within a confined area may lead to hyperaccumulation  of.  easily  
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decomposing organic matter, and this may have an adverse effeot 

on the oxygen regime of the pond or certain parts of It. In 

such conditions there may be outbreaks of branchiomycosis. 

Therefore the recommended densities of stocking'should be strict-

- 1y adhered to, and the oxygen regime in the water of the ponds 

should be examined periodically. 

5. Fertilisation With Waste Waters 	• 

The waste waters from the municipal sewerage system (house-

hold drain-water) and from certain  branches of the food industry 

contain many subStances which are necessary for the growth and 

development of living organisms. As industry grows.  and the 

sewerage system develops the quantity of waste.water increases 

and more money has to be spent on purification to prevent pol-

lution of natural waters. Of the existing methods of purifying 

wasbe water the most suitable for thellsh industry Is purifica-; ' 

tion in ponds and utilization of these ponds for fish breeding. 

According to estimates which have been made, for one In-

habitant using the sewerage system 7-8 grams of ammonium nit-

rogen, 1.5-1.8 grams of phosphates and up to 3 grams of potassium 

find their way into varieus receptacles in the course of 24 

hours. The amount of water used by each inhabitant ranges from 

50-250 litres (Botuk, 1949). Assuming that the mean quantity of 

water consumed by one inhabitant in 24 hours Is 200 litres it 

is easy to calculate that a pond with an aria of 1 hectare and 

a mean depth of 1 metre filled once with undiluted waste water 

will hold 24 hours of drainage from 50,000 inhabitants. To-

gether with the waste water the pond will receive over 350 kg 

of ammonium nitrogen and nearly 80 kg of phosphates. The load 
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of organic matter will be more than 2.5 tons/ha. Such large 

quantities of fertilizing substances are not used in pond 

pisciculture. Overloading with easily oxidizable organic 

matter in ponds filled with undiluted waste water results in  

the creation of anaerobic conditions in which not only the 

fish but also most forms of zooplankton and benthos cannot 

survive. 

In the course of time, as the result of self-purifica-

tion processes taking places in the waste water, aerobic cond-

itions are established, phytoplaneon develops and give a 

strong boost to aeration owing to photosynthetic evolution of 

oxyzen, and then there is a sudden flourishing of heterotrophio 

organisms of plankton and benthos. Conditions are created 

which are ravourable for the life of fish. But the waste water 

continues to flow in and the purified areas must be evacuated 

as soon as possible. To combine purification of waste water 

with fish breeding we must either dilute the waste water with a 

quantity of fresh water as it enters the pond, or have a series 

of ponds so that the undiluted self-purifying waste water can 

pass  tram one to another, thereby creating favourable condit-

ions for the culture of fish. 

The tiret  experiments in the use of household waste water 

diluted with fresh water were conducted in 1887 in Berlin, 

where purified drainage water from irrigated fields was direct-

ed into experimental trout pools. Gradually the Germans evol-

ved the practice of utilizing domestic waste water in carp 

breeding ponds, and this practice later became very widespread 

(Walter, Demon, 1937). Ihe largest biological installation 
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for the purification of household waste water by means of 

fish ponds was the pond carp farm in Munich, which started 

operations in 1929. This thoroughly organized farm, with a 

total area of 223 ha, was designed for a three year cycle. 

The finishing ponds, into which most of the waste water flowed, 

were rectangular in shape and measured 3P0 X 200 m. The waste 

water from the municipal drains was first clarified in settling 

tanks and then passed alOnia pipeline to the ponds, before 

entering which it was mixed with fresh wateiln a ratio of 1:3. 

On this farm one hectare of pond area processed waste water f rom  

3.000 inhabitant. In the'wintertime the waste water was ac-

cumulated in a 600 hectare iake situated higher up. It was not 

allowed to enter the hibernating ponds and store ponds. The 

fish yield of the ponds in Munich after fertilization with waste 

water averaged 450 kg/ha, and individual ponds gave a much high-

er yield (Kisshalt, Ilzhoefer, 1937; Scheuring, 1939; Kaufmann, 

1958). The annual production of the farm was more than 25(5 

tons of fish./i.e. metric  tons  - translator/. Conditions in 

summer ponds were such that a large number of ducks could'also 

be reared on them. 

The spread of this method has been held back  by  the nec-

essity for Complex equipment and sources of large quantities 

of clean water for the dilution of the effluent.  Three times 

more pure water is required than  Is consumed by the municipal 

water supply system, and in large towns this poses quite a 

problem. 

In the Soviet Union another method has been ted for the 

utilization of household waste water for fish breeding without 

the consumption of large quantities of fresh water. Experiments 

/tits/ 
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in the use of undiluted waste water from Moscow were begun 

In Lublin in 1913. A series of ponds was used in which the 

fluid passed In succeseion from the first to the second, from 

the second to the third, and so on. By the time it reached 

the last pond (usually the fourth) .t....e.—f-ètertir)--the waste water 

had been n-ocessed so thoroughiy by self-purification processes 

that's nditions favourable for the existence of carp had been 

achieved. By 1928 the ponds covered an area of 220 hectares. 

Between 1927 and 1931, V. A. Meien, (1928, 1932), working 

with the same type of purifying ponds in Lyubertsy, bred carp 

experimentally. Uri7diluted waste water from Moscow flowed 

Into the ponds at a rate of 178 m3/ha per day. According to 

the observations of Meien, in the fourth pond of each series 

the oxygen content was 10 mg/litre, organisms of the zooplank-

ton and benthos devoured by fish developed in vast quantities, 

and the carp grew well. The fish yield was 376 kg/ha. How-

ever, the oxygen regime in Meien's.experimental ponds was un-

stable owing to the constant flow, i.e. the constant inflow of 

waste water more or less purified in the upper ponds of the 

series. 

At the present time a method of purifying household waste 

water in biological ponds not intended for fish breeding has 

been develoed intensively and is becoming more and more wide-

spread (Vinbei-g, 1955). Ten years of research into the self-

purification processes in shallow stagnant biological ponds 

established in the Minsk filtration fields have shown the great 

efficieny of this method of purification and revealed the basic 

principles underlying the processes which take place (Vinberg. 
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1955). Ten yèars of research into  the self-purification  proCesees 

• which take place (Vinberg, 1955, 1957; Vinberg, :Sivko, 1952, 

1956, 1959, 1960; Vinberg, Ostapenya, Sivko, 1957; Vinberg, 

Ostapenya, 1961; Sivko, 1961); The main advanCage of the 

stagnant biological *ponds is that they can handle a load twice 

as big as that handled by the flowing ponds in series which were 

previously used near Mosco. This conclusion arrived at by . the 	• 

authors working at Minsk was later confirmed by A. A, Kukhar- 

enko and N. S. Podlesnyuk (1962), who did their research on the 	' 

purification ponds at Lyuhersty. Waste water which tas under- 

gone purification in autotrophie ponds contains a greater ql .iantityie170/ 

of organic matter in the composition of the bodies of the live 

cells of planktonic algae (usually zmall Protococcaceae or flag- 	• 

ellates). Organic  natter in this form not only cannot increase 

the biological oxygen requirement of the receiving pond, but, ' 

 owing to photosynthesis of the algae, promotes aeration and in-

creases the pond's capacity for purification. In this connection 

the drainage of water purified in biological ponds into summer 

fish ponds is quite harmless. According to the observations of 

T. N. Sivko (1961), the biomass of algae in the biological ponds 

in Minsk is 125071500 kg/ha. The increase in the phytoplankton. 

over twenty-four hours during mass development is roughly 900 kg 

of wet weight per hectare. If, for calculation of the mean, we 

take take half this figure, eventhen the increase in the organic 

matter of the algae durin5 the 100 days of the growing season will 

be 45 tons per hectare. This vast mass of ready planktonkmater-

ia1 could ensure a marked increase in the yield of fish ponds. 
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But until recently waste water purified in biological pools 

has been discharged into open drains and not been used ration-

ally. It 3e0M3 quite evident to us that household waste water 

previously purified in biological pools should be used to 	
. 

raise the yield of potrids. 
)i f e ■e1 .1"..",À 

A great' efrect may also be achieved by using for the same A 
purpose waote water purified in other ways. As we know, act-

ivated sludge is being widely used to purify waste water from 

the municipal sewera;re system. After purification the water 

cannot pollute natural'bodies of water, and it is discharged 

into lakes and.rivers. Meanwhile, the purified water normally 

contains a large quantity of nitroven and phosphorous, i.e. . 
those nutritive elements which are the main active principles 	. 

of the artificial fertilizers employed in pond pisciculture. 

For example, in the waste water of Kielce (Poland) (Wolny, 1962) 

was found, after purification with activated sludge, 44.3 mg . 

of 1103/ litre and 2.5 mg Of F04/litre. Three years of obser-

vations of the breeding of carp of different ages in five ex-

perimental ponds filled with undiluted purified waste water 

from Kielce revealed that it was entirely possible to use such 

water not only in summer ponds but also in winter ponds. Wolny's 

experiments embraced two tyPes of ponds - flowing and stagnant. 

In the flowing ponds the entire volume of purified%waste water 

was c:mpletely replaced in two to three days. The best breed-

ing 'results were obtained in the stagnant ponds. In one of 

them, in hich-twerellefzzpap,d,- -,-.91nins_p_ere_being reared 

---1-13.-1  

17.71,80,... .4. 1,a..; •e- T -h, ,I {..cl. ti“.. Ilst n«.1,....À .y,41€..) 	. 
the fish yiei2\i  er7nTertilized ponds in that reebn. kolny 

emphasizes that "such a hiEh yield has nevor before been noted 
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in our literature .  Moreover, it was achieved on natural food 

alone...". In the other stagnant ponds filled with purified 

water the yield was 2.8-6.8 times higher than that of unfe-

tilized ponds. In fast-running ponds the yield was lower than 

in the control pond g6.1  kg/ha). This example shows convin- • 

cingly the greafleCT achieved by using purified water in 

pond pisciculture. • 

Some industrial effluents can also be used successfully 

to raise the fish yield of ponds. 

Experiments performed'before the war in Germany showed 

the possibility of using waste waters from cellulose factoriea 

in ponds, provided this water was diluted With ten times ita 

volume of clean water. After the second world war work began 

in Czechoslovakia and other countries on the purification in 

fish ponds of waste water from various food manufacturing 

plants. 

Fytlik and Lee (1954) suggested a method for purifying 

and utilizing in fish ponds waste wateir from dairy : factories. 

Chemical and biological studies Conducted by these authors on , 

seven ponds in different parts of Czechoslovakia revealed that 

drainage of effluent from dairy factories into biological pools 

is the best method of purifying them and raising the fish yield 

of ponds. The authors came to the conclusion that this waste 

water can be used in the ponds all  year  round provided there 

are no fish in the ponds during the winter. It-was estimated 

that waste water together with whey from the processing of 

10,000 litres of milk a day can be used in a carp pond with an 

area of 6 bectarea.and a mean depth of 1 metre.  At  the same 
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the ponds must be limed every year with a concentration of 

20 centners  of CaO per hectare. 

In the same year Pytlik, Votava and Bene (1954) devised 

a method of usinv waste water from sugar refineries. The auth-

ors demonstrated that in a storage pond of such size that with te 

depth of 1 metre, it could accommodate all the waste water from 

a plant dur:ng its period of operation with liming at the rate 

of 50 centryers of CaO per hectare, the waste water would be 

completely purified durinv the winter, the organic matter con-

tained in it would be mineralized, and in spring the pond could 

be normally stocked for the fattening of carp. During the sum-

mer the fish are fattened, in autumn the pond is drained and 

the fish harvested, and then the pond is filled with effluent, 

limed and restocked the next spring. The fish yield of such 

ponds reaches 500 kg/ha. An experiment showed that a pond with /172/ 

an area of 4.5 hectares is sufficient to receive pulp effluent 
from the processing of 3,000,000 centngrs of beet.  The six 

years of study by the authors in Kelnny showed the great ef-

fectiveness of this method of utilizing the waste water of sugar 

refineries. 

From 1950 to 1953 Pytlik and Dunk (Pytlik, Dunk, 1956; 

Pytlik, 1957) made a study of a fish pond into which effluent 

from an abattoir was discharged.  the  authors came to the con-

clusion that a pond area of 1.4 hectares is sufficient for 

every ten head of cattle slaughtered a day, and that when the 

same number of cattle are processed at mean combines 2 hect- 

ares of area (mean depth 1 metre) are enough. In this event all . 

the effluent can be assimilated without preliminary purifica-

tion. 
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To avoid intensive local pollution it is advisable to dis-

charge the effluent into fish ponds not at one point only but 

'evenly over the entire area of the pond. This ensures optimum 

conditions for the procesing and utilization of the effluent. . 

The oxygen regiMe of the ponds receiving the effluent must be 

strictly controlled, and the inflow of effluent adjusted accord- 

• ingly. 

Thus, when suitably processed, domestic waste water and the 

effluent of certain food manufacturing factories not only help to 

increase the fi'sh yield but also to enrieh the ponds with a quan-

tity of nutritive substanees which cannot be matched byany other 

methods of fertilization. There is no doubt that in future this 

method of "fertilizing" ponds will find  vide application.  



296 
29$  CHAPTER . V. 

THE EFF,Wr 0? FLI:rILI-.:ATEON ON THE FOOD SUPPLY OF THE FISH.  

1. Introduction  
- p pg. d fro. y 

The natural food of the ere-oall--d-ooll-e-fish reared in 

pondn is the invertebrates nnd their larvae populating the mid-

water of the pond (zooplankton), the upper layer of the bottom 

soil (zoobenthos), and the submerged plants (zoophyton). The 

zooplankton and zoobenthos are regarded as the main natural food 

su7ply of a fish pond. As regards the underwater plant popula-

tion, its role in the food sup:lly of pond fish is determined en-

tirely by the deerne of cultivation of the pond. The higher the 

level of fish  culture and hence the higher the fish yield of the 

ponds, the'imaller the population of macrophytes in the ponds 

and the more insignificant the role of this population in the  

nutrition of the fish reared in these ponds. 

Depending an the species of fishes being bred and on their 

age, their diet will consist.mainly of org nisms from this or 

that commUnity. The fish actively select the most appropriate 

of their favourite food items. In addition to this ability to 

select, a large role in the feeding of a fish of a particular 

species and age is played by the degree of availability of food 

organisas.  

The main fish bred in Europe - the carp - is, like many other 

species of this f tally, distinguished by great flexibility of 

feeding, and they can make equally good use and fatten equally . 

well on b6th planktonic and benthic food. It is impossible to 

agree with the opinion propagated by certain fish breeders that 

carp are distinctly benthophagic in their second  year  of life. 

This view is not borne out by the data of numerous analyses 

of the content of the intestinesof two-year old carp and does 

not square with the fact that large increases in the commercial 

fish yield are obtained from ponds in which plankton Is strongly 

developed and the population of demersal zone is thin. 

In pond pisciculture in the U.S.A., where predatory and 

semi-predatory fishes are chiefly cultivated, the planktonic and 

bethnic food supply in.albo of great significance, as species 

forming part of the diet of predators are reared on it. This 

merely means that the food chain is lengthened by one additional - 

link. 

The inclusion in pond culture ofhes erain-lehe planteatIni) /Per 
A 

(blackatrp, white carp, end silver carp) extends the con-

cept of the food supply for fish culture by adding the vegeÉable 

part of the elie4:11Ltalltponds. however, since data on the ef-

fect of fertilizers on phytoplankton are examined in Chap .ter III . 

and as the breeding of fish consuming higher aquatic plants Is 

not yet restricted by the food resources, we shall merely confine 

ourselves here to an examination of zooplankton and zoobenthos 

as a source of food in fish ponds. 

In connection with various experiments to intensity fish 

culture, including methods of fertilization, numerous studies of 

the natural food supply of Éish in fish ponds have been perfore:- 

ed. The papers of German research workers on the fertilization 

of ponds in Sachsenhausen had described an attempt to ascertain 

the effect of nrtilizers on zooplankton and to find a correlation 

between zooplankton and the fish yield in experimental ponds. 
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The detailed paper by Pauly (1919) contains a large number of .  

tables and graphs showing all the fluctuations in the composit-

ion of the zooplankton of the ponds he studied. No specific 

differences were found in the species composition of the zoo- 	. 

plankton of fertilized and unfertilized ponds. Nor was there 

any trace of systematic quantiti .ve  differences among the vast 

amount . of material on the number of individuals in the composit-

ion of the zooplankton of fertilized and unfertilized ponds. 

It was impossible to discover any correlation between the plank-

ton and the fish yield of the ponds. 

No less ty2ical are the results of three years of pains-

taking study of the zooplankton performed by Kreutner (1934) on 

ten small ponds on the Sulau experimental farm in Silesia. Afte'r 

coaparing his data on the compsition and numbers of zooplankton 

with the fish yield of the ponds the author found, contrary to 

what he had expected, that his material failed to reveal a con-

nection between the qualitative and quantitative development of 

the zooplankton and the fish yield of individual ponds. 

Similar data on alankton are contained in the papers of 

Wiebe (1929, 1930), who examined the species and numerical com- . 

position of plankton in several nursery ponds and five cement 

ponds on an experimental perch farm in connection with various 

fertilizers. Similar work was done by M. K. Taran (1939a, 19393) 

in the Ukraine, who also notes a similarity in the species com-

position of the plankton in fertilized and unfertilized ponds. 

No doubt because of their laboriousness and technical com-

pexity, studies of the zoobenthos have been on a much smaller 

scale. Here, too, no connection has been revealed between the 
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composition of the benthos and the measures taken to raise the 	/1751 

yield of ponds, and nor has it been possible to find a link 

between the number of individuals in the beinee population and 

• . the magnitude of the yield. "In contrast to  the  data on the zoo-

plankton, the studies of the benthos have from the very begin-

ning been accompanied by determination of the biomass of bottom-

dwelling animals, and thiS has brought the results much closer 

to the problem posed. But in many cases the authors, in their 

investigations of the benthos of ponds, have confined themselves «  

and are still confining themselves to a description of the ben-

thos of individual stations or parts of the ponds, without even 

attempting to determine the stocks of natural fish food in the 

pond as a whole. Examples of this are the research of M. K.  Taran 

on the ponds of the Ukraine and the studies conducted much later 

by V. Ya. Pankratova in connection with the fertilization  of  the 

ponds of a vimba and shemaia enursery in the northern Caucasus and 

carp breeding ponds in Latvia . (Pankratova, 1959a, 1959b). 

It Is easy to anderstand why no correlation has been dis- 	. 

covered between the composition of the food organisms and fish 

yleld of ponds. For pond fish such as the carp it is not essen-

tial for specific species to be present among their items of food. 

There is a wide variety of different forms of food organisms 

which the fish are capable of feeding on. It is a generally known 

fact that the species composition of the'organisms consumed by 

the fish differs in different ponds and depends to a large degree 

• on the composition of the fauna of the body of water in question. 

At the same time it is evident that If the fish.are to grow at 

a/e 	the necessary rate they shOuld consume a specific quantity of food 

e ch‘,Irct  Ih.ritus r11 ,1  r ,  de's 
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of a relatively fixed chemical  composition and  other properties 

enabling it to be included in the metabolism of the fish. These 

basic ccinditions are satisfied through the complex system of re-

lations evolved in time with the habitat Allah determines the 

behaviour of  the  fish, selectivity whilé feeding, regular replace-

ment of favourite items of food ln the course of development or 

at different times of the year, and so on. Hence, in spite of the 

existence of particular types of diet and their regular abandon-

ment in the course of development, no species of fish has a con-

stant imperative link with specific species of food organisms. 

The food requirements of each species are determined principally 

by the type or metabolism peculiar to it and are satisfied by a 

given quantity of food of suitable chemical composition. 

Hence it is clear how important for an understanding of the 

 trophic links are quantitative data permitting an assessMent of 

the food supply in absolute units of matter or enerEY. For a 

comnarleon with the fish yield it is no less important that ob-

jective quantitative data reflecting the level of development of 

the food supply should be related to the unit of area character-

izing the pond as a whole, and not to individual parts, zones, 

stations, etc. Fish bred in ponds may assimilate the food resources 

of all parts of the pond; therfore it is quite correct for the 

fish yield to be expressed in units of weight per atilt of area. Of 

course, when making such an estimte it is necessary to take into 

account all the food stocks which are actually consumed by the 

fish. Only when we have comparative data can we count on finding 

a correlation between the phenomena compared. Unfortunately, most  
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of the.research on'the food supplies of fish in ponds does not 

satisfy thià elementary requirement. : •  

The existence of a quantitative link between the primary 

and final production in ponds proves that  in  the general case 

the intermediate stages of the reproductive process of the fish . 

are also connected both with the primary and the final production. 

Earlier we showed that a search for a link between the food supply 

and the fish yield waa for a long time conducted in the wrong di-' 

rection. 

Let us examine what links are possible between the fertil-

ization of ponds on the one  hand and the development of food or-

ganisas for the fish on the other. 

There are insufficient grounds for considering that an in- .  

crease or reduction in the food supply of the fish, represented 

in the ponds  by heterotrophic organisms of plankton and benthos, 

may be the consequence of the simple direct effect.of fertiliza-

tion on these organisms. This effect may make itself felt only 

indirectly, through the intermediate links in the food chain. . 

tinier the influence of artificial fertilizers the development of 

plankton is intensified and the primary production is increased. 

This creates better food conditions for the filter feeders feed-

ing on phytoplankton and bacteria. This applies to many of the 

planktoeic and benthonic food organisas  consumed by the fish. 

Organic fertilizers add to the ponds a large quantity of 

micro-organisms which can be directly Consumed by the organisms 

fed on by the fish. But of much greater importance are those 

microbes which develop in the pond itself because of the organic 

fer'tilizer. However, organic fertilizer, in enriching the pond 
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with mineral nutritive salts, also intensifies the development 

of phytoplankton. The decaying cells of planktonic algae in 

their turn provide the substrate for the development of sap- ' 

rophytic bacteria. Therefore the beneficial effect of both 

artificial and organic fertilizers Is reflected in the first 

place ln the feeding conditions of the food organisms consumed 

by the fish. It is quite clear that if the fertilizer has no 

initial effect, the development of phytoplankton is not inten-

sified and the number of bacteria is not increased, then there 

is no reason to expect.  that the fertilizer.  will have a stim-

ulatory effect on the food  supply of the,fish. The indirect 

effect of fertilizers on the food supply, ma'nly through the 

feeding conditions, cannot be selective and narrowly specific; 

It cannot affect the development of some of the constituents of 

the natural food supply of the fish without acting on others. 

Furthermore, the organisms of the pond zooplankton and benthos 

are well adapted to a wide range of sudden changes in the con-

ditions. Therefore It can hardly be expected that there will be 

a substantial change in the species composition of the food or-

ganisms consumed by  the  fish under the non-specific effect of 

fertilizers. 

In numerous studies in which the composition of the plank-

tonic and benthic population of the ponds Is analysed in con-

nection with fertilization, no such differences can be detected 

in the composition which might be attributable to the definite 

influence of fertilizers (Braginsky, 1954, 1956, 1957; Akatova, 

1957, 1959; Dunke, 1958; Lyakhnovich, 1 953, 1960, 1963a; Lap-

inskalte, 195H; Volkova, 1961; Pankratova, 1958, 1959a; Vadze, 

1961).  
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An improvement in the conditions of nutrition of zoo-

planktonic and benthonic organisms due to fertilizer may help 

to increase the number of food organisms consumed by the fish, 

but such an increase cannot alwlys be detected by counting.the 

number of individuals forming the food supply of the species of 

zooplankton and benthos. 

An improvement in the trophic conditions is more helpful 

in increasinp the number of larger'species, for example paohnia.  

