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FPERDILIZATINY O TISH ™0iIDS

by

G.%. Vinberg & V.P. Uyakhnovich

2rafong
In nond niscicultural nractice fertilization is one of

the =ost effectlive methoda of increasing the fish yiold of

nonds. Accordingly, —~uch research hns been devoted in
recent years, both in the Soviet Union and abroad, to the study
of varlious aanects of the comnlex effoct of fertilizers.
#itherto, however, the data amassed have not been gencralized
op adacuately utlilized for the formulation of a thsory of the
erfects of fertillzers. Such information i1s sorely needad by
visciculturicsts, who are concorned with discovering the most

effective and ececanmical ways of increasing production.

The sharp increase In the nroduction of artificial

fertillzers in the Joviet Union has given added urgency to the

2 .

aroblen, By 1966 the cutout of artificial fertilizers in the
US3R will be 39,213,770 metric tons, and towards 1970 the firure
will be as much as 70-30,000,099 metric tons. Thus it will be
nogssible to use f;rtilizcrs in mﬁch greater quantities to

increase the productivity of. nond filshes.

The develooment of the domestic urtifi;ial fertilizer
Industry, which is aimed at Intensifyinc the aroduction of
food--stuffs is Just as immertant for 9ond onisciculture as
for agriculture. To make cffective use of tho new neossibilities
for intensifying fish breeaing through the use of artificial
fertilizers we must haston to'dotorwine the scientific nrincinles

undérlying the fartilization of fiash nonds.

On the strength of the recsults of their own research
and nublished data the authors have set themselves the task
of showing what nrogressz has been mado with the mreblen 1nd
determining the direction of future atudies and the nrosoects
of nond fertilization. To achieve this ainm it nroved necessary
to go beyond the niscicultural criteria nf the offect of
fertilization and to draw widely on the results of hydrochenical,
hyAdrobiological and other research, vhich is of »nrine i-mortance
for an understanding of the laws jovernins the ﬁctlon of
fortilizers In nends, Great attontion wns devoted to Jonoraliczation
of the results of the researeh and »ond fertilizantion praétice

in conatrles abroad, since this questicﬁ has been insufficlently

discussod in the Soviet literature,
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CHAPTER I

DA

2l Tertilizotion at tiie Present Time

1. Introduction

irtificial and orgenic f&rbilizers are one of the most
immoriant mesns of Inereaning the productivity of fish nonds.
As £ish culture is inleasifisd the cuantity bf~artificial and
organic fertilizers added to the ponds grows, and hence it
tecnnes lnereesingly important to gain an underatanding of
the laws governing the effect of theso fortillzers on the
£isn yiz1d ¢f a »nond., There 1s a growing necd for a statement
end generalization of the vrincinal resulta of research conducted
in tunis £icld to formulute a Lheory ol the uctlon of rertilizers.

Such £ theory would ho & most effective puide to their use,

Tae aarly results of the e and atudy of nond

Y

fertilization in the U331 and the theories thexn entertained

on tﬁe sub ject were discusseé in the tock by N.I. Arnold (1941},
in the textbook by A.N. Eleonsky (1946), and in the well-

known manual on gencral hydrobilology by S.A. Zernov (1234).

At that not so remote time tho mailn theeretical eneralization
was the thaory‘tnken from the Gormans (Temoll) of non-nitrogenous

fertilization of »onds, under the influence of which nest

attention was directed to the superphosohate fertilizer.

At the end of theforties the idea of "comolex intensi-

ficntion of vond nisciculture”

(.lovehan, 19L43) cswe into vosue
in the Soviet Union and this stimulated the use of organic and
mixed fertilizers in nonds, with denser stocking and inteasified
feeding. The_achievementé of the leading nroducers, and
scientific studies in the post-war yesara, the chief results

of which will be examined later,brought considerable ‘success

© both in the construction of a theory of the effect of pond

fertilizers and in fertilization nractice in the Soviet Uunicen.

Tho most imnortant Soviet and foreign navers on goed .
fertilization nublished up to 1950 are cited in the vpaver

by G.G. Vinberg (1752). A weighty, though bibliosrashically

incomnlete survey of the literature on the fertilization of 16/

ponds and lakes was published in Zngland in 195 (“Merti-mer).
In the same year anveared a summary of the literature on the
fertilization of lakes and vonds in the USA (ifaciolek, 1954).

Thoe literature on the fertilization of vonds and related =roblens



wrlor to 1977 was also cited by V.I. Zhadin (17275}, In intensive denitrification orocesses leading to the irretrievable

this book the subhinr dwelt mainly on new sclilcvomonts in loss of the nitrogen introduced into the pond. An i-morsant

pond fertilization and receent reacarch., The use of fertilizers, element of the theory of non-nitrogenous fertilization was formed
and their study, develoned chiofly on san nunirieal basias., ’ by the swveculative iéeas udvan;ed by German authors concerniﬁg '
Hevertlelees, a certain role was also nlayed by thcoretical ’ the "soil laboratory", overemphasizing the role of the silt

ideas on the vrinclioles underlying their actlon. . sediments of nwonds In the useful offect of fertilizers. Fronm

these ideas flowed the vractical recommendations ty»ifying
The theory of the fertilization of pounds, cloaely linked
the German school, i.e. that mineral fertilizers should be
witn its successful apnlication in’nond pisciculture, is at ‘
- apnlied to the bottoms of unfilled nonds, and the denlal of the
wresent under very Intensive and fruitful study In the Soviet . : N
. advantages accruing from repsated apvlications to the water,
Tnion., “ond fertilizatlon oructice abroad and the theories

duvised reveal two maln trends, one of which was established Pond pisciculturists in Germany have also been using
in the twenties in Germany and the other more recently in the ‘ organic fertilizers (muﬂure and others) for a leng time, but
UsaA. the way in which they act has not beon systoemtically studied.
The Termans devised the theory of non-nitrogenous fer- In the USA the practice and theory of nond fertilization
tilizatlon of nonds, according to which ponds fertilized by have develoned quite dirfereﬁtly. Thers, oond fertilizers
superphospnate or other nhosnorud compounds do not requife . bogan to be used much laber than in Durove (about 1339), /1/
nitrogencsus fertilizers, t was assumed that nhoswhorus . 4and the study of this question followed an independent vath
fertilizers intensify the bacterial fixation of free nitrogen neglecting the exnerience éf European countries. Tynically,
to suen an extént that there ls no need to 0dd nitrogenous ' Eurcoean fertilization oractices and the corresponding theoriés
fertilizers., Thus, suncrphosnhate emerged in the role of the in American piscicultural literature were first discussed in a
“universal fertilizer". In a&dition, the proponents of non- roview vaper by Neess (1949) only thirteen years ago. In the
nitragenous fertilization repaerded artificial nitrogenous same way Zurope also ignored American nractices and research,
fertilizerz as unsrofitable, and not merely on account of their and they were examined even later (Vinberg, 1952).

relatively high cost. They considored it pointless to add . ’
In sharp contrast to the European traditions of non-
mineral compounds of nltrogen to the pond because of supposed ’

i ' nitrogrenous fortilizers applisd once or twice and-in relatively

gmall quantities, in the USA the provalent oractice 1s to use



nizh doses of nitrozen, ohnsonorus and notash feprtilizers,
introduced reneatedly into the water., American theories of the
action of fertilizers hardlf take into account silt gediments
and erpnigslze the direoct effect of the Tertilizera on the

development of nhytoplanxton.

Tine methods of fertilization recognized in the USA are
based on recommendetdona made by S5+ith and Swingle on the
strength of the results of their eipcrimenbs conducted since
123 oa triel ponds in the state of Alabamna (3wingle, Smith,

1939, 1%:1; Smith, 3wingle, 1939, 19L0, 19L1, 1942, 1943;

Swingle, 19:7).

Swingle snd Smith, and subsequently the overwhelming
najority of Anerican authors [cf., for example, Rounsefell,
Everhard, 1953), show a decided nreference for artificial
as against organic fertilizers, since it is easier to control
tneir nutrlent comnosition and Ehey do not have undesirable
side effects on the oxysren regims. Althouch liming is used
in the U3A to neutralize excessively acidic waters, it is not

ziven the same Lanortance as in the Huropean countries,

Tre differecnce in the fertilizﬁtion methods used in the
UsSA and in ZEuropean countries (Czechoslovakia, Poland and othgrs)
canant be exnplained either by the natural conditions, which
on the whole are fairly similar, or by the form of nond nisci=-
culture, which, thougn differing strongly, does not alter the .

blsloglerl action of ‘the fartilizers., Thus we have a picture

of an independent, predominantly empirical develooment of
fertilization methods, which was deteriined inlthe TSA oy the
wide use in agriculture of larpge doses of mixed fertilizers,
different brands of which are produced by the chemical industry,

~ . sﬁorlv,v_
and in pre-war Germany by a combination of &

of nitrogenous
fertilizers and a develoned suvernhosphate industry interested

in nromoting the use and sale of its products.

Until recently, the theory of non-nitrogenous fertilization
of ponds was aceented in Soviet piscicultural 1iteréture. fn‘
1952 G.G. Vinberg came out against this theory (1652, 1953}
and showed it to be wlthout foundation. ~n the basis of general
theoretical princinles and using the data of mond fértilization
experience in the USA, the results of the research of 4.Ya.
“lusatova and S.I., Xuznetsov (1951), and the initial data of.hnis
own exneriments, he exprossed the view that in many ceges fish=
breeding ponds havg insufficient forms of nitrogen available
to ‘the phytovnlankton, and that this limits theirr;;:ls-production
and the fish yield . During the same years, il.e. from the
beginning of the fifties, research was being verformed b& I.V.
Baranov, V1I. Zhndin and some other hydrobinloglists, who arrived

at similar conclusions.

Sumning up, in recent years subatantial changes have taken
place both in the trentmenf of the question of fertilizers in ~
Soviet manuala on pisciculture (“artyshov, 19582 and in the

practice of applying fertilizers in the USSR,

During the same period the theoretical views and fertilization
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nractices described above have undergone little change in

Zeast and West Steraany or the 3A.  Therefore an exnosition

of individual »roblems connected with pond fertilization

anould be nrefaced by s briefl description of the »resent
research nosition and currant fertiltizntion nractices }n various
countries. Naturally, a distinction will be drawn between the
"Luropean” school ofvthought on nond lertillzation developed
mainly in prs-war Jermsny, the "American" school of thought
evolving in the U3Sa, and, finally, the research and pond
fertilization techniques succeésfully develoned in the Soviet

Union in recent years and in some of the peonles! democracies.

2., 2ne Theors and Practice of Pond TFertilization in Fast Cermany

and et Zerieny
Sovh in ¥ast and West Germany the theory and practice
of non-nitrogenous fertilization still reigns sunreme. German
regsearchers continue to ignore the practice of mixed fertil=-
ization accepted not only in the T3A but also in many other
countries, Thne general situation in East Jerriany may be

sunied un in the words of Schinerclaus (1961 b):

"raturel foods are the basis of all carp bresding. "n

their guantity and availability depends the dorree of future
intensification of carn breeding tarouzh denser stocking

and fertilization, Thersfore it is quite undorstandable that
in Zast .jermany a great deal of attention is devoted to
incressing tne nroduction of natural fesd. In Lausitz there

ars ppnés in which fish could not 1live without inbtensive anmual
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liming of *he water. Some 750-1500 ¥z of Ca"‘f)3 sre added »er
heetare. In nddition extensive use is =ade of ~hes-ohates in
quantities of 30-35 %k of onsper hectare. Since 175 notash
has hardly ever becn used, since the water hus encugh netassiun
almost ovorywhe:e. Turthermore, notassium can be used to
greater advantage in agriculture, This is even truer of nitrogen.
Nitrogen-fixing bacteria, and »articularly nitrcgeﬁ-fixinz
blue~yreen algae, provide the ponds with sufficiont quantities
of nitrogzen compounds. Therefore, we must continue to make use
of non-nitragenous fertilization. In view of the high nitrogen
requirement of agriculture this is ;n the interests of the
economy of the lerman Democratic Republic". Similar views and
rocomnendations ave exnrossed in the manual on pisciculture

recently published .(1951) by the sanme author.

As we see, comnared with pre=-war practice the only new
develonment is that potash is no longer wused for pond
fertilization in ¢he GDR. Turthermore, the Dast Germans

have recently been naying more attention to orpanic fertilizers,

especially »ig manure.

In spite of the fact that frequent reference is made
in fish-bresding literature to cases where phnsphorus fertilizers
havo prévcd ineffectual, most jorman autihors retain an
unghakable bolief that "nhoaphate fertilizers are always usgseful™

(Rahn, 1952)., TFven new research work in the.field of pond

fertilization in tho CDR is directed mainly towards a detriled
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atudy of the zeesotod systom of nons=nitrogrenous fertilization,

Testz ars Lelng wde of various phosnshorus fertilizers, the

effactivenszs of liming, the savings achisved through. the use

of different mechsnicel devices for spreading fertilizer, and

80 an. Turthermore, in accordance with the traditions established
i

at the time of thie Willenbach research aststion, the effect of

fertilizers Is jucgsd only by pisclicultural dats. As a rule,

ne ctitomst ia made to discover how rfertilixers uet and at beat

their initial effect is judged by the visval indices of water

bloom.

In this connection one of the laier napers of Schiverclaus

(1761 a) stands alone. Taking six ponds on two farms where
artificlal and arganic fertilizers und feed wers used, he
exsnines productivity factors, citing data on the composition
and guantifative cdevelopnent of phyto- and zoonlanicton, the
chamical comoosition of the water and the surface layers of

the beotion and so on. Unfortunately, we cannot say that the
fairly mixed msterial jratherad by the author fortifies his
views. Typicelly, the very high content of.phosnhates in the

pondz (5.3-2.6 ng P205/l) ralled to provoke any doubt over the

advisability of using phosnhorus fertilizers under these conditions.

Several reports in recent years have been devoted to the /1o/

results of tosts of various phosphorus fertilizers., Thus
Schfinerclaus (1354) concludes that it %s posaible tc use

megnesiun and silicomaznesium nhosphate, which, nevertheless,
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are inferior to Thomas meal. In another paner by the sa-e

author (14956) he acknowledges on the results of its use in

sonds that alkaline thermnnhosshate (Sinter-hosniat) is more
indreates

effective than the literature on pond rertilizatioi( it is

diffricult to accent as reliable those small differences in

the productivity of the n»onds on which the conclusions are

bnsed. In ponds with a natural yield of 156 ki/na. fertilization‘

with thermophosphatevyielded 233;5 kg/na. (»lus 837), whereas

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

78.3). In beth cases 35 kg of 2,0gwere avpylied per hectare. These

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

statistically, are harély sufficient to serve as a reliéble

basia for conclusions concerning the advantazes of one of the

two phosphorué fertilizers,

Bank (1955), likewise on the strength of the results
of using rertilizérs vhen breeding for the market, ccnsiders
that favourable results were obtained with Roechling pliosnhate,
which, in effectiveness, occupies an internadiate nositien
between suvernnosohnte and Thomas meal. 3Rank, like other
authors of the Wunder School, ascribes special importance to
water bloom as an indication of the effectiveness of rertilizeri.
He sveculates that the nmore favouraole elfect of Thomas nesl
as agalnst sunerphosnhate is due to its groater content ol
micro-nutrients, which, in his estimation, may be present in

insufficiont amounts in superphosphate.

In post-war East Jormany the most thorough study of the
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elfectiveneas of liming and »hosshorus fertilization of nonds

was made by *filler (1954-51). The exneriments werpe conducfed

In the ponds of the K¥nigswartha experimental farm in Lausitz,

i.e. 2 resion wnich i3 the heart of Zaat Germ&ny’s joné nisci;ulturé.
The ponds of this farm, wnich are located on light sandy soils

poor in calcium and with an acid reaction (n!H of salt extract
L4.7-5.3), are filled with hizhly coloured water with an alkalinity
of about 1 =milliequivalent. Tn i952 and 1953 different doses

of caleiut carbonate were added to the vonds, and in 1953 and

192k unglsked 1i4e. TIn 1956 the oonds were not limed (4i11ler, 1957)
”nosphgrus Tertilizers were first used in the KBnigswartha po;ds '
in 1957, and the resultg were described by ‘filler in 1956, Twelve
fiélshing 20048, each with an aroa of 0,25 hectares, were divided
ints four grouns: 1 - control »onds, 2 - lined oonds (600 kg/ha

of Zaun), 3 ~ a0onds fertilized with double the normal dose of
sunerphosohate, addsd twice (72.8 kp/ha of %0?, and li - ponds
limed and fertilized with gunernhosnhate in the same ﬂose; /11/.
A8 the autzor hinself notes, the results of the experiment are

ant vapy - n i
) v clonr-cut, Roth the leowest (128 kg/ne.) and the hiphest

(332 kg/ha.) yislds occurred in the control ponds. According

to thn avarsyge data Cor the diflerent grouns of ;onds, the only
statistically reliable criterion separating them was the average
Ilsh production of the six ponéé without »hosnhorus fertilizationb
[221.9 vr/ua.) and the six omnds fertilized with sunershosshate
(233.5 xg/na.). 1In other words, there was no trace of whatever

. aff 1 ' ‘
act the lime may have hnd. Regardless of the relatively small

e

jnerease in fish production resulting from the introduction

of tne double dose of phosphorus rertilizer, amounting to

71.6 kg/ha, i.e. a total of 1 kg of fish per kg of ?:0g,

ifiller acknowledges that it paléd dividends. He regards as

unexnected not so mch the slight increase resulping from the

use of superphosohate but the - in his oninion - high yleld of

the unfertilized nonds, and he directs tize reacder's attention

to the relatively high conteat of phosphorus nhoswhate in the

water of the water source (0.05-0.2 mg of P20 /1itre) and of
. 245

the unfertilized nonds (0.01-1.08 =g of Pong/litre). As usual,

the content of phosnhorus nhosphate in the water of the fertilized

ponds dropved ranidly, and on the 2nd of July, forty-one days

after the second anplication of suoerphosphate, it was no higher

than in the control ponds (0.715-0.04 ng of ?205 ser litre}.
It is nossible that the phosphorus fertilizors, which proved
inoffective under tnese conditions, would have basn far nmore

useful if useéd in conjunction with nitrogen.

;diller notos that water bloom was first obsepved in the

ponds of Konigswartha fara in 1947 (he is apoarently relerring

to the bloom of blas-presn algae), but thore was ne clear -

connection with fertilization. NI those ponds fertilized with

vhosoliorus, only threc bloomed. For this reassn iller is

inclined to regard bloom with circumsgectinn as an index 6?
the offectivenoss of fortilizefa (1737). However, let us note
thnt the aate citod by us shov that of the six nonds fortiliczed

with superphosphate the three in which there was no water bloom
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gave an averegs yisld of 57.3 ip of fish ver nnad and the three
in which theréﬁ:icldei 701k, L.e. 167 wore.

Other pomers by Milller (1977, 1957h, 1961), in which he
exaninsd the effect of liming and, on the strength of his
cxoerlenes ab the IBaigsunrtin fara, enncluded that it brings
little dividend, ere studied later.

A7 regurds technique, “filler's naser writtea in 1950
(19532) is of s> cial intercst, since for the firat time in
the literature on bhe study of »ond fortilizers he uses modern
metnods of statistical nanalysis on the dnta Ifrom the‘experiments,
1.e.Avarianca (7isnarsion) analysis, with the aid of vhich it
is nossidbls to estimate the dogree of rellabllity of the differences
oetwaen the valuss comdnred, yet at the same time detnraine /12/

the relative significence of the various fadtoprs involved.

Several authors (isess, 1949, “fortimsr, 1954, Vinberg, .
1552, 2rd others) note that a nudber of 3oviet and foreign
researchers concsrned with vond 2isciculture tend to neglect
statistical methods of analysing the data of theipr exzneriments,

ant this results in incorrect olanning of the cznorimenta. There-
forevmsny observations cannot be used as substantiated and reliable
conclusions, In this resnoct fish breoding laga far behind
arricultursl snd apranomtienl rotanpeh, in whiiech wide uae 13 made

of statistical mathndy for slanning experiments und working up

the regulta,

+ In research Iin the field of nond niseiculture it is often

16

impossible to reveat exporiment; many times. Frequently

different versions of the oxperiments differ not in one but in
several factors. Under these cénditions the neglect of statistical
methods spcciallyJéigned for such contingencies becones partic-
ularly renrehensible. The use of dispersion analysis, ran-
domization in the staging of an experiment -and other me thodical

devices must be recognized as essential.

The series of invéstignticns cenducted by diller is
also interesping 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 effectiveness of the accepted system
of non-nitropenous fertilizatioa with phosphiorus. The figures
cited above do not necessarily relate only to the experimental
ponds examined. On the whole Fhey also reflect thne position
on the producing farms of %ast Jermany. Istimated on the basis
of the entire area of fish-breeding ponds in the 5DR (14,999
hectares), in 1957 30 kg of 7 O¢ was applied ner hectare, mainly
in single doses of Thamas mral soread on the ‘bottow of the pond
in April. 1In addition, extensive use was made of ﬁig's manure )
(=6 m.t,/ha). The natural yield on the noor sandy soils of -
TLausitz is 170-190 kg/ha. It is widely fsl; that this figure
has been achieved as the result of systematic a»plication of
Cortilisor (Prrowlocki, 1000}, but thias ia net bhorne out by

the results obbtained in experimental vonds at Kbaigswartha.

A3 we sce, in spite of the prolonged apolication of high doses

of phosdvhorus fertilizer and pig's manure the average level of
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natural Cish oarofuctivity attained in Tasht ermany is not hiph.
Incideatally, in the early post-war years the average fish yield
of oonés in Tast Jermany was at a very low level (198 kg/ha in
15:8). Then it rose steadily and by 1957, when the total pond
area was aporoximately 1ll,020 hectares, it had reached 260 kg/na
(3enlnerclate, 195%). Let us note that in Wost Germany, with
roughly ths same area of carp poads, the average crog in 1957 was

only 11% k. /una. (ich¥osrclaus, 1951). /13/

~he tuecries and nractice of pond fertilization in-
vogue in East and West Termany may also extend to fish culture
in Pranec and Zelgium. The contents of the latest edition of
the book by Huet (1942) - the main text-book on flsh culture
in Trench - would scem to sugprest this., IHowevear, it is ponsible
to.come across individuasl statemeats by Prench regearchers
wnich conflict with Cerman 1deas on the fortilization of ponds
and are closer to the American point of view., Thus, for example,
wisbet (1951), after fertilizing a pend with 500 kg of super-
phosphate and 150 kg of calcium nitrate, annlyses his very
incompletely described data and Tinds a rapid dron 1n the con-
centrations of phosphorus and nitrogen compounds._ He therefore

exsresses nimself in favour of rencated avnnlications of fertilizers,

In Prance nond-Tlsh culture is chiofly extensive In nature.
Periodic aestivation of the ponds, liming aad phosphorus
fartilizatlen are commonly used {'imnn, 198l Wurtz, 1956). o

systematic atucy has been made of the effectiveness of fertilizers.

18

In tie French literature on fish culture only a few short
papers dating back to the thirties arc devoted to the fertilizstion

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

. lining (Péchant, 1960-1952), The criteria Cor judring the
C Juaging

necessity for liming and the standard amounts to annly are

the subjeet of a spocial study by Chinits (19&9).