If this leads, as it often does in prlctice, to a drop in  the 

 number of rotifers, Bosmina  or Chydorus,  then the actual IncreaSe 

in the biomass of the zooplankbon will be concealed by a drop in 

the overall numbers, and so on.' The same thing is also possible 

In relation to the zoobenthos, in the composition of which, as 

in the composition of the zooplankton, the weight (biomass) of 

the largeeforms differs from the biomass of the small forms by 

a factor of several hundreds. Hence, to discover a quantitative" 

link between the food supply of the fish and the primary pro-
f.  

duction we must have data rIlectlng the compared values in ab- 

solute units of weight, i.e. we must strive to determine the 

biomass of the relevant groupings of the animal and plant pop- • 

ulations of the ponds. This obvious condition is, unfortunately, 

not always heeded in piscicultural studies of ponds, and there-

fore, in spite of many years of research by special piscicultural. 

 institues, very few data have been collected for an objective 

assessment of the food supply of fish in ponds in the /arlous 

zones of the Soviet Union. This gap is to some extent filled 

by thé research of hydrobiologists working independently of the 

piscicultural establishments. 	• 

Sonie people feel that the stimulatory effect of intensi-

fication measures on the development of' the food.  supply of fish 
Air/ 
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cannot be detected by the usual method of quantitative estimates 

because the , food•organisms are consumed by»the fish. As a result, 

the biomass of food  organisms, which has been augmente& by fer-

tilizers, soon drops to its original level,  and, in spite of the 

 f:rct that fertilizers really do have a stimulatory effect on the 

food supply, this effé- ct is not detected during investigation. 

The effect of the eliminating factor of consamption on the de-

velopment of the food supply is of fundamental importance, great-

ly com.qicates analysis of the connection between the food supply 

and the primary production, and cannot be ignored. Ho-ever, the 

phytoplankton and bacterioplankton of ponds in no way differs in 

this respect from the zooplankton and other food organisms con- • 

sum?ed by fish. For example, the phytoplankton in a pond is also 

subp.-ct to the constant influence  of' the  grazing factor, i.e. Its 

consumption by heterotrophic organisms living on it. Nevertheless, 

it has been shown more than once that the quantity of phyto-

plankton greatly increases under the effect of successfully ap-

plied fertilizers. It is natural to expect'that when fertilization 

has a beneficial effect the number, or rather the biomass, of the 

food organisms consumed by the fish must also increase. 

In the long evolution of mutual adoption of organisms in 

ecological systems various species have developed different de-

vices protecting them from complete extermination through consump-

tion by other spe.cles. The stability of the systems is governed 

by their diversity of species, owing tohich species with different 

devices can fulfil similar functions in the system as a whole and 

substitute for one another. Thus, for example, when some sPeriaS 

are devoured intensively by fish and the number of individuals 

diminishes accordingly, there may be vigorous development of 
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substitute species which are more resistant to the grazing factor, 

and the body of water will ultimately be populated as densely as 

its material and energy resources permit in the light of the 

nature of the cycle of substances established. 

Even in very densely stocked ponds the fish cannot devour 

all the food items, as may occur in aquariums. Schaperclaus 

(19b1) notes that a fourteen-fold increase in the density of the 
stocking of fish (from 120 to 1680 per hectare) brought about a 	- 

drop in the number of chironomid larvae of only he, although in 

the latter case there was hardly any increase in the yield of fish. 

Earlier we noted that investigations of the food supply of 

fish in connection with fertilization of ponds falled-to reveal' • ' 

the effect of the fertilizers on the species composition of the 

organisms used as food by the fish. Nevertheless, It is known 

that ponds may differ widely in the composition of the invert- 	A79/ 

ebrate fauna. These differences are naturally connîected with 

the character of the ponds and their biological and productive 

properties. One of ,the first to direct attention to this was S. 

N. Duplakov (1922), who studied zooplankton 'in twelve ponds pol-

luted in varying degrees by man. He discovered that ln heavily 

polluted ponds the plankton contains typically Daphnia ruleX. 

Moina rectirostris,  and of the i.otlfers Brochionus urceolaris  and 	• 

at times Minn longlseta. Reduction of the pollution leads to 

a drop in the quantity of D. rulex  and B. nrceolnris and to in-

tensification of the development of D. longlinn, Schirocerca  

diversicornis, Polrolvx eulcata.  In ponds still less heavily 

pollutea, D. pulex disappear's from the zooplankton together with 

B. urceolaris,  and they are replaced by vigorously developing 

chydorids. 
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Later, in Germany, Langhans (1936), on the strength of 

the results of his own studies of the zooplankton in fish ponds 

in Bohemia, Galicia, Poland, Rumania and Yugoslavia, accumulated 

over a period of 25 years, came to the conclusion that mass 

development of Danhnia magna,  D. pulex  and many species of Molna  

is characteristic only of ponds with a high fish yield. Among ! 

the rotifers the author also singles out a number of indicator 

organisms whose abundent development signifies that the pond 

has good production properties. V. P. Lyakhnovich (1958a) anal-

ysed material obtained from a study of the food supply of fish 

in 100 ponds in Belorussia and confirmed the conclusions of Lang-

hans regarding the indicator organisms of the zooplankton. With 

reference to the benthos, Lyakhnovich includes among the organises 

 typical of highly productive ponds chaoborines and chironomid 

larvae of the genus Chlronomus.  Wunder (1949) also stresses that 

only in the plankton of very good ponds does Daphnia  develop ab-

undantly throughout the entire summer, whereas in low-yielding 

ponds, even when appearing immediately after the filling of the 

pond, they very quickly disappear from the plankton. Schaperclaus 

drew attention to the fact that the larger species normally de-

velop abundantly in the more productive ponds and smaller species 

o ,  ClaAoa.-*  and sometimes rotifers, but so far no-one has paid 

any attention to the different species of copepods in this con- 

• nection. 

At first sight it may seem that we are faced with a con-

tradiction: on the one hand the effect of fertilizers on the 

species composition of food organisms cannot be determined and 

on the other the composition of the food supply of the fish varies 

in ponds with different fish yields. But there is no .contradiction 
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here. As was emphaslzed by V. P. Lyakhovich (1958) ., the mere 

presence of an indicator organism cannot be regarded as a bit,- 

logical index of the fish yield. Only its mass development 

enters into consideration, which is evidence of the flourishing 

. of the indicator species. Thus, the difference amounts to not 

much more than the ratio of the indicator organisms to the re-

maining forms of the particular section of the population of the 

pond. On the other hand, the differences in the species  compo- 

sition of the food organisms consumed by the fish in the ponds  are ... 

apparently governed by the character of the pond as à whole, the 

state of its bottom and basin, the degree of cultivation, plant 

growth, mode of operation over a long period preceding the time 

of study. In this connection It is quite possible that the pro-

longed effect of fertilization on the pond in conjunction with 	• 

other factors will help to change the composition of the food sup-

ply. Studies so far made of the composition of the zooplanktoh 

and benthos ln connection with fertilization have been too short 

to detect the specific effect of fertilization on the species 

composition of the invertebrate population. 

Years of study of ponds drained every year for winter and 

refilled every spring, i.e. ponds which are to a large extent ep-

hemeral, has convinced us that the complexes of living organisms 

populating these ponds pàssessgreat consistency. Pram year to 	• 

year in the same pond an ecological system recurs which is sur-

prisingly similar in its species compositioh to the system which 

preceded it. This applies equally to the zooplankton and benthos 

and to the phytoplankton. This is probably the reason why .no 

ways have yet been found of controlling the changes in the species 

composition of plankton in ponds. Our knowledge of the Inner laws 

governing the relations of the components in the'ecological system 

Arc/ 
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of plankton Is as yet inadequate for such interference, which 

would enable us to deliberately form a given composition in 

circumstances similar to the natural conditions of the body 

of water. The solution of this important problem is in fact 

far beyond the scope of t1-.e problem of pond fertilization. 

2. The Effect of Fertil1cat'on on the Development of Zooplankton  

As we have already observed, the effect of fertilizers on 

the food supply of fish, including the 7ooplankton, is only in-

direct, proceeding through the intermediate links in the chain. 

First of all there is an incrcase in the quantity of food organ-

isms, in their biomass. Dut the fish yield can only increase if 

the fish consume a certain quantity of food. Therefore we need 

quantitative data on the biomass of the zooplankton in thé pond, 

*which is a highly important part of the natural food supply of 

fish reared in ponds. 

Study of the zooplankton in ponds has recently been linked 

more and more with computation of its biomass, using the so-

called standard weights. Of course, this method Is not free from 

many inaccuracies, if only because the linear dimensions of the 	/e1/  
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Numbers and biomass of zooplankton In finishing Ponds in 
Belorussia. 

not uniformly correlated with their weight under 

Measurement of many individuals of different 

microscope is extremely laborious, so computat- 

ions of the biomass are usually baced on a small number of mea-

surements. Ne.vertheless, estimation of the zooplankton in terms 

of the biomass is much more precise than describing its size ac-

cording to the number of individuals, a method which was used 

until quite recently in all piscicultural research on ponds. For 

example, before scientists began to estimate the biomass it was 

zooplankton are 

all conditions. 

species under a 
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widely thought that rotifers occupied a very important position 

among the pond zooplankton. Only when the biomass was estimated 

was it found, that, in spite of the nueerical preponderance of 

rotifers over other Eroups of zooplankton, they do not normally 

constitute more than 10% of the biomass, and oiten far less. 

Ponds may differ widely in the quantity of zooplankton even 

vhen the species comosition of the latter is similar or ident-

ical. For example, according to the data of V. P. Lyakhnovich 

(19641a), the finishing ponds in Eelorussia differ b -  a factor of 

more than 200 in the numbers and biomass of the zooplankton. 

After analysine the results of his ovn studies extending from 

1952 to 1962 and embrlcing 150 finishing ponds (more than 2,500 

quantitative samples), Lyakhnovich discovered certain character-

istic features in the relationships of the groups of zooplanktoni 

depending on the quantitative development. The quantitative data 

from ei;wLyakhnovich's studies na- e included in Table 8. All the 

ponds examined by the author hpve been subdivided into five groups Pa/ 

according to the size of the total biomass of zooplankton. The 

first groups contain finishing ponds with a very smnll total bio-

mass of zooplankton - less than 1 g/m3  ; the second group contains 

- ponds with a total biomass ranging from 1 to 10 g/m3 , which is 

regarded as low; the third group is made up of ,onds with a total 

biomass of 10-50 g/m3  (mean); the fourth, of ponds with a total 

biomass of 50-100 g/m3  (high); the fith of ponds with a total 

biomass in excess of 100 g/m3  (very high). The grouping of the 

ponds of specialized pond fish farms and for the ponds of col-

lective and state farms. 
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The •first point which s trikes one  1is  the number of ponds 

in each group. On pond culture farmsmigb. 10% of the ponds 

have a very small biomass of zooplankton, 46% of the finishing 

ponds are characterized by a low total biomass, the biomass for • 

this . group being 4.31 g/m3 , and 38% have a mean total bio- 

mass of zoopiankton of 17.63 g/M3. Only in one finishing pond 

was the total biomass of zooplankton greater than 100 g/m3. The 

nature of the group distribution of the ponds of the collective 

and state farms is different'. iler.e 45% of all the farms examined 

have a total biomass of less than 1g/m3 , with a mean for the 

whole group of 0.40 g/m3 , whereas 37% of the ponds are charac-

terized by a low biomass of zoOplanktonaanging from 1 to 10 g/m3. 

On pond fish farms almost half the finishing ponds (44%) have 
is 

a biomasssof zooplankton whichtaverage or above-average, where- 

as on the collective and state farm the figure is only'18%. 

Thus, the finishing ponds of pond-fish farms as a whole are char-

acterized by higher indices of quantitative development of zoo-

plankton than are the ponds of collective and state farms. This 

is evidently due to the more correct system of exploiting the 

pond resources on the specialized farms. It is striking that thé 

fish yield of the ponds of fish farms is much higher than the 

yield of collective farm ponds. 

It is a matter of interest to determine the correlation of . 

the main groups of zooplankton in relation to their genera l. 

level of development. First of all it must . be  noted that in- 	- 

crease in the number af zooplankton is not proportional to the 

growth of its total biomass. Thuà, for a 220-fold increase in 

the mean biomass of the third to fifth groups of ponds on the 

fish farms, and a more than 300-fold increase for the ponds of 
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collective and state farms, the total population increases by 

factors of 59 and 36 respectively. This means that a greater 

biomass 'of zooplankton is ensured not . only by a greater density 

of the mid-water population, but also by larger form of zoo-

plankton eaters. As the total numbers and biomass of zooplank-

ton increase the proportion of rotifers diminishes and the 

role of Cladocera  grows. Thus, in the first group of ponds 

of the fish farms the rotifers constitute 48% of the total 

number of zooplankton, whereas in the fifth group they amount 

to only 331. This pattern is even more distinct in the groups 

of collective farm ponds, where the proportion of rotifers 

drops from 88% in the first group to 25% in the fifth. As the 

total numbers of zooplankton grow, the proportion of Cladocera  

increasan accordingly from 2-7 to 53-561. It appears that in 

those ponds where conditions exist for abundant development of 

zooplankton cladoceran crustaceans increase more vigorously 

than rotifers. Suffice it to say that when the total number 

of zooplankton increases by a factor 36-59 the numbers of 

Cladocera  increase by a factor of 489-1200, whereas the ro-

tifers increase only I,/ a factorof 10-40. Such a tendency in 

the nature of the relationship between these two groups of 

zooplankton can also be detected in the weight indices, although 

the proportion of rotifers in the total biomass of zooplankton 

does not exceed 32%, and frequently drops to 5-10%. 

ThiS tendency for the correlation of the main groups of 

zooplankton to vary in the direction of the predoninance 

of larger forms over smaller forms as the total numbers and 

biomass increase is of great piscicultural importance to fish  
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ponds in general, and for finishin7 carp ponds in particular, 

sincd two-year old carp prefer to feed on the larger forms of 

crustaceans, while carp of 400 grams and over are apparently 

quite uhable to filer out the small planktonic rotifers. 

* 	An important role in the composition of the zooplankton 

is also played by the copepods, which are avidly consumed by 

carp of any size in the adult state. In numbers this groupX 

constitutes on average .8-25%.of all the zooplankton in fin-

ishing ponds. Only in the first group of ponds on the fish 

farma, with very small indices of qaantitative development of 

zooplankton, was the proportion of copepods 45% of the total 

population. In the biomass of zooplanktbn as a whole however, 

generally represent 45-5e. The material examined 

no trace of a correlation between the proportion of 

in the  zooplankton and the general  indices of  its 

quantitative development. 

In another of his papers V. P. Lyakhnovich (1960) notes • . 

that the nursery ponds of Belorussian fish farms are character-

ized by a mean biomass of zooplankton equal to 8.92 g/m3 , with 

wide fluctuations ranging from 0.13 to 169.9 g/m3 . A higher 

biomass of zooplankton was discovered in ponds which had been 

cultivated, cleared of plant growth and fertilized. The lowest 

biomasses% zooplankton were found in marshy nursery ponds 

containing an excessive amount of hard vegetation. The research.» 

es of A. D. lieinsone-Yurane, M. N. Matisone, Dz. R. Wadze and 

A. P. Volkova (1961), conducted on 33 ponds in Latvia, revealed 

that 21% of the ponds in Latvia have a biomass of zooplankton 

'or les than 1 g/m3 , 55% between 1 and 10 g/m3 , and the remain-

der between 10 and 31 g/m3 . In the ponds of one of the Latvian 

copepods 

revealed 

copepods 

/lee/ 
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Is quite impossible to make an objective assessment of the  

quantitative development of the znoplankton from these data.1 

Only in one paper is it reported that the mean seasonal biomasse& 

• 	1 
Trudy VNIIPRKh. Vol. VIII, 1956, Vol. IX, 1958. 

of planktonic crustaceans in experimental finishing ponds 

ranged from 2.7-23.6 g/m3 	Sheina, Bakhtina, BatenkO et 

alia, 1956). 

For one of the commercial finishing ponds (area 83  hect-

ares) on the "Para" fish farm in Ryazan °blast I.  V. Komarova 	• 

calculated the biomass of crustaceans and found that the figure& 

were relatively high, ranging from 3 to 40 glm3 . The mean bio-

mass per season of observations was 20 g/m3  in 1953 and 26 g/m3 

in 1954 (Iltin, Brudastova, Sheina et alia, 1958). 	• 

In 1949 N. N. Kharin, V. N.  Shutenko and V. G. Mushenko  

(1954) investigated 107 ponds in the Rostov district and dia- 

covered biomasses of zooplanktbn in them ranging from 4.7 to 

43.5 g/m3 . After carefully analysing the copious data from 

systematic processing of samples of zooplankton the authors ar-

rived at the conclusion that the "composition  of the zooplankton 

of most of the ponds does not reveal groupings differing in 

quality...' Later the authors note that "in spite of a certain 

similarity in the composition of the pond aooplankton the quan-

titative development of the organisms displays an extraordinar.7 

mixed picture depending on the differencea in the dynamics of 

the environmental factors." The quantitative data of the author& 

reveal the high level of development of the zooplankton in the 

ponds of Rostov district. • 
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farms wlich had been fertilized with artifical nitrogen and 

phosphorous fertilizers, A. P. Volkova and R. V. Vun , kis (1962) 

observed a mean seasonal biomass of zooplankton of between 12 

and 30 g/m3, whereas in an unfertilized pond it was only 4 g/m3. 

The fish  ponds of the more northerly regions of the coun-

try, for example Novgorod and Leningrad, the Karelian ASSR and 

others, are apparently characterized by smaller indices of quan-

titative development of zooplankton than the ponds of Belo-

russia and Latvia. This is brought out particularly well by 

the data of Ta.  I. Ioffe and his colleagues (1955), who studied 

the zoopIakton of the ponds of "Sokolovo" fish farm in Novgorod 

oblist and the "Salimi u  fish factory in the Karelian ASSR in 

connectionGt9th fertilizaticn of these ponds with plants  • For 

the twelve ponds of the "Saltmi" fish farm the mean seasonal 

biomasses of zooplankton are cited, i.e. 1.5-6.3 g/m3 ,. while 

eleven out of the twelve were intensively fertilized with manure,' 

alder twigs and various grasses.. The regular observations of 

L. P. Maksimova (1961) on the development of zooplankton in four 

ponds of the "Popsha" fish farm in the Leningrad biomass of zoo. 

plankton noted in these ponds was 21.2 g/m3 . The mean seasonal 

bionass ranzed from 1-8 g/m3 , and only in one pond with an area 

of 3 hectares was it 13.2 g/m3 . 

In spite of many years of research by the All-Russian Pond 

Flaheries Research Institute there are no data available on the 

quantitative development of zooplankton in the commercial fish 

'ponds of the central zone of the European part of the USSR. The 

numerous publications put out by this Institute, describing the • 

. zooplankton of &mall experimental ponds (with an area of 300-1000 

m2 ) in connection with fertilization, only contain data on the 

number of specimens of cladocerans and copepods and rotifers. It 
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High biomasses of zooplankton characterize the ponds of the 

steppe part or the Ukraine, for which G. I. Shpet gives a mean 

value of 19.1 g/m3 . In the ponds of the Ukrainian forest-

steppe the bionass of zooplankton is far smaller, averaging 5.72 

g/m3 , while in the forest areas of the Ukraine it is only 2-3 g/m3 

(Sphet, 1962). However, for a number of fertilized ponds in the 

forest-steppe of the Ukraine L. P. Braginsky (1957) gives figures 

for the biomass of zooplankton greatly in excess of 10 g/m3 , and 

sometimes as high as 50-60 g/m3. M. F. Yaroshenko (1952) reports 

still higher figures for the quantitative development of zooplank-

ton in the fish ponds of Moldavia. The mean biomass of zooplank-

ton in commercial ponds is normally greater than 20 g/m3, but at 	• 

peak periods it may rise as high as 286.6 g/m3 for a mean pond 

depth of 1 metre this represents 2866 kg/ha. 

Unfortunately, insufficient data have been accumulated so 

far for us to be able to give a quantitative description of the , 

food zooplankton consumed by the'fish ' in ponds in relation to 	• 

the various soil and climate zones of the USSR, but the material 

which has been given already leaves no doubt that in this con- 

nection the northern ponds differ dubstantially from those in 	. 

the aouth. Owing to the research of the Ukrainian Fisheries Re-

search Institute, the Hydrobiological Institub of the Academy of 

Sciences of the Ukrainian SSR, the Dnepropetrovsk Institute of 

Hydrobiology and other establishments in the Ukraine we do have 

sufficient data on the fish ponds of the Ukraine to give separate 

descriptions of the development of the zooplankton of the ponds of 

the forest, forest-steppe and steppe zones-  (Shpet, 1962). Jud-

ging by the results of the research of the Belorussian Fisheries 

Research Institute set out above, the fish ponds of Beloruasia ex- 
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hibit no substantial differences in the development of zooplank-

ton due to the geographical  situation of the ponds, and this made 

it possible to examine the material on the republic as a whole. 

. Generally speaking, as we move from the north to  the south 

of the European part of our country we find that the fish ponds 

are characterized by larger and larger indices for the quanti-

tative development of zooplankto .n. It  is Important to note that 

the natural fish yield of the ponds is also normally higher when 

the pond is situated further south. On the strength of the ré-

suits of research by German authors SchZperclaus cites a mean 

biomass of zooplankton between 10 and 20 g/m3 for the fish ponds 

of East and West Germany. The author classes the ponds'according 

to fish yield as bad, good and very good and notes that the better .  

the fish yield of the pond the more profuse the development of 

Later Sch:Iperclaus emphasizes that "In general 

the pond the larger the zooplankton eat.ers 

This agrees with the data of V. P. Lyakhnovich 

fish ponds of Belorussia. 

Data on the mean biomass of the food zooplankton are very 

important for the fish yield of a pond, but we also need to know 

the diatribution of this biomass in the course of the growing 

season. The quantity of zooplankton, their numbers and blomiss 

in ponds may Vary within very ,'ide limits within a short space of 

time. The variation in the quantity of zooplankton in the course 

of the growing season has been determined in numerous  ponds of • 

various  types and different yields, and this has helped to es- . 

tablish some of the features of the dynamics of the 'quantity of 

zooplankton in relation to  the production properties of the ponds. 

zooplankton in it. 

the more productive 

that populate it". 

cited above for the 

Arr/ 
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to the higher figures for the mean and maximum biomasses, but 

also to the maximum.  correspondence between the distribution Of 

the biomass in time and the food requirements of the stock of 

fish. Unfortunately, this type of development is still rarely 

found in practice on the fish farms of Belorussia. 

IT 

,4616,6ftei, 0.6 /666 Me6 G,W>0,64,. 
6 	? Z 	tfetecg, 

Fig. 15 - Types of 
dynamics of biomasses 
of zooplankton in fish 
•ponds with different 
fish yields (after • 
Dunke, 1958). 

Key: 1-7 - April to 
• October. 	• 

In most cases types I, II or III prevail, Or others similar to 

them. We still have no data to judge tcr,-.-jàdge to what extent 

these types of dynamics recorded for ponds In Belorussia are valid 

for ponds in other soil and climate zones, nor do we know.  which 

of theeprevall where. We  cari  only suppose on the basis of the 
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This  rise Is followed by a more or less rapid decline In the 

quantity of zooplankton, which in turn is succeeded by a new 

rise in the numbers and biomass. The peaks In the development . 	. 

of the zooplankton are normally due to a comparatively small 

number of species which boost the population to a far greater 

extent than other species normally do, and this ensures a larger . 

biomass of zooplankton. As a rule, the higher the peak In the 

development of the zooplankton the smaller the number of species 

involved in thls development. In summer ponds used for the 

breeding of fish from April to November (nursery ponds), there 

is normally either one spring-summer peak or•two, i.e. spring-

summer .and summer-autumn, with a minimum in the middle of the 

farming season. In rare case the summer peak does not occur. 	. 

Typical curves for the quantitative development of zooplankton 

for ponds  with various production properties are shown in Fig. 

15. 

It has been observed (Dunke, 1958) that each type of curve 

reflecting the variation in the quantity of zooplankton during 

the growing season is characteriz ,x1 by specific values of the 

mean biomass of zooplankton during this period. The higher bio- /In/ 
mass corresponds to large values.at times of peak population 

and biomass. Different types of dynamics of quantitative develop-

ment may be ensured by a very similar species composition of the 

zooplankton. The characteristic decline in the middle of the 

summer, which is clearly marked ln curves II, III and IV, cannot 

be explained as yet. 

The interests of the fish industry are met most closely by 

the fifth type of zooplankton development. This is due not only 



14 
22 
33 • 

86 • 79 • 
90 	 52 

.12 
1- 0 	 21 
20 	 49 
40 	 83 

47 
4

- 

0 	 71 
40 	 162 
40 	 258 

49 
240 	 65 
72 	 166 
72 	 216 
80 	 366 

40 
4

- 

0 	 I20 	1962 
45 	 213 
53 	 300 

A.P. Volkova & R.V. Bun f kis, 

70  
80 
80 
95 

17.5 
35 
70 

6- 8 
136 

1- 02 
210 
210 
265 

43 
150 

G.G. Vinberg,  N. Dunke 
and Yu.N. Dorozhkin, 
1958 

G.G. Vinberg and N.A. Dunke, 
1958 

V.P. Lyakhnovich, I.T. 
Astapovich et alla, 1964 

319 

tendencies established for a limited regions that the more pro- 
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ductive ponds of the southern region of the country will be 

characterized.  by dynamics closer to types IV and V than to 1 

and II. 

The quantitative development of the zooplankton in ponds is 

governed by their properties and their material and energy re- 	/In • Quantity of fertilizer (active principle) in 
kg/ha sources. Extremely important among the factors controlling the 

itç 	svv ily  - 

lif e of the zoopinnkton in the pond le/the trophic factor. In 

this connection the question of the effect of fertilization of 

ponds on the quantity of zooplankton is of great interest. 

The effect of artificial fertilizers on the biom^ss of zoo-

plankton is illustrated by the figures in Table 9. 

The table summarizes the results of studies by various au- , 

thors on the development of zooplankton in fertilized and control 

experimental ponds in Belorussia and Latvia only, since we have 

so far been unable to discover parallel data for other regions. 

For convenience of comparison superphosphate and the various 

types of nitroiren artificial fertilizers have been expressed in 

terms of the quantities of the active principle - nitrogen (N) 

and P205•  The mean biomass of zooplankton, based on 9713 meas-

urements durinr the entire growing season, is expressed in kg/ha. 

There is a clear-cut connection between the quantity of fer- 

tilizer and the mean biomass of zooplankton. Nitrogen and phos- '481 

pho%is fertilizers applied separately have far less effect on 

the mean biomass of zooplankton than the two used in combin-

ation. It is characteristic that within the range studied, 1.e. 

up to 265 kg/ha of nttrogen and up to 80 kg/ha of P205, the 

biomass of zooplankton was higher when nore  fertilizer was added 

to the experimental pond. 

Table 9 

The luantity of fertilizer in relation to the biomass or 
zooalankton. 

Zoopinnkton 	 Authors 
kg/ha 

2205 

In the mort intensively fertilized ponds the mean biomass 

was more than nine times as 1Rrgess the biomass of zooplankton 

in the control ponds. It is important to note that in all cases 

a greater fish yield was obtained from the fertilized ponds than 

from the unfertilized ones, while many of the fertilized ponds 

were also stocked several times more densely than the control 

ponds. 

In different experiments and 'even in different versions of 
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artificial fertilzers were expended per unit of increase in the 

biomass of zooplankton. Thus, in the experiments with nitrogen 

fertilizer alone, 4.2 - 8.8 kg of the fertilizer were expended 

in producing a 1 kg increase in the mean biomass of zooplankton 

during the period of investigation. With different forms of 

nitrcren-phosphofius fertilizez: from 0.2 $  to 2.5 kg of nitrogen 

and from 0.2 $  to 2.5 kg of P205  were expended to produce a 1 kg 

increase in the mean biomass (compared with the control). The 

data available at present are inadequate for us to determine 

under what conditions nitrogen-phosphoqus fertilizers have more 

' effect on the quantitative development of the zooplankton. How-

ever, the material examined shows convincingly that there is a 

definite link between the quantity of fertilizer added to the 

.pond and the mean seasonal biomass of zooplankton. 

In all of the experiments performed the artificial fertil-

izers were added to the water repeatedly in small doses. 

An Increase in the quantity'of zooplankton under the effect 

of artificial fertilizers was also observed by L. P. Braginsky 

(1956, 1957), U. A. Akatova (1957), Wirzhubski and Sang (1953) 

and many other authors, but the data of their studes are cited 

in a form which is unsuitable for comaarison of the Observed ef-

fect and the quantity of fertillzer expended. 

Organic fertilirers also help to bring about intensified 

development of zooplankton in fish ponds. Thus, for example, in 

the experiments of Havlena (1956) in Czechoslovakia, fertiliza-

tion of ponds with pir's manure was accompanied by abundant de-

velopment of large >Inhale.  When,  the manure W4S added to fry 

ponds in quantities -of 5 -7 metric tons per hectare the biomass 
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of zooplankton rose to 600 h/m3  (Havlena, 1958). 

In the fish pongs of India inadequate development of the 

zooplankton was the main reason for heavy losses of young Indian 

carp resettled for breeding purposes after harvesting from 

rivers. The losses of larvae were frequently as high as 90%* 

and more (Ali-Kunhi, Chauduri, Ramachandran, 1955). Regular 

fertilization of the ponds with 15 tons of manure per hectare 

and 150 kg of lime per hectare, added in fractional doses, pro-

moted the development of the zooplalkton, and as a result the 

losses of young carp were sharply reduced. 

An increase in the quantity of zooplankton as the result of 

the addition of manure to ponds was  also observed by M.M. Isakova-

Keo (1950, 1954)  in ponds on the "Rbpshan fish farm near Len-

ingrad and the Priorersk fish products factory on the Karelian 

peninsula,  L'y Ts. I. Ioffe (1950,1954 ,1957) in the ponds of the 

"Sokolovo" fish farm in Novogorod.tegion and the "Pelchi n  fish' 

products factory in Latvia, and by many other authors. An ob-

jective assessment of the effectiveness of manure and other sim-. 

Ilar organic fertilizers influencing the development of zoo-

plankton Is greatly hampered by the fact th't these fertilizers 

. are not spread evenly over the pond but concentrated within small 

• areas. The authors working with organic fertilizers note ac-

cumulations of zooplankton in the zone of:fertilization or a short 

dist.Ince away from it. .In some cases such accumulations may be 

the result of the migration of zooplankton to fertilized parts of  

the pond from unfertilized parts, as was observed by L. P. Brag-

insky (1956) in ponds In the Ukraine. But in the majority of 

cases organic substances really stimulate the development of the 

organisms of zooplankton in the immediate zone of application. 

/;10/ • 
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Even then, however, it is unclear what is the proportion of these 

zones of intensified development in the total mass of the pop- 
1.0 - dhe 

ulation of the midwater of the pond, since nal(me has made any 

atte4q to give a quantitative a 'sressffient of these facts. Nor-

mally authors of such papers content themselves with stating 

that there is more plankton in the zone of fertilization than 

further away fr:m it, and then regard the question às closed 

(Chaplin, 1953, Isakova-Keo, 1954; Akatova, 1957; Dombovna, Krzec-

zkowska, Klimczyk, 1962). In actual fact such an accumulation at 

the fringe of the organic fertilizer may mean nothing to the pond 

as a whole if the proportion of it in the total mass of the pond 

population is very small. 

In the paper of G. S. Karzinkin and S. I. Kuznetsov (1956), 

ln which experiments with rigid vegetation in the spawning and 

nursery ponds of the "Yamat" fish farm are described, it is 

noted that after three years of systematic cutting of plants and 

their use for fertilization the .number of Cladocera  increased by 

a factor of h4, and the number of Coreroda  by a factor of 45. 

True, the Initial numbers were very low, there being 1024 spec-

imens of Cladocera  per cubic metre and 792 specimens of Core- 

2211.. 

The papers of S. I. Kuznetsov, G. S. Karzinkin and colleagues 

contain no indication of the amount of vegetation placed in the 

heaps of compost. A subztantial contribution to this research 

effort  Is the paper by V. V. Mil'shtein (1957), who set out to 

determine what doses of vegetation help most to increase the 	Aql 

zooplankton. In experimental ponds in the Volga delta, measuring 

0.5 hectares,  the  author placed 2.4 and 6 tons per hectare of 
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rigid vegetation. The averaged data computed from Mirshtein's 

table are shown in Table 10. 

Table 10  

effect of vegetable f,rtlilzers on zooplanktorl 
(baed on data of W.V. Ml)'shte1n. 1957)  

ounntitv of zoorlankton. g/m
3 

in centre of pond on fringe 
of fertll- 

• Ization 
point 

2.9 
6.7 

• 15.0 
4.4 

On the basis of the results achieved the author came to the 

conclusion that 2-4 tons per hectare of cut vegetation should be 

left in the pond for fertilization, and as the biomass of plants. 

In spawning and nursery ponds amounts to 30-40 tons per hectare ' 

the excess vegetation should be removed after cutting. This 

clearly shows that when the amount of vegetation used is increased 

the biomass of zooplankton grows not only on the fringe of the 

fertilizer but also in the middle of the ponds, which may be the 

result not only of fertilization but also of the removal of the 

excess vegetation. 

The rraele;y of ducks on fish ponds also has the effect of 

sharply intensifying the development of zooplankton. Thus, for 

example, D. E. Semenyuk (1956), studying ponds in the Ukraine, 

found that the biomass of zooplankton increased by a factor of 

8-12 purely as the result' of duck 1=ag. The biomass rose 

to 75-150 g/m3. Similar results were Obtalned . by Uolny (1956e) 

No.  of pond 	Quantity of • 

fertilizer 

15.6 
26.2 
7.8 
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in Poland and by Thumann (1956) in East Gerliany. 

Thus, the zooplankton reacts to fertilization in the first . 

place with intensified quantitative development and augmentation 

of its biomass. This occurs as a consequence of an increase in 

fertility and acceleration of the rate of development and ma-

turation of the zooplankton eaters in fertilized as against un-

fertilized ponds (Karzinkin, Kuznetsov, 1956; Ioffe, Yandovskaya, 

Galkin et ells, 1955). 

.Unfortunately there are no data by which we can determine the 

quantitative link between the biomasses of phytoplaikton and zoo-

plankton, because parallel studies of the development of the 

biomasses of these associations have so far been a rarity in re-

search on fish ponds. Meanwhile we can make the very general 	• 

comment that the biomasses of phytoplankton and zooplankton in 

ponds are normally of the same order of magnitude. Often the 

total biomass of phytoplankton Is on average several times great- 

er than the biomass of zooplapkton. Thus, for example, for various 

groups of fish ponds in Belorussia V. P. LYakhnovich and L. N 

Proayanik (1964) cite average biomasses of phytoplankton ranging 

from 9.5 to 207 g/m3 . In another research project on the same 

ponds Lyakhnovich (1964) discovered biomasses of zooplankton 

ranging from 0.54 to 120 g/m3 . It Is also known that abundant 

development of phytoplankton (blaom) is noted far more often in 

the ponds of the more southerly regions of the country than in 

those of the north. It was shown above that the biomass of zoo-

plancton ln fish ponds increases from north  te  south. It seems 

that systematic parallel studies would reveal a direct quantita- 
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tIve link between the biomasses of phyto- and zooplankton. Of 

course, we could not expect to discover such a link on the basis 

of a single study of a small number of specimens. It would 

probably require a large quantity of statistical material, but 

there is no doubt that a quantitative link between the biomasses 

of phyto- and zooplankton will be found at least within certain . 

limits of the quantitative development of the phytoplankton. 

It is often stated that exceedingly vigorous "excessive" 

water bloom, particularlY of blue-green algae, suppresses  the 

development of zooplankton (Mel'nikov, 1953, Ulomsky, 1962; Tseeb, 

Litvinova and Gusinskaya, 1962, and others). This conclusion Is 

in most cases based merely.  on the fact that a drop in the quant-

ity of zooplankton in bodies of water is accompanied by more•in-

tensive development of algae. However, from the same data we 

could drew an opposite and no less probable conclusion. . If we 

assume that the quantity of zooplankton diminishes not because 

of the suppressive effect of the alEae but for some other reason, 

for example as the result of more intensive grazing on the zoo-

plankton, we can arrive at the conclusion that "excessive" bloom 

develops because the phytoplankton Is consumed in small quan-

tities by the zooplankton. We can be sure of at least one thing 

in such an interpretation, i.e. that very many forms of filter- Fred,i, 

gre 
-eeeing zooplanktonophages actually feeding on phytoplankton. Mean-

while we know so little about the other forms of interaction and 

reciprocal influence of the various species of organisms in the 

plankton that any attempts to explain the mechanism of the ob-

served correlations from these standpoints. must ' inevitably be 

based on more or less probably 'suppositions. In view of this we 
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do not insist on the assumptions mnde above. 

It is,also important to note that many studies of the fish 

ponds of Moldavia (Shalar' and Naberezhny, 1962), Belorussia 

(Lyakhnovich and Frosyanik, 1962), and the Europe .an countries . 

(Movâk, 1961; Ravlena, 1956; Wunder, 1949) fall to confirm the 

conclusion concerning the suppressive effect of water bloom on 

the development of zooplankton and the fish yield of ponds. As 

has alx:eady been observed more than once, water bloom, pnrticular-

lythe intensive development of the blue-green algae yanizomenon  

flos-acuae, is regarded in the theory and practice of pond-fish 

culture ln Germany 
1

and several other countries as an indication 

of the hi#1 productivity of the ponds. 

The relationship between the primary production of the plank-

ton and the biomass of the zooplankton is illustrated in Fig. 16. 

The figure contains the results of systematic studies of the pri- AV,/ 
mary production and biomass of zooplankton in nine finishing 

ponds on "Izobelino" fish farm which were fertilized with various 	. 

doses 'of nitrogen-phosphorous fertilizers. 

••, g 

M Fig. 16-Re1ationship between 
• the mean intensity of photo-

synthesis of plankton and 
mean biomass of zooplankton 

.g in experimental ponds on 
▪ "Izobelino" farm (from data 

of V. F. Lyakhnovich). 
P 
0 

•■■■ 

1. 	• 
• •  

• 

- 
Mean biomass of z000lankton, gim

3 
_ 

the data refer to pre-war Germany  

328 

(Lyakhnovich, Astapovich et alla, 1964). For the same ponds it 

was found that both the primary production and the fish yield 

were directly dependent on the doses of fertilizer. 

From the data for the nlne ponds the method of least squares 

was used to calculate the equation of the straight line lying 

closest to the empirical points reflecting the link between the 

primary production and the biomass of zooplankton. It wns found 

that y = 0.4+ 8.4 x, where y 1.s the mean biomass of zooplankton . 

 in g/m3 for the period of observations, and x is the ' mean seas-

onal value of the gross primary production expressed in grems of 

0/m3 per day (24 hours). 	 • 

The fact that the computed curve diverges only slightly from 

the origin of the coordinates shows thet under the given condit-

ions the biomass of zooplankton was formed mainly at the expense 

of the primary production. When the primary production was zero 

the biomass of zooplankton was a mere 0.4 g/m3 . Such a quantity 

of zooplankton could exist at the expense er other energy sources, 

such as bacterioplankton, higher aquatic plants,. and organic 

substances flowing into the pond together with water from  the 

source. 

Of course, the data just examined are inndequate for us to 

judge to what extent . the empirical formula riven for the relation-

ship between the biomass of zooplankton.nnd the primary production 

is typical of fish ponds. It may be that unier other conditions 

the quantitative expression of this relationship will be different, 

but within certain limits there is no doubt surrounding the di-

rect link between the gross primary production and the biomass of 

zooplankton. 

Thus far we have not touched on the problem of the effect 

of grazing fish on iooplankton on-tiois=cfameti•bia41-ye- development •of._ 

/1,13/ 
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the —i-e4-ter in connectiom with the fertilization of ponds. Never-

theless this 'problem Is of great interest, because intensively 

fertilized ponds are normally more densely stocked in order to 

obtain a higher fish yield. Hence, - Ine influence of the grazing 

factor is greater in ponds receiving larger quantities of fer-

tilizer. In this connection we might note that in the post-war 

fish breeding literature the ill-defined concept of "residual 

biomass" has been widely used, and this has confused and un-

necessarily complicated investigation of the natural food supply 

of the fish. ',;hen, after fertilization, no increase in the quan-

tity of zooplankton is detected, this Is ascribed to the fact 

that it has been duly consumed by the fish and that only the"res-. 

idual biomass" has been taken into account, i.e. what remained 

in the pond after the fish had left off eating. Such arguments 

are seductive in their simplicity, but they appear to have very 

little in common with the actual facts. The doncept of the "res-

idual biomass" is used only in connection with the food supply of 

the fish. But the biomass of the food organisms consumed by the 

fish is no exception. The b'.omasses of phytoplankton, bacterio-

plankton, phytobenthos  'nid other.associations of living organisms 

occUpying an intermediate position ln the food chain are also 

affected by the Erazing of other organisms. Hence, if the con-

cept of the "residual biomass" is well-founded it should be used 

ln connection with all the links in the trophic chain in the 

except for the very last link. 

biomass of the Intermediate links is utilized in 

process ln some way or another,.there are no 

grounds for singling out the biomass of the food organisms and 
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callino it the "residual biomass". To indicate the increment to 

the biomass, including that part of the increase at the expense 

of which the food requirements of the Organisms of the adjacent 

links in the food chain are satisfied, hydrobiologists use the 

term "production", which embraces the possible concept of the . 

"residual" or "unconsumable" biomass. Reckoned by normal methods, 

the biomass of any link in the food chain Is the sum not only  of 

the processes of consumption of this link by another but also Of 

its increment .as the result of multiplication, Inc'rease in the 

weight of its component organisms, Immigration of organtsMs ffom 

other places, and so on. All these generally 1.ifficiently well-

known facts do' not fit ln wIth the concept of the '"reSidual bio-

mass". The determknation of the production in all links in the 

process of reproduction by the fish is a highly important problem 

in the theory and practice of pond piscuculture, but its solution 

is attended by many difficulties. The normally used methods of 

quantitative Investigation of the food supply are inadequate for 

estimating the production of the heterotraphic links. "ot only 

have ways of computing the production of aquatic invertebrates  nt 

been devised - piscicultural specialists show little interest in 

the problem: There is always a certain amount of zooplankton in 

fish ponds and other bodies of water in spite of grazing by fish. 

A. P. Shcherbakov (1956) notes that under certain conditions less 

h 
zooplankton is expeded on the nutrition of the fish than on its 

consUmption by other types of invertebrates which are also among 

the organisms preyed on by the fish. 

On the basis of spawning ponds in Belorussia V. P. Lyakhnovich 

. (1958b) showed that even with very high stocking densities the 

decline in the biomass of zooplankton ln spawning ponds cannot be 

attributed merely to grazing by the fry. . 

body of water, 

Since any 

the production 
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Calculations showed that only 2.1 - 7.2% of the available bio-

mass was expended6n the nutrition of the fry in the spnwning 

ponds, and in spite of this it diminished by a factor of several //UV' 
tens in the course of a few days. The author admits that in the 

pond conditions observed by him the consumption of zooplankton 

by other forms of invertebrates (including the plankton eaters 

themselves) had a grester efeect on the nature of the quantit-

ative development of the food biomass than did feeding by the 

carp fry. Hence, grazing on the zooplankton and on other re-

presentatives of the populations of bodies of water always oc-

curs, and there is no need to use the term "residaal biomass" 

solely in relation to the quantity of zooplankton food organisms. 

devoured by the 	 search workers who studied the effect 

on thè. ,9uantity of zooplankton produced by fish grazing on it 

ar ‘rivedia% coMletely unexpected conclusions. In order to dis-
cover the eftect of the grazing factor on zooplankton and on 

otherprexent-.tives of the populations of bodies of  water al.7 

ways.,ocs, and there is no need to . use the term "residual 

bioma ';\a" S\Okely in relation to the quantity of zooplankton food 
\ 

_ 
organisms , devoqred by the fish.I . Research workers who studied 

the effect on the quantity of zooplankton 'produced by fish graz-

ing on it arrived at completely unexpected conclusions. In 

order to discover the effect of the grazing factor on zooplank- 

ton Grygierek, Gilibrikht  and Spodnevskaya (1962), GurZeda (1960) 

and Grygierek (1962) examined the nature of the quantitative 

development of zooplankton in experimental ponds of very similar 

quality-, specially stocked with young carp in widely differing 

densities. Beyond expectation, it was found thnt ln many Cases, 

ln the more densely stocked ponds, the number of most species of 

planktonic crustaceans :Lzzle greater than ln the ponds with lower 
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density of stocking. Such abundant eorms of pond zooplankton 

as BosmSna loneirostris,  Daphnis  longispina  and many species 

of Ceriodaphnia  either maintained their numbers in the face of 

the intensified pressure of grazing, or actually increased them. 

In his very detailed paper Grygierek (1962), after a comprehen-

sive examination of the possible mechanism of the observed 

phenomena, susgests the following explanation. Firstly, inten-

sified grazing tends to eliminate the larger forms of zooplânk-

ton eaters, which have -±nterior reproductive capacities. As a 

result,  conditions are  created for intensive development of 

smaller forms of relatively great reproductiVe capacity. It is 

also noted that representatives of the same species - Daphnia  

longispina - in more densely stocked ponds are more fertile, 

i.e. a relatively greater percentage of the populations of these 

ponds is made up of egg-bearing females (15-30%), whereas  in 

 thinly stocked ponds the figure is only 5 - 15%. Secondly, it 

is assumed that a denser population of fish improves the living • 

conditions of the zooplankton„ ..the water being fertilized with 

excretions which accelerate the processes of mineralization and 

intensify the Mixing of the water with the top layel:s of the 

bottom sediments. 

In 1961 V. P. Lyakhnovich also made a special study of ef-

fect of the grazing factor on the development of zooplankton. 

By contrast with the circumstances described above in these 

experiments the ponds were used for culture bf commercial fish. 

The ponds were divided.into identical pairs, one of which•was 

densely stocked and the other remained without fish. Under these AU/ 
conditions regular observations of the development of the 1,ao-

pieekton-ealled 	to-..e...v_eal_ebeatlosie-of—the-cleve-1-eptirent—ce-the- 
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fed with cake and mixed foods, and the increase in the fish yield 

was due malnly to the feeding. Yet it is considered that natural 

food must constitute a certain percentage of the ration  of the 

. fish, and hence the greater the density of stocking the greater 

the quantity of natural foods necessary to ensure this percentage. 