Tn this section we have given only a general idea of
present nosition with regard to the fortilization of ponds in
Bast and West ‘rermeny. The results of the researchers by German
authors in connection with individual s»ecific questions will
be referred to more than once in the subsequent chapters of

thls boolc.

3. Fertilization of nonds in the USA and Israel.

In the USA they wuso 1i-P-K artificial fertilizers. Wwhen
studying the problem of pond fertilization American sutiors
invariably refer to the researches of SQinglé and Saith, which-’
vere 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 thelr method of fer£ilization and
stnto_thuh the neceasity for regular annlications of Tertilizers
can best be Judged from the abundance of oh;toplunktnn, or rather

the reduced trangnarency of the wntoﬁ‘caused by the latter,

Initially Swingle and 84ith, guided by the results of
laboratory experiments in which they caleculated the amount of

phytoenlankton dsvoloping in relation bo the weight of erganic
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motter flosses due to caleinatlon), estimated that the /1

most effective ratio of aitrogen to phosphorus was L:l. ‘nen
thae feptilizers ware trica ;n small experimental »ands chemical
a:2lynes revesled coasiderable adsorntion of phosphorus by the
wothem,  Aa a posult the nitrogen/nhosabiorug ratio wes finally

set ab e Uity i
v L:2. Uith ennlication of the fortilizora to Lhn moud

eviry Sour siesss Lhe mont
7 Sy 528 Lhe computed concentrations of nitroren
(%) s

ohosnhiorus and notnsaium In the water of the »ond were resacctivel
he : re nectively

ety S ;
5:L; 2 =5/1 plus 15 mp/1 of Cato,.

Silngle znd Saith cite comnurative data on fhe growthn
of tio orgsnic matiter of the planicton with ronthly applicati;n
of fertilizar and with Wweekly npplication of a quarter of the
dog2. In the latter cnan, starting with {be tenth wee%, the
bloaras of the plankton was much highor (Swingle, Saith, 1939;

Sith, Swin:le, 1337, 179},

A3 the result of their rnzearch Swlngle and Smith

- 3
reccmrenced adding with each a»ilication of fertilizer
!

aporoxiante ¥ of ammonium sulnha 67 gl | u
2 ol anmwniut sulohate, 67 kg of 16% super-
:

1715
phosoha 5 r 4
- te, 5.6 kg of potasstum chloride and 16.0 k7 of caleium

te ” 7 haet
te to avery hoctare of nond surface. In spring thoy

[T ARE

advige °© ilizing th
advise Tertilizing thrco times afier the nond Las besn rilled
-y

o

t iatervuls of onc week. After this, dewending on the
develcomnnt ¢f the nhytonlaniton, fertilizer should be anpnlied
es needed, usually eveory four weelks, All 3n all, during ths
season, walch in ¢ k gtate of Alabama lugts from Anril to

& b'ﬁ -)-
Octoher, G=-17 anmnlieations of fertilizer are required. 4s the
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authors state in their first narer (17°37), the use of this
method increased the yield of the pmends from 157 to éL3 kg/ha.
liitrogen fqrtilizers, like phosphorus fertilizers, Tailed to

3
increase the crop vhen used alone in the exnerinents of 3wingle
and 3mith.

The methods of fertilization devised by Swingle and
Smith becaﬁe standard practice in fish culture .in the U3A.
In Edminsterts chort manal (1947) ecn fish oulture in ponds
e su_gests fertillzlng the poads with a corrmercial alxture
of 8-8-l, which signifies a content in 120 »naris by woight of
eisht »arts of nitrogen, eight parts of 5;0‘, four warts of
K,0 and eighty parts of filler supplying the necessary calelum.
For hard water he recomnends using ammonium sulohate instead’

of ammonium nitrate, Of the orpanlc fertilizers he-only

recommends manure.

According to Edminster, fertilizers should be apolied
rensatedly, in a dose of 112 ko/ha. (100 133 per acre), at
i{ntervalas of one week at the beginning of the season, and as
needed, devcnding on the traasparency of the water, aller tha
appearance of bloom. The puthor states that the fertilizer
ahould bo added ns soon as the visibility is rcduced to twelve
inches in nonds with colourless water and 8-10 inches in ponds
with water coloured by humus. To determine visibility oﬁe

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

how easily visible the wrist is.

/15/
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Juring the scason no fewer than five apnlications are
nacessary, £1d only in rare caszs should the mitber exceed ten.
Thls means that during the season from 560 to 1120 kc/ha. of
=mized fertillizer, or frou 5 to 90 ¥ /ha. of nitrogsen and the
2nmo guantity of ”295, are uddcd‘tc the vond, Although sovecial
~ixes are maaufoctured in the USA for the fertilization of nonds
Czyiro-20k” and.o:hcrs), mixes intended for apriculture are also
desned entlrely suitable. Such mizes differ in their porcentage
centent of 1, ?LOS and K;0, nossible combinations being 10-10-5,
12-12-l, 3-0-2, It i3 advisable to determine by experieace
which mixture i1s most mitable for a givea body of water. The
quantity of fertilizer annlied por seazon varies considerably
(ranging from L50 to 1350 kg/ha). The jeurnal "Fish Farming"
(137) 3tatea thut anfertilized ponds give an average yield of
56 kg/fa. and fertilized onos 22l kp/ha. (200 lbs per acre).
Reid (1%1) writes that in the USA unfertilized ponds yield
45-152 kg/ha, and fertilized ponds 221-550 kg/ha. Thus,
Tertilizers increase oroductivity by a factor of 3-L, i.c. their
effectiveness rmust be recognized as high. When evaluating
these productivity figures it should be renemﬁerod that they
relate'nct to carv, which are not bred in nonds in the U3A, but

to several different snecies of fishes, mainly eontrarchids,

which are semi-prodacious or »nredacious feeders. A predacious

ct

7oe of dilet 1s aasoclated with a longer food chain than is
the case with the carp. Accordingly the yield of ponds stocked
with »redators must be 1ower, as will be the erop of fish per

%g of fertilizer, One recalls that in the experimonts of Swingle
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and 3mith (Swilngle, Smith, 1941) the yleld of poands stocked
with predators (168-224 kg/na.) was five times lower than that
of ponds stocked orincipdlly with plankton-sating fish under

the same conditions (9L0-1120 kg/ha.).

extrq
In the USA they often add sw«zcomponent to

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

for oach application of fertilizer thoy recommend taking 99 kg

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

of vond area ("Fishery Survoy of the Lakes and Ponds of Connecticut”,
1959). Let us note that, in spite of the wide use .and, the
upparent undoubted effsctivaless of these methods cf‘ e"tiliznticn,

in somo cases the ponds failed to act to the ‘ertiliucr over &

perlod of ycars,(clark, 1952).

since the basic research of Swingle and Smith only a few

paners on fish culture have beon oublished in the USA, devoted

" to the study of individual aspects of pond fertilization. Thaus,

for ezample, Zeller (195&) described his observations of the
content of mineral and organic phosphiorus in two fertilized ronds
(1170 Xg/hect. of l-1Z-l fortilizer nor yeoar) and four unfertilized
ponds in the state of s1isoouri. MHere tho water of the unfertllized
nonds was marked by a Qory 1low content of nhoanhatos (0.010-

0.016 mg P/litre) and a high coitent of nitrates (0.,6=1.7 mg
¥/litre). After the application of the fortillzers the con-
contration of nﬁosphorus in the water dropped swiftly. The

guantity of plankton, which the author estimated from indirect
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data f+ne reductisn ia the Seanssarency Af the uatnr, snasupsd
with 2 3ecehi disk), wes greater in the fortilized nonds. The
fertilizers had a w03ibive effrct a1 the growth of the Cish.
Z6ller fnols that a narticular quantity of fertilizer will be
aore effective if uwsed Ia snall and .ore froquent doses (weekly).
ine author dencribgs the Asveloonent of filamentous alrae in one
of the two fertilized »onds in the second half of E;O sumier:

tuze al;ae 3uppreased the developnent of slankton during tnis

time.

In Amorican f1sh breeding litsrature fears are often
expresced that artificial fertilizers may lead to winter
sulfocation of the Fisb. This Tear even induces certain authors
wbo ars fully szware of the offectivensss of fertilizers to
refrzin from recomnieading their use (3all, 1952). Such views
are linced with the frct that nond-fish culture in the USA is
in its methods and the nature of the bodizs of water used
similar to 1leks culture. Therefore it is Sifficult to draw a
orecise line between dats on the fertilization of ponds and

the rssults deseribsd balow of oxperimentnl Corbilization of

small "lakes” pursued on the sute theoretical basis.

In the US54 and Canada there iz an unwillingnoss to resort
to orgaalc fartilizerz, sand artiftcinl Cfertilizers arc siven
greater emphasis, Thego have been cases where the appnlication
of artificinl fertilizer was clearly unvarranted snd unnrofitable.

Tals would anpear to asnly to abttempts to fertilize rivers. As

2

long ape as tue forlies experinental fertilization o7 a river
was attewpted in the olipotrophic region of lova Scotia to
imorove the conditions of growth of young salwon. A&t the end
of July 1645 one hﬁndfed and seventy kilosrams of a 4-12-5 =ix
were introduced into one of the affluaents of Grgnd Lnke, which
has a slow rate of flow (0.2-0.3 w3/sec), and 56 %5 of the same
mix were left in a river in a bag. In 1946 three bags weighing
56 I; each and containing the same fertilizer wero again
denosited in the river. "In a very incormlete cCescription of
the experiment it is stated that the effect of the fertilizer,
which was reflected in the inhefsified growth of filamentous
algas and the accumulation of fish, made itself felt only at.

a point 135 “etres downstream (iunts4an, 1943).

Ve also know of another case where a watercourse was
fertilized. Yhis time it was-in Tennessee and the experiment
was conducted on a large scﬁle (Parson, Bensén; 1060), The
fertilizer used was a 9-6-3 =ix, whieh was highly recomiended /17/
by pond-fish breeders in the region. In July }95& forty tons
of lertilizer were apnlied in quantities of 309 li; per kilonmetre
of a particular stretch of the river in which complete water
replaéement took thirty days. A year later another 31 tons of
fortilizer wns added. Refore the fertilization of the river,
in 1953, and after it, in 1956, rotenons was used to check the
ichthyofauna, For five to six kilometres Aownstrean the fortil-
izers wroduced abundant growth of filamentous algae, intensified

development of mollusks, and, as the authors state (without
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citing any figures), an inecrcase- in the quantity of nlankton.
HMentlion 1z 2lso made of +hs fact that the number of fish cauﬁht

also roao,

Thao ayaten of fertilization adownted in the USA and
Cenala hes influeaced apnlicutioan practices and pesearch into
the effect of fertilizera on bodies of water in Javan and

several other Asian countries) including Israel.

In Japan, latida (1953) experimented in the 1laboratory
with H-PéOS-HzO nixes in nronortinng of 3-3-L, 3-19-L and
19-3-4. iie found that the dovelopment of phytovlankton was
stimilated most by 10-3-4 and 3-3-L mixes, and used the latter
mnix for fertilizing fish vonds. The fertilizer stimulated the
cdevelsoment of ophytonlankton 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 suthor Tor calculating the clements of the xygen balance

of the pond.

Other papers written by Jananose authors also contain
refereaces to the annlicatlon of mixed artificial fortilizors.
Thus, Shimadate of alia (1957), when analysing conditions of
inteasive carnp cu}ture, nontions changing from two tn seven

'anplications of fertilizer. Ito and Iwnl (1760) érgcribed the
chanigzes in the character of an eol pond in which the water
wna orizinally hizhly ccidic. Undor the influonce of liming

ancé fertilization with calcium ohosphate, bir lime angd urea,
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abundant ohyto- and zooplanktton (rotifers) develened in the
pond. Sulit ot alia (1957) nublished the results of a success-
ful exoeriment in the fertilisation of a fry mond in the
“hilinpinos with an 8-19-} mix applied in rractional doses.,
These exarnles show thot the fish breeders of the Orient use.

N-?- mixes, mainly followin; the American ne;hod.

The American method of pond fertilization becans
particularly widespregd in Israel in the post-war years. 3Studles
of pond fertilization conducted in Israel not only resulted in
high 7ields in the svecific conditions of that cointry bat also
led to interesting conclusions of & move reneral character.

In Izracl the limited sconz for develon<ent of ggriculture has’

stimulated the development of infensive forms of fish cultura.

Pond culture in Israel uses intensive nmethods, i§ 2872
highly mcchanized, differs strongly from nond-fish culture in
the countries of tin teancrate sone, and may serve as an exandle
of fish-bre:ling in the conditions of a subironical clintte.
The high water tesmeratures and the lens; cPoving seas~? =2sn
that two and cven three erens aan be obteined every year. For
example,* in the poida of the Dor experiment fish farm ia 125
thopro wera Lhiroa periods of eulivve, i.e. from the 25th of
February to tho 2%%h of “fay, from the Oth of June to the Z6th

of August, and froin fhe 29th of August to the 21st of Seritember,

On the sirength of thwelr observations Iswveell roscarchers

consider that whon the biomass of fish in the »end approaches
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a goacific le vel mariking the maximen carrying canacity of the
the zoad under ihe glven conditions, the inerease in tihie fish
rield 3lcwa nnd Evon gtonys, Therefore it bacomes unvrofitable
and nolintlesz to incraunse tie length of the neriod of culture.
to the Cigures Tor the soriod from 1753-1957, in thoe
N
unfertilized sonds of the Dor sxnorinontal station, which had
a low natural yield, the bionrars of £ish in each of the three
perinds of culturs waz £9-120 kg/ha., with an averare of 190
xi/ha., for a high individual weight of the planting stock
(37-69 zrams}. 1Ia these ponds, artificisl nitro-ohosnhorus
fertilizers grestly Increased the carrying capacity, hence
ultinately their yield. 1In the came years, the biomass of fish
in the CTertilized nonds had reached 368-L53 ki/ha. by the time
growin ston7ed during one veriod of culture, i.e. it was wore

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

carp wore bred together with Tilania even nigher figures were

chtalned, for erxzamile 6N kﬁ/ha. Under these circunstances

the individual weight of the carn 4id not drép, the fipures
being 337-269 grams for the carn and 215-2L0 grams for the
[ilapla (Yashouv, 1959). .When the nonds were fortilized and
Ehe figh Ted, the binmasses became oven larger. Thus, according
to the data for 1756, the biomass wns 1539 kg/ha. for a carn

monoculsure and as much as 2683 kp/ha, for a mixed differently

aged culture with Tilania . Tet us romember that these figures,

‘which were obtained with the small »onds of an experimental

farm, relste to a single veriod of culture, whereas there may
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be three a year. Therefore the annual fish harvest is very
hign. According to the published data (Sklower, 1949, 1955},
the avereze fish harvest over a seriod of eight years {1938~
1946) from the experimental ponds was 3,451 kg/ha., withkgn

ovarall range of. 851 to 8,973 kg/ha. per year.

hecording to a description of the general state of carp
culture in Tsrael given by Jones (1956}, the total area of the
fish nonds even at that timne was in excess of l.,002 héctares
and the average yield'was 2,00 kg/hu., with fluctuations in
various ponds of 1,030-4,000 kg/ha. The growing season in the
finishing nonds lasted on averags for 230 days a year, with
the nonds being drained and harvested twice. The carp reached /19/

comnercial weight (250-300) grama) in 100-119 days. In recent

- years the commercial weight has increased considsrsbly., Thus,

in 1961, sixty-eight percent of the carp. delivered to the
market weighed more than 480 grams (up to 1,990 grazus) and

only 7.54 had a weight of between 260 and 349 grams.

In 1961 the total area of nonés in Israel - egual
to 1,518 hectares - yielded a total of 9,20% metric tons, il.e. -
an average of 2,040 kg/ha. of rish, 96.27 of which was carp

(Sarig, 1962).

Thus, fish culture in Israel is chapracterized by a
high yield of fish per unit area of pond, and this. due in large
degree to the syatermatic appliecation of artificial nitro=

nhognhorus fertilizers.
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7ae artificial fertilizers used in Israel are super- conducted on new ponds in Dor, smaller, though still high

nhosonete and ammonium sulphate, and the main organic fartilizer doses were used (10-25 c/ha. ver year), and thelir effectivenass
is bird lime. On the strength of the results of the initial was increased.

research done at the exnorimental fiszh fura it was agsumed that
s The effectiveness of the nitro-phosphorus artificial

for each annlication artificial fertilizers should bs used .

. . . fertilizers became evident during the Tirst f{ew years of obser-

in quentities sufficient to ranise.the concentration of the active

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

principles In the wator to 1.5 m; N/litre and 0.5 mg ®/litre. )

. 1949 and 1952 on the »onds of an experinental {isk farm, shoved

Initially 1t was agsumed that the quantity of fertilizor necessary ; > ) l '

that the natural yield of the ponds at Sde Hahum of 400-502 kg/ha /20,

for this would bhe deterqined from the results of hydrochemical J ) f g/ 120/

. per year rose to 750-1159 kp/ha after fertilization with

analyses »f the water, For this purpose special laboratories
. A ' nitrogen and phosohorus (Fisher, Rashkes, 1951; Reich, 1952; ,

Wwers set un in the fish farnming arens to make ranid analyses, :

- Wirzhubski, Sarig, 1953). These results were later conlirmed

Tniree yenra of nrnalysis by these laboratories showed that two

by those obtained from the nonds at Dor, .
days afbter the azrtificial fortilizers had been anolied the : ’
water in the large ponds (1-6 hect.) contained only 5-107 of During the four years of rescarch (1953-1957) at the
the amount added,miﬁ?ﬁﬁ?ﬁ ?;:;ent of mineral forms of nitrogen Dor expérimental stat}on six types of fertilizer we?e tested
and nnosnhorus had at a specilic level characteristic : on twenty-two sonds. The standard adopted was fertilization
of ‘the pond and region, Thils made it nossible to close down once a fortnight in doses calculated to give concentrations of
the reglional laboratories in 1955 and work from accumulated 2 mg of nitrogen and 0.5 mg of phosphorus por'litrel It was )
data whan detarmining the standard amounts of fertilizer to use, ahnwn that the addition of this amount of fertilirer once a

X . week Tailed to give a higher yiold (Yasheuv, 1957). This
In accordance witn these standards very large quantities
. A extromely Imnortant conclusion is emphasized once again in s
of fertilizer wore ajded to Lhae pools. FEven higher doses were
later paper by the same author (Yashouv, 19262) describing his
applled during the first period of research begun in 1949. Thus, ° 7 ’ ’
- research at the exnerimental station during. 1931. In this
in 1951, 12,1-15,5 centner§7hecture of sunerphosphate and 17.9- l
. : - . panar Yashouv states that in 1961 exneriments were staged to
29.7 ¢/na. of namoniun sulphate nor yenr were introduced into ’
. . incronse still further the number of applications of fertiliczer
the experimental vonds of the station of Sde ¥shum (Wirzhubski, ‘ ‘
. .. - . by dnubling-the dose. Inatend of the standard 60 kg of super-
Sarig, 1993). Turing a later period of research, which was .
. »licapnate and 70 kg of amseniun sulphate per hectare sdded every
*

Centser = /00 kg

«
4
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ht, bthey took a dovhle dose and annlied it twice - at
tne beginning of each period of culture and therealter at
inter7als of two weeka. Thus, durins the two neriods in 196i,
430 g of sunerphosshate in% 560 kg of arraonium sulvnhate were
annlied nzr hectora, a2nd this led to a suhstantial saving
comaared with the shandard rates of Lertilization adhered to

in Israel. In ponds Tertiilized by this novel (for Israel)
metlod tho fish . rew esven somevhat Taster than in nonds
fortilizad by the conventlonnl method, During the firsat

scriod (o7 cnren culture) Lins resvective rates were 5.3 and
6.22 ¥r/ha. oer day, and during the second neriod (joint culture
of carp and Tilapia ) they were 13.45 and 12.87 kg/ha. per

cay. The results of this exmeriment, which was to be continued,
nave nnt veen publisied in full. If these interesting data

are to be correctly understood and thelr significance properly
anhreciated wo muast remermber 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 water level,

Thne results of the study of the fertilization of nonds
in Israsl have boan ganeralized by lepher (1962}, and nis data
show that duria; five years (1950=-195l1) at the 3do Hahum statinn
nitro-phoaphnrus nineral fertilizers raised the yield by an

averuze of 7775,

Tue relntlve affectiveneds of the actlon of mixed
nitro-shosphorus artificlial fertilizers proved much higher at

the Tar flsh Tars than at Jde linhuw. According to ihe’ averages
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for five years (1953-1957) the yield of the fertilized ponds

was 73275 of the yield of the -unfertilized ponds. However; this

is due not to th: hijher yield of the fartilized -~onds but to

the mﬁch lower yield of the unfertilized ones, which wWere /21/’
fed not by the plankton-rich waters of the nead pond =s in

Sde iletan, Wt by rround water from hvrehnlns: fn average

during the Live years the rate of increase at the [firat statiom

was 1.3 kz/ha per day in tne fertilized ‘ponds and 2.51 kc/ha

per day in the unfertilized ones. The corresponding figures

for the second station were 3.91 and 0.47 respectivély. Let .
us nobte that the described results of the anplication of fertilizers

to the new ponds of the Dor station completely centradict the

uvidely held though unfonnded view that artificial fertilicers

can bYe effective only in "mature" ponds with sufficient silt

sediment.

Particularly interesting data were obiained in sxperiments
conducted in 1955 and 1956, when the effect.of fertilization
was studied in conjunction with feedins of the fish. To rive
0.5 hectare ponds the researchers added foed in amounts sufficient
to produce the maximum increment aciiieved by feeding in previous
yeara. To five other ponds thoy added nrtificial fertilizers
and the same amounts of fced. On average during theso two years
the increase in the yiold of the fertilized vonds under these
conditions was 887 as against the yleld orf thg ponds where the
fish were fod but no fertilizor was added, Tue most-imnortant -
noint is that the amount of feed used fell from 3.5 to 1.9 %g

per kilégram of fish,
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de should like o »oint out that. even the total smount

of fe

o

d and fertilizer exnended per lrilogra=m of fish was less
than the exnenditure of feed in nonds whera the fish were fed
but no fartillizer was addod. And the same sort of figures were
obtained curing the first years of fertilization studies (1948
and 17%9) at the nools of the Sde Hahun station {Sarig, Vardinia,

1957).

‘

Even larger yields were obtained by applylng'artificial
~ 25 - ~. 3
fertilizers on farns producing for the market (3arig, 1955). The
29na3 comparnd suera dlvided into two groups {4 and B) of 56

pondas each {Tahle 1),

21 and or.ano-nineral fertilizers

arrel [Gariz 1995)

Tz e e im
k Fpya- - (v 7 ¢

i 2 % ] & s npo: Cyrom Tanman

| S | | e | R S

wifea ke/ta proysis i nita Kesea

wsif A 5i0 50 o o | sm | ue

1852} B 1ico 1020 f\ - 262 - 32? égzg

sl 2 825 — 10,4 " 236 849 | 2000

A 4 480 pud 1| 1 | 2210

3 - 2,0 237 7.81 | 1888

Feze: 1. Yoar, 2, firoun of nonds 3 P:rb{1'
- foor. 2. ' 9, 3. Pn Lizera, . S

gt 2;. 2. ammoniwn sulnhate, ko/ha, 6. Bird {imelp:§7223phﬂto’
« Totnl length of seuson in days. 8, 2li~hourly inbre&sé in

kz/a2. 9. Annual yield of fisn, lqr/ha.