Thus, it may be regarded as proved that in many cases the 

grazing of fish on zooplankton has only a slight effect'on the 

quantitative development of the food supply of the fish in the mid-

water. Naturally this doesn't mean that cases of a decline in the . 

biomass of zooplankton under the influence of grazing by fish will 

not generally occur in ponds. There are grounds for thinking that 

in conditions of uncontrolled ultra-high density stockina, for 

instance in the event of reproduction in non-draining Eoldfish .  

ponds, the grazing factor will affect the quantitative development 

of the zooplankton. But with controlled stocking, when the aim • A45/ 
is to obtain the optimum (i.e. the greatest as to total yield and - 

weirhed batches of fish) increase in fish production per Unit of 

area, the grazing factor has no substantial effect on the mag-

nitude of the biomass of zooplankton. This Circumstance increases 

the value of the indices of quantitative development of the zoo-

plankton for assessment of the fish producing properties of ponds. 

3. Quantitative Development of Zoobenthos in Ponds in Connection 

with Fertilization.  

The population of the bottom and bottom sediments (zooben-

thos) in ponds is the second highly important component of the 

natural food supply of fish. The pond zoobenthos normally con-

sists of larvae of neretei-tKfre of the family Chironomidae and other 
In  idy r 
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tiks zooplankton failed to reveal the eliminating effect of 

grazing ,by the fish on the numbers and biomass of the zooplank-

ton. The biomass of the zooplankton proved to be surprisingly 

similar ln the stocked and unstocked ponds as revealed by both 

c.°  
observations every day and by the seasonal mean, and in some 

cases it was even somewhat lower in the unstocked ponds. Never-

theless, in one case a fish yield of 470 kg/ha was obtoined from 

the'experimental ponds, and in another 532 kg/ha - without feed-

ing. According to calculations, the expenditure of food organ-

isms on increasing the fish yield in the stocked . ponds was almost 

3D times as high as their mean biomass for the period under study. 

It is interesting to note that even in the experiments in so-

called ultra-high density plantings the latter did not appear to . 

have any effect on the quantity of zooplankton. Thus, for ex-

ample, in the experiments of L. V. Erokhina (1961) with fivefold 

planting the normal density of the mean seasonal biomass of zoo-

plankton in the experimental ponds was 1.9 g/m 3 , whereas with 

fifteenfold planting it was 1.8 g/m 3. In intermediate experiments 

with tenfold planting the biomass of zooplonkton was between 2.5 

and 3.2 g/m3 , 1.e. much hizher than with fivefold planting. In 

the experiments of V. S. P,osyany and Z. 0. Makina (1960) to study 

the effectiveness of breeding commercial carp with high-density 

plantings 2.5, 7.5, 10 and 12.5-fold plantings were tried. It 

should be noted that as the density of stocking rose from 2.5-fold 

to 12.5-fold the mean seasonal biomass of the zooplankton in the 

experimental ponds increased. For example, in the pond in which 

the density was increased 2i times the mean biomass of the zoo-

plankton was 16.5 g/m3 , while in the pend in which  the. density 

• was increased by a factor of 12.5 it was 38 g/m3 . 

In the multiple planting experiments the fish were, of course, 
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TABLE 1% 

The numbers and biomass of benthos in finishing ponds in. 

• Belorussia  
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19.60 0.43 0,71 50,74 

Ultx: 1. Group of ponds. 2. First-Third. 3. First-Fifth.. 	, 
4. Number of ponds. 5. Abundance of benthos, number per 
square metre. 6. Larvae of chironomids. 7. Oligochaetes. 
8. Others. 9. Total. 10. Biomass of benthos, grams per 
square metre. 11. Pond fisheries. 12. Collective and 
state farms. 

(1120) revealed that, when the density of the bottom population of 

the ponds rose from 135 to 8640 specimens/m2  and the biomass from Ailif 

0.41 to 106 g/m2 , the proportion of chironomid larvae in the ben- 

thos rose from 71 to 95% in abundance and from 66 to  99.5%  in 

biomass. In another paper by the same author (Lyakhnovich, 1960) 

it is noted that the zoobenthos of fifty nursery ponds in Belo-

russia is characterized by biomasses ranging from 0.1 to 24.8 g/m2 . 

A vast amount of material (over 2000 specimens) from the ben-

thos of fish ponds in the Ukraine was analysed by G. I. Shpet (1954. 

1962). In the ponds of the forest-steppe and steppe part of the 

Ukraine the mean biomass of  the benthos is . 5-6 g/m2. (with a range 

of  0.18 to 13.83 g/m2). V. S. Prosyany (1958), who used fairly 

17 
34 

206 

0.41 
4.76 . 

21.21 
71,66 

105.63 

0.27 
3.70 

16.96 
57.72 

106.44 

0,07 
0.53 
2.78 

12,57 
0,24 

0,07 
0.53 
1.47 
1,37 

135 
1147 
2993 
5074 

 8640 

506  
2399 
6518 
8240 

187 
388 

1463 
480 
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Insects, and also of oligochaete worms, mollusks, crustaceens 

and other invertebrates leading a demersal form of life. The 	. 

diversity of species of the zoobenthos is due to the nature of 

the bottom sediments in ponds, the degree of overgrowth, the 

method of exploitation and other features of the ponds. Go far 

it has proved impossible to detect the influence of fertilizers 

on the species composition of the ponds benthos, so we shall 

for the most part examine data on the quantitative development 

of the food fauna consumed by the fish in the bottom region °I 

the pond. 

• Data on the numbers of benth;t7tqc organisms, like those on 

the numbers of zooplankton, are unsuitable for an objective as-

sessment of the food resources of fish, because the weight of 

the representatives of different stages of development differs 

by a factor of several tens and even hundreds. Therefore the 

only important data are those on the biomass of benthos expressed 

in units of weight. Different ponds differ greatly sase-s-roktb%g ia 

be the bjomass of benthos. For example, the finishing carp ponds 

of Belorussia differ by a factor of over 200 in this respect. 

After examining 155 finishing ponds in Belorussia V.F. Lykr 

 ahnovich (1964a) subdivided them Into five groups according to 

the quantitative development of the zoobenthos (Table 11). ' 

Of the ponds investigated, 8% had a very low biomass of ben-

thos - less than 1 g/m2 . The overwhelming majority of the ponds 

were characterized by a biomass of benthos ranging from 1-10 g/512 

 (60%). Only 12% of the ponds had a biomass of 100 g/m2 . On mak-

ing a separate examination of ponds of specialized pond fisheries • 

and p -Inds of collective and state farms, the author found that 

the latter had higher indices of quantitative development of zoo-

benthos (see Table 11). Analysis ot a large number of samples 



7.'33 

accompanied by sharp drops in the biomass of benthos. The min-

imum values of the biomass are normally observed in the middle • 

of the growing season. When there is a large preponderance of 	. 

elements of anamniote fauna (oligochaetes, mollusks and others) 

in the benthonic population the fluctuations in the amount of 

benthos are less sharp than when chironomids predominate. In 

draining fish ponds, on the other hand, chironomid larvae are the 
main component in the benthonic . food supply of the fish, domin-

ating all other groups. 

Fertilizers have less effect on the development of zoobenthos 

than on the development of zooplankton. In many experiments in 

the fertilization of ponds the stocks of benthonic food for the 

fish failed to show any increase, while in other experiments in-

sufficiently clear-cut results were obtained. Judging by the 

data available, organic fertilizers have a greater effect on the 

development of the benthonic fauna than do artifical fertilizers. 

Fertilization of experimental ponds at the vimba-shemaia 

nursery in the North Caucasus in 1951-1952 (Pankratova, 1959a) 

revealed that in spite of a very similar species composition the 

mean seasonal biomass of the benthos was 4.98 g/m2  in an unfen-

tilized ponds and 6.28 - 7.48 g/m2  in ponds fertilized with plants. 

The benthos consisted mainly of chlronomid larvae. The larger ' 

 biomass was found in the pond to which more vegetable fertiliser 

hed been added. Such data were obtained from experimental ponds 

stocked with equal quantities of vimba and shemala eggs. (200,000 

per hectare). 

337 

llmited material, came to the conclusion that the mean biomass of 

benthos in the ponds of the Polesye region of the Ukraine was 

3.5 g/m2 . However, A. D. Konenko, M. L. Pidgaiko and P. A. Rad-

zimovsky (1961) cite different figures for the benthos of this 	• 

part of the Ukraine which are just as - high as those given by Shpet 

for the forest-steppe. The fish ponds of Moldavia have a biomass 

of benthos ranging from 2.4 to 20.1 g/m2 (Yaroshenko, 1952). 

Judgine by the data of L. P. Maksimova (1961) and other au-

thors, the fish ponds of the northern regions of our country are 

no different in the biomass of their benthos from ponds situated 

in the southern regions. In a number of experimental ponds on 

the "Ropsha" flsh farm the mean seasonal biomasses of the benthos 

range from 8.9 to 23.5 g/m 2  (Maksimova, 1961). Similar ponds of 

• the Rostov (Kharin, Shutenko and Mushenko, 1954), Volgograd (Nik- 

ol'sky and Sokolova, 1950) and Saratov regions (Konstantinov, 1953),A1( 

the Tatar ASCR (Aristovskaya et alla, 1951) and Latvia (Lapins- 

kalte, 1958; Ioffe, Yandovskaya, Galkln et alla, 1955). In gen-.. 

eral, from the data available at present on the benthos of the 

ponds of the different zones of the Soviet Union it is impossible 

to detect regional differences in this connection. 

The very productive fish ponds of Israel are also character-

ized by comparatively low magnitudes of the biomass of zoobenthos. 

Accordine to the data of Wirzhubski and Sang (1953), the mean 

annual biomass of the zoobenthos in experimental ponds in 2de-

Nahum ranged from 3.7 - 10.9 g/m2 . 

Variations in the abundance and biomass of benthos in ponds 

during the growing season are governed mainly by the cycles of 

development of the forms of living organisms making up the bottom 

fauna. Mass pupation and departure of chironomids is usually 
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The studies of V. Ya. Pankratova (1959a) of the development 

of the ,benthos in three commercial ponds of the same nursery 

yielded the following results: for an unfertilized pond, a mean 

for the period of study of 0.6 g/m2 , for ponds fertilized with 

plants, 0.8 and 1.6 g/m2 . Here we see low figures, but the 

stimulatory effect of the vegetable fertilizer on the size of the 

biomass is still clearly manifested. In these experiments the 

vegetable fertilizer was added by the zonal method recommended by 

M. M. Isakova-Keo (1950). V. Ya. Pankratova emphasizes that the 

greatest number of benthic organisms were observed in the im-

mediate vicinity of the decomposing vegetation. It is also noted 

that the fertilizers have a greater effect on the development of 

the benthos in ponds of average fiUMOn and less in ponds of 
et p  

strong filtra-t..len. It appears that as the result of strong f4A-eecilfc 

t-ra.r..1-ete in the ponds of the vimba-shemaia nursery artificial 

fertilizers had no effect on the development of the benthonic 

cauna. It is curious to note that in the ponds fertilized with 

vegetation Pankratova found a higher percentage of non-predatory 

' chironomid larvae, whereas predatory larvae were discovered far - 

from the zone of- fertilization and in the unfertilized ponds. 

In the carp fish ponds of the Latvian collective farm (Pir- 	• 

mrindnieks" Pankratova (1958) found a higher biomass of benthos 

in a pond fertilized with vegetation than in an unfertilized pond. 

But in this case, as distinct from the ponds of the vimba-shemaia 

nursery, predatory larvae of invertebrates developed vigorously 

on the vegetable fertilizer, and in the opinion of the author this 

greatly reduced the quantitative development of the food fauna of 

the fish. In these experiments too artificial fertilizers appear-

ed to have no effect on the development of the benth5ic fauna. 

3415  

The author explains this by the fact that the artifical fertil-

izers were added at a late juncture. Unfortunately, ln the 

papers of Pankratova (1958, 1959o. 1959b) the data on the de-

velopment of the benthos in fertilized and unfertilized ponds 

is presented in such a form that it is very.difficult, and at 

times simply impossible, to compare the ponds on the 'oasis of 

them. 

In experiments in the - fertilization  of nursery Ponds on 	• 	. 

the Latvian fish farm "Rita Ausma" in 1955 Ya. S. Lapinskaite 

(1958) failed to detect any positive .effect which the orgmic 

and artificial fertiliZers might have had on the development 

of the benthos. Out of five fertilized ponds only in one was 

the mean biomass somewhat higher than in the infertilized pond, 

while in the remaining fertilized ponds it was 2-3 times lower 

than in the control pbnd. Nevertheless, a large quantity of 

superphosphate (480 kg/ha), ammonium sulphate (320 kg/ha), 

potassium chloride (40 kg/ha), lime (420 kg/ha) and vegetation 

(1700 kg/ha) was added to the fertilized ponds. Ya.S. Lapins-

kalte (1958) notes that only in the immediate vicinity of the 

decomposing vegetation did the larvae of chironomids and other 

benthonic organisms develop abundantly, but this did not affect 

the development of the benthos OD the bottom of the fertilized 	. 

ponds. Thus, on the vegetation the biomass of animals was 13- 

53 g/m2 , whereas it was no more than 7 g/m2  outside the zone of 

fertilization. 

A. P. Volkova and R. B. Bunskis (1962), on investigating 

the development of the food supply of fish in fertilized finish- /202./ 

ing ponds on. the Tukumsk fish farm in Latvia, failed toflnd 

signs that superphosphate and ammonium sulphate had a positive 	• 

effect on the development of benthos.. They share the vieil  
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of Ya. S. LapInskalte that artificial fertilizer may ;ffect 

the development of the benthos not the year it is applied but 

ln subsequent years. So far, however, this has not been borne 

out by convincing data. 

In experiments in the fertilization of finishing carp ponds 

at the Savvin fish nursery (Moscow region) V. M. 	V. I. 

Bakhtina et  alla (1956) found higher indices of the biomass of 

benthos in fertilized ponds than in unfertilized ones. The ponds 

were fertilized with superphosphate (200 kg/ha), lime (200 kg/ha), 

manure (up to 20 centners per hectare) and aquatic vegetation 

(up to 60 centners/ha). In four of the five fertilized ponds the 

mean biomass of benthos was between 2.5 and 3.6 g/m2 , whereas in 

the unfertilized pond it was only 1 g/m2 . In one pond, to which, 

in addition to nuperphosphate and lime, was added 4 metric tons 

of peat per hectare, the blomas4f benthos almost twice as low as 

ln the control ponds. In experiments in nursery ponds at the 

same establishment, Il'in, Bakhtina, A. N. Lipin et alla (1956) 

also observed a higher biomass of benthos in the fertilized . ponds 

than in the unfertilized ones, ulthouFh no direct link was found 

between the quantity of fertilizer applied and the magnitude of 

the biomass. Whereas in the control ponds the mean biomass of 

benthos was 2.38 g/m2 , in the twelve fertilized ponds it eas as 

much as 7.8 g/m 2 . The fertilizers used in these ponds were lime 

and superphosphate (150 kg/ha each), and aquatic plants and beg-

etable meal (3 tons per hectare each). 

As shown by K. Arbuzova (1956), in a spawning and nursery 

pond on the "Yamat" fish farm in the Volga delta the cutting of 

rigid plans and their use for fertilization failed to promote 

the development  of the benthos as regards either the composition 

or the quantity or organisms. The picture was different on the 

34 2.  
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vegetation itself,;(. At peak periods the number of chironomid 

larvae per kg of rigid plants reached 200. Similar results were 

obtained by Ts. I.  lotte (1950, 1954) and M. M. Isakova-Keo 

(1950, 1954) when fertilizing  pont  with vegetation in the north-

west region of the Soviet Union. The authors note abundant ac- 

cumulation of larvae of chiranomids and other benthêec organisms 

on and in the immédiate vielnitiof decaying land plants (aider, 

birch, will herb and others) and aquatic plants submrgod 	in the 

lea4er. According to the data of lotte, the biomass of the ben-

thos on the decomposing macrophytes •-as as mich as 800 g/m 2 . 

Unfortunately, the author doe 's not indicate how much vegetation 

was used per square metre. From these papers it is not clear 

either to what extent this zonal fertilization affected the strict-bey 

ly benthonic population of the ponds. In fish ponds in Eelbrussia 

we also observed a large quantity of larvae of chironomids and 

other insects on vegetation submerged in the water and at the edges 

of compost heaps installed in filled ponds. It is curious to note . 

that already two or three days after the immersion of twigs of 

alder or birch in the water of the pond a large number of chiron-

omid larvae in the III-IV stages of development can be found on 

the leaves (Lyakhnovich, 1960). This is evidence of the active 

migration of animals to the vegetation from other parts of the 

ponds. As noted by V. Ya. Pankratova . (1959a), the larvae leave 

the vegetation when it becomes strongly putrefied. 

M. Dimitrov (1959, 1961) in Bulgaria staged special exper-

iments to estimate the number of organisms developing on plants 

bound in sheaves and submerged ln water. Hls results dld not 
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conflict with those obtained by Soviet authors. 

Many research workers (Khomchuk, 1948; Wlodek, 1956; Jas 

inski, Klimczyk, Rosol, 1957) who have studied the sowing of the 

bottom for fertilization note that chironomid larvae develop 

abundantly on the inundated crop. S. Wlodek (1962) also found 

that manure had a strong effect on the development of chironomid 

larvae in experimental vessels. 

As long ago as 1927 V. k. Meien demonstrated the scope of 

the develdpment of benthonic organisms in ponds fed by domestic 

waste water. In the four stages of a series of purifying ponds 

contaiug 2400 yearling carp per hectare the mean biomass of the 

chironomids was 64 g/m2  and the abundance 27,000per square metre. 

In some lakes in the USA polluted with domestic waste water the • 

development of chironomids is so intense that the question arises 

of finding special methods  of. controlling the phenomenon. (Provoe, 

1958). 

In the literature it is noted that the br,..e.dYnc of ducks in 

ponds also helps to Increase the quantity of benthos. Thus, for 

example, in the experiments of Thumann (1955a), when ducks were 

kept on a fish pond the number of chironomids rose by a factor of 

22.6, while the euantity of oligochnetes increased by a factor of 

16.6. 

Thus, it may be regarded as an established  tact  that organic 

fertilizers have a definite effect on the development of the ben-

thos. -The measure of this effect depends to a large extent on 

the quantity of  fertiliser and the nature of its distribution in 

the pond. Organic fertilizers such as manure, compost or de- 

composing vegetation contain a large quan44-te of bacteria which 
• 
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are used directly as food by many benthEc animals, and in the 

first place by non-predatory chironomid larvae. Hence it is 

possible to speak to some extent of the direct effect of organic 

fertilizers on the zoobenthos. 

Artificial fertilizers alWays act on the bentheec fauna 

consumed by the fish through one or more intermediate links in 

the food chain, e.g. through phytoplankton and bacteria, and it 

is therefore more difficult.to'detect this effect. Unless the 

artificial fertilizer causes an 1. ncrease in the primary uroductr 

ion of the pond there is no reason to expect it to influence the 

benthos. But even when the mineral salts have a positive effect 

on the development of the phytoplankton the latter may be utilized 

in the midwater through the zooplankton and the bacterial link, 

or to a lesser degree reach the bottom and serve as food for the 

. bentheegic organisms. The experiments of O. N. huslt., C1956) 

showed that, for the chironomid larvae, whlch oftcn form the basis 

of the pond benthos, small Protococcaceae cannot serve as full-

value food, whereas the large  blue-green algae apparently vege-

tate for a long time in the midwater before descending to the . 

bottom an4 becoming available to the ' animals dwelling there. It 

is no accident that it is very difficult to establish a direct 

quantitative link between the development of the plankton and ben-

thos in a body of water. There appears to be not a simple re-

lationship but a series of complex relationships caused by many 

factors which have not yet been eudied. 

As was shown by Wirzhubski (Wirzhubski and Sarig, 1953), in 

Israeli ponds which were intensively fertilized with superphos-

phate and ammonium sulphate the biomass of chironomids was 2.5-3 

time); higher than in unfertilized ponds. In these experiments 

/204/ 
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the Important point is that the ponds were only fertilized with 

mineral nitrogen and phosphorous salts, and the fish were not even 

fed. The author notes the complex nature of the relationship be-

tween the development of the plankton and the benthos. However, 

he emphasizes that the mean biomass of chironomids is generally 

higher where there is more microplankton. In one of the exper-

iments in pond fertilization in the UA  (Michigan state) the 

artificial fertilizers used also exhibited a positive effect on 

the development of the benthos and particularly on the chironomid 

larvae, the crlantity.  of which as the result of repeated additions 

of fertilizer to the water increased by 144%, whereas the total 

quantity of all benthonic populations rose only by 56% (Patri-

arch, Ball, 1959). Repeated applications of nitrogen-phosphorous 

fertilizers to a small sea cove, spread over a period of two 

years, brought about an increase in the density of the benthonic 

population by a factor of 7.5 (Rayoont, 1947). 

Hence, artificial fertilizer too may in some cases have a 

positive effect on the development of benthonic organisms. 

Grazing on the benthos by fish appears to have a greater ef-

fect on the quantity of benthos in ponds than on the quantity of 

zooplankton. This applies especially to the larger forms, which 

are characterized by relativelY longer development and a compar- //205Y 

atively lower rate of multiplication. For exalple, in the paper 

by Grygierkek and Wolny (1962) it is shown that the yaung carp in 

small ponds consume all the progeny of the mollusks in a given 

season, thereby greatly reducing the total quantity of animals in 

that group. According to the observations of V. P. Lyakhnovich, 

there were 200 times mdre Limnea stne.nalls  in an unstocked pond 
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than in a neighbouring pond densely stocked with two-year old 

carp. 

The grazing factor affects the chironomid larvae and oligo-

chaetes to a lesser extent. Studies conductrd by Lyakhnovich 

(1.953) on finishing ponds at "Volma" fish farm in control areas 

from which fish were barred, and in nelzhbouring parts of the 

pond where the benthos was being consumed, revealed that the • 

quantity and biomass of the benthos diminishes under the influence 

of grazing. According toA9i, ,unpublished data of Lyakhnovich, a 

decline in the quantity of benthos under the influence of grazing 

by young fish also occurs in nursery ponds. At the sAme time it 

is observed that the nature of the dynribics of the population 

and biomass of the benthos does not yary under the influence of 

the grazing fae during the growing season. When the stocks of 

benthonic food within the area accessible to . the fish diminish 

there is a simultaneous drop in the stocks in the Control areas. 

There is also a parallel increase in the ' abundence and loiomaàs of 

the benthos in the bottom areas of the pond accessible and inac-

cessible to the fish. Only where there is no grazing are the 

figures for the benthos slightly higher than in the area access-

ible to the fish. 

• . The results of the experiments described above, in which 

Lyakhnovich and his colleagues worked with stocked and unstocked 

ponds on the "Izobelino" fish farm in Belorussia, fully confirm 

these conclusions. 

As the result of research on the fish ponds of Moldavia, M. 

F. Yaroshenko (1956) also came to the conclusion that grazing by 

fish has no effect on the nature of the dynamics of the quantity 

of benthos in the course of the growing season.. He stresses that . 

there is an increase . in  the quantity of organisms and biomass of 
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of the benthonic fauna in the first half of summer even in densely 

stocked ponds, whereas from July or Auaust there is a drop in 

these indices even when the pond contains no fish. The effect of 

fish on the benthos is arobably not confined to arazing. Some 

authors, Volny (1962) among them, consider that the disturbance. 

of the bottom by fish searching for food is of great benefit to 	• 

the development of the bentheec fauna. In 1959, when investi- 

gating ponds filled with purified waste water from the town of 

Kielce; Wolny estimated that the area of the bottom in a pond 

stocked with two-year-old carp was 30% greater than ln an un- 	/2°6/ 

stocked pond owing to the micro-relief created by the fish seeking 

for food in the bottom sediments. 

Many aspects of the complex relationship between the benthos 

and the fish consuming it, like the complicated relationship be.- 

tween the plankton and benthos, require further study. 

4. The Relationship between the Fish Yield end the Biomass of Food 

As the result of the use of the food organisms of the plank-

ton and benthos bj fish there is . a greater or lesser increase in 

the fi 'sh yield, which ln turn determines the economic value of 

the ponds. The more natural food consumed,the more likely it is 

that there will be a large Increase. But a high level of con-

sumption is ennured by large available stocks of food organistes. 

 Hence there should be a quantitative correlation between the bio-

mass of food organisms and the magnitude of the increase in the 

fish yield. Of course, the growth of the fish may also be limited 

by many other factors, such as disease, their age, the climatic 

conditions, and so forth. But when the denslty of stocking is 

controlled and there is a'deliberate selectIon of fast-growing 
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specias of the right age, the food supply appears to be the chief 

factor limiting the increase ln the fish yield. Searches for a 

correlation between the quantity of natural food and the growth 

of fish production have been undertaken by many authors but have 

. remained fruitless for a long time. Earlier it was noted that 

there had been no success in establishing a link between the com-

postion of the populations of ponds and their fish yield. 

In his time Alm (1923,1924) tried to find a quantitative 

link between the biomass of benthos (B) and the fish yield (F) of 

lakes. To express this relationship he suggested the F/B (Fisch- 

Boden, i.e. fish-bottom) coefficient used in hydrobiology. Sub- 

sequently, Lundbek (1927) calculated the possibiltaf productivity 

of the pond benthos, taking an F/B coefficient of 3 and a food • 

coefficient of the benthonic food for carp equal to 3. On the 

basis of these and other assumptions Lundbek arrived at a figure 

which was thirty times higher than the estimated biomass of zoo- 

benthos. Consequently the ratio of the computed production to the 

biomass (P/B coefficient), according to the calculations of Lundbek, 

proved to be equal to 30. The main defect of these calculations 

was the fact that they were based solely on data on the biomass of 

the .pond benthos, which were later compar - d with the entire fish 

yield from these ponds. However, we know that in carp ponds not 

all the yield is obtained as the result of the use of benthonic 

• food, since carp of all ages consume zooplankton also. This ex-

plains the unjustifiably high value of the P/B coefficient for the 

pond benthos obtained by Lundbek in his calculations. 

• If we  are  to compare the food supply with the fish yield it 

seems to us more correct to use data on the biomass of all the 

food organisms which may be used by the fish of the body of water 

in question. Apart from this, the first  tas X is to discover the 



Table 12  

Relationship of zooplankton & zoobenthos in the food biomass and 

the fish yield of carp ponds. 
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dependence of the fish yield on the food supply and not the 

reverse. 

We possess data on 34 carp ponds in which the biomasses of 

zooplankton and zoobenthos were systematically estimated through-

out the entire period of culture of the fish, at the end of which .  

an  exact estimate was made of the fish yield. Of the 34 ponds 

29 are in Belorussia and the remainder ln Israel (Table 12). 

From the flrures in Table 12 it can be seen that the pro-

portion of the zooplankton and zoobenthos in the total biomass of 

food organisms in the ponds is not the same. As a rule, the bio-

mass of zooplankton is much higher than that of the benthos. Only 

in four ponds was the ratio of the biomass of zooplankton to the 

biomass of zoobenthos less than 1. All these figures relate to 

ponds with a relatively low fish yield. In the more productive • 

ponds the biomass of zooplankton is usually 3-4 times (and some, 

times even 16-23 times) greater than the biomass of zoobenthos. 

The preponderance of zooplankton over zoobenthos in the total 

biomass of food organisas  consumed by the fish in highly prod-

uctive ponds is apparently widespread. In the survey of data on 

the quantitative development of zooplankton and zoobenthos we noted 

that the ponds of the southern regions of the U.S.S.R. were char-

acterized by higher biomasses of zooplankton than those of the 

northern regions, whereas the difference between north and south 

is not so marked in respect of the biomass of zoobenthos. It was 

also noted that zooplankton develops more vigorously than benthos 

under the influence of fertilizers. All this gives us grounds for 

thinking zooplankton plays an important role ln the fish yield of 

carp ponds. 
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The material examined failed to reveal a quantitative con- 

nection between the biomasses of zooplankton and zoobenthos. In 

ponds with a very high biomass of zooplankton the biomass of 

zoobenthos may be either low or high. Comparing the fish ponds of 

the collective and state farms of Belorussia with the carp ponds 

of specialized fish farms in the republic, V. P. Lyakhnovich and 

E. P. Leonenko (1962) sifted through a large amount of factual 	j(20y 

material and found that the former are characterized by higher 

biomasses of zoobenthos and comparatively weakly developed zoo-

plankton, while the latter are distinguished by more vigorous 

development of the zooplankton and c'›mparatively low  biomasses of 

zoobenthos. These, data are important by virtue of the fact that )/20/i/ 

they relate to ponds in the same locality, situated close together, 

and differ only in the degree of cultivation and forms of exploit-

ation. They show that there is apparently no close link between 

the quantitative development of animal associations in the mid- 

water and on the bottom of fish ponds, if these associations are 	' 

viewed as a whole and not subdiVided into small systematic groups. 

It is probablx that this also served as the basis for the 

conclusion drawn by Schgperclaus on the strength of an analysis 

of the development of the zooplankton and zoobenthos in the fish 

ponds of pre-war Germany. The author states that while the de-

velopment of the zooplankton can be judged to some extent from 

the fish yield of the pond the data on the benthos are quite un-

suitable for this purpose, sihce the benthos may equally well be 

poorly or well developed in both high-producing and low-producing 

ponds. Such a categorical denial of the value of the benthos to  
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piscicultUral description of the pond is hardly convincing, 

particularly since a direct link was discovered the biomass of 

benthos in ponds and their productivity in a series of invest-

igations oonducted on fish ponds in the Soviet Union (Ioffe et 

alla, 1955; Il'in,.Bakhtina et alia, 1956). It would be more 

correct to estimate all the component parts of the food biomass .  

and strive to make an objective assessment of the importance of 

each of them  in the forma tion of the yield  of  the ponds. ' 

After totalling up the mean seasonal biomasses of zoo-

plankton and zeobenthos expressed in kg/ha, we obtained an overall' 

biomass of food organisms consumed by fish (B) and compared it 

with the fish yield (R), thereby computing the values of the B/R 

coefficient for each pond, as was done by V. P. Lyakhnovich (1961) 

on a smaller number of samples. In all cases the ratio of the 

biomass of food organisms to the - fish yield proved to be'less than 

land lay between 0.17 and 0.72 (see Table 12). lhe mean B/R co-

efficient was equal to 0.43. This means that, on average, 0.43 

units of food biomass go into each unit of increase in the fish 

yield in carp ponds. 

It is quite obvious that less than 0.5 kg of food organisms - 

cannot ensure an increase of 1 kg in fish production. • t is well 

known that several units of live food must be expended to produce 

one unit of weight increase. As a rule the caloricity of food 

animals is nearly half that of fish. Moreover the fish assimilates 

at.most slightly more than 80,t of the energy contained.in  the food. 

Of this assimilated energy only part is used for growth and the 

remainder is expended on energy exchange. G. G. Vinberg considers 
d 

that the energy contained in the b2y of the fish constitutes 

1/3-14 of the food energy consumed. In view  of. the  differences In 

the caloricity according to the crude weight it may be assumed 

A so/ 
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that at least 5-6 weight units of natural food will have to be 

expended c;r1 each unit of increase in the fish yield. V. P. 

Lyakhnovich (1961), in hie  calculations of the quantity of food 

consumed by carp, took the minimum possible value of the food 

coefficient, equal to 4.5. M. F. Yaroshenko and A. I. Naberezhny 

(1955) feel that in the conditions of the fish ponds of Moldavia 

the food coefficient of natural food for carp Is 10. 

If we calculate the quantity of natural food expended on the 

growth of the fish from some food coefficient close to the real 

coefficient for the condiyns in questbn and then compare the 

values obtainel with the estimated food biomass we obtain some 

idea of the productivity of the fish food supply of a given pond. 

After using this method of culculating the productivity V. P. 

Lyakhnovich (1961) rightly stressed that it is possible to esti-

mate in this way not the entire production of the food biomass but 

only thut part of it which goes to satisfy the food requireménts 

of the fish. This part of the production may be termed the 

--turezzly effective production of the food supply, and the P/B 

coefficient thus computed (r:tio of production to biomasi) will 

be the lowest possible. It Is easy to show that not all the pro-

duction of the food biomass consumed by the fish is used for In-

creasing the fish yield, even in comparatively densely stocked 

ponds. In all cases the zooplankton and zoobenthos contain pred-

ators living by consumption of the same forms as serve as food for 

the fish. Demonstrations under experimental conditions were given 

to illustrate the iremendoue capacity of predatory larvae of 

chironomids, dragonflies, water beetles, Ohaeoborinaeand others 
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for destroyinE small animals. If the devastation of the food 

supply caused by predatory invertebrates under experimental con-

ditions should occur in nature, little more than 10-20% of the 

production of the food supply would remain for the fish. To 

this should be added losses of production of food organisms as 

the result of their natural mortality, the departure of adult 

forms of secondary aquatidinsects and so forth.- 

In actual fact the matter appears to be different, and in 

correctly used ponds most of the production of the food supply 

goes to increase the fish yield. This is shown in particular 

by the high values of the P/B coefficient of the food base set 

out in Table 12. 

' Since determination of the food coefficient of the organisms 

of the zooplankton and benthos consumed by fish is best with in-

superable difficulties under natural conditions in the ponds s it 

becomes necessary to make more or less probable assumptions. 

Earlier we demonstrated that the food coefficient under ideal 

conditions cannot be lower than 4-5. On the other hand, since 

rapidly growing young forma (age 1-3 years) are normally reared 

In ponds, 	can hardly assume that the food coefficient in these 

circumstances will . be  greater than 10. . Therefore we calculated 

the possible quantities of food consumed by fish for two values 

of the food coefficient (KK=5 and KK -10), presuming that the ac-

tual level of consumption will lie somewMere between these two 

values. A comparison between the estimated quantities of food 

'consumed by the fish and the existing food biomass yielded two 

extreme values of the effective P/B  coefficient for  each pond. 

At KK=.5 the P/B coefficients range In individual ponds from 8 

to 30, while at KK=10 they vary between 16 and 60 (see Table 12). 
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The mean , P/B coefficent was 13.3 for KK=.5 and, of course, twice 

as great for KK=10. 

The results obtained show the effectiveness with which the 

fish use the food supply in carp ponds, since the quantity of food 

consumed ls on average 13.3-26.6 times greater than the mean bio-

mass of food  organisms for the same period. On the other hand, 

the high productivity of the natural food supply in fish ponds 

stands revéaled. 

The dependence of the fish yield of ponds on the magnitude 

of the food blomassile illustrated in Fig. 17. The graph is based 

on data for the mean seasonal biomass of food organisms (in kg/ha) 

and the fish yield  for  five essentially different groups of ponds. 

The data on the comm-rcial nursery and finishing ponds were bb-' 

talned under breeding conditions in which the fish were given 

artificial foods. For these ponds the portion of the fish yield 

resulting from the utilization cf the natural food supply was 

compUted from the quantity of artificial foods expended and their 

food coefficient (Lyakhnovich, 1961). In some of the commercial 

finishing ponds 	considerabl,e part of the fish yield resulted 

from the culture of goldfish, which were regarded as additional 

to the carp. 

All the rest of the data relate to small experimental nur-

sery and finishing ponds in which carp were bred alone and ex-

clusively on the natural food supply. The experimental ponds were 

fertilized with various doses of nitrogen-phosphorous fertilizers. 

• In spite of the scattering of the empirical points, the 

graph clearly shows a direct linear relationship between the 
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values comoared. It is important to note that the fish ponds of /212( 

Israel, which  are  marked by very high natural fish yields (three 

harvests of carp.  per year) and are exploited quite differently . 

than in the Soviet Union, are charUcterized by a quantitative 

link between the food'biomass and fish yield such as is found ln 

• the fish ponds of Belorlissia: 

The straight line lying•closest to the points (see Fig. 17) 

was calculated by the method of least squares and is expressed by 

the following equation: y=18 * 2.1x, where y is the fish yield in 

kg/ha and x is the mean se.asonal food biomass in kg/ha. 

Fig. 17s  helationship between mean food biomass and fish yield of 
carp ponds: 
1-commercial nursery ponds in BSSR, 2-commercial finish-
ing ponds in Bssn, 3-expdrimental nursery ponds in BSSR, 
4-experimental finishinglsonds in BSSR, 5-experimental 
finishing ponds in Israel. 

• 
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The fact that the zero value for the food biomass  corres- 

ponds  to 18 kg of fish production appears to mean that not all 	/(213/ 

the food supply actually used for increasing the yield was 

taken into consideration. In particular, neither in the Belo-

russian nor in the Israeli ponds was the fauna of the plant growth 

near the banks allowed for. In addition, of some importance ln 

the diet of the carp are elements of plant food from among the . 

phytoplankton, phytobenthos and underwater macrophyte growth, as 

well as flying insects alighting on the surfaces of the ponds. 

The data examined enable  us  to a certain degree to determine 

the possible fish yield of carp ponds from the development of the 

reataral food supply in thee. This is Important when planning the 

extension of fish culture to new bodies of water. In  intensive 

pond fish farming pr%ctice, where the fish are bred with ad-

ditional food, it may also be necessary to estimate the part of 

the increase obtained at the expense of the natural food supply 

of the fish. Hitherto this has . been achieved in pond culture 

through an indirect method based on estimating the quantity of 

artificial foods expended and their food coefficient. As shown 

by V. J. Elrpichnikov (1960), ° this method suffers from many ser- 

ious deficiencies. Our data enable us to aszess the fish yield 	- 

of ponds directly from the food supply. 

Depending on the quantitative development of the natural 

food supply% fish ln fish ponds / we  cari  distinguish five class-

es , as shown in Table 13. Each class is characterized by a 

specific magnitude - of the fish yield, which increases on average 

from 225 kg/ha in ponds of class  I  to 880 kg/ha in ponds of class 

V. It is worth noting that as the biomass increaSes from 68 to 

Y.' 8 

435 kg/ha the amount of the biomass per kilogrnm of Increase in 

the fish yield also rises on average from 0.34 to 0.52 kg (see 

Table 13). 

Like any classification of this type, baspd on quantitative /2141 

differences, the suggested grouping of the ponds according to the 

food biomass of the fish is conditional in that there are no 

clear-cut boundaries betwen the'classes. Put it may prove.useful 	• 

when determining the plscicultural value of the ponds. 

So far in all our comparisons ' of the fish yield and com-

putations of the possible values of the P/B coefficient we have 

Used the total biomass of food  organisms, uniting the zooplankton 

and.zoobenthos. guch an approach is completely justified by the 

results obtained. àowever, there is,no doubt that . the functional • 

role of the zooplankton in the formation of the  Increase in fish 

• production differs substantially from the analogous role of the 

benthos. This difference Is due not only to the different hab= 

ltats of the orgamisms of the zooplankton and benthos and the 

corresponding difference in their availability to the fish, not 

merely to the different dimensions, caloricity and so on, but 
LUPh 01.‘ ,  rgteS 

chiefly to the different 	of the zooplankton and zoobenthos. 
' 	u 

All other things being equal, the prodxctivity of freshwater 

zooplankton appears to be someWhat higher than the productivity . 

of the benthos. Unfortunately, there are not yet enough data for 

a reliable estimate of either the zooplankton or the benthos of . 

fish ponds. Some hydrobiologlsts consider that the annunl pro- 

duction of the freshwater zoobenthos is 1-3 times greater than 

its mean biomass. rf. F. Yaroshenko and A. I. Nàberezhny(1955) 

considered it possible to take a P/B coefficient of 8 for the 
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chlronomid benthos of the fish ponds of Moldavia. At the same 

time, for the zooplankton of the fish ponds the authors computed 

a P/B coefficient of 180 for the 180 days of the growing period, 

but then they reduced it to 45, calling the latter figure the 

"workinz biological productivity". The authors think that in 

summer 60% of the zooplankton in fish ponds dies from natural 

causes, 25% is consumed by different animals, and only 25% is 

used by the fish. Thus, according to the data of Yaroshenko and 

Maberezhpy the productivity of the zooplankton is 22 (or 6?) 

times greater than the productivity of the zoobenthos. 

F. G. Petrovich, E. A. Shushkina and G. A. Pechen' (1961), 

on the basis of experimental data, computed the P/B coefficient 

for the zooplankton ln some lakes in Belorussia. These coef-

ficients are 20-30 times greater than the analogous coefficients 

for the benthos of the name lakes calculated by M. M. Drako. 

( 1953). 

Table 11 

Classification of ponds accordinz to fish food suonlv  
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On the strength of data of ecological physiology and his own 

Investigations of the Intensity of exchange among animals of dif- 

ferent taxonomic groups, G. G. Vinberg (1962), when compuing the bted/ 

productivity of the ecological system of a body of water, used a 

mean annual P/B coefficient of 30 for zooplankton and 3 for zoo-

benthos. On the whole, the productivity of the zooplankton is 

quite clearly higher than that of the benthos. It should alma be 

remembered that in highly prod.ictive ponds the biomass of zooplank- • • 

• ton is also 2-3 times greater than the biomass of benthos. If 

we assume that the P/B coefficient of the zooplantkon is roughly 

3 times greater than the P/B doefficient of the zoobenthos, even 

then we shall find that the production of the benthos forms only 	' 

slightly more than 2.5-20% of the total yield of the food'organisms 

in highly productive ponds. 

Further work must be done to determine the P/B coefficients 

for narrow systematic groups of fish food organisms' in ponds. 

This will enable us to discover what forms of zooplankton and zoo-

benthos are of most pisciculture value in fish ponds. This  prob-

lem acquires particular importance in connection with the con-

trolled development of the biologica1 regime of the ponds. 
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CHAPTER VI  
CI 

PISCULTURAL EFFECTIVENESS OF POND FERTILIZATION 
A 

1. Introduction 

Many experiments and much practice in the commercial 

utilization of different fertilizers have shown that their 

addition to a pond generally leads to a rise . in  fish yield. 

Many examples of the effectiveness of the use of fertilizers 

have been given in the preceding chapters. Often, however, 

pond fertilization haa failed to yield any piscicultural 

dividends. 

The complex aeries of transformations from the time 

of addition of the fertilizer to the pond to the emergence • 

of the final product - the fish - obscures the piscicultural 

value of pond fertilization. Although fish breeders use 

fertilizers to improve the conditions of nutrition of the 

fish being reared, the introduction of fertilizers also 

affects other  aspects of their lives. For example it improves 

or impairs the oxygen regime, alters the pH of the water, 

and 50 forth, whereas some important factors of the fish 

production either change slightly under the effect of fer-

tilization or elm, change not at all. Depending on the 

ipecific conditions in which they are used, the same fertilizers 

may diaplay different degrees of effectiveness. Therefore, 

up till now the fish breeder has found it difficult to determine 

what sort  of an  increase in the  fish yield he can expect when 

adding a particular quantity of fertilizer to a pond. 

To estimate the piscicultural economic effectiveness 

of different fertilizers we must compare the quantity of 

fertilizer expended with the increase in fish yield achieved. 

When doing this it should be remembered that the two things 

are not directly related, but that there are many intervening 

factors. Right.  up to the present time, the experimental work 

of practical fish breeders and many'workers of pisciculture' 

institutes has been confined to estimating the fish yield as 

the sole criterion of the effectiveness of fertilization. 

The necessity for such an estimate has never been in doubt. 

However, it was quickly found that an approach of this sort 	. 

is inadequate for an understanding of the mechanism of the 

action of fertilizers in ponds and for determination of-the 

conditions under which, and reasons for which, fertilization 

has a piscicultural effect. In other words, one became aware 

of the need to formulate a theory of fertilization of bodies /217/ 

of water. At the same time many researchers, concentrating 

their attention on different aspects of the complex mechaniam 

of the action of fertilizers, were unable to take in problems 

of practical importance such as the determination of the 

pisciculture' effectiveness of fertilization. As a reault 

aome of the important experiments and 'investigations of the 

pagt decade suffer from the great defect that they cio . not show 

what quantity of fertilizer the increase in fish . yield attained . 

in the experiments corresponds to. This is particularly true 

of papers on organic fertilizers. In a number of cases the 

authOrs do not give either the quantity of fertiliser added 
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or the resultant increase in fish yield (Karzinkin, 1952). 

In the  study of the rates of airtificial fertilization 

of ponds there has been a marked tendency in the last decade 

to find and take as the basis for recommendations specific 

concentrations of active principles of fertilizers which are 

recognized as being optimal. Some researchers recommend 

maintaining a given concentration of nutritive elements in 

the water of ponds ,  by very frequent application of fertilizers 

(LAI. Mamontova), while others advise bringing the concentration 

of active principles to a given level each time the artificial 

fertilizers are added (M.B. Fel , dman, V.S. Prosyany and A.V. • _ 

Sukhovii). In both cases the criterion for the desired quantity 

of fertilizer is the reault of chemical analyses of samples 

of water from the fertilized ponds, which indicates the presence 

of the nutritive elements of concern to the researcher. It 

was noted earlier that it was very difficult to judge the 

fertilization requirements of a pond from chemical analysis 

of the water. 

For a piscicultural assessment of the effectivenesa 

of fertilization it would seem that the most correct procedure 

would be not only to investigate the medhanism of the effect 

of fertilizers but also to find the most economical combinations 

of fertilizers expended per additional unit of increase in 

fiah yield. By analogy with the food coefficient, which defines ' 

the quantity of artificial foods expended per kg of additional 

increase in fiah yield, we can use the concept of the "fertilization 

coefficient", which was first suggested by V.M. Iltin and his 

colleagues (Illin, Lipin, Bakhtina et alla,  1956). 

In intensive pond culture practice it is normal to 

distinguish between two ways of estimating the fish yield of • 

the ponds when feeding the fish: that part of the fish yield 

which is obtained through utilization of the natural food 

supply ("the natural fish yield"), and that increaae which 	' 	• 

results from the use of foods added to the ponds  from outside. 

Strictly speaking, the yield of the  pond includes only that 	/218/ 

part of the increase in yield which ia provided by the Material 

and energy resources of the pond. 

The increase in fish yield following the application. 

of fertilizers is due to intensification of the cycle of sub- 

stances in the pond or to an increase in the mass of Material ' 

participating in the cycle. The increase in fish yield with . • 

this form of intensification of culture is the result of  the 

 same sort of processea as take place in the pond without the 

addition of fertilizers, only on a smaller scale. Therefore 

there  is  no necessity in principle for making a sharp distinction 

between a "natural" or "initial" fish yield and the part of  

the yield obtained as the result of fertilization. It is  more  

correct to speak of the increase in the natural yield due to 

the use of fertilizere. 

On  economic grounds we should determine what part of 

the fiah yield is the result of the adoption of a particular. 



365 

measure deaigned to raise the natural fish yield of a pond. 

Only in this way  cari  we assess the piscicultural effectiveness 

of the measure and judge the advisability of proceeding thus 

in future. 

The quantity of fertilizer expended per kg of additional 

increase in fish yield depends on the conditions of application 

and on the combination of the fertilizing substances themselvea 

in the mixutre used, so naturally it cannot be constant. Hence, 

the ratio of the quantity of fertilizer used to the size of 

the additional increase in the fish yield can be employed as 

. a criterion for assessing the effectiveness of fertilization . 

under the autual conditions of application. Since we have 

already described in previous chapters present-day ideas on 

the effect of fertilizers on various aspects of the life of 

ponda and given numerous examples of the effective use of 

fertilizera in different countries, in this chapter we shall 

examine only the piscicultural effectiveness of fertilization 

from the standpoint of the expenditure of fertilising substances 

per unit of additional increase in fish yield. 