Xote; The figures in the last columwn were obtained hy multiplying

the Clineas Lo thn Luo procedlng coluaas,
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Trom the dnta of Table 1 we can judge the effectivensss
of fertilization with pird lime, which, however, is less effective
than fertilizatlonAuith nitro-shosohorus artificial fertilizers.
of particular interest is the fact that double éosos of artificial
fertilizers in 1952 resulted in a comparativelyﬁsnall increase
in yield. This fact, llke the firures given above, 1s convincing
oroof of the existence of an upner 1imit for rational doses of

nitro-vhosrhorus artificial fertllizers.

During the first stage of research at the experinental‘
fish farm, begun in 19,9, attewpts were made to study all degrees
of utilization of fertilizers with the aid of hydrochanical
and hydrobiological methods (*ischer, Rashkes, 1951; Wirzhutski,
éarig, 1953), In the first of these two papers it is gtated /c2/
that in the fertilized ponds the quantity of »lankton and
chironomids rose by 675 and 517 respécbivoly,.and‘the yield of
fish increased by 68%. The authors of tihe second paper, which
was baged on data from 1951, found, contrary to their exnectatidns,

that the four fertilizad ponds of the Sde “ahuwr experi-ental

"station, which yielded 8,3-1151 kg of fish per hectare during

the three pnriods of culiure, did not differ’zo very micih fron

tho control pond ns rognrds the development of food organisns,
especially zooplankton, although tho harvest of the control,

nond was only 509 ¥p/hn, As s oftea the gase with :uoﬂ inves=-
tisnhiong, tho nhanamana invelved proved to be very complex, and
the hydrobiolog%cnl datnaccumulated could only ‘bo used for varic;.xs

argumonta pub forward by the authors.
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org da®inife rasults trepe cbtnined in the hydeachemieal
part nf the research. In'saite of the weekly anplication of
larges 40363 of smmonlum sulpﬁate, the content of mineral forms
of nitropsen in the w-ter of the ferbilized nonds, aecording

to the data of analyses madeevery {ive days, nottl;ﬂ at the
sa<s laval 2z In the unfartilized sonda. After the an)lication
of fertilizer the content of p'wesphates in tha watrr also
sufferad a ranicd drop, although it was = rkedly higher on
averzie in the fertilized ponds than in the unfertilized ones,
the flures being 2,0L=C.09 and 0.008-0,016 mg "/litre
resﬁecbivoly. Ceonzequently, the TP ratio, which iz vaory high
in the wnters of Israol becsuas thdy contain large quantities

nit . i
of nitrogen nitrate and smull nuzounts of nhosphates, dronped

percentihbly.

- [ IRY 3 .
The nizh content of mineral nitrogen in the water source
o o R T =~ N )
of the nondr I Sde sl (1.013-1.55 mg 5/litre) is due mainly

{Tanding [ . 3
(Vardinia, 195}, It is chnracteristic

zitrogen[aitrats

“tnot, In uolk The fertilized and Lhe unlortilized nonds, firstly

tne cunbent of ainnrul fopma of nitrogen was significantly /23/
ower than in ti water entering the ponds (0.5-1.6 mg /1

In She fartilized nonds, N,35-1.45 =z /1), and seenndly nawianin

altrozen and not nitrate nitrogen predominated in tha water of

the ponds. In 17952 bird liue was Introduced into two ponds in

addision to artificial fertilizara, The walor of tiese pondu

contalnnd far Powsr mineral forms of nitrogen than did the control

A P e
noad, and Lhe aronarbicn of nitento nilrogen rose Lfrom 2575 to £57
4 '’ Py

’
.
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The factors governing the dynamics of phosphorus have
been subjected to a thoroupgh serutiny by Hepher (1258a and l?SSb;
1959, 1962a), The results of his studies, whiqh are of great

rensral inferest, will be exanined later (P. 71).

n 1962 Hepher nublished the results of'studies of
the gross nlankton proﬂuction of nonds, thenasﬁitude of which
is regarded as a.pood indicntion of the effectiveness of ‘
fertilizatien. At tﬂe sresent time such studies are being

conducted on a large scale (Yashouv, 1962).

As we see, in Israel only the reccunaissance worv of the
fipst noriod was accompanied by "comprehensive" or "complex”
studies of tho ponds by hydrochenical and hyﬁroﬁiolocical
methiods, which failed to yiald clear-cutl resu}ts. As they‘
gained exporience the workers at the experimental fiéh farn
decided to switch to projects involving the study of indivicual
problems connected with the fertilization of ponds, and %his

nroved mors frultful.

For the fertilization of conmercial'ﬁonds the Israelis
use only nitro-phosphorus artificial fertilizers (ammoniunm
sulphate and superphosphate), apglied in large cdoses, sometines
in combination with bird 1ime. Together with the ravouréble
conditions of the subtrovical climate they have done é-;reat

doal to hLeln ralise the average ylelds of ponds in Israel to

record levels.
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L. Tertilization of !Ion-Draining "nnds and Takes

A theory of npond fertilization can only be formulated
cn the basis of a deen undeéstnnding of the genersl éfincinles
grveraing the cycle of nutrients in the body of water. These
deternine the fate of the ‘substances introduced into the pond
and the sffsctlveness of thelr action. Tn this connection

.

obsarvations of the results of experimental farsiiization of

LTS 2 . . +
lzi293" sre extremely important. e snhould say straipht away
that in most cases the lakes In guestion are small bodies of

water with an erea of a2 few hectares only, or even a few tenths

of a hectars, They merit the desirnation "lake" only becnuse

they are natural nools and not artificial ones, and becaune

they déiffer from the large non-draining ponds in being smaller.

Hewever, observations conducted in connection with the
fertilization of donner heterothermous lakes are equally as
imaortant szince they demonatrute certain immorbant features of
the irnitisl effect of the fertilizers which would be Aifficult
to trace imnmediately in shallow ponds, where they are obscured
by “ne influence of the comnlex and highly variable internction

between the water muss and the bottom sediments,

Zxnerimental fertilizatlon of "lakes" has boen pursued
mainly In America, but onn of the first and «ost Interesting
studles of ;his problenm was undertaken in 1937 and 1938 in
Sormzny, Lo conncction with the small and thoroughly astudlied

eutropeic Schleinsee (area U..9 hactares, mximum denth 11 metresa,
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average depth 6.5 metres), situated on the north shore of

Lake Gonstance, Careful and systenatic annlyses of the mineral
and organic phosphorus and nitrogen in the wéter and in toe
comnosition of tlie nplaniton revealed the Tnén of the phospherus
which had beon introduced into the lake (Tinsgle, 1931; =iiiana,
1941). Superphosphate was first added to %he lake and dissolved
in the water of the epilimnion (0-2 metras) ia the suﬂnef of
1937, and as a result the content of inorganic ‘phos-horus, which
was nregsent in traces, rose Eo 50 ﬂg/ﬂB. In tho course of the

next ten days all the phosphorus was taken up by the orcanic

ohosphorus and & considerable nortion of it sanit to the hypolimnion

with descending narticles, After four weeks the quantity of
phoaphorus in the lake was the same ns at tlie beginning. The

first addition had no perceptible effect on the production of

plankton or the re;eneration of the phosphorus in the hjpolinnion.

In 1938 phosnhorus wgs added twice (on the 37th of “iay and the
30th of July) in doses of 47 kg, which, when calculated for tze
entire rasgs of water in the lake, corresponés to an estina:ed
concentration of 100 mg/w3. After the first apniicgtion the
content of inorgﬁnic phosphorus in the wﬂter rose from 0 to

80 mzP/m3, bﬁt dronped back to ho:mc”/WB after four éays Secause
of the high rate of absorption by the plankton. The ranid
absorption of the inorganic phosphorus was accomnranied by a

drop in its total volume in the tronhogenous‘lgyér as the result

of tho sinking of particles to the hypolimnion.

4,Itvi§ particularly interesting that the rapid enrichment
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of the plan¥ton with phosnhorus was in no way due to an

incrasge in ifs Liomass, Tt uas found that when the water was

w

enrizhed with nhosnlinrus there was & 3harp increase in its
‘relative coateat in the nlaricton, sfter wiiich thue content of
phodaharus arain dlainishad, Nn the lﬂé of Augnst, i.e. on
tne second day sfter fartilization, the relative content of
snospyasrus in the dry substunce of the nlen':ton was t.13. on
the 15th of august it was 9.527, and on the 7th of Sootembar
9.30%. At 3 comparatively constant content of nitrdmen (4-69)
the P rutio rose accordingly from L.S to 16.5. It was shown
that in tweﬁty-four nours the »nlankton is capable of absorbing
twenty Limes asg uch rhneoherus as il oripinally conbrined.

.y

Thne orizinal T:P patis of 29 then drops close to zero.

£viécatly the accumilation of phogpinrus was Ffollowsd

o7 aropagatfon of tlv plankton, since in 1938, as the result

of fertilization of the lake, plankton oroduction, computed from

the accumulation of G, in the hypolimnion and by other iethods,
almest trebled, '

Analyses showed thal the absornstion of phosnhorus by
the plankton was accompsnied by a drop in the conbkent of total
Ann3phorus Ln the usner lryers af wnber and in the 1ake an a
Waole because of 1bs removal to the hypolimuion togsther with

sinwing particlea. Ty the 1at »f Neknbar, judging Crom the

(%

content and distrlibution of phosphorus in the water, the lake
had reverted Lo 143 orliglnul stale, and next season, but only

“at Lhe teginning of sumter, there was s small incraase in- the

L0

total quantity of vhosphorus in the uater eguivaleat to 107
of the amouat added the nrevious year, Thus, it was shown

that at least in eutrophic stratifiecd lakes a single dese of

K}

phosnhorus produces only a very transitory effect snd cannot
materinlly effect the established cycle, which denends on the

combination of conditinns characteriziag the lake,

The iwmnortant data of Einsele sad Ntmam: (1941}, which
were obtained at 3chleinsee and published in the early yesrs
of the war ln a German journal, were ap®arently ignorsd during
the first uncoordinated attecmots to fertilize lrkes in t@e Tsa
and Csnada. As in pond-fish culture, mixed artificisl fertillzers
were used for the lakes in the ﬁsn. The results of the initial
sxperiments at the beginaing of the forties arexnown only in
their general outline., Taylor in Canada (Jucbec) adled t2 a
lake with an aron of 15.4-hectares a 4-83-10 fertilizer at a
rate of 7.5 mg/1. It is noted that the growth of brook trout
was intensificd that yenr. In 1243 King reported on the
rfertilization of an 8.5 hectare laxe in the state cr‘ﬂorth
Carolina. Roughly L.5 tons of a 6-72-3 niz and 0.3 tons of
godium nitrate were added to tie lake. There was a large
harvest of perch, but the yield per unit of fishing effort did

not inerease {(Smith, 19L3).

A large-scale experiment in lake fertilization was
conducted in the Algonquin National Par k in Ontarie. In

1946 one lake was fertilized, and in 19L7 four lakes, with
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areas ranging from 22.5 to 230 hectarss and denths of 9-27
metres. In all, some 670 hectares of water anurface wore ar-
tilized and roughly 2} tons of 12-2l;-12 fertilizer was used.

Two lakena were fartilizaﬁ in threr sbtagos, and on; in two sbtagoes,
to nroduce an estimated coneentrabiocn of the mix in the water

57 the cnilinnion of 0.5 to 9 mz/l. in a season. It is renorted
tnat 3- weoks after the addition of the fertilizer the phyto-

nlenkton ponulation inercased on account of flapellates and

édilatoms,

726/

After reachin;; a nesl, however, thae nuwbers dronped
ranidly again., After 3-5 weeks the nuabers of zooplankton grew,
aainly on account of retifors., For reasons unknown, this was
ocbzerved only after the first appnlicationaof fertilizer (Langford,

1320).

In 1946 and 1947 cxperiments began on the ferbtilization
of lakes in the stato of iichigan (3all, 1959; Rall, Taansr,
1951). The scientists chose one "salmon" lake (1.7l hectares,
maxirmun denth 12 metres) and another "warm-water" lake (1l.1
rhectares, maximunm depth L.5 metres). io-é-h fertilizers was’
added every throe weeks from June to Senbember at a rate of
£ mz of alx ner litre (in 1947 9 mg/l were added to the salmon
laxs). Juéging by thne figures €ited, 570-600 kp/hectare were
~added during a season. In each casc tha enntrol was a neighbouring
lake of similar tyne. In the warm-water lake the fertilizer
nroduced strong watzr bloom in the firat yeoar but not in the
ancond, thouph, there was vigorous developmont of filamentous

alzze.,

4fter the latter decomnosed there were large amounts

-
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of onlankbton. The authors note that the bioom did not resach

the nronortions cited by Swingle and Snith (very high) and

that it always terainated before the addition of the next doses
In the salmon lake there was no bloom, but the transparency

was reduced., In the oninion e¢f the author, the dzta con the
oxycen and temnorature distribution indicate eutroohicatien ol
the lake. There was vigorous overgrowth and an imnrovement in
the feeding and growth of the fish. In the seccnd winter the
fish began bto suffocate in the two fertili;ed lakes as o:posed
to the unfertilized ones. This did not occur in the vnrevious
years. This case achieved widesnread notoriety in the USA and
gave rise to fears that artificial fertilizerszmight nake‘winter

oxygen conditions worse.

On the same and other lalkes in the state of Hichigun.
obgervations of the results of fertilization were continued
by scientists at Hichigan University (3arrett, 1953; Tenner,
1960). In June and July of 1949 and 1950, 6-10-4 fertilizer
was added three times at threc-week intervals to four small
lakes of karstic origin}area 1.5-2.5 hectares, naxi-un éeoth
15-2l; mebtres, average depth 10-1T7 metres). The guantity of
fertilizer added during a season corresvonded to an estinated
concentration of the mix of Ij=15 mg/l. 1In the fertilized laices
theres was a sharp dron in the content of nhosphates in the water

and vigorous development of nhytoplankton. After two years of

- fertilization no difference could be Getected in summertima
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between the contents of tatal vhosphorus in the waters of the

ry

ertilized and unfertilized lakes, The rate of redsuction of
the nhosnhate content was found to be inversely nronartional
to the slzalinity of the water in the enilimnion. In the
hy»oli~ninon, where the water contains more organic substances,
the opoosite was found - the concoentration of nho;;hutes was
not inversoly but directly nrovortional to the alkalinity. 1In
1519 &nd 1959 the thermocline in the fertilized lakes uas
highor, and the content of ozypen in the hypolimnion lower,
than 1n 17,%. In the unfertilized la%es, either there was no
difference or ihe difference was much less noticoable. The
authora congicer that thease nhenowena are due to more vigorous
develovment of the nlankton in 19459 and 1950 as the result of
fertili:atign. Their conelusions are made slightly leas
convineing by the faect that the’two control 1lnlkes are charactoerized
by Iower alkalinity of the wﬁter than the fertilized lakes, the
figurese belng 32 and 71 and 137-192 mg CaCO3/1 resnectively.
Therefore 1t 13 not immossible that the c&ntrol lalenn, with
thoir lower yield, rsacted more weekly to the meteorologlcal
differencen betweon the varlous years. !overtheless, tuere is
no doubt that in sufficiently nroductive lakes the content of
orxjgen In the hypoli-mion :ny be reduced under the influance
of fertilizers., It is a well-known fact that the defilcit of
exyonn In tho hypollmnion la dlroctly proportional to the yield
‘and degpee of "mutpreshicatlon” of u lndie (Hasler, 1947; Ldmondaon,

17%1).

l;l.'

An instructive examnle of the consequences of "ovnr~
fertilization" is nrovided by lakes into vhich molluted waters
wring lapge cumtitics of nitrogen and nhessharus. As we hive
alrecady said (Vinberg, 1952), this is illustrated by the Wisconsin
lake chain into which flows purified waste water from 'ladison
city. According to the figures for 19, 187, 661 and 32% k3
of total nitrogen and 21, 99 and 66 %z of total phosphorus per
hectare Tlow into the chain formad by lakes “lonona, wWnutesa and
Kegansa each year {Sawyer, 1°47). If we ignore the flew of tue
1skes, these Tigures, for average depths of &.I, &.9 and L.6
metres, correspond to estiﬂntad concentrations of 1.93, 13.4 &nd
7.1 @ of nitrogen and 0.75L, 2.03 and 1.3 mg of phosphorus
ner litre. In snite of the large anmmual inflow of nutrients
they ore used up so complectely éhut in swaertime the concentrations
of minoral forma of mnitrogen and phosphorus in tho water of the
epilimnion are identical to those in éhe wunter of twelve other
lakes in the area wirich receive no waste water, Thus, Il we
go solely by the reaults of chanmical ﬂnnlya}s ol the vater we
muight arrive at the parandoxical conclusion that these over-
fertilized lakes with excessive develenient of puytorlanikton
require fertilization. In eutrophic bodies of water lsrgs.
quantities of nutrients are burled In the mud depesits. I
19 for instance, the ammunl outflow of nitrogen in lakes
Monona, Waubesa and Kongesa amounted to i?.Sﬁ, 5k.9:: and
61,177 of the Inflow, It is qﬁite evident that éhe available
amount of nutrients avallable to phytonlaniton in eutroshic

bodies of waler is determined chiefly by the conditions of
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uutrient regeneration and czchanpge betweon the bottom and

the water in that basin. This is also true of »onds.

The fipures quoted show econvinecingly that although /28/
the additizn of artificiul fertilizers to Jlales nroduces
characteristic and nredicisibls consegunences, tHe content of
nutrlents in the water snd their seasonal dynamics, at lemst

ia sutrephic lakes, are a stable feature of each particular

1laze,

Initially it se2med that in low-yieldings bodies of
water vhose cyele coantaing a small quantity of nntrients and
‘whese aetabolisn is distinguiched by a high degres of
reversipility the situation was different. One might have
thougat that even a2 single apnlication of fertilizer would
easlly change the conbent of nutrients in the waters of such
laes, Therefore the results obtained from the fertilizatioq
of originally oligotronhic lakes are of great interest, There
is an example of this in the naner of Smitn (1945). The lakes

~

of lew 3runswick, which are situated on granite, have a very
1o hiologiecal yield. Tho total binmasa of the fow apeclos of
fishes liviag thero (brook trout, Fundulus, eol) woigks 20-40
kg/na, yet the vield is less than 1 kg/hectare ner yoar. For
fertilization they close Lake Crecy (srea 20.l. hectares,
nazimun éenth 3.0 metres, average doptin 2.1 metres), which

nags very low minoralization (3 mg of combined €0y ver litre,

pH 6.7). On the 19th of June 1946 one ton of ammoniuwn vhosvhate

L6

and 226 kg of votassium chloride wore sdéded to the lake,
corresoonding to D.3? mg of ohosohorus and 9.21 mg of nitrogen

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

Anabaeia bsgan to bloom vigorously, which had never hapoened

before. Soon after fertilization the zooplunmicton reached its
veak. By the 27th of June the total nhosnhprus, which orior

to fertilization had beon at a level of 0.016 nz°/1, had
reached 0,183 mg?/1. Then it began to diniﬁéh, but still it
remained for a fairly louy time at a hfgher levei than before
fertilization (26 July - 0.057 mg®/1). Smith stresses that

it oroved nossible to raise the biological yield of a lake with
very low mineralization of the water without the acddition of
carbonate compounds. This fact is indeed of great general

interest.

The following year a second lake of the sﬁmé tirbe was
fertilized. This time the choice fell on Lake Gibson (25 hectares,
maximum depth 6.1 metres, averape deoth I motres), whlch is
situated in the same resilon. On the 22nd of July 1947 the leke
was fertilized with 0.7 tons of votnssium chlgride and 6 ton;
of crushed limestone. ecause of the larger volume of the lake
only half the dose per litre was used compared with Lake Crecye.

The lakes were fertilized a second time in June 1951, In both
lakes blue-green algae hegan to bloom after each apvlication
of fortilizer, dut an intensification of the develooment of

the benthos and macronhyteé and an increase in the rate of

growth of the fish (Salvelinug fontinalis) were' observed only
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in Lake Crecy. In order to ascertain the influence of the /29/

fertilizers on ths yleléd of fish the second anplication of
fertilizer was agiscilated with measures to count nnd-limit

the nredatory Tish (cel) and birds and stocking of the lalkes,
which, a3 was shown by earlier research, failed to produce
results in these lakes without fertilization. Having carefully
exanined tho effect of these méasuros, Smith came to the
corcluzion that the fertilization had increased the yicld of
fish only in Uske Crecy, whereas it failed to nroduce results
in Laks Gidbson. Zwohasis is laid on the comnlexity of the

conditions on which denend the ultimate effcet of the fertilizers

.and the transitoriness of their action. These studies disproved

the original assummtion that it is possible by means of a single
application of massive doses of fertilizers to alter the content
of nutrients in the water of oligotroohic lakes for a long

time,

Therefors great interest attachcs to the long-term .
obzervations of systematic reneated fertilization of oligotronhic
Bear Lake (}? hectarea, maximam donth 7.0 metfos, avorage donth
L metres), aituated on Zodiak island in Alasla. This lake,

1ike the others on tho island, is the dwelling-olace of young

h
red salmon (Oncorhvnius nerka). The lalke was fertilized to

cheek the sunnonition that the drop iu Liio salmon yield was
relntnd to a detn;inrntinn in food conditions in the freshwater
period of its life, which lasts on average for three years,

The suggestion was made thast this deterioration is in turn due

13

to a droo in the number of dead spawners renaining on the
sprwning grounds and a corresnonding rednetion in the amount

of phosnhorus and other nutrionts entering tirer lake.

To deteraine the andunt of fertilizer necessary and
exploratory experiment was staged in 1949 using water from
Bear Lake to whaich had been added various qugntities of
phos»horus and nitrogeh salts. From the intensity gf photo~
synthesis and the number of cells of phytoplankton devaloping
in the test jars it was found'thwt of tues three fertilizers
tested the greatest increase per unlt was shown by the one
with an addition of 0.05 mg of phosphorus and 0.25 mg of
nitrogen ner litre. These figures were taken as estimated
concentrations for subsequent aqplicatiaus of fartilizer.
ohiosnhate and nitrate saltsworoe added to the lake evary year,
beginning in 1950,  During the first two years'the‘fertiiizers
were added once a scason, but in subsequent years the dése
was halved and given twice. Hydrochemical, -hydroblological
and ichthyological investigations wera conducted systematicslly.
Aftor Certilizatlon tho dnvalop&cnh of tho phytoplankten
lowered the transparency éf the water, increased the oxygen
content and made the wator more alkaline. Yo narked regular
variations in these factora was deéected in different years.
Highly Interosting data were obtained as ‘the result of
measuroments of the intonsity of olhotosynthesls of the plankton
by the bottle method, which, the authors conclude,.is "the

most direct existing method, which very quickly reveals the
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fiectiveness of the fertilizer used" (lielson, Edmondson 1955).