2. The Piscicultural Effectiveness of Artielcta±- Fertilization 

Let us first examine the piscicultural effectiveness 

of phosphorus fertilization alone. One of the best-known 

examples of the successful use of phosphorus fertilizer is 

the experimental pond farm at the Willenbach piscicultural 

station (now forming part of West  Germany), where the ponds 

have been fertilized with  superphosphate  over a period . of many 
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years, beginning in 1913. 25-30 kg of P205/ha were added to 

the ponds in two doses, the first being applied to the bottom /219/ 

of the pond before filling and the second added to the water: 

From the results published in the papers of Demoll 

(1925) and Probst (1950) a histogram has been conatrueted 

which clearly illustrateà the piscicultural effectiveness of 

the phosphorus fertilizatien of the  Willenbaeh ponds (Fig. 18). 

The application of 25-30 kg P205/ha led to an average  increase 

in the fish yield of 77%. The additional increase due to 

fertilization was 72 kg/ha. With this method of fertilization 

an average of 0.4 kg/ha of P205 was expended per kg of additional 

increase in fish yield. Converted to superphosphate, this  

' means approximately 2.3 kg of fertilizer per kg of additional 

increase in fish yield. As will be seen later on, phosphorus 

fertilization proved very effective here owing to the fact 

that the fertilizer was applied in limited quantities - not 

more than 30 kg of P205/ha or 150-160 kg/ha of superphosphate. 

An increase in the dose for one application was not accompanied 

by a commensurate increase in the fish yield. The expenditure 

of fertilizer per unit of additional increase rises sharply. 

This is clearly shown in Pig..19, which we took from the manual 

of Schaperclaus (1961a). 

tieing the diagram it is easy to'calculate that a 

twofold increase in the size of the dose of phosphorus fertilizer. 

(from 25 to 50 kg P205/ha) leads to a rise of only 15% in the 
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Fig. 18 Fish yield of unfertilized ponds and ponds fertilized 
with phosphorus at the Willenbach experimental farm 
(averaged data for 3 -4 ponds shown) (from the data of 
Probst, 1950, and Walter, 1934): 
1 - increase in fish yield in fertilized ponds, 2 - 
fish yield of unfertilized ponds. 
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Fig. 19  Relationship between the quantity of phosphorus fertil-
izer and the fiah yield (after Schaperolaus, 1961a). 
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fish yield, while trebling of the dose raises the increase 

by no more than 20% compared with the effect of a single dose 

of phosphorus fertilizer. And so, when adding 75 kg of P205 

per hectare, which corresponds to approximately 500 kg/ha of 

• superphosphate, we shall expend per kg of additional increase 

in the fish yield not 2-2.5 kg of fertilizer, but 5-6 times 

more, i.e. 12-15 kg. This is why, in East and West Germany, 

where phosphorus fertilizer is still regarded as the universal 

artificial fertilizer, "we take (for Ponds) an average dose 

of 30 (25-35) kg of P205/ha, which has been hallowed by 

tradition and legitimized by practice" (Schâperclaus, 1961a). ' 

The low effectiveness of large doses of phosphorus fertilizer 

alone can also be seen from the results of the experimenta 

of M.K. Toren (1939a, 1939b) on the ponds of the Ukraine. 

From 1933 to 1935 Taran tested doses of superphosphate  ranging 

from 11.3 to 77.8 kg of P205/ha, using piecemeal, twofold 	- 

and fourfold application of the fertilizer to the water of 

filled ponds, and he came to the conclusion that the best 

effect is achieved when small quantities of fertilize r  are used. 

Therefore for the fertilization of large commercial finiehing 

ponds in 1937 three applications of 16-20 kg of P205 per hectare 

• were used. However small amounts of phosphorus fertilizer 

alone had little effect on finishing ponds in the conditions  

•of Vinnitsa oblast. According to the calculations of Taran, 

1 kg of 132, 05  in the finishing ponds brought about an additional /221/ 

increase in the fish yield of 1.07-2.4 kg. Thun, aven  before 
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the war the discovery was made that large doses of phosphorus 

fertilizer alone have little effect. 

In the experimental fish ponds of the Moscow region' 

tests were conducted under the supervision of V.M. Ilfin of 

doses of superphosphate not exceeding 150 kg/ha, i.e. not 

more than 30 kg of P• 0 5  per hectare. In assessing the 

piscicultural effectiveness of this fertilization Il'in (1955) 

came to the conclusion that 1 kg of additional growth of 

the fish yield required 12-15 kg of superphosphate. In other 

experiments conducted by the saine  authors the superphosphate 

proved more effective. In the experiments of V.?. Lyakhnovich 

(1963a) on Belorussian ponds in 1960, the fertilization of a 

nursery ponds with superphosphate alone in a dose of 200 kg/ha 

meant that 13.3 kg of fertilizer were being expended for 1 kg 

of additional increase in the fish yield, the entire additional 

increase being 15 kg/ha. 

But if large doses of superphosphate have little effect 

in conditions where small amounts of phosphorus fertilizer 

alonm bring comparatively good results, and if, furthermore, 

in different conditions even small quantities of superphosphate 

(150-200 kg/ha) have a weak effect, then it is impossible with 

the aid of phosphorus fertilizer alone to effect a sharp 

increase in the fish yield of ponds. Let us recall that the 

most effective quantity of phosphorus fertilizer in East and 

West Germany raises the fish yield by an average of 77%. Only 

by expending very large quantities of fertilizer, i.e. when 
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its application becomes economically unprofitable, can we 

obtain twice as much fish from fertilized ponds as from 

unfertilized ponds. 	 • 

The low effectiveness of large doses of phosphor= 

fertilizer alone shows that it is not only phosphor= that 

limita the growth of fish production under these conditions. 

This confirms once again  that  phosphorus fertilizer is  flot  

universal. 

Quite a different picture emerges on analysis of the 

piscicultural effectiveness of the Joint application of nitrogen 

and phosphorus fertilizer. It is typical that in the USA, where 

commercial mixes containing nitrogen and . phosphorus are used, . 

large doses of fertilizer are applied. In the Soviet Union, 

after nitrogen and phosphorus fertilizer began to be used in 

combination, the quantity of artificial compounds of nitrogen 

and phosphorus added to ponds rose sharply. 

Already in the first experiments of G.G. Vinbirg (1958).  

on the'ponds'of "Shemetovo" fish farm (Belorussian SSR) in 

1954 and 1955, in which he applied nitrogen end phosphorus 

artificial fertilizers together, the.amount of superphosphate 

added WaS 433 kg/ha, with up to 300 kg/ha of ammonium nitrate 

being applied simultaneously. In spite of very early harvesting i>22/ 

of the experimental ponds, only 1.3-3.7 kg of superphosphate 

. and 1-3.7 kg or ammonium nitrate were expended for a lkg additional 

increase in the yield of young wild carp (Cymrinus  carPio)  (rab1.24). 
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Table 14  

The Piacicultural Effectiveness of Nitrogen-Phosphorus 
Fertilization of Ponds 
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Im: 1. Fish yield, kg/ha. 2. Increase in yield owing to 
fertilization, kg/ha. 3. Quantity of fertilizer, kg/ha. 

4. Superphosphate. 5. Ammonium Nitrate. 6. Fertilizer 
expended per kg of increase, kg. 7. Ratio of N:P in 
fertilizer. 8. Authors. 9. Vinberg, 1958. 10. Foramen. 
11. Prosyany. 12. Sukhovii, 1962. 13. Lyakhnovich, 1963. 
Mamontova, 1961. 15. From here onwards in this column 
the figures denote the quantity of ammonium sulphate. 

On average according to the data for two seasons of observations 

(five different  forma of nitrogen-phosphorus fertilizer), in 

the experiments of Vinberg, for a lkg additional increase in 

the fish yield 1.47 kg of ammonium nitrate and 2 kg of super- 

phosphate were expended, which when converted represents 0.51 kg 

of nitrogen and 0.38 kg of P,05.. Hence the cOmbined use of 

nitrogen and phosphorus fertilizer demonstrated the poesibility 

of making effective use offer greater quantities of super-

phosphate than when phosphorus fertilizer was used on its own. 

When the quantity recognized as 'optimal in East and 

West Germany was increased 2* times there was no diminution 

of its piscicultural effectiveness owing to the addition of 	1223/ 

nitrogen. Particular stress should be laid on the  faci that 

the yield from the experimental ponds fertilized with nitrogen . 

and phosphorus increased by a factor of 3-4 compared with the 
yield from the unfertilized ponds. Thus, in addition to 

. demonstrating the great effectivenesa of using large doses 

of fertilizer it was shown that it is possible under Belorussian . 

conditions to sharply increase the yield of the ponds through 

artificial fertilizers. 
• 

At the saine  tiMe, in a pond fertilized with nitrogen 

alone Vinberg achieved very little by fertilization: for every 

kg of additional increase in the fish yield he expended 7-12 kg 

of ammonium nitrate, i.e. almost seven times more than when 

using nitrogen and phosphorus together in the same ponds. This 

clearly shows that nitrogen, like phoaphorne, cannot be regarded 
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as a universal fertilizer on its own, in apite of the fact 

that it is a powerful factor in increasing the fish yield 

of ponds. 

. On carp finishing ponds in the Minsk region V.P. 

Lyakhnovich (1963a) tested quantities of up to 400 kg/ha of 

superphosphate and up to 800 kg/ha of ammonium nitrate, 

applying the two fertilizers together in fractional doses 

to the water of filled ponds. In these experiments too the 

economic effectiveness was high. Per kg of additional increaae . 

in the commercial yield of fish 0.91-1.44 kg of superphosphate 

and 1.4-2.5 kg of ammonium nitrate were expended (see Table 14). 

On average for four ponds the expenditure of fertilizer per 

kg of additional increaae in yield amounted to 0.67 kg of N 

and 0.25 kg of P0 5.. Here the fish yield of the experimental 

ponds was 2.5-3 times greater than that of the unfertilized 

ponds, and the absolute increase in yield due to the fertilizer 

was 400 kg/ha. Lyakhnovich calculated that the average cost 

of the fertilizer expended in his experiments per kg of increase 

in the fish yield was 13.6  kopecks  e kopeck ia 1/100 of a 

rouble-Tranalatod. This is one third of the cost of the 

equivalent amount of artificial food needed to achieve an 

increase of the same order ofaagnitude. Hence the use of 

nitrogen-phosphorus fertilizer as oppoaed to food gives a 

'saving of 0.3 roubles per kilogram of additional increase in 

the commercial fish yield.  
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On commercial carp ponds in Latvia N.P. Okhryamkina 

(1962), T.M. Tsukurs (1962), A.P. Volkova and R.V. Bunikis 

(1962) experimented with nitrogen-phosphorui fertilizers in 

quantities of up to 265 kg/ha of superphosphate and 550 kg/ha 

of ammonium sulphate. As in the case of the Belorussian ponds 

theyhere highly effective. 
• 

In the ponds of the Ukraine, in which phosphorus 

fertilizer alone produced the best effect when applied in 

quantities of 15-20 kg Of P205/ha (Taran, 1935a), it was 

found possible through the use of nitrogen and phosphorus 

together to raise the amount of superphosphate applied with 

the nitrogen fertilizer to 400 kg/ha, i.e. to 80 kg of 

P205/ha, without reducing its effectiveness. Thus, in the 	/224/ 
experiments of M.B. Feltdman, V.S. Prosyany and A.V. Sukhovit 

(1961), conducted in 1959 and 1960 on the ponds or the "Nivkie' 

fish farm in the Kiev region, when nitrogen and phosphorus 

were used together 0.65-2.33 kg of superphosphate and 0.41- 	- • 

1.67 kg of ammonium nitrate were expended per kilogram of 

additional increase in the fish yield (see Table 14). 

• . Still greater quantities of phosphorus fertilizer 

were used effectively in the experiments of L.N. Mamontova 

(1961) on ponds in the Moscow district, involving the combined 

. application of nitrogen and phosphorus. In one experiment 

Mamontova added to the water in fractional doses 730 kg/ha of 

superphosphate (roughly 140 kg of P205/ha), and at the same 

time applied 1350 . kg/ha of ammonium nitrate. Here the expenditure 
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per kilogram of additional increase in yield was 1.64 kg of 

superphosphate and 3 kg of ammonium nitrate. With such a 

large dose of phosphorus fertilizer, particularly in ponds 

to which it was previously considered inadvisable to add 

more than 30 kg of P205 per hectare, the use of nitrogen 

fertilizer made it possible to achieve even higher economic 

effectiveness for phosphorus than when it was used in small 

doses, but without nitrogen. In the experiments of Mamontova 

with combined nitrogen and phosphorus artificial fertilizers, 

the fish yield of carp nursery ponds was raised by a factor 

of 3-3.5, reaching in some cases 795 kg/ha. 

The examples examined show convincingly that in 

various regions of the Soviet Union the. Joint application 

of nitrogen and phosphorus artificial fertilizers has made 

it possible to increase the dose of phosphorus fertilizer 

several times over without *reducing its piscicultural effectivenesa. 

No less important is the fact thatit has been established 	• 

by experiment that it is poésible . through the application of 

nitrogen and phosphorus artificial fertilizer 's to increase the 

yield of ponds by a factor of 3-4. These conclusions are of 

great significance for pond-fish breeding practice in the Soviet 

Union. 

In pond pisciculture in the USA large doses of nitrogen-

phosphorus-potassium  commercial  fertilizer mixes are used with 

great pisciciatural effect. According to the figures available, 

unfertilized ponds in the USA give a fish yield of 454.68 kg/ha,  

whereas fertilized ponds yield 224-560 kg/ha (Reid, 1961). 

It should be remembered that these figureerelate not to carp 

but to fishes with a semi-predacious or predacious diet, 

owing to thé length of the food chain, which is longer than 

. for the carp. Hence the effectiveness of fertilizers added 

in quantities of 560 -1120 kg/ha must be acknowledged, as high. ,  ' 

In the carp culture of Israel combined nitrogen and 

phosphorus artificial fertiliZers also produce a great 

piscicultural effect.  In the experiménts of Wirzhubski and 	/225/  

Sarig (1953), from 2.23 to 3.79 kg of superphosphate and. up ' 

to 5.4 kg of ammonium sulphate Were expended per kilogram of 
additional increase in the commercial fish .yield (nee Table 

1)4). • 

Judging from the results of the research of Wrobel 

(1962a), in the fish ponds of Poland the combined llee Of 

nitrogen and phosphorus fertilizers leads to a sharp increase 

in the.piscicultural effectiveness of superphosphate when 	• 

the quantities are augmented and added to the ponds in 

fractional doses simultaneously with nitrogen artificial 

fertilizers. Thus, nitrogen-phosphorus artificial fertilization 

may be regarded as a universally acceptable and highly profitable 

device for raising the fish yields of ponde. The Joint 

application of nitrogen and phosphorus fertilizers firstly 

increases the effectiveness of the use of phosphorus fertilizee, 

secondly creates the possibility of effective use of far larger 

quantities of -fertilizer than when phosphorus is used alone, 
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and thirdly greatly increases the possibilities of augmenting 

the fish yields of ponds through artificial fertilizer. 

So far we have mainly examined the degree to which 

the use  of nitrogen extends the possibilities of application 

of phosphorus artificial fertilizers. However, in many 

European countries with developed pond-fish culture the use 

of nitrogen artificial fertilizers for raising the fish 

yields of ponds has been regarded as economically unprofitable 

and therefore inadvisable. This question mente  special 

study. 

We have hardly any examples of nitrogen artificial 

fertilization without phosphorus. It can, however, be stated 

with certainty that nitrogen fertilizer alone; like phosphorus 

fertilizer on its own, cannot produce a great piscicultural 

effect. In the case of Vinbergts experiment it was stated 

earlier that when ammonium nitrate was'iised without phosphorus 

fertilizer it took 7-12 kg of the former to increase the fish 

yield by 1 kg. Naturally this is a great deal, and nobody 

would recommend pond-fish culturists to use such a method of 

increasing the yield. Nevertheless,it is interesting to compare 

these data with the normal figures for pond piscicultural 

practiCe where the fish are fed with concentrated foods: nine 

kilograms of ammonium nitrate will cost 0.45 roubles. For 

this sum it ia possible to purchase 5.5 kg of mixed fish food, 
the food coefficient of which for carp in the pond culture of 

Belorussia would average 5.5, while in many cases if would be 

much higher than 6. Nevertheless,ro-one doubt3.  the economic 

advisability of feeding pond fish on concentrated foods. 

Far more interesting is the piscultural effectiveness 	. 

of artificial nitrogen fertilizera in combined nitrogen and 	/226/ 

phosphorus fertilization, which has been widely adopted in 

practice. 

Under various conditions, in the experiménts of 

different authors different amounts of artificial nitrogen 

fertilizers were expended in combined nitrogen and phosphorus 

fertilization to produce a 1 kg additional increase in the 

fish yield. Some of the figures are shown in Table 14. The 

table contains exPerimental .  data for different regions of 

the Soviet Union. We have included only those experiments 

in which only artificial fertilizers in the form of super- • ' 

phosphate and ammonium nitrate were used, being added to the 

water in fractional doses, although the details of the method ' 

of application varied somewhat from author to author. Only 

at the very end have we given, for purposes of comparison,. 

data on four experimental ponds in Israel, where  ammonium 

sulphate containing 21% nitrogen was used. This contrasts 

with the experiments of Soviet authors, who used ammonium 

nitrate containing 32-35% nitrogen. From the data of Wirzhubaki 

and Sang (1953) on .Israeli ponds we have calculated the total ' 

expenditure of fertilizer on the total addition increase in 

fish yield for three attempts at fish breeding in the course ' 

of one year in each pond. It is curious that under these 
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than phosphorus fertilizers, there are still no grounds for 

considerable artificial nitrogen fertilizers uneconomical 	/227/.  

in pond-fish culture. 

Since neither phosphorus nor nitrogen fertilizers 

used separately can ensure a high increase in fish production,_ 

whereas their  use In  combination is highly effective, the 

question of the optimum ratio of the active principles in 

nitrogen-phosphorus artificial fertilization•is of particular 

interest. Evidently.we cannot rely on the optimum ratio of 

nitrogen and phosphorus in nitrogen-phosphorus fertilization 

being the same under the different Conditions of different 

, soil and climate zones. It is more likely that in one and 

the same.  region, depending on local conditions, the va.rious 

ponds, and the way in which they are exploited, the ratio 

of the ma'n nutritive elements in the fertilizer will differ 

slightly. In actual fact, in the different experiments performed 

in Belorussia the piscicultural effect of the use of nitrogen-

phosphorus artificial fertilizer with widely diverging ratios 

of N:P has been very similar. In the experiments of G.G. Vinberg 

on the nursery ponds of "Shemetovo" fish farm the N:P ratio 

lay between 2.4 and 4.6, giving an average of 3.6. In this 

case 1-3.7 kg of ammonium nitrate was expended to produce 

a 1 kg additional increase (see Tàble 14). The average of 

four experiments was 1.51 kg of ammonium nitrate. In the 

experiments of V.P. Lyakhnovich (1963a) on the finishing ponds 

of "Izobelino n  fish farm the average N:P.ration out of four  
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particular conditions the amounts of phosphorus fertilizer 

exPended per unit of increase in the fish yield were similar 

to those resulting from the combined use of nitrogen and 	• 

phosphorus under the conditions of Soviet pond-fish culture. 

The consumption of nitrogen fertilizers appears somewhat 

high only because Wirzhuhski and Sang  used ammonium sulphate 

in their experiments and not ammonium nitrate. As regards 

the active principle of the nitrogen fertilizer, the amounts 

expended on the ponds of Israel hardly differ from most of 

the data of Soviet authors as shown  • n the table. It should 

be noted that these data relate to the first period of experiments 

in the use of artificial fertilizers on ponds in Israel. Later 

the doses used were much smaller, when organic fertilizer in 

the form of bird lime was employed simultaneously and on a 

large scale together with mineral salts of nitrogen and 

phosphorus. 

As can be seen from the table, when nitrogen and 

phosphorus were used together the expenditure of ammonium 

nitrate per kilogram of additional increase in fish yield 

ranged from 0.41 to 7.8 kg. In eleven cases out of seventeen 

it did not exceed 2.5 kg. With the exception of the experiments 

of L.N. Mamontova, which will be discussed later, the expenditure 

of nitrogen fertilizer per unit of additional increase in the 

fish yield barely deviated from the analogoux consumption of 

phosphorus fertilizers. Even bearing in mind the fact that 

nitrogen artificial fertilizers are somewhat more expensive 
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experiments was 8.2, i.e. more than 2.2 times as large as in 

the experiments of Vinberg. Nevertheless in -the case of 

"Izobelino" 1.93 kg of ammonium nitrate, i.e. only 1.3 times 

more than used to fertilize the ponds of "Shemetovo" fish 

farm, was expended per kilogram of additional increase in 

fie production. 

In Ukrainian ponds (Kiev district) M.B. Felfdman, 

V.S. Prosyanii and A.V. Sukhovii (1961) tested N:P ratios 

ranging from 3-3.8. The average value of N:P for five 
variants in these experiments was 3.4, i.e. very close to 

the value obtained in the experiments on "Shemetovo" farm. 

In the Ukrainian ponds 0.97 kg of ammonium nitrate, i.e. 

1.5 times less than in the ponds of Belorussia, was expended 

per kilogram of additional increase in the fish yield. 

Meriting particular attention is the N:r ratio in 

the experiments staged by L.N. Mamontova (1961) in ponds 

near Moscow, since in these experiments-it differed sharply 

from the values given above. In the varioue versions of these 

experiments the N:P ratio'ranged from 8.9 to 23 (see Table 

14). Typically, as the 17: 1' value rose so did the expenditure 

of ammonium nitrate per unit of additional increase, i.e. 

the piscicultural effectiveness of the nitrogen fertilizer 	/228/ 

fell while the effectiveness of the phosphorus fertilizer 

remained approximately the same (1.14-1.64 kg of super-. 
phosphate per kilogram of additional increase in the fish 

yield). The greatest absolute inoreaee (477 kg/ha) was obtained 

for the 'smallest expenditure of ammonium nitrate at the 

lowest N:P ratio used in the'experiments (8.9). 

It appears that in the conditions obtaining in the 

experiments conducted by Mamontova the expenditure of 'phosphorus 

fertilizer, which averaged 1.5 kg of superphosphate per 

kilogram of additional inc .rease in the fish yield, was minimal, 

and any further increase in the fish yield in the presence 

of an excess of nitrogen fertilizer was limited by an insufficiency • 

of phosphorus fertilizer. It is possible that with the  use  

of large quantities of superphosphate and the same doses, i.e. 

using a lower value of the N:P ratio, higher increments could 

have been achieved in these experimenta while improving the . 

piscicultural effectiveness of the nitrogen fertilizer. 	 • 

Thus, on the strength of the data available we can 

assume that on the whole the difference in the N:P ratio 

in artificial fertilizer is not very great, at least for • 

pond fisheries in the central belt of the European part of 

the Soviet Union, including the Baltic regiOn, Belorussia and 

the North Ukraine. For these regions, where pond-fish culture 

is . intensively developed, the most effective and economically 

profitable N:P ratio in artificial fertilizer will apparently 

lie between 3:1 and 8:1, or thereabouts. Let us remember that 

in the commercial fertilizer mixes used  for the  fertilization 

of ponde in the United States the N:P ratio is close to 2, 

while in Israel it is 4. The pisoicultural..effectivenes 's of 

the fertilizerrican be determlned from the actual amounts. 
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which have to be added to the ponds per unit is additional 
hictn, s• 

increase in the fish yield. Since the active prineIples in 	- 

nitrogen-phosphorus fertilizer are nitrogen and phomphorue 

It is interesting to ascertain to what extent these elements 

are actually transformed into the body of the fish. If, 

on the basis of the figures in Table 14, we reckon that under' 

optimum conditions 1.5 kg of superphosphate and 1.5 kg of 

ammonium nitrate are expended per kilogram of additional • 

increase in the fish yield, this will represent 135 g of 

phosphorus and 525 gram of nitrogen (for 20% P205 in the 

superphosphate and 35% N in the ammonium nitrate). Let us 

assume furthermore that on average the live body of a pond 

fiah, for example carp, contains 0.4% phosphorus and 2.5% 
nitrogen. Then, approximately 3% of the phosphorus added 

in the fertilizer and roughly 5% of the nitrogen will be used 	. 

to produce an additional increase in the fish yield of one 

kilogram. It in curious that according to these calculations 

the  nitrogen in the fertilizer is used more effectively that 

the phosphorus. This once again emphasizes the erroneousness 

of the idea that artificial nitrogen fertilizer is ineffective. /229/ 

At the same time we discover that the very little 

use is made of the nutritive elements in fertilizers to 

increase the fish yield. In theory they could be used much 

more effectively for this purpose in view of the fact that 

a substance can be included repeatedly in the biotic cycle 

through the use in the lower links of the trOphie chain of the 

metabolic products of organism at a higher trophic level. 