[
Q

JTnen mezsurenents are made by this method the fifuresfor the
gross yield can be exnressed in absolute units. This made
nossinle a quantitative comnarison of the initial and ana effect
of fertilizatinn and determination of the relationship betwsen
them. TFigure 1l clearly shows that during the first four years
of fertilizntion of the lake the average intensity of nhoto-
synthesis rose froam year to year, And this revealed the cunulative
erfect, wrnich could not be traced so distincily by other methods.
. In subsecuent years, notwithstanding the continuing fertilization
of the watsr of the lake, the gross yield remained-at the same
level. Zvidently, under the influence of the fertilizer there
was &lso a progressive increase in the rats of growth of the
younz rad salmen (i, 1, A). This tendency can also be detected
in the inzrease ;n the averape weight of the downstream migrant
young, wnica yielded the following instructive series of figures

(“Telson, 1759):

Ysar of Av, weigat Year of Av. weight
investipation of one fish,in investigation of one fish,
rams in grams
1755 3.35 195l 8.23
1951 .53 1955 8.99
1952 5.59 1956 8.23
1753 6.5
. Thus, we are faced with oﬁe of a few examnles where

fertilization of a lake not only resulted in an initial effect
but also, to some degres, led to the accomplishment of the

ultimate aim = the improvement of the conditions of develonment
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of the fish and an increase in nroductivity. Characteristically
this was achisved in an oligotrovhic homothermnous lake., O0f
egnocial importance nefhnps is the fact that in this snecific
case the original supnosition that the fish yield is limited

by the magnitude of the gross yield in oligotronhic lakes

and

was borne out. Also important is the fact thet tie exveriment

o~

denonstrated the cumulative eflect of the Tertilizers cver

0

series of years, i.e. the possibility of raising the trophic
level of an oligotroplhilec lake by prolonged fertilization. OF
particular interest for the theory of the action of fertilizers
is the fact that in the years 1950-1952 the rise in oroductivity
hed no effect on the composition and gquantitative developnent

of the zoonlankton. As Yelson notes, this does not mean at all
that the yield of zooplankton and other food organisﬁs remained
at the same level. With an inveriable biomass of zoec-olankton,
which is limited by the grazing of the fish, its yield could
increase owlng to a rise in fertility and a hastening of /31,
development under better troohic conditions. Judging by some
data {Mcleod, 1958), a certain increase in the yield of oliéo-
tronhic salmon lakes in Canada can be achieved with the rid of

crab meal. ) .

TLake tervilization is known to have been tried in other
countries anart from the USA and Canada. In Australis for
example the cold-water oligotrophic Lake Dobson, which is situsted
at an altitude of 1030 metres (area 5,85 hoctnres,'maxiﬁun dénth

6.1 metres, average depth 2.34 metres) and contains water of
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vory low ~mineralizetlon (dry residue sfter heating - 21 mg/1),
was, in the summer season of 1950/51, fertllized every month

with aome €71 kg of a mixturs »f salta (107 a~monium sulphate,

603 suvernhosnhate, 57 notsasium chloride and 157 lime). Tater
lime was 2dded thres times, It was found that after fertllization
4 ahnrp drep In the fnltially hirh eonlont of nhaanharns nheanhate
is Tollowed by an increase in the amount of orpanic phosnhorus

ia the watr», and about a month later it reaches 1ts peak.

52

Tiie rate of growth of [lvric-hyllin wos sharply stimulated.
The rate of growth of the fish also Increasecd (Weather'y,

dichollz, 1¢05).

Intercating resultc were obtained from dhesgohorus
fertilization of the oligotroohic trout lake Tech KmQrdocby ] /32/
(16 bectares, average depth 2.l metres) in :lerth Scotlend. In the
lajes of‘this locality thke content of nhosnhates in the water
is very low (?-?%L<O.S mg/w3).  In tho sumier of 1952 two tons
of suprrphosphate were sdded and an initial concestration of
0.33 !z of vhospvhorus per litre was achieved. Turing the first
fortnight the content of phospﬁate dropped in accordance with
the logaritlimlc law and twénty weeks later 1t had reached
analytical zero. Analyses feiled to reveal any influence of
the Tertilizers on the content of HHB, Iﬁm_and HC”3 in tﬁe

water (Holden, 1956).

The phytoplankton, which vas subjected to systematic
atudy 2% yeara prior to the addition of the fertili:ér, aroved
to be strongly affected by it during the following-two.yéars.
Within a fortnight of fertilization the number of cells of

Astericnella formosn, which had beon very small, nrior to

fertilization, rose to 103D per ml, This was accompanied by a
dron in the countent of sllicén in the water to a very lownlevel

(0.t mg 510,/1). This low content-of silicon, which restricted
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tze Anvelonaqent of dlatoms, wes nobt found in neighbouring lakes,
Prior to fertilization tle content of $i0, in Toch Cairnardochi.
in swinertine was aporoximately 1 mg/l. Ia the spring of 1953,
after there had bee ignifi t

fte ad been & gsignificant increase in the content of

) .
silicon comoounds in the water during the winter, Asterionella

reacned ita pealt (2377 cells ser ml). In swwner of the same

year tne blue-rrecn alga Anncyetis nmontann developed - first

in the plankton and tlien ncar the bottom.

In 3cotland during the war years there was a widoly
pudlicized attennt to "fertilize the sea™. This intevesting
experiment was performed in an almost completely isolated
tody of waber connected with a sea bay by a narrow channel
barred by a dam. In it3 size and denth the experimental water
vasin was in essence a smell 9ool (area 7.l hcctares, average
desth about 1 metre, maximum deoth S metros) filled with sea .
weter, Tor three years, from spring 1942 to s»ring 1945, thia
basin was fertilized with sodium nitrate agd suncrphosphate.
uring the first two years the fertilizer was added 7-8 times
2 3e33on.  4ll in all, 233 kg of sodium nitrate and 177 kg of
297 superphnsohate were added in 1742, 1In 1943 the cuantity of
sodium nitrato was Increased (249 kg) and the quantity of super-
phosohete peduced (137 %z). In snite of the small dozes of
Tertilizer thelr apnlication had a marked effect. As a rule,
She phytenluniton -davelnnod strongly during the first years,

cbiefly through the mimute organisms of the nannonlankton and

the peridinlans. 1In some cases the fertilizer strongly stimulated..

S

the growth of Cladonhora, and then there was no resction on

the part of the phiéoplnnkton.' It is interesting tihat in I?LL :
the phytonlankton failed to react to the first two applications
of fertilizer, and not until the lth of Auszuat, vhen al=wost

ten tlmos the dose wns used (608 kg of sodium nitrate and 203

kg of superphosphate), did water bloom make an eonearance,

It is very significant that the bicrass of btenthos /33/
had increased and tﬁe 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 preatly Lmpeded
by the freshening and heating of its-surface layers, 15 9L,
in spite of the relatively siall doses which had been used,
adverse effects were noted. The oxygen deficiency near the
bottom increased, hydrogen sulphide anpeared near the'bottcm,
and so forth. Owing to this the biomass of benthos and the
rate of growth of the fish were not higher that year as they
had been in 1943. In 1945, after the exchnﬁge of waters had
been intensified, the biomass of benthos and the rate of growth
of tne fish increased strongly again. Ntservaticns showed thsf'
the fish maintained thelr good rate of groﬁth in subseguent
yoars too (1946 and 1947), when fertilizer was no longer being
added. This example 1s interesting by vi?tue ol the fact that
small doses of nitro-phosphorus artificial rert;lizers (30-35 °
kp/hectare of sodium nitrate and 18-2l ko/hectare of super-
nhosphate ner seaéon) produced a garked immrovement in the food

conditions and increased the fish yieid of the body of water,



55 56

Although the studies of the mechanism of the action of fron the beginning of 19LL untii July 194656, Our attention is
the fertilizers were conducted ungystewatically they econlain éravuin once rors to a rapid drop in tihe concentrstion of nuirients
& number of interestlng points. The reactions of the plankion in the watar., Tmplinsis is also 1laid eon the nct that the size’
to the as»lication of the Tertilizer differsd crea{ly, end of the biomass of phyto- and zooplankton cannot he used as a
were in some cases non~existent, In spite of this, the content eriterion to jud[;o.the effect of tlic fertilizers, since the
of ~ineral forms of nitrogen and phosphorus in the water, which increase in the blomass is constantly heing eroded, The authors
vwag alzh after fertilization, invariably dronnad ranidly in all deseriba a strong increase in the biomass of tie benthos which  /3i/
seasons of the year, The zoéplankton, which was very abundant ) continued even in 197, i.,e. one year after fertilization had
in the first yeer of fertilization, drooned to a nuch lower ceased (Gross et alia, 194);-1949; Raymont, 1547).

levcl during the subsaquent years, and this might have been

. . o In Yugoslavia, on the island of Mljet, an intepesting
cue both to more intensive g¢razing and to the conditions created

. experiment was conducted in 1953 and 193 under the sunervision
as the result of fertilization (pH un to 10, oxypen content
» . of Buljan. It involved the fertilization ol the securely isolated
up to 3575 of saturation, snd 5o on). The aunthors emphasize .
end portion of the bay ‘Tljet Lake, which is virtually a basin

the great commlexity ol the phenomenon and the difficulty of

L]

(area 133 hectares, maximum devth Ij6 metres, average denth 22.5
analysing the mechanism of the action of fertilizers (Gross et .
’ ; . metres) filled with 'sea water (3 %no equals 37) a=éd connected
alia), 134, 1347, V95 ‘farshall, Ore, 1948; Raymont, 1949)1 o
. with the bay by a shellow channel., The authors of this ex»oeriment
Sneclel exnsriments conducted in winber, when there are no -
. ‘(Ruljan, 1952: 1957; Pucher-Tet'covie, 10F7, 1940) used an
Cladophora, showed tnnt the nitrats nitrogen of the sodiux . , .
unsunl wrthod of fertilization, Recanse of the hiph cost ef
nitrate could be successfully renlaced by ammonium nitrogen in : .
. . . nitrogenous lertilizers, Buljan, rolying on the stirmlation of
ths compounds (Hiu)ZSOM, :HQ,HOB and (HHM)HZVOM. However, for
" nitrogen firetlon, seleeted sunornlicerhate ns the artificial
rensons which nre not clear, the application of amnonium chloride
fertilizer., However, in 1953 ithe lake was.fertilized with a
and urea failed to evoke a resnonse from the phytonlankton
small quantity (2.27 tons} of cyanamide.
{Iaranall, orr, 1943). .

To avoid the sinking of the undissolved nart of the
The authors referreod to above also doscribe the results
- sunerphosphate which occurred in the Scottish experiment the .
of tho fertilization with nitro-phoaphorus substances of another, . :
’ fortilizer was first dissolved In sulphuric acid éilubted with
" nors open nart of the same sea bay, The experiments lasted
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21 wrter (4a anan centner of sunernhosointe 70-80 litres of

w\

watar and ;.75 litra of comiereial sulshirie 1cid with a

soscifisc woicht of 1.68 and dilition to a volume of 200 litres).

Rl
K)
1
o
oy

g addad £ the golutinv ns s sourcoe of micro~nutricnts
and suvslementary crovth factors. It is nsserted that the
introduction ol an 2212 aslution into 2 body ¢f water can do

)

no harm,

Fro= the 20th of January to the 25th of Sentamber
175l 21.5 tons of sunerphosohata in nine doses were added in
this wary. A very careful check was kent on the effcct ofAthe
fertilizer on thn phyﬁoplankton, which was studied in detail
srior to fertilization, fron Jdrreh 1951 to farch 1952 and in
the same year as the experiment (Pucher-Petkovic, 1957, 1940),
The firat two awnlications in January and “farch had no effect
on the ohytonlankion. Accordins to the authors this was because
of stilation of the growth of the benthos algae, which compete
with the =»lankton. Subseauent fertilizatioﬁs induced strons
develonaent of the nhytonlanlkton, PRefore fertilization (1951-53)
the quaatity of »hytonlankion Iin summer was Z-iﬂ thougsand nor
litre; after fertilization {19%53) it was four hundred to fiveA
hundred thousand ner litre. Tynically, no increase in the guantity
of zonnlankton wag observed in this narticular case eithor.
2z rats of 5roﬁbh of oysiers planted in the laxe increased
ruaslys, by oa factor of 1,2, Dus to the vigorous dsvolonmoab

at
of the »aytoplaniiton the surface layers of water were sunersaturated
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with oxycoen.up to 2007 and above during the year of lertilization,

RT

whereas the bottom layers developed a large oxygen deficiency.

These phenomena were not noted prior to the fertilization of

the luke.

ot without some Justification Buljan considers that
the creation of anaerobis conditions witir the formation of
4,3 at some very deen paft of the demersal région has a /3s/
beneficial effect, since the enrichment of the water with
nhosphates from the mud is facilitated in anasrobic éonditions.
He expvresses his conviction that this method can also be used
with ‘success in freshwater lakes with an average depth not

exceeding 10-12 metres.

The contents of this chapter show that.the fartilization
of lakes is still at theearly experimental stage and that th
cxnariments have not ﬁchioved their ultimate aim of incressing
the fish yield. Nevertheless, they are of grqat interest since
the obgscrvations accompanying them aslsc enadle us to arrive st
certain conclusions of general significance in addition to the

comnrents on individual topics made above.

The invdriably observed initial afféct of the apvlicébion
of artificial fertilizers showed th&t even in natural bodies
of water in the most varied régions of thekglobe the develooment
of nlankton is limited by the content of niirogen and pﬁosnhorus
compounds in the water, and this anplies to hotn oligotronalc

and eutrophic lakes., In the case of oligotroohic. laxes the
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poscibility was shown of achieving the ultimate goal of

Tertilization, i.s. an increase in the fish yield.

At the sane timn it was found that not only in sutronhic
lakes bul alao in oligotronhic ones it is dirfficult to change
the esztablished level of the content of mutrients in the water.
After each application of fertilizer there is onfy a brief
inerease in their content, which then returns to its normal
'lovel Tor that particular body of water. jlowever, there are
grounds for thinking that, at leaat as far as oligotrsnhic'.
lazes are concerned, systomatic fertilizatinn soread over a
number of years may have a curulative effect and increase the

fish yield.

These conclusions are directly ap»licable to large
non~draining fish vonds. There is no doubt that even in the
case of draining peadls one munt, when fertilizing them, bear
In mind their tronhic type and the intensity of their cycle,
wnich dsnends to a considerable extent on the geographical
‘location of the nond, and climntis and adaphic conditions.

A correct understanding of the imnortance of these facéors
will helv us to finl tho best way to alter the nronsrties of

the pond in the reguired direction.

5. Develonment of Research on the Fertilization of ®onds in

tae Soviet Union
In the nost-wgr yoars nond fertilization ressarch in

the ;ovlo; Unlon recelved a great boost, and in many ways led
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the world in this field. Hany Soviet research n}ojects on

" pond fertilization arc comolex in nature, 'and this is comoletely

justiried by the complexity and multifaricus asnects of the © - /35/
problem. In the Soviet Union hydroblolegists have played a :
srominent vart in this rcaearcli. The atress on productivity

in Soviet hydrobiology has also been carried over into the

study of questions relating to the fertilization of nencs, the'
task helng to trace the entire intricate path from the initial
effect of fertilization to the final 1link in the chain of this
nrocess - the culture of fish -~ and thereby ascertalin the way

in which fertilizers act and the princioles underlying their
action. Only in the researches of Soviet scicntlsts A.C. Rodina,
5.I. Kuznetsov, 4.V, “osevich and others has due attenticon ﬁeen '
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 fortilizer:’
rathor has it beuﬁ divected towards the devolonment of a cormlex
method of fertilization with the aim of aclkieving the nmaxirmum

economic effect with the minimum outlsy.

In view of the great diversity of soils, climatic and
other natural conditions in the differsnt narts of the country
it is natural to suppose that tha methods and doses of fertil-
ization in fish culture,'liko those in fiecld husbandry, caanobt
be uniform and universal, sultable under'any conditlens.
Furthermore different methods must be used fof‘intensifying

the culture of the young of ¢ifferent svecles of fishes., Hence
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the diversity of the methods of fertilizetion 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 Unlon and ars on & massive
scale. Numerous fish farmers and leading producers are taking

part in the experiments.

In pre-war Soviet Russia pond fertilization problems
woere studied et the All-Union Lake and River Fish Fa.rming
Research Inatitute under I.N. Arnold and at ths All-Russian
Pond Piscicultursl Research Institute under A.N. Lipin and
A.H. Eleonaky,

Research on ertificisl phoaphorus and potassium
fertilizetion of ponds in the Ukreine was undertaken by M.K.
Taran (1939, 1940). The same yesrs witneassed the experimenta

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

book on the ecological principles of co-ordinat;sd intensification

of the growth of carp (1948).

This book by V.A. ‘Movehan directed the attention of

fish culturistato the adventages of co~ordinated intensification

a3 againgt the deasultory application of various methods of
intensification,

After the second world war ressarch into pond fertile
ization in the USSR was undertaken by the All-Russian Pond
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Piscioultural Research Institute (VNIIPREKh), the State Lake /31/
and River Fish Ferming Research Institute (GoiNIORKh), the
Al1~Union Rescarch Institute of Fisheries and Oceanography

(VNIRO), end the republican institutes of fish culture in the
Ukraine, Belorussia and Latvia. A great cc;ntribution to the
development of fertilizetion studies has been msde by the institutes
and laborstories of ths Academy of Sclences of the USSR and

the Acaedemy of Sciences of the Ukrainian, Moldevian, Latvian

and othor republics, and the departments and laboratories of

the universities of Belorussia, Moscow, Leningrad, Kiev,
Dnepropetrovsk 'e.nd many other institutions of highor learning

and biological end sgricultural institutea.

)

A great deal of work on the fertilizetlion of ponds is
being done by fish breeders for the market who are directly
concerned with finding the most effective methods of incrsasing
the productivity'ot ponds, S

Since 1950 over two hundred scientific papers speclally
devoted to pond fertilization problems have i:een published in
journels and aymposia, This number is greatly increesed if we
add the short notes and correspondence on new findings and other
documents in locel publications., Unfortunately, many of the
regults of experiments end investigatlons of the fertilizatlon
of ponds never find their way into print and are buried in the
manuscript reports of piscicultural institutes and their branches,
1,0, remain inaccessidble to the wide circle of interssted persons
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and apecialiats in other organizations. h

As was mentioned earlier, after the war the?riea in i
the Soviet Union concorxﬁl_ag pond fertilization and fertilizetion
practice underwent a sudden change. The previously dominant
theory of non-nitrogenous fertilization of ponda was finally
refuted by Soviet scientista,

Theres were corresponding changes in practicgl recom=
mendations. Great interest deveioped in nitro-phosphorus
fertilizers and they were used in conjunction with organic
fortilizers (combination or complex fertilization). Recommendations
concerning the norms for the application of fertilizers also
undsrwent groeat changes: instead of once or twice it is now
recomuended that artificlial fertilizers be added to the water
repeatedly. '

The reasearch 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 detalled examination will be made only of the research
whick, 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
published on pond fertilization by scientists at the All-Russian
Pond Piscicultural Research Institute, These papers take
.up again; as it were, the threads of the research begun before
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the war, and the problems of pond fertilirzation are examined
from preconceived points of view. Discusalon of the conclusions
of moat of these papers is hampered by the fact that the effect
of the various fertilizers used was obscured by the simultaneous
use of concentrated foods for feeding the fish, Thisa is a
powerful method of increasing the fish yield. Moreover, the
authors unfortunately failed %o give even approximate estimates
of the part of the yield which was dus to natursl food,

calculating the consumpiion of artificial focds per unit of

. overall fish galn without reference to fertilizers anad other

means of raising productivity (Komarova and Musselius, 1959;
Betenko, 19585 Bakhting and Batenko, 1961; Mints and Khairulina,
1961 and others),

In 1951 experiments were conducted in the‘fortiuuti,on
of six ponds at the Savvin experimental farm in the Moscow
region using supérphoaphato (200 kg/ha.), 1ime (200 kg/ha.),
manure {2 tons/ha.), peat (1.3-L tons/ha,) and aquatic plants
(2«6 tons per hectare). Half of these fartilizers was added
while the experimental ponds were dry and the remainder in
three doses after the ponds had been filled., During the gro'wing'
season the development of the plankton and bant}:'ms, and the
hydrochemical regime were observed, and the growth of the
fish planted in the experimental ponds was checked for different
densities of stocking. The authors (Il'in, Bakhtina, Erokhina,
and Mamontova, 1956) came to the conclusion that the best effect
is achieved with :upoi-phoaphato and lime, and with these ferti:liur:
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in combination with aquatic plants, Peat proved quite ineffective
a3 8 pond fertillzer, However, it is difficult to judge the
effectiveness of the foertilizers in these experiments .bscaua;
there waa & very large loss of underyearling carp 1n‘t:he contz.'ol
pond, and the suthors were 6bliged to take for cémparison an
estimated figure for the yleld of this pond. The largest yield
of fish 1n these experiments was 563 kg/hectare, with an average
weight of the young of the year of 53 grama. In this particular
case the authors used six tons/ha. of squatic plants 'and two
centners/ha. each of supsrphosphate and lims. The authors
recommend adding the supsrphosphate and lime in the form of a
solution poured into the water every ten days, and the aquatic
plants in the same small dosea 10-12 timea during the growing

serzon,

In 1952 V.M. Iltich, A.N. Lipin, V.I. Bakhtina, M.P.
Sheina, L.V. Erokhina, L.N. Mamontova a.nd I.V. Komarova (1956)
continued the expsrimental work by fertilizing 1l nursery )
ponds at the Zagorsk fish nursery and 9 rinishing 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 organlc fertilizers selected werse squatic 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 obaervations were made of the

temperature of the water and the content of dissolved oxygen,

" and an apalysis 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 offectiveness of the fersilizers
the authors did not compare the yleld of the fertilized ponds ,
with the actual mean yield in the control ponds, but toock for
this purpose some estimated figure lower than the l.ctuai .
figure, and this led to & olearly overstated assessment of the:
effectiveness of the fertilizers., If we compare the sxperimental
and control ponds from the standpolnt of fho actual yield of
fish we obtaln a negative result in four out of the twelve
ponds. In the remaining eight ponds, which were rer'c‘i_l.li:ed
with a similar complex of organc-mineral fertilizers, the
vleld was higher than in the control ponds.

It is interssting that the highest yleld (415 kg/ha.)
was obtained in the ponds fertilired only with vegetsble meal
at & rate of 3 t/ha. {in the control pond the yleld was 268
kg/hect.). It was even slightly higher than in the other two
ponds fertillzed with the full range of fertilizers under tos.t
but with & smaller quantity of vegetable meal. from this
we can conclude that 1f the mineral fertilizers in the fora of-
lime and superphosphatelsd sny influence on the yleld in these

experiments 1t was only very small.

A characteristic feature of these and other projects
of that period 1s that numerous results of all kinds of hydro-
chemical and hydrobiological obsarvations are ocited, 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 seven ponds they tried varioua combinations
of 1ime (150-200 kg/ha.), superphosphates (150-200 kg/ha.),
aquatic plants (1-3 tons/ha.), manure {300-500 kg/ha.), and
vagetable meal (1-3 tons/ha.). thg ponds contained a mixed
culture of yearling carp and trout (70% carp and 30% trout).

The experiments also showed the greater effectiveness of organic
fertilizere as agalnst the suparphosphate and lime. The results
of these and several other studles by the Pond Piscicultural
Research Institute 1in connection with the ralsing of the fish
yield of carp ponds are summarized in the book by V.M. Il'in
(1955).

The researches of I.V. Baranov, G.G. Vinberg, V.I. Zhadin
and other Sovliet scientists finzlly established the unsoundness

of the theory of non-nitrogenous fertilization and proved the

effectiveness of using nitrogenous and nitro-phosphorus fertilizers.

After this, since 1957, the workers at the All-Russian Pond
Plscicultural Culture Research Inatitute began experimenting
with nitrogenous artificial fertilizers for fertilizing ponds.
L.¥. Mamontova, I.V. Komarova,and N.M, Xalish (1961), in their
experiments to study artificlal nitro-phosphorus fertilizers,
used very high doses of nitrogen (up to 7 mgN/1l) and frequent
applications. Thes nitrogenous fertilizers were added dail} at,
th.o beginning of the season and then 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-greon algae, which L.N. Mamontova eonsiders to be a trophic
impasse, and which, in his opinion, cannot develop in a medium
rich in mineral nitrogen. Aa & result the total quantity of
gmmonium nitrats in the experiments of Mamontova and her
collaborators was increased to 27-30 centners/hectars. In the
sxperiments Mamontova performed in 1961 the increase in the
quantity of ammonium nitrate from 13.5 to 31.3 centners/hectare
in the preasnce of similar quantities of 'auperphosp}.mte (roughly
7 cent./ha.) failed to provide an'y sadditional increase in the

fish yleld.

In recent yeara the Ali—Ruasian Pond Piscicultural
Research Institute (VNIIPRKh) has been searching for methods
of reducing the consumption of nitrogenous fertilizers per
unit of incroase 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. Barsanov
sdvanced the idea of "combination fertilization" of water
basina with mineral salts of 'nitrogen and phosphorus and
higher aql;atic plants., His expsriments in the shallow parts
of the Tsimlyansk reservoir showsd in particular that with
such & combination the intensification of the thosﬁtheais of
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the plankton sliminates the danger of an oxygen. deficiency

due to the decomposition of the vegetable fertilizer (Baranow, 1954).

Over a number of years (1951-1956) pond fertilization
studies were conducted by an expedition from the Zoological
Institute of the Academy of Sclences of the USSR under the
supervision of V.I. Zhadin. .From 1951-53 the experiments were
conducted in the vimba-shemsala nursery in the North Caucgsus,
aﬂd from 195l4~56 in the carp ponds of the Latvian SéR. A
variety of speciallsts took part in the astudles. ‘Studies were
made of the hydrochemical regime of the ponds, and the
composzition and quantity of the phyto- and zooplankton and
zoobenthos, Under the supervision of A.G. Rodina an immenae
amcunt of work was done on the study of the microbiology of the

ponds in connection with fertilization.

The fertilizera used in the experiments of thia expe-
dition were superphosphate, ammonium sulphate, potasafium salt

and partly-dried vegetation. The separate application of

phosphorus or nitrogen fertillzer alone had only a slight /ux/
effect. Much more effective was the combined application of
nitrogenous and phosphorus artificial fertilizers in equll.l
quantities, but the bast results in the case of the ponds of the
vimba-shemaia nursery weres achleved with fertilization with
vegetation using the zonal method and with mineral salts of
nitrogen and phosphorus addedevery week to the water in the form
_of & solution (Zhadln, 1955). The weekly application of 40 kg/ha.

of superphosphate and ammonium nitrate, 2-5 kg/ha. of potassium
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salt and 500-750 kg/ha. of wegetation helped to raise the fish
yield of the ponds from 60-80 to 300-449 kg/ha. V.I. Zhadin
called this fertilizatlion technique the complex method.

The same methods of fertilization were tested by the’
Zoological Inétituto's expedition on carp brabdiﬁg ponds 1in )
the Latvian SSR. Here complex fertilization was sgniﬁ found
to be comparatively effective, but it should bs noted that ths
unusually low figure of 55 kz/ha. for the original natural
fish yield was taken for comparison (Zhadin, 1958). IThis
figure was obtained in a pond used as & nuraéry, although
most of the experimsntal ponds with which it was compared were
ussd as finishing ponda, The beat total fish yield o: the

experimsntal ponds (including stickleback) was 418 kg/ha.

Expesriments conducted with the ponds of the "Pirmrin-
dnieka" collective farm in Latvia confirmed the previously
obtained results, demonstrating the asupsrior effsctivensss of
complex fertilization with mineral salts and aquetic vegetation

(Pankratova, 1958).

Studiss of the hydrochemical regime of the fertilired
ponds of the vimba-shemaia’nursory and the carp ponda of the
Latvian SSR (Ozertsovskaya and Smirnova, 1958, 195%a, 195%b)
showed that as usual tﬁe addition of wvegetation was accompanied
Sy & drop in the content of oxygen dissolved in the Quter, an
inorsase in the oxidizability of the water and a shift {n the
pH in tpo direotion of scldity. The addition of the =mineral

*an,,lq Vll;;éq - CAG/OO/Aurug L‘Aq/‘.aidts‘
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compounds N + P + K + Ca resulted in an intensification 61’ tho
photosynthetic processes, and this led to a riae in'the content
of oxygen in the water and ahifted the pH in the direction of
alkalinity. The atudiss made by N.N. Khmeleva (1958, 1958a),
KN. Khmeleva and L.I. Tsvetkova {1959), and I.A. Kiselev (1959)
of the development of phytoplankfon in ponds in connection with
their fertilization are examined Iin chapter III. The papers
of N.A. Akatova (1957, 1958, 1959) and L.A. Kutikova (1958)
devoted to the study of the zooplanktonaf fertilized ponda are,
1ike 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 researchss together

with her pupils did an enormous amount of work on the study

of microbiological processes in connection with the fertilization /1;.?/

of the ponds, One of the moat important results of these atudles
for pond fertilization practice was the discovery that "...when
the fertilizers added ars correctly selected....by far the greater
"part of the nitrogen fertilizers applied is very rapidly fixed
biologically in the cells of the algas and microbes. The high
saturation of the water with oxygen in conjunction with the

mas; development of phytoplankton also leads to a slowling of

the denitrification process and fails to stimulate an increase

in the population of denltrifying bacteria” (Rodina, 1958 a}.
This significant conclusion is an important milestone on the
road to overcoming the notion rocted in the fish culture of

many Buropean countries that it 13 inadvisable to use nitrogen
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fertilizers on account of denitrification prooossés.

To determine ths prineciples underlying the cycle of
certain nutrients.in connection with the fertilization of ponds
the Zoological Institute's Baltic expedition ﬁtaged agquarium
experiments with radloactive lsoctopes of calciun (thlnnlov, 1959)
and phoaphorus (Zhadin, Rodina, Troshin, 1957; Rodina end Troshin
195k, 1959a; Khmeleva, 1959b). ’

The studies and observations made enabled the ressarchers
to recommend fertilization with ths fol]:owing set of nutrients
-P+N+K+Ca~in combination with aquatic bog vegetation.
They recommend adding mineral compouﬁds 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, wnich 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 pondsa was continued by workers of the Biological
Institute of the Academy of Sciences of the Latvia SSR and the
republican piscicultural research 1nstitut;. Initially these .
investigations were almed at determining the possibility of
increasing the fish yield of ponds fed by bogs. In such ponds
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the applicstion of fertilizers was preceded by liming (Matisons,
1958, 1959, 1962; Matisone, Volkova and Vadze, 1960). The
complex used by V.I. Zhadin is recommended for fertilization.
M.N. Matisone (1962) considers that it is surricient'tp' add the
artificial fertilizers twice a month, and the vegetation every

two-three weeks. The total consumption of rertiiizer during the

growing season is then (in kg/ha.) lime 1000-1200, superphoaphate

1000-1200, ammonlium sulphate 500, potassium chloride 50, and
vegetation 1000-1200. According to the results of bioclogical
testz in the conditions of Latvia, neither Zhadin (1959) nor
Matizone (1962) found any need for potassium fertilizers., In
apite of this, the authors still judge it essential to add

- potassium chloride ~ apparently to complete the complex in the

usual way.

In 1960 & group of workers from the Plscicultural
Resgearch Institute ér the Latvian SSR made a comprehensive
study of fertilized ponds at the Tukumsk fish farm. Phoaphorus
and nitro-phosphorus mineral fertilizers were tested on three
ponds with a total area of 5-8 hectazres after liming. Detailed
observations weres made of the deveiopment of the phytoplankton
(Taukurs, 1962), zooplankton and zoobenthos (Volkova, Bunkis,
1962) and the increase in the fish yield (Okhryamkina, 1962).

Systematic obaservations led to the discovery that there
was & direct 1link between the quantity of fertilizera added to
the pend and the blomasa of phyto- and zooplankton. No link was

7

discovered betwesn fertilization and the development of the
benthic fauna. A larger quantity of feftilizor brought a lower
yield of risy.' The highest natural yield (350 kg/ha) was obtainad"
from fertilizaticn with 265 kg/ha of superphoaphate, SLL kg/ha.

of ammonium sulphate and 205 kg/ha. of lime: In tieaa experinents
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 axperimantal‘ponds werse er not by bogs but

by atmospheric precipitation. In all the sxperimental and
control ponds the fish received ample food, and for this reason
the suthors were obliged to estimate the increase in fish
production as the result of fertilization from the food coeffi-
cient of the artificial foods, which waas taken tc be constant.

An objective assessment of ths effsctivensss of fertilization

in these circumatences was difficult, since we know what a
difference there can be in the consumption of artificlial '

foods por'unit of growth in figh productibn in different conditionse.

In Belorusale the rirst post-wsr expsriments in the .

fertilization of ponds were begun by the republican Piscultural

Ressarch Institute (BNIIRKh) in 1949 under the supervision of

D.P. Poliksenov and in 1950 under G.G. Vinberg (Vinberg and .
Shechelkanova, 1953; Lynkhnovich; 1953). Initially the research

was porrbrmod within the framework of & plan for comprshensive
intensification, using the method of V.A. Movchan, on the ponds

of the largest fish farm in the republic = the "Volma" fara in
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t. In later years the work was carried on by

Minsk oblast
sclentists from BNIIRKh in commercial'ponda on the fish farms

of the Poiessk areu,

The application of a complex of intensification measures,
among which a certaln role was played by artificial and organic
fortilizers, made it possible to raise the total productivity
of the finlshing ponds on "Belos™ fish farm to 1007 kg/ha.,
while the yield due to natural foods amounted to 630 kg/ha.
(Ehomchuk, 195L). The same system of measures applied in
respect of nuraery ponds at "Krasnsya 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
ferms by sclentlsts from the Belorussian State University unéor

the supervision of G.G. Vinberg.

Bilologlocal tests established that ths water of the fish
breeding ponds of various regions of the republic mainly required
nitrogenous or nitro-phosphorus fertilization (Vinberg, 1952,
1953, 1956a, 1956b, 1957, 1958).

To teat the results arrived at on the basis of biological

p .
An oblast 1s an administrative unit in the USSR ~ Translator.
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tests conducted between 1953 and 1955 on five sxperimental

ponds at the "Shemetovo" fish nursery in Minsk oblast, éxperiments
in the usme of artificial fertilizers wefo performed. Super-
phosphate and ammonium nitrate were first tested aoﬁlrately and
then togethef, in quantities ranging from 50-300 ¥g/ha. of
ammonium nitrate and from 50-450 kg/ha. of superphosphate
(Vinberg, 1958). The application of the phosphorus fertilizer
alone failed to yleld any benefit but the combined lcéicn of
nitrogen and phosphoruswas highly effective. The use of the
nitrogen fertilizer provided & much smaller 'boost to fish
production than the use of a mixture of nitrogen and phosphorus.
As the result of repeated applications of artificial fertiliszers
in the form of a solution added straight to the water, ths yield
of the experimental ponds, which were being used as nursery

ponds, was 3~-l times higher than in the control ponds.

Complex studies of the oxperimental ponds made in
connection with thia resesrch ravealed tﬁe influence of artificial
fertilizers on the main links Iin the production process, i;o.
the development of the phytoplankton (Kishchenko, Sokolova, -
1958), the gross production (Vinberg, Kishchenké, 1958), the
davelopment of bacteria (Belyatskaya, 1958), and the zooplanktdn
and benthoa (Dunke end Dorozhkin, 1958; Dunke, 1958), and zade
it possible to determine the characteristics of the cycle of
phoaphorus when the ponds wers fertilized by the method of
tracer atoms (Vinberg, Godnev, Gaponenko, 1955; Vinberg,

. Gaponenko, 1958; Gaponenko, 1955, 1956).
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In the experimenta conducsted by research workers from
BNIIRKh between 1960 and 1962, under the supervision of V.P.
Lyakhnovich, 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 smmonium s/
nitrate and superphosphate in a ratio of 2:1. The experiments
- showed the high degres of effoctiveness of fertilizer added
to the water in fractional doses at ten-day intervals. Using
total quantlties of up to 800 kg/ha. of ammonium nitrate and
L 00 xg/ha. of superphosphate during the growing seaszon the
scientists failed to detect any tendency towards reduced
effectivencss of fertilization. The natural fish yield increases
in direct proportion to the quantity of fertilizer added,
and in the most favourable cass reached a level of 847 xg/na.
(Lyskhnovich, 1963). In the experimenta there waz 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 e considerable augmentation of the quantlty of zooplankton
food organisms for fish (Lyakhnovich, Korobchenko, 1963).
Confirmation was also obtained a direct link between the blomass
of food organlsms and the fish crop of the ponds (for detaila

concerning theas ponds see chapter VI).

' In the Ukraine after the wer the study of pond fertilization
problems was conducted chlefly by the Ukrainlan Institute of
Pisc}culturo (V.S. Prosyany, G.I. Shpet, M.B., Fel'dmsn et alia),
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by the Ukrainian Placicultural Amelioration Station (L.P.
Braginsky) and the Hydroblological Institute in Dnepropetrovsk .
(A.V. Evdushchenko). L.P. Braginsky, who used the method of
biological testing for the fertilizer requirements of ponda’
and verified his cbservations on ponds, demonstrated that in
the conditions of the Ukralne nitrogen must be msaigned a large
role in the fertilization of ponds (Braginsky, Frolova, 1959;

Braginsky, 1961}.

Valuable data Were obtained by M.B. Peltdman and
Sukhovii (1961) from a study of the influence of 'fertilizers
on the hydrochemical regime of ponds on the "Nivka" experimental
farm. Thls research confirmed the effsctlveneas of ‘spplylng
nitro-phosphorus fertilizers as against phosphorus fertilizers
on their own. When the doss was increased from 135 to 320 kg/hs.
of smzonium nitrate and from 206 to 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 U443 kg/ha. in tho. experimant with the
largest amount of fertilizer (Fel'dmsn and Sx:xkhovii, 1961}, Om
the basia of the results of this study the Ukrainian Piscicultural
Research Institute devised norms for nitro-phosphorus fertilizetion
and suggested their adoption for commercial ponds. For repeated
applications they recommended using in each case the followlng
estimated concentrations of the mctive principles iIn the water
of the ponds: 2 mg/l of nitrogen and 0.5 mg/l of phesphorus. /s6/
In 1959 and 1950 theas norms wers tested by G.E. Korostelava
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snd 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 result

of the fertilization, the fish ylelds in these experiments rose
by 57-167 kg/ha.

The experiments of L.P. Braginsky (1955, 1956 and othera),
D.E. Semenyuk (1956) and A.V. Evdushchenko (1955) served to
prove the great effectiveneas of organiocfertilizers 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 effectivensess of sowing ponds for
fertilization was successfully tackled by A.A. Khomchuk (1948,
1950, 1954).
in the Soviet Union now.

Unfortunately, no work ia belng done in thias rield

All the papers examined have been connected with the
raising of the productivity of carp ponds, Pertilizers are alsc
used to improve the bresding conditions of young commsrcial

fighes in hatcheries and in salmon ponds.

After the war there was a great deal of interest in
the Soviet Unloa in the problem of the reproduction of wvaluable
specles of fish in hatcherliea. Naturally, the exploltation of
the largest aressof ponds in hatcheries required the slsboration

ol methods of raising the yield, including fertilization techniques,
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An original method of organic fertilization of hatchery
ponds was developed by S.I. Kuzhebuov, G.8. Karzinkin and otiurl.
As we know, the hatchery pondg of the lower rench'ea of the Volgt,'
Don and other szouthern rivera are very heavily choked wii’;h
higher hydrophytes. The msthod of Kuznetsov and Karzinkin
involves systematic oclearance of the ovorérown aregs of the
ponds and simultansous securing: of freshly ocut floating vegstation
as green fortilizer. In hot weather the vegstation rapidly : '
decomposes and the water is enriched with nutritive substances
and organic residues, S,I. Kuznetsov and G.S. Kerzink‘in‘wero
the first to prove that in these conditiom‘rigid plants can
bes used as fertilizer without first being removed to the bu;xk
and dried in the sun. This method of fertilization on the
"Yamat", "Azovo-Dolgil"™ and other fish farms yielded good results.
During thess experimenta complex studies wers made to determine
the rate of decay of the rigid plants and its influencs on ths
oxygen regime of the fertilized areas, the development of '
bacterie, phyto- and zooplankton, and on the growth of the rry ’
and productivity. On and near the decomposing vegetation the /47/
obsarvers noted intensified development of the food organisns
of the zooplankton and benthos, and this sccelerated the fattening
of the valusble young commercial fishes bsing bred in the ponds
(Kuznetsov, Karzinkin et alla, 1955; Karzinkin, 1955; Karsinkin

and Kuznetaov, 1956),

In 1947 M.M. Isakov-Keo published data on the firat

experiment to inoresse the yisld of whitefish ponds using a
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new msthod of "zonal fertilization™, which was later called

the zonal method of breeding live foods {Isskova-Keo, 1950).

In essence the mothod involves placing organic fertilizer in

& pond in zones in inlets or slong dams on shoasls., As the
fertilizer decomposes in ono spot it is piled up in other areas
around the edge of the pond. M.M. Iaskova-Eeo {1950, 1952)
recommends covering 1/3 of the mergin with fertilizer at a time
80 that the ring of fertilizer is closed by the third spplication,
The fertilizers used in Isakovo-Keo's experiments (1547, 1950,
1952, 1954, 1957) were hydrophytes and .marginal vegetation,
meadow grassad wWeeds, green branches of deciduous tress, manure,
blood, fish entrails, boiled non-edible fish, and the like.

The oxygen requirement was judged from the oxidizability of the
water, If, 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 Ts.I. Ioffe,
who, together with a group of fellow-workeras from GosNIORKh,
conducted pond fertilization researches on the "Sokolovo™ fish
farm in Fovgorod oblast and the "Pelchi" fish farm in Latvia in
1949 and 1950 (Ioffe, 1950, 1954; Ioffe, Yandovskaya, Galkin et
alis, 1955).

‘These experiments served as the basis for the formualation

of blotechnical standards for the culture of salmon young of the

82

yoar, which provide for two applications of manure 1‘n spring,
and then, in the summer, fertilization with doses of L 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 advise drying a1l green plant r?rtilizer in
the sun, If the water in the ponds exhibits an aocid reaction it
should be limed before the addition of the fertilizer.

Summing up our examination of the main trends in Soviet
research on pond rorléilization we should stress ths gensral

tendencies of the various methods employed.

1. Neither the scientists nor the fish farmers of the 48/
USSR deny ths need for nitrogen fertilizers. It is rather a
question of what forms of nitrogenous substances are most

suitable as nitrogen fertilizers.

2. There is general recognition of the advantage of
fractional, comparatively frequent applicutign of fertilizer
‘u against one or two applications, 1rrespupt1vo of the for=m

or quantity of the fertilizers used.

3. Ever wider use 1s being made of combination fertilization
with mineral salts in combination with organic substances. As
yet the forms of the combinations and the doses of fertiliczer

vary considerably.

6. Pond Fertilization in East European Countries

In the Polish People's Republic research on pond fertilizaticm
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is being pursued In several directions, The first experiments
after the war were concerned malnly with the sffect of éhosph;orus
fertilization on the regime of ponds (Wolny, 1956; Wrobsel, 1960-a;
Stangenberg, 1959; Stangenbsrg-Oporowska, 1961). ‘After comparing
the data of chemical snalyses 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 asince, when it 1s added, the content of phosphate

1n the water ia maintained at a higher level than after the
addition of the equivalent amount of suparphosphats, The author
doss not clte any other data in support of thia conclusion,

apart from the results of phosphate determination.

P, Wolny (1956) con:.sidera that phosphorus fertilizers
exort their full influence on the fish yield of ponds only in
the second year after they have been added. In his opinion,
phosphorus fertilizers stimulate the development of blue-green
algas to a greater extent than representatives of other groupa
of phytoplankton, and since blue-gresn algae decompose very

slowly they can only be used the next yoar.

Under the influence of Sovlet research examining the
theory of non-nitrogenous rorcilizition (Vinberg, 1952) sclentiata
in Poland began to devote their attention to nitrogen fertilizers
(Danfellewski, 1957; Wrobel, 1960). Danieliewski's experimant
in the fertilizatlon of sxperimental ponds at Zlabenec station
near waruauiuith phosphorus and phosphorus in combination with

'nitrogon showed that after the addition of the nltrogen fertlilizer

&
the concentration of nitrites 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). Ee feols /85/
that smmonlum sulphate should not be employed for nltrogencus
fertilization of ponds because it is a physiologically acid
subatance, and the unavailabdble sou anion, accumulating in the
pond, reduces the alkalinity and displacea'the €0, from the
salts, as the result of which the buffer effect is diminished
and conditions are created for sudden fluctuations of the pH.
The author confirms these arguments with the results of his
own experiments in the fertilization of ponds with emmonium
sulphate which he conducte;;l between 1957 and 1961 in the southern
part of Poland {"Golysz" farm). During the rirst two years
the addition of 250 kg/ha. of ammonium sulphats and superphosphate
raised the yleldto 360 kg/ba., which was three times higher
than in the control pond. The accompanying phenomena were
water bloom, a high oxygen content during the day, and 3o on.
In the third year (1959) the yleld of the ponds fertilized, as
in the first two years, was only140f of the yield of the control
ponds, whersas the ponds which were ror‘éilized with srmoniunm
sulphate for the first time in the third year were more than
twlce as productive as the contrdl ponds, On the atrength of
theae data Wrobel feels that ammonium sﬁlphate is an unsultable
source of nltrogen for prolonged rertilization. of ponds. Cbrviously

Wrobel's conclusion relates cnly to water of low or average
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minerslization and does not conflict with the successful
application of armmonium sulphate in Izrael, where, Iin highly
mineralized waters, it must, for the same reasons, be regarded

as the most suitable nitrogen fertilizer. Wrobel alzo casts

doubt on the posaibility of using ammonium nitrate for the
fertilization of ponds because of the risk of denitrification.
However, ths author has falled to verify this point. Nevertheless,
since Wrobel admita that the need for nitrogen fertilization is
indisputable he suggests using ammonia water, consisting up to
20-25% of nitrogen and urea. Preliminary tests conducted at -
*Golysz” farm in 1959 showad that the addition to the pond of

150 1/ha. of 25% ammonia water caused alkalizationof the water

of the pond (the pH rosze from 7 to 7.6), but as far as could

be ascertained it had no detrimental effect on the fish.

Wrobel considers that in futurs ammonia water and solutions

of nitrogen-contalning zalta saturated with ammonia will be i
used as nitrogen fertilizars., Using the deta of Soviet scilentists,
Wrobel (1962) tested fractional doses of nitro-phosphorus '
fertilizers added stralight to the water over a period of four
years (1958-1961) in the ponds of the "Golysz" and "Landek"

fish farms. In thess sxperiments, in 1960, the author used

the bottle method of detsrmining the primary production of the
plankton of fertilized and unfertilized ponds. It discovered

a poaitive link between the quantity of nitro-phosphorus
Tortilizer and the pri.m‘ary production, and alaoc batween the
primary produstion and the fish yleld of the ponds.
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On "Golysz" farm several ponds Were fertilized for many
years in & row with supsrphosphate in quantities of 35 kg/ha. /50/

of P_O_. The fish yleld of the ponds did not exceed 250 kg/ha.