More effective utilization of the nutritive elements appears 

to be hindered by the high absorbence of the bottom sediments, 

in which up to 80% and more of the fertilizer added settles, 

as has been shown by many hydrochemical investigations of 

fish ponds. The finding of methods of raising the'effectiveness 

of the utiliation of the nutritive  elements in artificlal 

fertilizers is a complicated task, but one of great practical 

importance for further elaboration of techniques of increasing 

the fish yield through fertilizers. As 'shown by the rough 

calculation made above, these nutritive elements represent 

large potential reserves for raising the economic effectiveness 

of fertilizer. 

Even now, however, in spite of the poorkilizatiOn of 

the nutritive elements, the use of this method is much more 

profitable than feeding fish on concentrated foods (Lyakhnovieh, 

1963a). In particular it should be stressed that, when the 	. 

N:P ratio is correctly selected and thene elements are used 

properly the increase in the fish yield due to fertilization 

in directly proportional to the quantity of fertilizer added 

to the pond, at least up to 700-800 kg/ha, with an initial 

fish yield of 180-250 kg/ha. It follows i that at the present 

1
The addition of artificial nitrogen-phosphorus fertilizers 

'to finishing ponds in Belorussia in 1964 raised the metural 
yield to 600-700 kg/ha for an N:P ratio of 6:1 and the expen-
diture of 1.5-2.0 kg of ammonium nitrate and superphosphate 
per kilogram of growth in the commercial fish. 
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level of intensive culture nitrogen and phosphorus are the 

main nutritive element:: normally limiting the fish yield 

of ponds. However, this does not mean that under different 

conditions of exploitation of the ponds, at a higher level 

of intensity of culture, other factors will not emerge to 

restrict the yield in spite of the optimum supply of nitrogen 

and phosphorus. It is enough to recall that in intensive 

cultures of planktonic algae on media with a high concentration 

of nutritive elements the factors limiting the production 

process are carbon dioxide gas, the light conditions, and no /230/ 

on. Something similar is also possible in pond-fish culture, 

particularly since, as we are speaking of natural fish production,' 

it is based on the photosynthetic activity of planktonci algae. 

Undoubtedly there is some upper limit beyond which 

the effectiveness of artificial fertilizer diminishes. It is 

probable that the MAXiMUM effective doses of fertilizer will 

prove to be different for different soil and climate zones 

with disparate temperature conditions, intensity of solar 

radiation and lengtha of the growing season. The doses of 

nitrogen-phosphorus fertilizer tried so far do not appear 

to have reached the limit. Even in the experiments of Mamontova, 

who used up to 32 centners per hectare of ammonium nitrate, . 

the decline in its effectiveneas cannot be ascribed to the 

attainment of an upper limit, since the N:P was clearly 

inappropriate. In addition a great deal of work remains to 

be  dons  to determine the optimum N:P ratios in artificial 

fertilizers in respect of the different conditions of soil 

and climate zones in the Soviet Union. This is one of the 

most important practical problems which must be faced in 

experimental research on artificial fertilization, since only 

the optimum N:P ratio for the particular set of conditions 

will give the greatest increase in the fish yield due te 

 fertilization for the smallest consumption. 

3. Piscicultural Effectiveness of Crganic and Combined Fertilizers 

Organic fertilizers, as already noted in Chapter IV, 

may be used in two ways in a pond. . Firstly, through complete 

mineralization  of the  organic matter with subsequent inclusion 

of the nutritive elements in the biotic cycle via the primary 

link of autotrophic organisms in the process of photosynthesis. 

In this case the mechanism of the further transformations of 

the fertilizers will not differ from the action of artificial 

fertilizers. Secondly, the organic matter of the fertilizers 

may be used by animals occupying higher trophic levels - up to 

and including fish. In this case the path  frein the fertilizer 

to the final product - the fish - is much shorter, so that an 

increase in the effectivenesa of the fertilizer can be achieved. 

Depending on the type of organic fertilizer and the 

- Conditions  under which it is used, one of these forms of 

utilization of the fertilizer will prevail. Therefore the 

piscicultural effectiveness of organic fertilizers will fluctuate 

very widely. This greatly hampers calculation'  of the expenditure 
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of organic fertilizer per kilogram of additional increase in /231/ 

the fish yield. Furthermore, organic fertilizers are rarely 

ueed in a pure form either in pond-fish cultural practice 

or experimental research on the fertilization of ponds. More 

often they are combined with phosphorus artificial fertilizers 

in different ratios or used in conjunction with other measures 

for raising the 4:ish yield of ponds. Many researchers who 

have worked with organic fertilizers have failed to pay 

sufficient attention to calculation of the amount of fertilizer 

expended and to the resultant increase in fish yield. In a 

number of cases, for example when plants are cut t and (left to • 

lie in a pond as fertilizer, when waterfowl are -Leon the 

ponds, or when waste water is allowed to drain into the ponds, 

the estimate of the amount of fertilizer used will only be 

a rough approximation, and this further complicates the already 

difficult task of assessing the . piscicultural effect of the 

particular type of fertilizer being used. 

Let us first examine data on the effectiveness of 

manure in pond pisciculture in the European countriee. .According 

to published information, manure, and especially pigis 'manure, . 

is widely used for fertilizing carp ponds in Czeehoslovakia, 

• Hungary and East Germany. 

Susta (1953) analysed the results of manuring 

nineteen ponds in'Czechoslovakia. The amount of manure added 

differed from pond to pond (from 6 to 60 centners per hectare). 
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According to the authorts calculation, from 6 to 133 kg of 

manure was expended per kilogram of additional increase. Such 

large discrepancies in the piscicultural effectiveness of 

manure in the estimates of Susta are due to the fact that for 

all nineteen ponds he took the sanie  figure for the initial 

natural fish yield, i.e. 92 .kg/ha. Averaging these data we 

find that 29 kg of manure were expended per kilogram of 

increase in the fish yield. Similar results were obtained 

in the experimenta with pigis manure conducted by Havlena 

(1956) on the ponds of the Czech fish farm "Istebnik". Havlena 

added 50-130 centners of manure per hectare to eech experimental 

pond and obtained an additional increase in the fish yield 

ranging from 62-278 kg/ha. The same ponds were fertilized 

simultaneously with superphosphate containing 15-20 kg/ha 

of P,0 s . The author does not say what method he used to 

calculate the additional increase in the fish yield for the 

various types of fertilizers. According to his calculations 

1 centner of pig's manure ensured an average additional increase 

of 2.9 of underyearlings or 2.63 kg of  commercial carp. On 

the whole we can say from these figure that the fertilization 

coefficient of the manure is 35. On the strength of the results 

of his experiments Havlena considers that up to 50 centners/ha 

of pigis manure may be added to the ponds during the growing 

season. Hence, with the aid of manure we can obtain an average 

increase in the fish yield of not more than 150 kg/ha. Large 

quantities of manure cause suffocation in ferglized ponds with 

all its conaequencea. 	• 
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Havlena, like Susta, gives figures on the economic 

advisability of manuring carp ponds in Czechoslovakia. Their 

calculations showed that the cost of 1 centner of manure, 

including delivery and its addition to the pond, is apprelximately 

half the retail price of 1 kg of carp. But as 1 centner 

of manure ensures an increase of approximately 3 kg in the • 

fish yield it is quite obvious that the use of manure in 

Czechoslovak conditions is economiCally profitable. 

Menzel (1956) summed up the results of the application 

of pig's manure to commercial ponds on four fish farms in 

East Germany and discovered that when manure was added to ponds 

in quantities of 2-10 t/ha one ton of manure ensured oan 

additional increase of 30-40 kg in the fish yield. Hence 

in this case also the fertilization factor is close to 30. 

On the other hand Schàperclaus (1961) states that in experiments 

at Willenbach a one kilogram increase in the yield took up 

to 300 kg of manure. 

In Woynarovichis experiments (Woynarovich, 1956) 

with fish ponds in Hungary the addition of 1 centner of pig's 

manure to a pond by the so-called carbon fertilization method 

was accompanied by an additional increase of some 3-5 kg. 

The author considers that it is possible to add 40-60 centners 

of pigis manuisto ponds without the danger of causing an oxygen 

. deficiency. Thus with Woynarovichis method too it is possible 

to increase the fish yield by 120-130 kg/ha. 

The data cited show that under the optimum conditions 

of utilization a one kilogram increase in the fish yield takes 

30-35 kg of manure. If we take a ratio of manure to fish yield 

of 35:1 and assume that the content of total nitrogen in the 

manure averages . 0.6% and that of phosphorus 0.12, then for 

an increase in yield of 1 kg we will have to apply 0.21 kg of 

nitrogen and 0.042 kg of phosphorus in the manure. These 

amounts correspond to 0.6 kg of ammonium nitrate and 0.57 kg 

of superphosphate. It is extremely interesting that with 

artificial nitrogen-phosphorus fertilizer, as was shown above, 

2-4 times more nitrogen and phosphorus fertilizer are required 

per unit of additional increase in the fish yield. 

The more effective use of the nitrogen and phosphorus 

in the manure compared with the mineral salts is apparently 	/233/ 

due to a number of causes. Firstly, the nutritive elements 

of the manure are included generally in the cycle, as the 

manure decomposes, and therefore combine to a lesser degree 

with the bottom sediments. Secondly, it is possible that 

the manure promotes the mobilization of the material resources - 

of the fertilized pond and their inclusion in the biological 	. 

cycle. ,  Thirdly, owing to the enrichment of the water of the 

pond with free carbon dioxide as the result of fertilization 

with manure,  conditions are created which prevent a sudden 

shift in the direction of alkalinity, and this is of great 

• importance to high-production ponds. Fourthly and lastly, 

as a complex fertilizer manure can be used partially,.leaving 
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out the first link in the food chain, through the consumption 

of the organic material of the manure by heterotrophic 

organisms serving as the direct food of the fishes, and to 

some extent even by the fish themselves. The manure added 	• 

to the pond contains a vast quantity of bacteria which are 

undoubtedly needed as food by planktonic crustacea and other 

organisms consumed by the fish. This has been demonstrated 

repeatedly in many experiments and has also been confirmed 

successfully by the practice of breeding Daphnia  semi-commercially 

on manure. 

All this taken together results in the comparatively 

high piscicultural effectiveness of manure. 

The possibilities of increasing the fish yields of 

ponds by the application of manure alone are limited by the 

adverse effect of manure on the oxygen regime of the ponds 

beine fertilized. To avoid the danger ofcausing'suffocation 

of the fish it is usually inadvisable to add . more than 5 t/ha 
during the growing season. As shown earlier, such a quantity 

will ensure an additional increase in the yield of not more 

than 150 kg. Large amounts of manure may apparently be added 

to the pond if they are combined with mineral salts to form 

an integrated fertilizer, since the artificial fertilizer helps 

to enrich the water with oxygen. 

Green fertilizer in the form of out higher aquatic and 

swamp yegetation has become very popular among pond pisciculturists  

in the Soviet Union and elsewhere. However, there are hardly 

any data available for assessing the piscicultural effectiveness 

of this form of fertilizer. Wide-scale experiments in the use 

of hardsquatic plants for raising the productivity Of ponds 

on spawning and breeding farms /hatcheries/ in the Volga delta 

were not accompanied by an estimate of the quantity of vegetation 

cut for fertilizer (Karzinkin, 1952). The experiments of M.M. 

Isakova-Keo .(1.9.54), which were conducted with little ponds on 

a small scale can give only a very rough idea of the effective- 

ness of plant fertilizer on itscwn, as in these experiments 

many other organic substances were used as well as the plants. 

According to the data of Isakova-Keo, an average of 72 kg of 

green vegetation was used per kilogram of additional increatie 

in the fish yield. 

The conclusion arrived at by the research workers at' 

VNIIPRKh /All-Hussian Pond Fisheries Research Institute/ that 

the higher aquatic plants are no less effective than manure 

as fertilizer seems to us to be insufficiently substantiated. 

This conclusion was based on a small number  of  experiments' on 

a few ponds designed to study integrated fertilization and 

conducted under the supervision of V.M. 

Judging by the data on the composition of the higher 

aquatic plants and taking in.to account the results of several 

experiments in their use and the cultural effectiveness of 

manure, we can assume that in the optimum case a ikg additional 

/234/ 
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increase in the fish yield will result from the addition of 

50-80 kg of higher aquatic plants as green fertilizer. But 

when we turn to the use for fertilization of higher aquatic 	. 

plants cut from the ponds themselves calculations are less 

important, since, unless the amount of the plant growth in 

the ponds is limited, intensive farming is generally impossible. • 

It is a different matter when, without due grounds, it is 

suggested thattwigs of trees and shrubs be provided for raising 

the yield of commercial ponds (Isakova-Keo, 1947, 1950;1954). 

In this case it should be clearly understood that for a 1 kg 

increase in the yield at least 5 tons of the green fertilizer 
will have to be prepared and delivered to the pond (and after 

the leaves have fallen off they will have to be removed from 

the pond). 

From what has been said it can be concluded that even 

the Use of green vegetable fertilizer alone cannot produce an 

increase of more than 150-170 kg/ha in the yield since large 

quantities of decaying plants, like manure, Will cause an oxygen 

deficiency. 

One of the more complex problems is the estimation of 

the piscicultural effectiveness of the combined use of artificial 

and organic fertilizers, firstly because of the diversity of 

the combinations of different fertilizing substances in the 

complex fertilizer and aecondly because only a few of the 

published papers can' be used for auch an estimate (the remainder 

do not . contain the necessary information). Apparently the 	. 

simplest and oldest type of combined artificial and organic 

fertilizer is superphosphate and manure. Thia gained wide 

currency in Europe  with  the deVelopment of the carp industry 

and is still being used. 

On the basis of the results of fertilization with 

superphosphate and manure of 17 carp ponds in Czechoslovakia, 

Susta (1953) estimated that an average of 1.84 kg of super-

phosphate and 12.8 kg of manure was expended for a 1 kg 

additional increase in the fish yield. In the same paper 

the author states that when the ponds were fertilized with 

superphosphate alone in suitable quantities (up to 250 kg/ha) 

the expenditure of fertilizer per kilogram increase in the yield 

was 2.22 kg. It should also be remembered that when manure 

was used on its own in Czechoslovakia nearly 35 kg were expended 

per kilogram of increase in the yield. From these data it 

follows that in combined manure and phosphorus fertilizer the 

superphosphate is used Just as effectively as in nitrogen-

phosphorus fertilizer. Another Czech research worker - Havlena . 

 (1956)-to stage experiments in the fertilization of ponds with 

manure and superphosphate laye special emphasis on the fact 

the manure in this combination ie a source of nitrogen. 

Combined fertilization with superphosphate and manure 

in Czechoslovakia results in an additional increase in the 

,fiah yield of 100-150 kg/ha. Similarresults are ob .tained in 

pond-fish cultural practice in East Germany and Poland. 

/235/ 
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A combination of superphosphate and higher aquatic 

vegetation was tested in the research conducted by VNIIPRKh 

under the supervision of V.M. Ilrin at the Zagorsk experimental 

station in the Moscow region. 150 kg/ha of superphosphate  

and up to 6 tons of higheraquatic plants were added to the 

ponds. In these experiments a 1 kg increase in the fish yield 

took 1-1.5 kg of superphosphate and 18-35 kg of plant fertilizer. 

The yield from the ponds fertilized in this way was 243 kg/ha, 

15 kg/ha of which was due to the fertilizer. In this case 

also the vegetation evidently went some way towards satisfying 

the nitrogen requirement of the ponds. The expenditure of 

phosphorus fertilizer proved to be close to the figure for • 

 combined nitrogen and phosphorus fertilization. In these 

experiments more complex combinations of organic and artificial 

fertilizers were also tried, but in all cases without mineral 

nitrogen. For example, in one instance the ponds were fertilized 

with manure, aquatic plants, vegetable flour, superphosphate 

and lime. As a result the yield, according to the calculations 

of the  authors, was increased by 98 kg compared with the 

unfertilized ponds (Il'in, Lipin et alla,  1956). 

A complex combination of fertilizing substances was 

also tested for the fertilization of carpponds in Latvia. In 

those projects, which were conducted in 1956 and 1957 under the 

• supervision of V.I. Zhadin, use was made of a combination of 

aquatic plants and mineral salts of phosphorus, nitrogen,* 

potassium and calcium (Zhadin, 1959; Pankratova, 1958). From  

the published results we can estimate that a one kilogram 	/236/ 

increase in the fish yield required 8-18 kg of green vegetation, 

1.3-3 kg of superphosphate, 2-4.5 kg of ammonium sulphate, 

0.5-1.1 kg of lime and 0.16-1 kg of potassium chloride. 

Above all it should be mentioned that the amounts of 

nitrogen and phosphorus artificial fertilizer expended per 

unit of additional increase in the fish yield are roughly the 

same as when nitrogen-phosphorus artificial-fertilizers are 

used on their own (Vinberg, 1958; Feltdman, Prosyanii and 

Sukhovii, 1961; Lyakhnovich, 1963a). The addition of lime 

and potassium chloride to the nitrogen-phosphorus fertilizers 

failed in this particular instance to result in a drop in the 

expenditure of nitrogen a nd phosphorus per unit of additional 

increase, and sd did the addition of the vegetation. Therefore 

it is difficult to understand the advantages of such an 

elaborate combination as against nitrogen-phosphorus artificial 

fertilization, particularly as the absolute yields proved to 

be within the range of 148-300 kg/ha, while  the  maximum increase 

in the yield due to the complex fertilizer was 22 kg/ha 

(including stickleback). The fact that the broad complex of 	• 

fertilizing substances failed to bring about a drop in the 

expenditure of the main nutritive elements (nitrogen and 	 • 

phosphorus) per unit of additional increase in the fish yield 

ehowa that under the given conditions the  potassium  fertilizers ' 
- 

and lime were not essential elements In 	complex and proved 

ineffectual. 
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On one of the experimental ponds in Belorussia the 

following complex of fertilizers WAS tested: manure, super- 

. phosphate and ammonium nitrate (Lyakhnovich, 1963a). The 

increase in production due to the fertilizers was 565 kg/ha, • 

while the expenditure of artificial fertilizer per unit of 

additional increase in the yield was half of that obtained 

in the experiments where artificial fertilizers were used 

Thus, while on average fbr four ponds with artificial 

fertilizers 1.34 kg of superphosphate and 1.93 kg of ammonium 

nitrate were expended to achieve a 1 kg increase in the yield, 

in the experiment with the complex of nitrogen-phosphorus 

artificial fertilizer and manure only 0.49 kg of superphosphate 

and 0.71 kg of ammonium nitrate and roughly 5.5 kg of manure 

were required to attain the same result. Naturally, only 

general conclusions can be drawn from this, but it is possible 

to suppose that the combination of organic fertilizer and 

artificial compounds of nitrogen and phosphorus will prove 

the most effective and economical method of raising the fish 

yield or ponds. 

In the aforementioned example of combined nitrogen-

phosphorus-manure fertilization its great effectiveness can 

only be ascribed to the stimulating effect of the manure on 	/237/ 

the use or mineral compounds of nitrogen and phosphorus. It 

is absolutely impossible that 5.5 kg of manure could in itself 

ensure a 1 kg increase in the fish yield. At the same time 

even thla small quantity of manure brought about a sharp reduction  

in the expenditure of artificial fertilizer per unit of 

additional increase. The total cost of the mixture of 

fertilizers expended per kilogram of additional increase 

in the fish yield was less than 10 kopecks. •This is five 

times less than the cost of the equivalent amount of artificial 

foods usually used in pond piscicultural practice As one of 

the principal means of intensifying the growth of fish production. 

In view of the great practical and'theoretical importance 

of the effect achieved through the application of relatively 
• 

small doses ofnanure in combination with nitrogen-phosphorua 

artificial fertilizer it is highly desirable' to  test those 

data under different conditions in different soil and clinate 

zones. 

Further work on the problems of . increasing the fish 

yields of ponds by fertilization methods must be dii.ected 

towards a search for . the most effective and economically 

profitable combinations of fertilizing substances and zoning 

of these combinations according to the areas of our country 

in which pond-fish culture has developed. 

Although with such forms of fertilization as the 

keeping of waterfowl on ponds Or the drainage of was .tek water 

into them, it is, strictly speaking, impossible to estimate 

the expenditure of fertilizing substances per unit of additional 

increase in the fiah yield, it is interesting to. determine to 

what extent these fertilizers raise the yield. 
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Even.  the earliest experiments in the breeding of ducks 

on carp ponds, which were conducted in the twenties in the 

Soviet Union and Germany, revealed the effectiveness of combined 

carp and duck culture. Later in different countries eppropriate 

norms were devised for the keeping of ducks on different 

types of ponds research in. the field of combined fish and 

duck culture continues unabated even today. Particular attention 

is being devoted in East Germany and Czechoslovakia to 

improving the biotechnics of keeping ducks on fish ponds. 

In the Soviet Union the experiments conducted by 

B.I. Cherfas and P.I. Orlova (1935), B.I. Cherfas and G.A. 

Zernyshko (19)6), N. Kuznetsov (1940), A.E. Semenyuk (1965) 

and other authors have shown the possibility of doubling or 

trebling the fish yield by keeping ducks on ponds. It was 

found that the breeding of 150-250 ducks per hectare of pond 

results in an increase in the yield of 100-200 kg/ha or more. • 

In Czechoslovakia combined carp and duck culture 

developed only in the post-war years. Thé experiments of 

Freer (1957), Janecek and Janecek (1958) and otherresearch 

workers yielded wonderful results. They demonstrated that 

the breeding of ducks produces the greatest piscicultural effect 

on the worat and most unproductive ponds. Thus, for example, 

in two ponds which prior to the keeping of ducks had yielded 

43 kg/ha each of Mel the yield rose to 566 kg/ha, i.e. almost 

14 times, when combined carp and duck culture was introduced. 
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Ponds with a higher initial yield are leis responsive to the 

keeping of ducks, while those which are heavily saturated with 

'substances from other sources fail to show an increase in yield 

as the result of the keeping of ducks. The-best results are 

obtained on ponds relatively small in area. 

On the whole the data of the Czech authors demonstrate 

the possibility of increasing the fieh yield to  1.50-50O  kg/ha 

through combined carp and duck culture. 

In East Germany in the past ten years the accommodation 

of ducks on large fish ponds has become very common. The 

ducks are fed directly in the filled pond from specialfy equipped 

platforms. Judging from the published data (Thumann, 1955a; 

Blume, 1958, 1960; Wundsch, 1960; Eppel, 1961), this method 

of keeping ducks on ponds brings  abouta  striking improvement 

in the economic performance of the fish-breeding unit in combined 

carp and duck culture. The authors also note the great pisci-

cultural effectiveness of the method; the fish yield is. doubled. 

For pond culture practice it is particularly important 

that combined carp and duck culture should give good results 

on neglectedunproductive ponds, for which other methods of 

riàsing the output would probably be less effective. 

The density of stocking should not exceed 150-200 per 

hectare of filled pond area. With this density of stocking 

it is possible to raiee two batches of ducks on'finishing ponds 

during the growing aeason. Higher densities rapidly lead to 
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congestion of the ponds with organic matter and excessive 

pollution, which may cause suffocation. 

. 	The great piscicultural effectiveness of the Utilization 

of domestic sewage  ha  s been demonstrated by the experience of 

a number of German towns. Particularly widely known is the 

fish farm in Munich, where the fish yield of the ponds as the 

result of this form of fertilization was on average 500 kg/ha /239/ 

(Demoll, 1937; Scheuring, 1939). 

The experiments of V.A. Meien (1932) on the purification• 

ponds of Lyublino near Moscow showed the possibility of obtaining 

up to 500 kg/ha of fish farm from 1 hectare of pond filled 

with undiluted waster water which had undergone  self-purificatien 

in the upper sections of the series of ponds. 

Splendid results were yielded by the experiments of 

Wolny (1962) in Poland, where the ponds were supplied with 

purified waste water from the town of Kielce. In the most 

auccessful of this series of experiments 1317.7 kg/ha of 

commercial carp and crucian carp were obtained, i.e. eight 

times more than in the unfertilized ponds. 

As was shown by the research of Czech authors (Pytlik, 

Svec, 1954; Pytlik, Dusek, 1956; Pytlik, Votava, Bones, 1954; 

Pytlik, 1957), the drainage into ponds of waste water from 

dairy factories and sugar refineriea, alaughterhouaes and meatworka 

under mdequate safeguards (see Chapter  IV)  enables a yield of . 

up to 500 kg/ha to be obtained. The piscicultural effectiveness 

of the use of domestic waate water in ponds is probably due to 

the fact that the Water is a form of combined fertilizer. Waste 

water, especially when it has undergone some degree of puri-

fication, contains a large quantity of nutrients in a form 

accessible to the green plants of the plankton'and, furthermore, 

much easily oxidizable organic matter. 

Obviously the overloading of fish ponds with waste 

water is just as iMpermissible  as  overloading with any other 

type of organic fertilizer. 

Domestic waste water is a huge and continually 

growing reserve for raising the fish yield of ponds, and 

at present it is not being fully exploited in pond cultural 

practice. 

All that we have said above brings us to the conclusion 

that it is the combined fertilizer which will in time become • 

one of the principal means of increasing the fish yield of 

ponds. The search\for the best combinations of fertililing 

. substances was begun only quite recently, but already in many 

cases the reaults are very encouraging. For the different 

soil and climate zones and difSerent subjects of culture the 

most suitable combination of fertilizer must be worked out for 

the given conditions. 	 • 
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L.  Fertilization Requirements of Pond Pisciculture  

Owing to the sharp rise in the output of artificial 

fertilizers planned by the Central Committee of the Soviet 

Communist Party and government to intensify the production 

of food products the possibilities for using these fertilizers /240/ 

to raise the natural fish yield of ponds in the Soviet Union 

have greatly increased. On the basis of the material set out 

in the previous parts of this book we can formulate certain 

general practical recommendations on the application of fertilizers 

in pond farming and suggest methods of controlling their  use. 

For a rise in the natural yield fish ponds everywhere 

require fertilization with nitrogen and phosphorus, and these 

are most effective when used together. 

Experience of the combined use of nitrogen and 

phosphorus fertilizers in many regions of the Soviet Union 

and in foreign countries enables us to conclude that the 

optimum ratio of nitrogen to phosphorus in a mixed artificial 

fertilizer is between 4:1 and 8:1, i.e. for one part by weight 

of pumphosphorus there must be 4-8 parts by weight of pure 

nitrogen. In terms of normal superphosphate and ammonium 

nitrate,  which are the most widely used fertilizers in the 

Soviet Union, this means 1:1 by weight for a ratio 4:1 for 

pure elements or 2:1 for a ratio of 81 for pure nitrogen 

. and phosphorus. 

/n pond piscicultural practice nitrogen fertilizers 

began to be used only quite recently, and so far insufficient 

experience has been acquired of their use in conjunction with 

phosphorus fertilizers for us to be able to specify the optimum 

ratios of nitrogen and phosphorus in relation to the conditions 

of the varioussoil and climate zones in our country. However 

there are no grounds as yet for thinking that•these ratios 

may diverge substantially from the limits indicated above. 

Pointers on this problem can be taken . from the analysis 

made earlier of the mechanism of the phosphorus and nitrogen 

cycle (see Chapter II). Thus, for example, as was shown, the 

combination of phosphorus in ponds depends heavily on the degrés 

of mineralization of the water, particularly the active reaction 

(pH) of the water and the soil. Ob 'viously, in conditions 

.faciliting the combination of phosphorus (high mineralization 

of the water and an alkaline reaction or, on the contrary, 

en acid reaction in water with low mineralization) the optimum' 

. ratio of nitrogen to phosphorus will vary upward in the first 

case and downward in the second. Possible sources of nitrogen 

in artificial fertilization of ponds are ammonium nitrate, 	' 

ammonium sulphate, ammonia water, ammonia liquor, carbamide 

(synthetic urea) and others. The most commonly used substances . 

in our country are ammonium nitrate, containing 35% pure 

nitrogen and ammonium sulphate containing 20.5-21.0% nitrogen. 

In practice both forms of nitrogen fertilizer are used for the 

fertilization of ponds. So far no reliable experimental data 

are available on the comparative effectiveness of the different 



405 
406 

forms of nitrogen  artificiel  fertilizers. For calculation 

of the quantities when one is replaced by another we must 	/211-31 

take the percentage content of the active principle (nitrogen) 

in them and work from there. For example, if it is necesàary . 

to substitute 1 centner of ammonium nitrate for a quantity 

of ammonium sulphate containing an equivalent' amount of nitrogen 

we have to make the following calculation: 35:21x100 =166., 

This means that 166 kg of ammonium àulphate are equivalent 

to 100 kg of ammonium nitrate. 

As may be imagined, a highly effective nitrogen 

fertilizer in pond-fish culture is ammonium carbonate, which 

successfully combines in its composition two essential .elements 

in the mineral diet of the phytoplankton, i.e. nitrogen and 

carbon. The first experiments with ammonium carbonate for the 

fertilization of carp fry ponds yielded very good results. Of 

special interest in the future for pond-fish culture will 

undoubtedly be liquid highly concentrated nitrogen'fertilizers, 

for example ammoniates. The production of liquid nitrogen 

fertilizers costs nearly half as much as that of solid fertilizers 

and this may considerably increase the profitability of their 

use in pond-fish'culture. At the aame time theIC would be a 

reduction in the outlay on the preparation of fertilizers for 

addition to the ponds in a liquid form and the problem of the 

. mechanization of the process of adding the fertilizer to the 

pond would be simplified. 

The sources of phosphorus used for the fertilization  

of ponds are simple superphosphate containing 6.5-8.5% pure 

phosphorus, double superphosphate (19.8-21.7% n), precipitate e 

 (l6.6-17.4% P) and phosphorite flour (8.3-10.0% r). The last 

two forms of fertilizer contain phosohorus which i3 not soluble 

in water but will dissolve in weak acids, tharefore their 

use is recommended in ponds with an acid reaction of the water 

and bottom. 

Unlike agriculture; in which granulated forms of 

phosphorus artificial fertilizers are being used more and 

more widely, pond-fish culture requires friable forms of 

fertilizer which are easily mixed with water and dissolved 

in it. Therefore it is not a good idea to attempt to add 

granulated superphosphate to a pond, particularly as it costa 

more  than simple superphosphate and may even be somewhat less 

effective, since the large grains'  settle on the bottom of 

the pond sooner and the phosphorus combines with the bottom 

•eediments (see Chapter II). 

In handbooks on phosphorus fertilizers and instruction 

sheets the content of the active principle is usually expressed 

not in terms of pure phosphorus but in  terms-of pl Os . This 

figure can easily be converted to pure phosphorus, remembering . 

• that the atomic weight of oxygen is 16 and that of phosphorus 

31. As in the case of the nitrogen fertilizers, it would be 

highly desirable to have phosphorus fertilizers in a liquid 

form, but so far such a form ;a not available.  With  the 

 development of intensification of pond-fish culture through 

iipt »11 e4esp4ale 

• • 

r 
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the application of artificial fertilizers local industry 

will be faced with the problem of producing fertilizer mixes 

specially for this purpose. The material examined in the 

preceding chapters of the book allows us to conclude that 

the best form for such a mix would be a liquid concentrate 
Pil 

with an 11:7› ratio ranging from 4 to 8, traction close to 

neutral and easily soluble in  water. 

• So far the potassium fertilizer requirements of ponds 

have not been demonstrated, 'and there are no grounds for 

classing potassium as one of the active principles in artificial 

fertilization of ponds. At least, at the present level of 

productivity of ponds potassium does not occur in minimal 

quantities and does not limit the further growth of production. 

The liming of ponds is cf trememdous importance as a 

preparatory measure for effective utilization of artificial 

fertilizers on ponds with an acid reaction .of the water and 

soil. But in spite of this, there are no grounds for numbering 

calcium or lime among the active principles of fertilizer 

proper. 

To increase the production of ponds artificial . 

fertilizers should be added to the water of filled ponds in 

fractional doses in the form of a solution. This recommendation 

is based on the results of experimental work performed by 

VU/1pRKh, Ukr 1//PPKh, 131/IeliKh and other piscicultural institutes, 

and correspond to the instructions issued by these inditutes 

for commercial farms. The experience gained in the application 

of artificial fertilizers on pond-fish farms in the Soviet 

Union and foreign.countries confirms the correctness of these 

recommendations. 

Fertilization of ponds should begin 15.-20 days before 

stocking and terminated 30-3g days before the ponds are 

drained for harvesting. Usually it is advisable to add the • 

next dose of fertilizer at the beginning of the season at 

least every 7-10 days, ' while.  in the second half of the season 

it is posible to reduce the frequency to, say, twice a month. 

If the fertilizer leads to the development of intensive water 

bloom, It should be applied less often or even not at all for 

a certain time, after which applications may be resumed if 

the water blomm declines or the oxygen regi'ne of the ponds 

is impaired. . 

When fertilizing ponds it is inadvisable to aim at 

holding the concentration of the active principle at some . 

predetermined fixed level, since this results in excessive 

• expenditure of fertilizer. The fertiliter requirements of 

a particular pond on a fish farm can be determined by the 	 • 

method of biological testing as . described in chapter III, 	 • 

while it is possible to judge from the restats of measurement 

of the primary production or from the degree of development 

of phytoplankton whether it is necessary to add to a pond 

those nutritive elements to which plankton reacts poeitively. /243/ 
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When nitrogen-phosphorus artificial fertilizer is 

correctly applied the fish yield of both nursery and finishing 

ponds  increases at least 3-5 timea. When ponds in different 

zones  have different natural (initial) fish yields the absolute 

increase in the fish production as the result of fertilization 

when the fish yield increases (by à factor of 3-5) will vary . 
(table 15). 

In the conditions of experimental ponds a 1 kg 

additional increase in the fish production (of carp) requirea 

the expenditure on average of roughly 0.5 kg of nitrogen and 

Table 15 

, 

11,InArt. 
rpm», 

Hem, 

2 

aCrwpwIn tpportelc.% 	 
Ceinniam coCupem 	 

• po • una.m.an  . . . 	• . 	 
Heeplexwm K 

eenveinan 
• H7paAirran qcputneurian  H  ooro- 
• 3anaineg e 	.. 	.. • 
•Whioterl eninii ,•riexte  

re: 1. Fish-breeding zones according to the data of VNIIPRKh,_ 
Gidrorybproekt and others: a - North European, b - North 
Siberian, à - North-West, d - Central non-black earth and 
eastern, e - Central black-earth and aouth-western, f - 
South European, g - Central Asian. 
2. Initial productivity, kg/ha. 
3. Productivity with fertilization, kg/ha. 	• 
L.  Fertilizer requirements, kg/ha. 
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6. Ammonium nitrate. 

e 
 

4.c 	,• e•r417*.yeia  Ate•  

410 

some 0.15 kg of phosphorus, corresponding to 1.5 kg of 

ammonium nitrate and 1.5 kg of superphosphate. The 1130 of 

fertilizers on a broad scale in large commercial ponds beore 

the work has been adequately mechanized may at first prove 

less effective than the fertilization of small experimental 

ponds. Furthermore, the piscicultural effectiveness of 

fertilization, i.e. the additional increase in fish production 

resulting from the expenditure of fertilizer in carp culture 

will evidently depend to some extent on the climatic conditions, 

and it is likely that in the . Warmer southern regiona its 	. 

effectiveness will be somewhat greater than in the . north. 

But as already pointed out this problem has not yet been 

thrashed out in connection with combined nitrogen and phosphorus 

fertilization. Therefore for all the zones of warm-water 

pisciculture we can on 'average assume an expenditure of 

approximately 1.5-2.5 kg of ammonium nitrate and 1.5-2 kg 

of simple superphosphate per kilogram of additional increase 

in fish production. When calculating the various soil and 

climate zones where pisciculture is practised in the Soviet 

Union, we proceed from the maximum valdes. 

There can be MD doubt that with syatematie fertilization 

of ponds the piscicultural effectiveness of the fertilizers 

will be much higher owing to improvement of the methods of 

application and the use oÉ forms of artificial fertilizera 

most elated to the needs of the ponds, just as the effectiveness 

of phosphorus fertilizers  was  enhanced when they were combined 

with nitrogen fertilizers. 

3.,.o. pleGnringete. nr, ',mum 
81111111119Ca. f xes.00.rdrix.enTa • ». 
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An increase in the output of fish production per 	• 

unit of area of the pond being exploited can be achieved 

in two different but interconnected ways: firstly, by improving 

the productive properties of the pond itself through amelioration , . 

	

agrotechnical preparation of the bed, restriction of the 	/245/ 

	

growth of its higher aquatic vegetation, aestivation and 	. 

fertilization,and secondly, by more effective use of the material 

and energy resources of the pond (breeding of more productive 

varieties of fish making better use of the stocks of food, as 

- reflected in greater growth; the use of stocks of . fish of 

	

various ages and mixed species  (polyculture);  improvement 	. 

of the biotechnics of fish culture). 

The two methods of intensification are complementary 

and in practice are used simultaneously. A special place in 

the system of intensification is occupied by the feeding of 

fish on foods introduced from outside. 

The fertilization of a pond ranks among the first 

group of measurea which are designed to mobilize the material 

and energy resources of the pond, intensify the. processes of 

the cycle of substances, and increase the mass of material 

participating in this cycle. 

Amelioration of the ponds is an essential prerequisite 

for any fertilization in any form. Pisciculture l  amelioration 

ensures the optimun hydrological regimsin the ponds, prevents 

excessive silting and overgrowth, createa the necessary water 

and air conditions in the soil of the bed, and eo on. 'Swampy 
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Of great value in increasing the effectiveness of 

fertilization will be the combined use of organic andertificial 

fertilizers and the after effect of systematic fertilization 

of ponds. When both organic and artificial fertilizers are 

available on a farm the organic fertilizers must be used on 

spawning ponds, nursery and finishing ponds right at the 

beginning of the growing season. The further use of organic 

fertilizers should be carefully harmonized with the oxgen 

regime or the ponds (see chapter IV). The use of organic 

fertilizers should be carefully controlled in ponds where 

the fish are fedsystematically on loose concentrated foods 

of vegetable origin, creating a heavy load of easily oxidizable 

organic substances. In such ponds the possibilities of applying 

organic fertilizers without artificial fertilizers in the 

middle and second half of the summer will be sharply restricted 

by the low content of oxygen in the water. In these conditions, 

as shown in chapter III, the use of artificial fertilizers wil l.  

help to create a significant improvement in the situation. 

Consequently, the fertilization of ponds as a method of intensi-

fying fish culture not only does not exlcude the feeding of 

the fish but, on the contrary, paves the way for a more rational 

utilization of artificial foods. 

5. The Place of Fertilization in the System of Intensification 
of Pond-Fish Culture  

The intensification of pond-fish culture nvolves a 

system of measures leading to an increase in the fieh yield 

per unit of  •rea during a given space of time. 
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fish ponds with an acid reaction of the water and bottom 

require, in addition to other &meliatory measures, liming' 

preparatory to the effective une of fertilizer. 

All authors who have worked on the problem of pond 

fertilization are unanimous in emphasizing that fertilization 

le ineffectual or uselees in poorly ' ameliorated, overgrown 

and swampy ponds. Work on intensification of fish culture» 

in such ponds must begin not with fertilization but with 

amelioration, which radically improves the life of the fish 

and reaults in increased fish production. NoreOver, it creates 

favourable  conditions for a further rise in the productivity 

of the ponds through fertilization. 

Overgrowth of ponds with higher aquatic vegetation 

sharply limits the possibilities of effective use of fertilizer. 

The complete ineffectiveness of artificial and most forms 

of organic fertilizer in heavily overgrown  pond à cari  be considered 

finally proved. The fertilization of such ponds with mineral 

salts, manure, compost etc. is often accompanied not by an 

increase but by a drop in the level of fish production, since 
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includes the breeding of waterfowl and nutrias, and the 

application of green  fertilizer consisting of plants cut from 

these ponds. The eating of shoots and trampling of planta by 

ducks, and the stirring up of bottom sediments by them, and • 

pollution of the water with their excreta, limit the development 

of clumps of macrophytes, and this in iteelf ha s a beneficial 

effect on the productivity of the pond. The fertilizing effect 

of the excreta enhances the piscicultural effect of duck • 

husbandry on overgrown ponds .,  The keeping of nutrias in 

numbers of up to 20 per hectare on ponds heavily overgrown 

with higher aquatic vegetation for one or two growing seasons 

completely frees the pond from overgrowth. Although the 

fertilizing effect  of the  excreta from such a number of animals 

is insignificantly small, as was shown by Wiltowski (1958) in 

experiments on fish ponds in southern %land, the fish productivity 

of the ponds increases by a factor of 2.5-3. Nutrias, in 

addition to destroying the overgrowth, constantly loosen the 

bottom sediments, and this helps to mobilize the nutritive . 

sUbstances and include them in the cycle. 	 • 

The systematic cutting of hard Overgrowth alao  bas ' 

a beneficial effect on the fish productivitiof the ponds. 

The effectiveness of this measure ie enhanced when the Plants. 

• 	In ponds choked'with higher squatie vegetation only 	 ::::v::e::: uy:::a:: 

	

regains 

	the 

	

The 

those  forma  offertilization can be used which are accompanied 1246/ expended on the growth of the higher aquatic vegetation: 

at the same timm by the necessary ameliorative effect.' This 

the nutritive substances introduced with the fertilizer are 

coneumed by the higher aquatic plants, and this merely leads 

. to an intensification of plant growth. 

Aeativation -Of the ponds may be an effective way of 
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raising fish productivity, but only when it is accompanied 

by drying and agrotechnical treatment of the bottom. .The 

mere discharge of water from a pond without adequate drying 

of the bottom, or further effort to till the bottom, usually 

brings harm rather than good. The drying and tilling of the 

bottom of an aestivating pond is, first and foremost, a radical 

method of suppressing the higher aquatic vegetation, and it 

also helps to mobilize the nutrients in the bottom sediments 

by accelerating the process of their mineralization. The 

piscicultural effect of aestivation is greatly: increased by 

sowing the bottom with plants as green fertilizer. 

When the bottom of an aestivation pond is used as 

farm land to increase the size of the crop, it is also 

possible to apply both artificial and organic fertilizers. 

Then the type of fertilizer and doses and times of application 

will be governed by the requirements of the cultivation of 

the crops and not by the interests of pisciculture. In such 

case the type and dose of fertilizer may be quite different 

from those required in certain circumstances for raising the 

fish productivity (for example, potassium fertilizer may be 

necessary, and so on). 

The underlying piscicultural aim of aestivation is to 

mobilize the rich store of nutritive elements bound up in the 

bottom sediments, Ùlerefore it is evidently inadvisable to add 

fertilizer to the bottoms of aestivating  ponds  with the idea of 

increasing the fish productivity. Fertilizers may be used much 

• more effectively whn they are added to the water in ponds 

filled for fish culture after aestivation. 	 • 

In ponds which have been improved, cleared of higher 

aquatic vegetation and correctly prepared, any form of 

fertilizer may be used. Of course, the beat piscicultural 

effect will be achieved with those fertilizing substances 

which contain elements which fulfill the needs of the ponds 

for a particular fertilizer. 

As can b e seen from the foregoing, the piscicultural 

effectiveness of fertilization may be enhanced or lowered 

when its use is coupled with the adoption of other measures 

designed to raise the natural fish productivity  of  ponds. In 

other words, the piscicultural effect of fertilizers is 

governed by the conditions under which they are employed. 

The results obtained under experimental conditions 

allow us to state with confidence that the use of fertilizers 

ha s made it possible to achieve as much as a four to fivefold 

increase in the natural fish productivity. As the "initial" 

productivity of the ponds, which is governed by  the  natural 

conditions of the different soil and climate zones, varies, 

so does the absolute level'of fish productivity attained as 

/24-7/ 	 So far only an approximate assessment can be made of 

the possibilities of fertilization as a means of increasing 

the yield of fish per unit of area of a pond. 



417 918 

necessitates the solution of a number of complex technical 

problems involved in providingferms with the necessary range 

and quantity of fertilizers, in mechanizing the application 

of fertilizers to ponds over large areas, and so on. 

The collaboration of piscicultural scient.ists and 

fish breeders will ensure further successes in increasing 

the fish productivity of ponds. The firsttask consists, 

on the one hand, in developing and perfecting the theory of 

fertilization, producing complex fertilizers and devising 

ways of using them under the conditions of the different zones 

and region, and, on the other, in bringing fish ponds to a 

state of culture where they will most effectively pay fer 

the fertilizer expended on them in the form of an increased 

yield  front  every hectare of pond surface. 

the result of fertilization vary under different conditions. 

The improvement of the methods of fertilization and the 

biotechnics of fish culture will undoubtedly enable ua . to 

increase the fish productivity of ponds still further. 

We have already noted that the maximum effective 

dosea of artificial fertilizer have not yet been determined, 

eince the quantities tested so far, with a correct ratio 

of the nutrients in the fertilizer, gave an increase in 

production proportional to the amount of fertilizer expended. 

While the doses of organic fertilizing substances are limited 

by the gas regime of the ponds, on which these fertilizers have 

an adverse effect, this obstacle can be surmounted to some 

extent by coupling the organic fertilizers with artificial 

fertilizers (see chapter III). Therefore it is quite 

incorrect to contrast the one type of fertilizer with the 

other, when they can be complementary when used in combination. 

The combination of organic and artificial fertilizer into 

a complex fertilizer undoubtedly makes it possible to increase 

significantly the effective doses of both. The main efforts 

of piscicultural research institutes and practising pisciculturists 

must be directed towards the solution of this problem in 

relation to the actual conditions of the various soil and 

climate zones of the Soviet Union. 

Another important task in the large-acale application 

of the results achieved under experimental conditions. This 

/248/ 
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