An iicfmaﬂe in the amount of superphosphate falled to produce
any further increase in the yleld. It is extremely interssting
that the yield of the same ponds wWas ralsed to 357;513 kg/ha.
when nitro-phosphorus fertilization was used, One kg of N + ons )
gave an additional inorease of 1.3 to 2 kg of marketable carp,

In 1961 Wlodek and Danieliewski (1;362) conducted production
tests in the fertilizatlon of ponds with ammonia water, Of
thirty-two ponds belonging to nine state farms in central Poland,
8ix were used for control purposss., Twelve were fertilized with
superphosphate in quantities of 250 kg/ha., and fourteen wWere
fertilized with superphosphate and nitrogen I‘er.tilizera, 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 portlons from the middle of May to the middlie of .
Augﬁst. The estimated concentrations wers 1.4 mg/l of nitrogea
and 0.6 mg/l of P,05. In the final assessment of the erroctivonll'l
of the nitrogen fertilizer seven ponds were ignored because
the feeding of the fish in them was incé;.'rootly organlzed. Out
of nine pond'u fertilized only with superphosphate, five had
an average increase in yleld ovoz" many years ranging from 9 to
196 kg/ha., and in the remaining four thers was a darop of 14=78
kg/ha. Out of eleven ponds fertilized with phosphorus and
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nitrogen fertilizers, the yield was 38-140 kg/ha. above ths
average of many years 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 indicste the relative
increasss or drops in production by comparison with the average .
of many years in the same experimentsl ponds, The authors
emphasize that no water bloom was observed in the control ponds
or the ponds fertilized only wilth superphosphate, whereas in
most of the ponds fertilized with superphosphate and ammonia

wator bloom was c&usled 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 aclentists in 1liquid ammonia

water a3 & source of nitrogen in the fertilization of ponds /51/

18 due to the fact that, in terms of nitrogen, 1t is half the

price of ammonium sulphate.

The teats of new types of artificial fertilizers conducted
by Polish scientists are highly interesting. In the experimental
carp fry ponds of “Ziabensc™ station in 1963 ekporimenta were
staged to determine the comparative effectivensss of awmonia
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water, urea, ammonium sulphate and ammonium carbonate {(Wolny,

1964 ).
the gams background of liming (1000 kg/he. of lime) and phozphorus

All types of nitrogen fertilizer wers tested twice agsizzt

fertilization (330 kg/ha. of superphosphete). The ammoniunm
carbonate was added to the ponds ir{nine dosss in & 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 theass conditions smmonia
water ax;d urea proved ineffective (ammonia water taken in .
large doses causes mass mortality offry). Wolny feels that the
effectiveness of the ammonium sarbonate is due to the successful
coupling in ‘its composition of two élements of phytoplankton

mineral nutrition - nitrogen and carbon.

In addition to the research on artificiasl fertilizers
Polish scientists have been making a study of different forms
of organic fertilizer. Wlodek even considers that "...0rganic
fertilizer must be regarded as basic and artificial ror_tilizor
as ancillary™ (Wlodek, 1956), because organic fertilizer is more
complete in its composition than artificial fertilizer, and the
path from organic matter to the finsgl object - the fish - is
shorter than from mineral salts. In expressing this view Wlodek
apparently forgets that ofganic 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 four -
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of the ponds of "Ziabensc” experimental station near Warsaw,
Wlodek (1957) tested manure taken in very large quantities (20
gentnars/ha. of dry subatance). He studied the effectiveness

of & single application before filling, and Qr five fractional
doses apread over a period of 25 days. For comparison a crop
of agricultural plants, which, as determined by ths 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.s. 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 compars the quantity of food organisms for /52/

the fish, but he failed to obtain clear-cut reaulta.

According to Wlodelk, twenty centners/ha. of dry organic
subatance (70 centn./ha. of moist substance) failed to harm
the gas regime of the ponds,

At the same experimental station (Ziabenec) & more
deteiled study was mades of the effectiveness of sowing ponds
with agricultural crops (Wlodek, 1957, 1958; Jasinski, Klimeczyk,
Rosol, 1957; Gurzeda, 1956; Paladino, 1954). The results
obtained proved to be aimilar to ths 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 thess papsrs
are examined in the chapter devoted to organic fertilizen.
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On the whole, fish culture in the Polish People's Republic
in recent ysars has clearly switched.rrom pure phosphorus
fertilizer, copying the German fish culturlsts, to combined
nitrogen and phosphorus fertilizer. Particular emphasis 1s
laid on the role of nitrogen in raising the fish productivity
of ponds, with references to the researoh of Soviet séientilta
kaieraltowski, 1961). Instructions have been compiled on the
use of 1ime and nitrogen and phosphorus fertilizers to suilt
the conditions of different parts of the country (Gleraltowski,
1961). It is eccepted that in future fertilization rates must
reach the following levela (in kg/ha.): K = 100, P « 50, and
1ime 750 (Wrobel, 1962).

In Gzechoslovakia 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
forms of green fertilizer., In recent years, under the influence
of the work of Soviet sclentlsts, the advisaﬁility of using
artificial nitrogen fertilizer has been widely disoussed (Lane,
195l; Bena, 1957; Havelka, 1960; Lanecek, 1961).

V. Suata (1953), drawing on a vast amount of statiatical
material, analyzed the effectiveness in Czechoslovakia of
different combinations and doses of lime and superphosphate,
and slso manure for the fertilization of ponds, As his oriteria

he used the increass in fish productivity and monetary expenditure
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per ceantner of supplementary growth of the fish. According to
his calculationa, combined organo-mineral fertilization of ponds
With manurs, superphosphate and potassium salt ralaes the yield
of fish by a factor of 2-2.5. The expenditure of fertilizer
per unit of supplementary increase in the fish yleld varies

within very wide limita. Averaged data show that in Czechoslovakia
some 4.5 centners of lims, 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 itas own in a quantity of 29 centners alsoc snsures

the additional growth of 1 centner of fish.

In the experiments of F. Havlena (1956) 1 ceatner of
pig's manurs 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 rsasarches of othsr Czech
authors confirm these data (Bena, 1957; gted_ronsky, Pokar, 1958;
Cernojev, 195L; Vaclavik, 1957).

In 1962-1963 worksrs at the Vodnany experimental

station conducted comparative ;xperimentu in the spplication

of nitrogen fertilizers in the culture of yearling carp (Janecek,
1963). Janecek stresses that prior to this artificial nitrogen
fertilizers had not been used in Czechoalovakia and that their
tests were begun under the influence of the successes achisved
by Soviet sclentists, The experiments were performed on small
plo}s measuring 2‘3 x 100 motres marked off in the ponds with

the aid of polyethylene tn:m. They tested ammonium sulphate
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and calcium-ammonium nitrate against a background of liming
and phosphorus fertilizer. Fractional weekly doses of
fertilizer applied in the form of a solution poured intc the
water resulted in a direct corrslation between the quantity

of fertilizer added and the increase in fish production. The
largest overall amount of fertilizer used was {in kg per ha)s
P,0¢ = 1Yy, N « 160. The maximum increase in fish production
was 608 kg per ha, as against 70 kg per ha in the control.

The difference in the effectiveness of the nitrogen fertilizers
toatod proved t;o be insignificant and was due primarily to

the fact that the amounts of fertilizer used wers not stristly

equivalent with respect to nitrogen.

Much of the research performed by Czech scienti.sts
has been devoted to assessing the effectlveness of green
organic fertilizer (Lane, 1955, 1957a, 1957b; Stedronsky, 195La,
1954b, 1955; Kastak, 1957). These papers examine the effsct
of sowing the bottom of ponds with agricultural crops and then
£1lling the pond., Recommendations are alsc made on ths use

of macrophyte ahrubs in ponds.

0f particular interest are the methods devised in
Czechoslovakia for the utilization of waste water from food
factories in rish ponds. R, Pytlik and Z. Swesc (1954) devised

nornma for the drainage of waste water from dairy factories

.into summer fish ponds. Then recommendations were made

sonceraing the utilization of waste water from sugar factories
{Pytlik, Votava, Benes, 1954), abattoirs (Pytlik, Dusek, 1956;
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Pytlix, 1957) and atarch factories (Pytlik, Lavicky, Kalina,
Mytiska, Dvorak, 1957). These researches were aimed primarily

at solving the problem of purifying the waste waters of food
factories., At the same time, their utilization in fish ponds /54/
with observance of the apbropriata norms of drainsage, linked

with obligatory abundant liming of the ponds (5_0 centnera of

Ca0 per ha), ralses 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 ressarchers
(Prcek, 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 yisld rises by a factor of L-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 asuggested
that composted peat could be used for the fertilization of ponds.

But nothing has been reported on the effectiveness of thia

compoat (Bena, 1957a).

In 1961 the mean yield of carp oulture ponds in Czechoslovakia
was 217 kg per ha (Zylaund, 1962).

In Hungary, manure, and especially pig's manure, is
widely used for fertilizing fish ponds. According to the
information available, 1t is deemed more sensible in Hungary
to use artifioial feed for feeding pigs than for feeding fish,
and to fertilize fish culture ponds with manure obtained from
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’ plg farms, especially as pig's manure is considered ineffective

for fertilizing flelds. Accordingly, it sesms, the attention
of sclentists in Hungary has been directed primarily to the

solution of problems connected with organic fertilization.

An original method of organic fertilization of ponda
was deviszed by E. Woynarovich (1956a, 1956b, 1956¢c, 1957).
The method consists essentlally in diluting pig's manure with‘
water and spraying the wash over the surface of the water with
a motor pump. Acco;-ding to the observations of the author, &
single application of 4-5 centners of manure per ha does not -
create a dangerous oxygen deficiency. The organic substance
decomposes 30 rapldly 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 sxamine this point in greater detail in

the chapter of organic fertilizers.

As far as we know, the Bulgarian literature since th_.
war consists only of two papers by M. Dimitrov (1959, 1961)
devoted to problems of pond fertilization, They examine the -
ndvisabilitf of using rigid plants as fertilizer. Ths suthor
made Interesting studies of the way submerged sheafs of plants
wWere populated by groups of aquatic animals, estimated their
numbers at various atages as from the time of introduction of
the plants, and cams to the oonclusion, coanfirming the results /55/
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of G.S. Karzinkin, 8.I. Kuznetsov (1956) and other authors,

that cut rigid plants can be used as organic fertilizer.

In Rumania papers on pond fertilization have £oan
published in recent years (Busnita, 1958, 1960; Popeacu et
alia, 1961 1, 1961b; Rosca st alia, 1961), which, with reference

to Soviet research, deal with the effect of complex fertilization
of ponds. l |

Popescu and his co-authors report on the resuits-or
studies made in 1960 of two ponds at the "Balaris’ fish Larm,
ons of which, with an area of 10 ha, Was overgrown with subnerged
vegetation, the other, with an aress of 7 ba, was free from
overgrowth. Lime was added to both ponds (0.5 tons per ha)
and they were fertlilized with relatively small doses of manure,
cut vegetation and artificial fertilizers added once or twice
at different times. 1In addltion, on the 25th of June the Lirst
pond was treated with three litres of a suspension of Azotobacter

‘chroOcoccum with a density of 158,000,000 cells per cubic

metre and 8.45 kg of biomass of Bac. megatherium var. phosphaticus

(phosphobacterin}, containing 400,000,000 cells per gram,

On the firat of August 6 litres of & suspenslon of azotobacter
(230,000,000 cells per ml) and 3.6 g of phosphobacterin (250,000,000
cells per gram) were added, The authors give the results of
nnalyaea of the water and bottom and of qualitative studies of

the phyto~ and zooplankton and benthos, Sharp Tluctuations

were ?xotod in the quantity of plankton and benthos, Because
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of the very largé waste (81.5%) the harvested weight from
the first pond -(230 kg per ha) was 3.3 times higher than the
planted ﬁeight. The harvest from the second pond, which was

fertilized much less intensively (bacterial fertilizer was

not sdded), was 535 kg per ha.

From the hydrobiological data obtained the authors
try to discover the reaction of the population of the pond
to each of the individual applications of various fertilizers,
and at the end of the paper they even make aome recommendations.
But in spite of the vast amount of materisl collected ths results

atill cannot be regarded as substantlated,

In the same year (1960) bacterial rortilizers'wqro
used at the Nucet fish-breeding statlon (Rosca ot alisa, 1961)
in & small pond with an area of 200 m® which had been 1imed
and fortilized with manure (5 tons per ha). Ancther pond
with an area of 2.5 ha Ihi had been fertilized with manure
and nitro-phoaphorus ‘ fertilizer, was used for control
purposes, The authors give some estimates of the number of -
cells of azotobacter and Bac. magatherium'in the watesr (azotobecter
was found only once) and in the 831t of both ponds, results of
analysis of ailts and estimates of the number of individunlg in
the different groups of zooplankton., The authors try to find
in their data signs that the becterial fertilizer added had
a beneficial effect. However, such |igna'aro complotelyl
unconvinoing, since the experimental and control vponda are quite
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different in size and conditions., At gll stages of the /56/

observations the number of all groups of zooplankton in the'
amall experimental pond was -5 times greater than in the
control pond. The biomass of bontﬁos in the pond, to which
biopreparations were added three t imes during the summer, wa;
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 experimsntal pond yielded 504 kg of carp per ha, while the
control pond gave 353 kg of carp per ha and 415 of cruclan carp
per ha. Therafore, the higher indices of the development of
food organiscs 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

a8 leas intensive conasumption of foogd organisms,

We can alaso discount the conclusions concerning the
rates of fartilization which Popescu and hias co-authors (1961 b)
arrived at with completely unjustified boldness on the strﬁngth
of & mere couple of attempts to use ths biological testing

method to determine the fertilizer requirenment.

In Soilesnu'’s paper {1960) on the results of thres years
of hydroblological study (1957-1959) of five fish-breeding
ponds he examines the question of the relation betwsen the food
sourcs and fiash yield of the pondas and the degree of development
of phytoplankton, which is closely bound up with the astudy of
the effect of 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
dirfer widely in different countries, Therse are se_voral me thods
of fertilizing ponds. Practical experience does not give a
direct answer to the basic problem - 1,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 fertilizers in sgrioulturs has long been
studied by agronomists, sclentists, and farmers. Corresponding
research in piscicultural sclence was Eegun mach later and is
being conducted with far leas expenditure. Nevertheless 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, 1s a complex
spatially dissected aystem in which the distribution and conversion
of the substancss added to 1t are governed by one set of laws
and conditions in the water mass, with its population of organiams,
and by another in the demersal region, and so on, all tho}.

phenomens being interrelated in a complex way.
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In agriculture, fertilizers added to the soil serve
directly as mutrition for the end product of agriculture - the
crop. In pond pisclculture they can only affect ‘the fish yilold
through complex trophic (food) interrelationships between the
organisms populating the body of water, The first link in this
food chain, or the first trophic level, is plants (phytoplankton
and macrophytes), which provide the primary yield, i.e. the
organic substance newly fomed as the result of photosynthesis,
The second link in the chain is plant-eatiné, water-dwslling
animals, for example those forms of zooplankton which fsed on
phytoplankton. The third 1link of the chain is animals feeding
on the creatures forming the second link of the chain. Suok
'peacoful"”'fiah as carp fesd on organisms belonging both to
the second and third links in the food chain., Of course, this :
greatly simplified schems inadequately reflects the trophic
interrslationships of the population of the pond. Por ex&mplo,“
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 ~/55/
the primary production of the particular body of water which 4
constitutes the original material and snergy resources of the
productlon process. In soms cases an important part may be

played by allochthonous substances, i.s. organic compounds which

enter the pond and form detritus, diuolvdsubsttnoas, and so

Olle
Organio fertilizer enriches the poand directly with

*ie. ﬂon’/’fﬁ‘dafor/ ' E ,
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allochthonous organlc substances, whereas minsrals fertilizers
improve the conditions of the autochthonous synthesis of organie

substances by plant organisms, mainly phytoplankton.

Pirst of all we must examine artificial fertilizers,
since their influence on the fish yield 1s exerted through
the first link in the food chain - primary production - and ia
transmitted to the f£inal link ~ the fish - through all the
intermsdiate links in the food chain, i.,e, it embraces the

entire production proceas.

Fish farming 1a concerned with obtaining the greatest
possible final yleld, and with highly effective fertilizers,
This means, firatly, that fertilizers must increass ths primary
production as far as poasible, and, secondly, that the primary
production muat be utllized as fully as posaible by food organisms,
and the latter by fish. The effectiveneas of the application
of fertilizers in fish breeding, i.e, the influence on the fish.
yield, ia compounded of the efficiency with which the substance
is uzed and energy of the food in all the stages in the production
proceas describsd above. The disturbance of any one of them
may lower the final effectivensss of the fertilizers added to
the pond, andeven deprive them of any influence on the fish

breading process.

It should ﬁo noted that in practical experiments in
the fertllization of ponds on fish farms the complexity of the
problen is generally not realized, Usually the inveatigators
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confins themasslves to piscicultural indices of the effect of
fertilizers, or undo'rt'ako traditional "complex™ studies in which
thsy use descriptive hydrochomic;al and hydroblologleal methods.
It is not appreciated that the data obtained with the aid of’ o
these laborious methods are inadequate for determining the ways
in which the phenomena described are connectsd. Poor uss 1s
made of physiological methods and ideas, and the results and
posaibilities of experimental msthods of investigation., All
this has deferred the formmlation of sn effective theory of

pond fertilization,

The present book gives a brlef resuré of our as yet
very incomplste knowledge of the individual atages of the action
of fertilizers, and examines the principles governing the physical
and chemical conditions of utillzation of fertilizers gddod to
a pond, their effect on primary produstion, on the production
of food organisms and on the fish yield, The initiel effect
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 1nt;nsir;cntion of the development of phytoplankton orother
plant organisms, i,e, whsn the initial effoct 1ia lacking, we
cannot expect the fertilizers to have sany effect on the fish yleld.
Honce, the inltial effect of fertilizers is an essentlal condition‘
of their pilscloultural effectivaness.

An original view concerning the way in ﬁhich u.rtiifiohl
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foertilizers act waa put forward by G.S, Karzinkin @d I.A.
Shekhanov (1957). Under laboratory conditions, with the aid’

of a phosphorus radjio-isotops, 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 dlrect beneficisl

effect on fish and thereby incresse the yield of fish in a
.body of wator regardless of the influence on primary production
and food conditions in-the pond. This view ocannot be considered

sufficiently substantiated.

The poassibility of ths absorption of ions of minsral
compounds by the gills and scales of fish doss not mean that
fish feeding normally and receiving a greast deal of phosphorus
in their food and excrating 1t in large quantities with metabolio
products, require additionsl phosphorus directly from the water

of the pond, in which it 1s in any case containsd in insignificant

concentrations, Of courae, we grant that under speoial conditions

" the absorption of minersl compounds of phoaphorus by fish

has some significance in nature also, although this has not
Jet been proved by anyone. But this ourious physiological
phenomenon in no way disturbs the basic view described gbove
that the effeot of fertilizers on the primary production and
the subsequent utilization of the latter in the food chain liss
at the basis of their placicultural effectivencas.

The uss of artificial fertilizers in ponds was originally
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based on the successful epplication of fertilizers in egrioulture,
whare ths chief rols is played by nitrogen, phosphorus and
potasaium. Therefore we nesd these same thres elements in tish

oulture also.

In European countries, phosphorus and potassium
fortilization of ponds has predominated for & long time. 1In
spite of this, there ara no convincing data proving the effective=
ness of potassium fertilization of ponds, which has been always
in doubt among a large number of fish breeﬁora. Thus, for
exampls, A.N. Eleonsky (1946) wrote: "It often happens that
when potassium fertilizers are added to a pond the productivity
of the pond is not only likely to rlse, it ‘may even drOp"'.

The belief in the necsasity for using posassium fertilizer
apparently stems from its use in agriculture, since it was not
realized at first that fertilizer requjrements and the principles
underlying their action in the soil and in water may dirfer

very substantially.

Artificial fertilizers exert a direct effact on J60/
phytoplankton. Therefore only those substances which bhyto-
plankton requires ‘in additional quantities under certain conditions
can be used as fortilizers to ralss the fiash yield of a pond.

As ragards potassium, there are no experimental data or thecrioal
arguments fo show whether, in natural conditions, it, like
nitrogen and phosphorus, limits the development of phytoplankton,
and thers are many reasons for believing that the opposite is
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the case. Thus, in his wsll-known atﬁdy of the mineral nutrition
of frresh water algae, Rodhe (1948) shows that a concentration
of potassium Iin the water of approximately 1 mg., per liter ia

sufficlisnt for the optimgm growth of Scenadesmus gusdpricauda.

Rodhe conaiders that a potassium concontration.of 0,2 to 3 mg.

per liter in ths water of the lakes of Sweden is not too little,
i.e. does not reatrict the development of phytoplankton, which

in these conditions is limited mainly by phosphorus and nitrogen
compounda. HB11l (1951) made a apecial examination &r the content
of potassium in the watsr of different types of lakes and showed
that it ranges from 5.0 to 6.6 mg. per liter in strongly eutrophic
lakes and from 0.85 to 1.9 mg. per liter in other Europsan lakes,
Hs alac 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 ths ecological physiclogy of fresh-water phytoplankton, comparsd
the quantitative development of phytoplankton with the content

of potassium Iin the water and cames to thes conclusion that there

is no connection between thess values, However, from his data

we can sse that vigorous development of phytoplankton cccurs

less often in lakea with a potassium content in thes water of

0.0} to 0.4 mg. per liter than in lakes with a content of potassium
of 0.4 %0 2, and more than 2 mg. per liter. A colleague at the
sams laboratory, Macksreth (1956}, after analysing data on the
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lon composition of fresh water, came to the conclusion that
potassium, like calcium, magnesium and scdium, doss not limit
productiqﬁ:r Barrett (1957) ‘points out that in fertilized
Michiga% Jakeswater bloom is often noted at a potassium content
of around Ilmg. per liter. This fact, and alsc the result of
observations of thes development of phytoplankton in vessels
containing water enrichsd with vserious quantities of potassium,

led him to conclude that potassium does not 1limit the development
of phytoplankton.

We find data on the content of potassium in the water
of fishfarm ponds in the detailed paper of Stesngenberg-Oporowsks /61/
(1961), who, on the basis of a largs 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 ias generally somewhat higher
in ponds then In the waters fesding them and increases from 5;r@7
to autumn. Thus,. it might be expected that the water of pondﬁ
contains more potaszsium than lake water. There iz all the less
reason for consldering 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 thia by
saying that the foregolng comments on the content of potassiun
in water relate to waters of the hydrocarbonats class with low
and average mineralization, the range of which snmbraces ths main
areas of European and North American pond cultﬁre. Naturslly in

waters of another caomposition, for example in waters of the chloride

s
i
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type, the raticas may be different and the content of potassium
much higher,

The problem of the importance of potassium as a
component part of artificial fertilizers haa been tackled
in yet another and perhaps more convincing way, i.e. with the
aid of bilological tests to determine the phytoplankto;'a nutrient
requirements, The principle and method of these tests have
been allocated a mpecial place In Chapter III.

The results of biological tests systematically carried
out in 1950 in many ponds on three fish farms situated in
different arees of Belorussls in which the water was enriched
with Kzsoh to a concentration of I mg. of potassium per liter,
showed that the addition of potassium to pond water both unenriched
and enriched with nitrogen and phosphorus fails to stimilsate
the viability and development of the phytoplankton, and even
kas a adverse effect (Vinberg, 1953). E.P. Braginsky (1951,
1958, 1961), who used the same method of biologicalhtesting on
Tkrainian fish ponds, confirms ths resultas obtained from the
Belorussisn ponds, Similar rosﬁlts were yislded by biological
tests conducted oﬂ the ponds of the Vimba and Shemailsa Nursery
in Krasnodar reglon by N.N, Khmeleva -and L.I. Tsvetkova (1959)
and on Letvian ponds by M.N. Matiasone (1962).

Thua, we may conclude that in spite of the important
role played by potassium in the composition of agricultural
rortilizgrs there are no grounds for considering it an essential

'
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element in artificial fertilizers for ponds. This shows how
different are the principles of fertiliration of ponds and

farm land.

Let us recell that in pre-war Germany, phosphorus-
potassium fertilizers wers used for fertilizing ponds, whereas
after the war pot;ssium 88lts were no longer used for thils
purpose (p. 9). In the American method of mixed fertilizers
potassium 18 included in the composition of the fertilizing
mixes, but this is merely a carry-over from igricultural

practices and not because its presence has been proved essential. 2/

As there 1s no Jjustification for using potassium salts
as artificiel pond fertilizers we shall ignore potassiun
fertilizers in the rest of this book.

As regards mineral compounds of phosphorus and nitrogen,
there i1s no doubt that theilr content in the water limits the
development of phytoplankton. Many sauthors have shown theat

the addition of phosphates and nitrogen compounds to water

Iresults in intenaified development of phytoplankton. Hence

in the overwhelming majority of cases these two particular
elements occur in minimsl 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 Pertillizers and the Phosphorus Cycle in Ponds.

Yeara of expexrience in the use of phosphorus fertilizers
for ponds would, one might have thought, have led to quitse
definite recommendations on the methods and rates of application.
and shown under what conditlons they are most effective. In
actual fact, however, the pisciocultural literatdre shows &
division of opinion on these questiona. For example, as
recently as 1953 P.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:
fphosphorua fortilizer, like lime, rmust be added to ponds as
often as possible, but not less than once every ten days". At
the present tims, there is a marked tendency to add fertilizers
several times, but this important question has by no means

been finally solved.

Many contradlictory oplnlons also exlst concerning the
conditions under which phoaphorus fortili;ora sre most necessary
and useful. For example, according to V.M. Il'in (1955), "on
podzolic and waterlogged solls and aanéy, sandy-loam, loamy and
argillaceous soils such phosphorus fertilizers as super-phosphate
ars less effective than on black aolla"., At the same time,

A.I. Isaev (1948) considers that phosphorus is requirsd by
"almost all types of s0ils, but particularly sandy-loam, argilla-
ceous-loamy, pesty and podzolic soils", This lack of uniformity
ig the recommendations reflects contradictory resultsz of the
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application of phoaphorus or phosphorus-potassium fertilizer,
which, as is now clear, did not always answer the fertilizer

requirements of ponds. : : /63/

At the present timo, when the previously prevalent
phosphorus-potassiunr fertilization L{s being replaced by other
systems of fertilization and increasing use is being made of
other methods of intenaifying pond culturs, the productivity
of which is incremsing from year to year, the conditions under
which fertilizers act are undergoing radical change. The rates
ané methods of application of fertilizers, devised undsr conditions
of extensive farming for a low yield, are unsuitable for intensive
pond culture with a high y;eld of fish, The new conditions
require the development of new criteria for judging the advis-
ability of applying fertilizers and asseasing their effectiveness.
For example, the exﬁarimentai ponds of the "Shemetovo™ fish farm
318 not respond to phosphorus fertilization, sand reacted very
weakly to nitrogen fertilization and very strongly to n;trogon-
phoaphorus fertilization (Vinberg, 1957). In'other words,
under these conditions superphosphate on ita own proved unnoc;usnry,
and, moreover, was guite superfluous in the same ponds as &

component in mixed fertilizers.,

At the present time only the general principles of
the newer and mors highly perfected syatems of fertilization
are known and it still remains to determine in what forms they
are most beneficial to different types of ponds situated in the
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different solil and climate zones of the Soviet Unlion. Thersfors
it is particularly important to discover the general principles
underlying ths cycle of the individual elements forming the
active principle of fertilizers, and this means in the first
place phosphorus and nitrogen. After having determined the
exact way in which the individual nutrients help to create the
fish yileld 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 forma of fertilizer necessary

in the specific conditions of particular ponds,farms and regions,
and will facilitate future study of special problems concerniné
the compositions, times, and rates og application of fertilizers

under different natural and commsrcial conditions.

Let us examine from this standpoint the part played by

phosphorus in raising the productivity of ponds.

The necessity for phosphorus fertilizer arises from
ths low content of phosphorus compounds in.the water, Therefore
it is natural to assume that the phosphorus fertilizer require-
menta 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 frequsnt more or less detailed
hydrochemical sxaminations have been made of unfertilized and
Tertilized fish ponds. By now a very large volume of hydrochemical
dgtn has been accumlated, but unfortunately only some of it
has been published. ' Jeh/
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In spite of the large scope of the studies conducted,
manuals on Tish breeding do not indicate the exact manner in
which the data of chemical analyéea c;n be ussd to determine
the fertilizer requirements of ponds., There is no indication,
for exsmple, what. content of phosphates in the water of a pond

necessitates recouras to phosphorus fertilization, or what

contsnt of phosphates is adequate, thus rendering fertilization

unnecessary. This seemingly paradoxical snalyses to judge &
pondls fortilizer requirementa, O0f course, ﬁhen 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

int he water of ponds remains within normal 1limits (hundredths

or a few tenths of a milligranm ber liter), it becomss extiremely
difficult to draw any conclusions whatsocever concerning fertilizer

requirements from the chemical composition of the water.

Many authors have shown that the addition o: 3 phosphorﬁ;
fertilizer - usunlly superphosphate -~ to a pond merely leads to
a very brief incréasa in the content of phosphates in the water,
which after a few days drops once again to a charncte}istic level
for the given body of water, which hardly differs from the original
lavel (Gaponenko, 1958; Vinberg, 1958; Ozeretskovskaysa, Smirnova,
1959a; Fel'dman, Prosyany, Sukhovii, 1961; Nisbet, 1951; Zeller,
1952; Hepher, 1958a; Miller, 1958a; Wrobel, 1960; Stangenberge
Oporowska, 1961).
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An experiment In bulk analysls conducted by five
specisl laboratories In Israel showed that after fertilization
with phosphate phosphorus, with the concentration being bréught
to 0.5 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 ths concentratlon of mineral phosphorus can be due only in
very small part to its consumptlon by phytoplankton. - The water
in the ponda of Iarsael has an alkaline reactlion and is highly
mineralized, and this facilitates precipitation and combination
of phosphorus. In other conditions the mechanism of the removal
of phoaphorus from solution is quite different, but the rapid
drop in the concentration of dissolved phosphorus after the

addition of fertilizera is a common phenomena observed everywhers.

Under certain conditiona the content of phosphates in
the water of fertillzed ponds may be even lower than in unfe;tilizod
ponds. This occurs for example when nitrogen-phosphorus
fertilization stimulates vigorous development of phytoplankton,
which very rapidly consumes phosphorus compounds (Feltdman,
Prosyany, Sﬁkhovii, 1961). This example clesarly shows that the
content of phoaphates Iin the water reflscts only the relation
between the rate at which they enter the water and the rate at
which they are consumsd and absorbed. A change in the content /65/
of phoaphates in the water showa that the relation of these
processes has changed, but it does not ensble us to estimate the
rates at which they take plsce, which for one and tho‘same

11k

content of phoaphates 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
st any given time in the water of & pond is very small by
comparison with the quantity contained in the composition of

the substance of hydrophytes, bottom-dwelling snimals, and,
particularly, in bottom sediments. According to Stangenberg
(1959), poor bottoms in ponds contained less than 0.1% phosphorus,
whereas rich bottomﬁ, for example peaty soils, contain from

0.2 to 0.5% and more (percentage taken from & dry weight and
expresses the content of phosphorus and not P205£ )e If the
bottom contains only 0.15% phosphorus and its moisture conteat

is 90%, then a layer of soil 20 cm. thick in 1 hectars of pond
contains 300 kg. of phosphorus., Even at such a high content

in the water as 0.1 mg. of phosphorus per liter, ﬁﬁo water in

a pond 1 meter deep contains only 1 kg of phosphorus per

hectare. As & rough guide, it is ussful to compare with these
values the quantity - of phosphorus in = harv;ated fish. Accprding
to the dabta of various authors the content of phosphorus in the
body of & fish is 0.2 to 0.6% of the raw weight., Assuming 0.L%,
we find that for a harvested weight of 1,000 ku per hectare the
bodies of the harvested fish contain L kg per hectare of phosphérua.

And 80, as we see, one hectare of pond bottom contains
hundrods of kilograms of combined phosphorus, whoroas the water
usually contains fractions of a kilogram, i.e. many hundreds'

of times less, This fact enables us to undesrstand better why
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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 PZOS have
added with superphoasphates, i.e. 13 kg. of phosphorus per
hectars. Compared with the total quantity of phosphorus in the
soil this is not so very much, therefore a large part of the
phosphorus added easily combines with bottom sedimsnts and only
& small part ia availabls to thé phytoplankton,

As we mentioned earlier, even more fertilizer is added

every ysar to the ponds of the United States and Israel.

That small part of the total atock of phoaphorus 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 phospi'zorus-containing
moleculs or ion is in a dissolved state for a limited period
from the moment 1t emerges from the composition of fhe organic
substances of the live bodles of organisms or ailt deposits
until the tima 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. f66/

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 phosphorus dissolved in.the water at any given tims
and availabls to the phytoplankton depends primarily on the
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conditions of phosphorus exchange bstween 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-isotope
PSL. 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 wAﬁ;h the aid of ordinary

analyses., If, for example, the content of phosphorus in the

.water remains at the same level for a long time this only means

that the rate of removal of the phosphorus from its dissolved
gtate and the speed at which it o.nters the water dr; oqual,' but
analyses do not show what these speeds are and how often the
quantity of dissolved phosphorus pressnt is renswed. The anawer
to the latter question is easy to obtain if wé add Pn to the
pond. Measuremant; of the radio-activity at different times
after the introductlion of P;l yield data from which we can judge
vhat part of the radio-active phosphorus added still remains

in solution ana at what aspeed 1t ia'being removed from solution.
In its chemical properti;pa the phosphorus radio~isotope does
not differ from non-radio-active phosphorus. Therefore the speed
of its oycle reflects the ateady speed of the phosphorus cycle

under given conditions.
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Interesting results obtaeined during the study of the
principles undsrlining the phosphorus cycle in bodles of water
with the aid of ?gz are generalized in the paper by‘Hayes»and
Phillips (1958). These authors examine the'concentra£ion of
mineral phosphorus in water as the sum total of continuous
exchange with phytoplankton and baqferia, wlth zogplankton, with
phosphorus-containing organic compounds dissolved in the water,
with m crophytes, and, finelly, with bottom sedimenta. In all
these different directions the exchange with dissolved mineral
phosphorus taekes place at different speeds. It is emphasized
that the exchange of dissolved mineral phosphorus with phyto-
plankton and bacterla takes place particulerly quickly, the
,.'tranzfer" time being astonishingly small - roughly 5 minutes.
St1ll fast, but not so fast, is the exchange with higher hydro-
phytes 1s still slower,. the "transfer" time of phosphorus being
8 few days. The exchange with the bottom of the pond is slowest,

since the phosphorus is retained most strongly.

Figure 2 i1llustrates an experimenf in which the phosphorus
radio-isctope was added to a pond, The experiment was staged ‘
in 1953 in small (roughly 0.1l hectare) experimentel ponds on the
"Shemetovo” fish farm in Belorussis (Vinberg, Godnev, and
Gaponenko, 1955), The results of the experiment are shown in
the figure in the form of a semllogaerithmic greph. The pbints
indicating the initiel phase of the experiment lay along a ,
atraight line on this graph. This means that in the first weesk

32
the drop in the concentration of P took place at a steady speed,
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Fig. 2 Totel 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 talken near the right bank).

In 2l hours the concentration dropped by 15,7% 1ntpcnd no.‘B,&nd
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 le_in the water
correasponds to the "tranafer” time of the phosphorous, which
equals 6.l deys in pond no. 3 and 5.8 deys in pond no., 5.
Subsequently, and apparently as thp result of the reverseé process
of the emergence of the absorbed 23L into the water, itas content
in the water dropped more slowly and considerable quantities

of P,, remained for a long time in solution. ' Later, in 1954,

32
2
the experiment was repeated, but P; was sdded to the water only
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in pond no. 3, whereas in the case of pond no. 5 granulated
superphoasphate containing PH was scattered over the bed of
the empty pond (Gaponenko, 1958)., Aas in thgcpreviou; year,
in pond no, 3 considerable quantities of remianed in the

water for & long time. For example, after two_vggek's the water

contained aspproximately 20% of the amount of added. By

contrast, in pond no, 5 only a small quantity ::r PJL - not more
than 3% of the dose added - emerged into the water, 'Eighteen

days after the pond has been filled there was no trace of P'n /68/
in the water. These data zhow that when phosphorusv fertilizers

are acattored over thes 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 forms .
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 hasz beesn poorly
studied and no light hes yet been shed on many of 4its important

tlpocts.‘

The absorption of mineral socluble coinpounds of phosphorus
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by the bottom sediments of ponds is governed by chemical and
physicochemical sorption procesees,. and by biological fixation

of the phosphorus entering the bodles of micro~organisms. The
absorptive capacity of silts is the greater, the finer its
component particles and the greater its total surface area, and
8130 t he more mineral and organic collolds the silta co'ntain.

Of groat importance are the chemical co‘mpoaition of the mineral
part of the silt, the reaction of the si'lt uoluti_on and the redox
conditions prevalling in it. Acid soils combine firmly with
phosphorus, the phosphorus in this case combining with sesquioxides
(aluminium, ion) to form aluminophosphates for example. 1In )
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 phosphorus

in the bottom, but on the ratio of P2°5 to A1203. More explicitly,
the main role is played by the ratio b‘etween tz?bjzontent of
phosphorus and the total of sesquioxides. (3203)/\, since many
bottoms contain more irmthan aluminum, and it plays an important
role in the combination of the phosphorus. Many riah-broodors
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, a3
aoil scientists will know. As regards the adsorption of the
phosphetes dissolved in the water on ferric hyd.roxidol , this
was domonstrated experimentally by Ohle (1937). Waers there
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is an acid reaction the phosphorus also combines with humie

acids.

When the reac%ion of the silt aolution becomesz more
alkaline, a change takes place in the physicochemical conditions
of tﬁe combination of phoaphorus with sesquioxides and humic
acids, and the phosphorus eaaily passes into solution., Accordingly,
equilibrium between the abaorbed and dissolved phosphorus is
achieved not at low concentrations of phosphorus in the water,
as for an acid reaction, but at much higher concentration. /69/
Thii is well illustrated by figure 3, in which, on the basis
of the results of Mackersth's experiment (1953), i; shown the
concentration of phosphate-phosphorus in water after agitation
62 250 ml, of surface silt from Lake Windermere and 3.5 liters

of water giving different reactions,

3

uilibrium concentrations of
ctosphate in the water, in mg/i.
-
s

.
.
3
Y

D

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 conditiona, at g pE of 6.8 to 7.0 equilibrium is
achieved at an insignificant level of phosphorus in the water
(approximately 0.1 mg per liter), whereas for an alkallne
reaction, as can be seen from the curve, 1t 1s achieved at i
concentration of 0,1 mg of phosphorus per liter and above.
The same thing, and this time only in connection with pond
ailt, was demonstrated by M.B. Fel'dman, V.S. Prosyany and
A.V. Sukhovii (196l1), whan they agitated air-dried silts and
buffer solutions and fo that & minimal amount of phosphorus
paséed into solution at? . As 1in the experiments of Mackereth,
when the water gave an alkaline reaction, the quantity of
phosphorus in the solution increased sharfly. Thus, the
neutralization and alkalinization of acid soils makes It
éasiar for the phosphorus combined with the soils to pass
into solution, and this ias achieved in practice.on fish farms
by liming acid pond bottoms. We find an illustrative exanple
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 mineraliza£1on ané 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 thet the addition of an extra smount of /10/
lime to the water facilitated the transfer of phosphorus from

silt to water,
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' of the water begins, Settling on the bottom, tl}e CaCOB particles
enrich the bottom sediments with calcium, This is accompanied
wr ) by a sharp drop in the content of phosphates In the solution,
(3 .
~ © 4 . . .
‘E‘é I e since they are precipitated in the form of weakly soluble
-t
‘5§ “r , tricalcium phosphate, Caj (POLL)Z' Hepher (1958}, after making /71/
55 T | a detalled examination of the conditions of the physicochemical
pegry - ’ v . ’
géé"” ' ANJ\/ 1 { / balance of the phosphate ions and calcium iona at different
-] : c L
§ § r l { pH values, caleulatsd the maximum possible c.oncentrntion .of
SH . L ! A ) , : . phosphate phosphorus in relation to the content of calcium and
T T o I z o . )
months the pH. The result of his computations as shown in fig. 5.
Fig. i The effect of liming on the enrichment of water with : w - <
phosphorus froa the bottom according to the observation g <
of Waters (1957) on & dystrophic lake with an acid 3 3 :
reaction. (the vertical dotted linas indicate the time g o
of liming). . \ @,
e) T \
- \ N
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However, alkalinization of the water and increasing S \ ' ‘K
2] ! g
the content of calcium only facilitates the pasaing .of phosphates E ' - . NN
= -
into solution when they do not exceed a given level. In alkaline o [ : -
highly mineralized waters containing much calcium the opposite :a o \\
-
occurs., Very strong alkalinizatlon of the water may be caused 4:§ - i
. @
by photosynthesis of hydrophytes. For exampls, it takes place é e ) .
’ F4 E R A Wy N AN
a3 the result of vigorous water bloom, when abundantly developed )
. . _ caleium content of water, mg/l
hytoplankton consumes the free CO, and bicarbonate ions (HCO ’ )
PRy 2 ( . 3)' Pig. 5 Maximum concentrations of phosphate ;;ho:phzn&:ri‘n th:
n water for different contents of calcium an aren
causlng an increase in the concentration of 003 lona. Under . water reactions.  (The straight linosiindic;tohthoh
~ estimated maximum possible concentrations of phosphorus .
these gonditiom. in sufficiently highly mineralized waters, ) in solution &t different pH values). (Hepher, 1958). .

the Ca and CO! 3 iona may become soluble and the poorly soluble

calcium carbonate 1s precipitated, 1.e. biogenic decalcification

¥ .
i.e. rich in mineral salts
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As we zes, at & relatively I:ﬁ%'o concentration of phosphate
phosphorus 1s still possible, at quantities of more than

0.1 mg. of phosphate phosphorus per liter are possible only

with a low calecium céntent, while at pH !0, e;ren at a iow content
of calcliun, the water cannot contain more than a few hundredths

of a milligram of phosphorus per liter. Thess computed values
colncide with the results of the laboratory experiments of

Eepher. According to Hepher, iz'x tho fish ponds of Israel, 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 dus mainly %o the factor we have Just examined.
Thus, the ponds in Israsl, the water and bottoms of which are

t_:oth typically alkaline, not only do not require liming, but

tend 1n fact to suffer from an excess of lime. Therefors,

Hepher (1958) auggests that 1t may be possible to replace /12/
superphosphate, with which approximetely half its weight of
‘calcium sulphate 1s added, by other phosphorus fertilizers
{"monophos, phoaphoric acid").

Since, under the conditions described, insoluble
phosphorus-calcium compounds form when thers is an alkaline
reaction acldification of the water tbrough enrichment with
froe carbon dioxide must help to keep ths phosphorus in aolution.
In this way Hepher explains a high concentration of phosphalto
phosphorus which he observed An the bottom layers of water of
& pond which was higher than the content of phosphorus near the

surface of the pond. 1In this case the carbon dioxide released
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by the bottom acldifies the water and facilitates the accu=-
mulation of soluble phosphates. Hepher links thislwith the
high content of phosphorus in the water of ponds to which
organic fertilizers are added im addition to phosphorus

fertilizer.

It seems to us that the direct effect of carbon dloxide
on the phyalcochemical conditions can c.mly partially explain
these extromely interesting observations. We must also take
into consideration the fact that micz.'o-organisms play a very
important role in the cycle of phosphorus. In the paper of
A.T. Rodina (1958a), N.V. Mosevich, 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 tranafer of phosphorus

from water-insoluble compounds to soluble compounds, for example
from triealcium phosphates to soluble phosphates, and on the
other facilitating the conversion of organically combined
phosphorus into mineral phosphorus. 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.2. Gak found
that the activity of the bacteria of both the third and second
group 1s atrongly stimulated whon orémic fertilizor is added
to the pond in the form of decomposing vegstation. Hence,
organic fertilizers, like organic bottom sediments , promote

a high content of phosphorus in the water not only by virtue
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of the fact that the decomposition enriches the water with
free carbon dioxide, but also because the presence of easily
&3similated organic substance fosters the activity and

propagation of phosphate - dissolving bacteria -

The characteristica of the cycle of phoaphorus in
highly mineralized alkalins waters with a high ealcium content
which have been studied in detail by Hepher, must in some '
degree also occur in the pondi of the southern zones of the
Soviet Union, where the waters ares highly mineralized and the
phytoplankton of the ponds develop s vigorously. /13/

In the central zone of the Soviet Union, where thea
waters are of average or low‘minaralization and the bottoms
&cid, as we have already noted, the exchange of phosphorusg
between bottom and water is quite different. In addition to
the factors already examined (content of segquioxides in the
bottom, the pH of the water and bottom, the calcium content)
the combination end release of phogphorus by the bottom are ’

st '
rongly influenced by the oxidation end reduction conditions

As far as the oxidation and reduction conditions are
concerned, submersed soils, 1,e, the bottonm sediments of water
basins, differ greatly from unsubmerged soils in that a far
greater part 1s played by anaerobic processes. Therefore, when
examining this aapect of the problem we cannot rely on ‘the ideas
formulated by soil sclentists, aince we are confronted with

phencmena spscific to bodiea of water, which have so far been
iyadequataly studied. - '
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In submersed soils, especially in deposits of silt rich
{n 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 ailts.
The substances taking part in the redox feactions 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 (Nﬁﬁ), and sulfur is

released in the form of hydrogen sulphide (st). When conditions
ensure profound anserobic decomposition of the orgsnic substances,
the result is the formation of me thane (CHh)’ in which carbon

is present in 4its most reduced form, and gaseous free nitrogen
(N,).

As a conaequence of the relatively low gpeed of
dirfusion in the agueous medium and intenai#o absorption of
oxygen, even when the surface of the silt 1s in contact with
water saturated with oxygen, it is only in the thin surface
layer of the ailt that oiidizing conditions prevail. As soon
as mixing'of the water in the bottom region diminishes and
stagnant conditions are created, the content of cxygen in the

layer of water dirsctly adjacent to the ailt drops and often

. fallas to zero., In that case roduction processes take placo

in the surface ailt and the boundary between the areas of
reduction and oxidation shifts into the nid-water. As we know,

in sufficiently deep sutrophic bodies of water the botton layers
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of water are dsprived of oxygen for the entire period of
winter or summer stagnation. In shallow bodlea of water such
prolonged perliods with stable stratification of water do not
generally occur. But even in shallow ponds on 'windless summer
days more or less long perilods easily occur when t.hare 13 some
slight difference in temperature between the warmer surface

layeraand bottom layers. In these conditions mixing is diffieult,

and for & while anserobic conditions are created in the layers ./74/

of water directly adjoining the bottom, 1In the life of the
pond thiz 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 prineiple by taking the

example of the link between the cycles of phosphorus and iron,

As we ¥now, bivalent ferrous iron forms compounda
which are esasily soluble in water (ferrous hydroxide PFe (OH)Z’
ferrous lron salts, etc.), whereas compounds of trivalent
ferric oxide - for example, ferric hyd‘roxide Fe(OH)3 -~ are much
more difficult to dissolve and are easily precipitated from
aqueous solutlons 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 & neutral and weakly acid reaction, for example pHe,
trivalent iron in the form of hydroxide (Fe(OH)B) is deposited
rron the nolution. As already mntioned, when this happens
pho:phn.to ions are adsorbad and precipitated together withthe iron.
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Fig. 6 Disgram explaining the effect of lron on the exchange
of phosphate ions between water and bottom sediments .
in relation to oxidizing and reduction conditiona.

This same process may be represented as the formation of a
poorly soluble salt FePOu, which 1s deposited from the solution.
Descending Into the reduction area, i.s. into layers of water
wilthout oxygen or silt deposits, the trivalent iron is again
reduced into easily soluble ferrous iron,thersupon releasing
phosphate lona. As & result, conditions are oreated in which
bivalent ferrous iron and phosphates can accumilate in the

oxygenless layers of water near the bottom.

When hydrogen aulphide is present in the silt ‘ /75/.
sclution or in the bottom water, tl;e ferrous iron combines
firmly with the sulfur to form insoluble ferrous sulphide.
As a result the ilon concentration of the ferrous iron drops,
while the phosphate ion remains in solution. As m')on &8 mixing

becomes more vigorous, the ions sccumulated in the bottom water,
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phoasphate ions in particular, are again distributed throughout
the water of the pond. The weakening and intensificatlon of
mixing in shallow bodies of water is due to variable meteo-
rological conditions, and this 1is one of the most important,
though not always duly considered, causes of the familiar
instability of the hydrochemical indices in ponds.

Hence, when the zilt is in contact with waterrich in
oxygen and the surface layer 1s oxidized, conditions favour
the combination of dissolvad 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,
racilitate the omergence of phosphorus into the water. Thus,
_ for example, in the laboratory experiments of Hayes (1955),
the rate of consumption of the phosphorus radio-1isotope PBZ
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 &bsorption
was much slower when an antibiotic was added. Furthermore,
it was conrim‘ed experimentally that it is not only the thin
.surtace layer of silt which takes part directly in the exchange
with the water. During the two weeks of the .oxpe?imonts, the
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absorbed P failed to penetrate more than 1 ml. into the silt.
Of course, in the conditions of & 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 results of fertilization with phosphorus

of a small lake in Scotland and accompanying laboratory tests.

According to Holden, the rate of combination of the
initially water-soluble phosphorus added to the lake must
follow & logistical curve, described by the squation

dm=K,S-m av - m
dt S v

where X' - 13 a constant;

m - is the quantity of phosphorus removed by time t,
per unit of surface of the silt;

S - maximum valus of m when the silt is saturated; " /16/
& - 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 S, 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 vto 0.14 mg. of phosphorus
per milliliter of raw mud. This means that & layer of mud with
& maximum thiclness of 1 cm, can absorb all the phosphorus

disaolved in & column of water 10 metres high, with & conteat
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of phosphorus in the water of 0.1l mg. per liter. Taking into
consideration this figure and his investigations of the rate of
decline of the concentration of phosphorus 1n the water after
fertilization with superphoaphate, Holden calculated that the.
absorbing layer of silt i1s 10 to 15 mm. thick, which 1s no more
than the layer of oxidized ailt which, according to Holden,
measured approximately 2 cm, Direct obssrvations of the
diatribution of phosphorus at different levels in a column

of 311t ahowed that after the addition to the body of waéor

of 30 kg. of phoasphorus 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 animals dwelling
in it.

Let us note that the condlitions influencing the mixing
of water above the silt and the silt itselfl are of prime
importance for the gquestion 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 Bbservation
of Hepher, who ststed that, all other things being equal, the
rate of decline of the content of phoaphorua in the water of
& pond stocked with fishwas perceptibly higher than in a pond
without fiah., But 1t cannot be concluded from this that
intensification of the mixing of natural water and muddying
of the water, alﬁays lead to & drop in the concentration of

phosphorus in the water. In most cases, where the concentration

- 13
of phoaphorus in the water is lower than the wvalue at which,
under given conditions, gquilibrium with the silt i1s achieved,
mixing will have the reverse effect, 1.e, the water will be
enriched with phosphorus., Only in these circumstances can we
expect an Increase in productivity from harrowing the botton
of a filled pond (Kopet, 1955). It follows that this method
may indeed lead to an increase in the content of nutrients in
the water in some circumstances, whereas. in others ths content

nay be reduced.

In the paper referred to sbove Holden showed that
only 6% of the total quantitj of phoasphorus combined with
the sllt passed into solution in a decinormal hydroehl&rio
acid extract: This led him to conolude that most of the
phosphorus entering the ailt is fixed blologically, 1.e. ‘enters
Into the composition of the bodles of micro-organisms. It
13 impossible to ;gree with this since not all the mineral
phosphorus passes into 0.1N. hydrochloric acld. Nevertheless
1t must be acknowledged that organic forms of phosphorus
play an Important role 1n its overall cycle. Unfortunately,
the hydrochemical research connectsd with the study of pond /11/
fertilization 1s, with a rare exception (Stangedberg-Oporowukl.
1961), limited to analyses to determine the content of
nmineral phosphorus in th? water and total phoaphorus in the
solla, Therefore, very little is known about the connection
between mineral and organic phosphorus in the water and soils

of pondas, In the s3ilts of a number of small lekes in the
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Velikiye Luki and Novgorod oblaatstand Lake Ladoga the content
of organic phosphorus was in most cases 15 to 30% of the total
phosphorus, but in some cases, for example in the ma}ginal
areas of Lake Ladbga, it constitutes as much as 4594 (Mosevich,
1954). Clearly we nmust sxpect a higher percentage of organic
phosphorus in pond silts than lake silts.

Usﬁnlly organic phosphorus is determined by the
difference between total and mineral phosphorus. Théro are
grounds for believing (Fatchikhina, 1948) that this difference

is not always due only to organic phosphorus.

] Flgure 7 depicts the results of examinations of total /78/
and phosphate phosphorus in the water of two ponds on the
"Shemstovo"™ fish farm {Belorusaian SSR), into the water of
which, on the 15th of June 1953, was poured superphosphate
(Vinverg, Godnev, Gaponsnko, 1955). As we can see, the phosphate
phosphorus remained et a low level for thp first monthoaftor
the addition of the fertilizer, and it was not until the
second month®that 1ts 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 aogond
month was the result of exchange with the bottom, In actual
fact, a3 was shown by analyses for total phosphorus, the conx;nt

of phoaphorus in the watef was high after fertilization, but
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Administrativewmit in the USSR — Translator.
SFrem g T it wodd eppoar Ehal mealh Should ke wue k

136

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 was
not only organic phosphorus but also the phosphorus of unprecipitated
tiny particles which was not revealed by the Aormal nmathod of -
deternining phosphate phosphorus, Apparently,'processos - '
possibly microbiologicel processes - occurred which gradually
converted this phosphorus into soluble minerai phosphorus.
Analyses for the total phosphorus in this cese provided a
better understanding of the dynamics of the phosphate phosphorus
in fertilizer ponds. ‘

Unfortunately, bscause of the absence of data it is

"difficult to determine whether such conditions occur frequently,

but the example given is sufficient for us te conclude that
the laws of phoaphorua fertilization cannot be understood

?} we continue to confine ourselves to determining the-
mineral water-gsoluble forms of phosphorus and ignore analyses

for the total phosphorus of suspended particles.

From what has been sald it follows that when large doses
of phosphorus fertilizer ars added to the ﬁonds the quantities
of phosphorus 1hvolved represent oniy a small part of its reserves,
which are present mainly in the bottom sediments and participate
to some extent or other in the blotic cyle 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 dalily 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 cyecle, and especially
by the conditions of exchange between the bottom and the water
of the pond. This process 1s depsndent on both the phyalco-
chemical and microbiological factors common to aubmeysed and
unsubmersed soilas (content of sesquioxides, pH, calcium content,

influence of pH on microbiological processes), and on factors

specific to submersed soils, in connection with the particularly

largs role played in them by anaerobic processes, To understand

the conditions under which the use of phosphoruis fertilizers 779/

is most effective we require a more profound systematlc study

of the-factors involved in the cycle of phosphorus in ponds,

20¢ -
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Pig. 7 Content of total phosphorus (1 and 2) and mineral
phosphorus {3 and ) in the water of a fertilized pond,
(Time of applicatlon of superphosphate indlcated by
vertical arrow) (after Vinberg, Godnev and Gaponenko,

1955).
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3.fﬁ1€?aésﬁiézfifigfilgzgrtilizers and the Cycle of Nitrogen
in Ponds.

Until recently nltrogen artificial fertilizers were
not used in pond culture in the Soviet Union. Aftsr Soviet
hydrobiologists (S.I. Kuznetsov, G.G. Vinberg, V.I. Zhadin,
I.V. Baranov e@ alia) demonstrated the effectiveness of
repeated applications of nitrogen-phosphorus fertilizers at
the bvegining of the fifties (page 126), this method of
fertilization was tested at VNIIPRKh/All-Union Pond Piscicultural
Research Institute/{Mamontova, Komarova, Kalish, -1959;
Mamontova, Komarova and Kalish, 1961; Hamontova, 1961, 1962;
Batenko, 1959; Batenko and Bakhtina, 1961, 1962; Bakhtina and
Batenko, 1961), at the Belorussian NIRKh/Fish-Breeding Ressarch

" Institute/ {Lyakhnovich, 1963a, 1963b; Lyakhnovich, Surinovich

and Astapovich, 1963; Lyakhnovich, Surinovich and Prosyanik,
1963; Prosyanik, 1963; Faktoroviéh, 1963), at the Ukrainian
NIRKh (Fel'dman, Prosyanii and Sukhovii, 1961) and at the

Latvian NIRKh (Tsulkurs, 1962; Volkova, Bun'kis, 1962; Okhryankin,
1962). The rescarch performed by these instibﬁces confirmed

the effectiveness of nitrogen-phosphorus fertilization of ponds.
This method is now belng introduced on a wide scale on fish
farms. Some authors have even lost thelr sense of proportion
where nitrogen fertilizers are 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 fertilizers, all
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European text-bocks and manuals on fish culture invariably

say that insufflecient ls known about the conditions under
which nitrogen fertilizers may be effective, that contradictory
results have been achlieved with them, and that they are relatiéely
expensive and in short supply. To a considerabla extent these
statements reflect the fundamental principles of the theory

of non-nitrogenous fertilization of ponds. Adherence to these
.dogmatic principles has hampered research into the regl factors
invelved in the action of nitrogen fertilizers and has led to
unjustified recommendations, scceptance of which has concealed
the useful effect of nitrogen fertilizers. We shall content
ourselves with citing just one highly typical example. A book
published in 1955 by V.M. Il'in, who considered that "all ponds
requirs phosphorus"”, contains the following sentence: "Ammonium
nitrate 1s added to the ponds only once during the entire
season”, How are we to underatand such a recommendation which
Tuns completely counter to the successes achieved in recent

yoars with fractlional and multiple joint applications of nitrogen

and phosphorus? Undoubtedly it is an echo of the views of the /80/

German school of Hofer and Demoll, who greatly exaggerated the
danger of nitrogen loss ss the result of denitrification. Without
any experimental data it was assumed on the basis of mere
speculation that the 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 artificlal nitrogen fertilizers must be added in winter,
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when the low temperature prevents denitrification. It is
impossible to understaﬂd what prevents denitrification when
gummer arrives, if, of course, we do not naively assume that
the nitrogen will be used blologically at the low temperatures
and remain in the "used" astate. In actual fact, of course,
during the growing season the atoms of nitrogen repeatedly

leave the modium and reenters the'cycle of biotic trunaro?mations.

Unlortunately 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 possesaion o{
the detailed knowledge necessary for an understanding of fho
mechanism of the effect of nitrogen fertilizers and for
substantiation of practical recommendations concerning thelr
use. To a considerable extent this is due to the fact that
attention has been devoted nainly to fish-breeding éndicaa
and their ultimate effectiveness, whereas hardly any special
study has been given to the general principles of the action

of fertilizers.

At any given time iIn the active biological cycls the
pond containas a small part of the total reserves qf nitrogen.
The quantity of nitrogen in the bottom sediments 1s very large.
The composition of the ash-free organic supstanco of the .
bottom sediments generally contains approximately 4% nitrogen
{(Kuznoetsov, Speranskaya and Konahin, 1939; Stangenbsrg, 1949).
Let us take by way of example silt containing 40% organic
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substances and having a moisture content of 85%. In this

case the top ten centimetres of silt alone in an area of 1
hectare contaln 2,400 kg of nitrogen. At the same time, sven
when plankton developa at & rate of 50 mg of dry weight per .
1litre, plankton containing 8% nitrogen dry weight will, for .
& mean depth of the pond of one metre, contain oﬂly about 40

kg of nitrogen per hectars, the body of fish (1,000 kg per ha)
about 25 kg, the organic substances dissclved in the water,

with their fairly high total content (L0 mg per 1itre for

54 nitrogen), roughly 20 kg, and the hydrophytes during their
period of peak development approximately 25 kg of nibrogén por
hectare. All in all, the active biotic cycle in this particular
case includes 110 kg of nitrogen per hectars, It is interesting
to compare this figure with the possible total quantity of

mineral compounds of nitrogen dissolved in the water. Even

if we take as high & figure as 1 mg/l for the sum of /81/
ammonium and nitrate nitrogen, it will correspond to only

10 kg of nitrogen per hectare for a msan pond depth of 1 metre,
and this is less oven 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 s0 forth, but this would not alter the overall result
that the mineral compounds dissolved in the water contain tena
of times less nitrogen than the livs organisms, whereéss the latter

in turn contain tens of times less nitrégon than the bottomssdiments.
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Hence we are faced with the problem of how tc mobilize
the reserves of nitrogen and how to use them more effectively.
In piscicultural practice the solution adopted is to create.
better conditions for the mineralization of the organic compounds
by way of liming, sestivation and other methods. Unfortunately,
very 1little atddy has been made of the way in whioh these 4

measurss affect the nitrogen cycle.

Let us examine the main stages in Fho nitrogen cycle.
The water of the pond generally contains a very small quantity
(for example tenths of a milligrem per 1itrs) of mineral
compounds of nitrogen in the form of ammonium cation (NH&)
and nltrate anion iNOf). Both these ions serve as the chief
source of nitrogen in the nutrition of the algae of the

phytoplankton and other hydrophytes.

" 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 auine
radical contains (NHZ) in a reduced state. The protein nitrogen
can only be reconverted to the mineral form as the reasult of
far advanced processes of disintegration or mineraliz&tién of

the protein molecule, which occcur microbiologicnll& in nature.

The nitrogen cycle differs greatly from the phosphorus
cycle since these two slements participate in completely differeat
ways in the metabolism of the live organisms. . The biochemical

processes of energy exchange include constant repeated 1inking
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and division of remnants of phosphoricascid from organic compounds.
Because of the lability of the phosphorus links, a considsrable,

and often large part of it, during a very short spaced time

_after the death of the cella, sometimes measured in ﬁinutes,

is easily liberated as the reault of fermentative autolysis
proceases and transferred tothe surrounding medium in the

form of phosphates. Golterman (1960) showed that after as
1little as five hours of fermentative autolysis in sterile
conditlons, without any aid from microorganisms, 9% .of the
total content of phosphorus in the protococcal alga Scenedesmus
quadricauda is transferred to the water, mainly in the form

of phosphate phosphorus. Later the autolytic splitting of the

phoaphorus proceeds more slowly, but even so, within a few /82/

‘days 70-80% of it haas passed into the water. Only a small

pert of the phosphorus, forming part of the nucleic acidas and
proteins, fails to separate during autolysis. As against this,
only 20-30% of the total content of nitrogen is libsrated

during fermentative autolysis, The nitrogen in the organic
substances ia attached by much stronger bonds than the phosphorus,
Therefore conversion of most of the nitrogen into a mineral

form 1s posaible only as the result of prorouﬁd microbiologiocsl

destruction of the organic mcleculos;

A3 Wwe have ssen, microblological processes also play
a certain role in the phosphorus cycle, which depends to a
large degree on physico-chemical conditions. In the nitrogen

cycls the microbioiogioal processes are definitely in the

1l
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 phoaphorus cycle.

In a body of water the protein compounds, under asrobic
and anaerobic conditiocns, are decomposed everywhers by varigul'
scattered saprophytic ammonifying bacteria, In the process,
part of the nitrogen of the proteins 1a released intc the
medium in the form of ammonium ion and part of it goes into
the ccnstruction of the bodios'or the bacteria. What proportion
of the nitrogen passes into the bodles of the bacteria and '

what proportion is liberated in the form of ammonium nitrogsn

depends in the first place on the relative content of nitrogen -

in the decompoaing material and on the carbon: nitrogen ratio

in it. When the decomposing substances contain much nltrogen
(C:N less than 20) the excess nitrogen is released in ths

form of ammonium nitrogen, If the reversse ho}da true, 1.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 proteins (C:N-
greater than 20), all the nitrogen will be used in the construction
of the bodies of.the bacteria, As wéa shown by the researchesa
of V.D. Konshin (1939), the lower the raticlor'nasimilnted forma
of carbon and nitrogen (C:N) in ailts, ths more of the total
nitrogen occurs in them in the form of ammonia. ‘Thq ammonifying

function is fulrilled by many species of anaerocbic and aerobic
saprophytic heterotrophic 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 released in the form of NH3' In ponds, aerobic conditions
prevail in the mid-water and In the thin surface layer of '
silt. In the ma;n mags of the silt anaerobic processes bring
about the decompoasition of the organic substances, go the
accompanimant of the generation of ammonia gas. The ammonium
nitrogen entering the water from the bottom sediments is an
important source of roplacement of the nitrogen compoun&s
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 amonifying 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 substences in the form of organic
fertilizeras leads to 2 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 organic substances and foster ammonification,

U6
i.e. the recycling of the combined nitrogen of the silt deposity.

The ammonium nitrogen‘(NH'h ion) entering the water is
immediately consumed by the algae of the phytoplankton, many
of which prefe; thia form of nitrogen to the nitrate nitrogen.
This is in line with the succesaful application of the ammonia
form of nitrogen in the shape of ammonium sulphate in Isrsael,

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 conversion of the reduced ammonium
nitrogen into its oxidized nitrate form. This process takes
place microbiclogically 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 firat
phase of the nitrification process is controlled by the nitrite .
microbs Nitromonas, the second by the nitrate microbe Nitrobacte?.
During the oxidation of the nitrogen a certain amount of energy
i3 liberated which is used by the nitrifying bacteria for thelr
worke Therefore they do not need to feed on organic substances,
i.e. they boelong to the autotrophic microorgéﬁiama. It is
frequently pointed out that the organic substances even hamper
their development, but this applies oﬁly to lnfge concentrations
of organic substances in medialrov the cultivit1on of heterotrophic

bacteria. Far asmaller concentrations of organic substances, such
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&3 may occur in natural waters, promote the development of

the nitrifiers rather than restrict it, since the decomposition
of the organic substances, for example organic fertilizers,

is gccompanied by ammonificaéion, and this creates the necessary
conditions for the development of the nitrifying bacteria,
Therefore the number of nitrifiers and the 1nten51ty of the
nitrification process increase when organic fertilizers are /84/
&dded to the pond., Nitrification, together with other
bilological processes, is stimulated particularly strongly

when artificial fertilizera are added 1p 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 ia possible within a wide range of reactions
from pH S, and even lower, to pH 12 and above. Conditions

are at their best for the activity of Nitrobacter when the
reaction is alightly alkaline. Nitromonas develops best when
the reaction 1s neutral, and ths pH 1limit for this specieé

doss not 1lie 30 far in the direction of alkalinity as with

Nitrobacter. Judging by the data of laboratory experimsnts

in which wers trnood the conssquences of the decompoaition of

8

plankton and other organic aubstances of animal origin, nitri-
fication is strongly linked with the content of calciuam in
the water, is sharply depressed even at 20-40 mg/l of Ca, and
practically cesses at 10-15 mg/l (Kuehl, Mann, 1955). Thess
data confirm that liming - when it leads to &n increase in
the content of calcium in the water, of course - besides
stimulating ammonification must also have a similar effect on
nitrification. 1In soils, nitrification, which results in the
accumulation of nitrate nitrogen, increases 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 anlon, unlike the cation Nﬂh hardly undergoes sorption

" and cannot escape from the body of water into. the atmosphere

1ike 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 denltrification.

As the result of denitrification, i.e. the process in
which nitrate nitrogen is reduced, the nitrogen of the nitrates
i3 converted into inert molecular nitrogeg.(Nz). In practice

denitrification leada to the loss of nitrogen.

The first phase in denitrification - the reduction of
nitrate nitrogen to nitrite nitrogen (N0'3-—€> Nolz) - may be
due to the nctiviéy of many different baoteria. However, the

reduction of the nitrates and nitrites to molecular nitrogsn
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is ceused by a few specific bacteria - denitrifiers (Pseudo-

monas, Achromobacter, Chromobacterium), which are heterotrophic

saprophytic bacteria, i.e. require to feed on organic substamces./85/

They have the ability, for the oxidation of organic substances
(respiration), to use either free oxygen, like ?ther heterotrophic
organisms, or the oxygen of nitrates and nitrites. Therefore,
when respiration can take place at the expense of ths free
oxygen present in the medium, denitrification, while possible,

i3 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 énvironment, a necessary condition for the
process of nitrate reduction is inadequate aeration”. The
question s further complicated by the fact that, for example,
the content of oxygen diasolved in the water may be high,

whereas at the same time conditions of a reduced oxygen content,
fostering denitrification, may be created within the decompoaing
particles suspended in the water. The impértance of auch
"microzones" wes demonstrated experimentally by Jannasch (1960,
1961), With the aid of a heavy nitrogen isotope (le) he found
that when molecular nitrogen was geﬁerated in the presence‘of
suspended particles in a culture of Pseudomonas Stutzeri, mixing
of the medium intensified absorption of oxygen and depressed

aitrification.

Denitrification is strongly linked with the reaction

of.the medium, Denitrification occurs most intensely when the
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reaction 1s mearly neutral and slightly alkaline (pH 7.0 ~ 8.2),
and practically ceaﬂeé at pH 6.1 and 9.5. Hence neutraliration
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 effectof 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 pénds, 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

thia question, asince the quantitative slde of denitrification

in fish ponds, as indeed in other bodies of water, remains
unknown. There is a pressing need for the organization of

appropriate special studies.

In spite of the absence of specific date, the opinion |
was long expressed, first in German and later in Russianmnusls
on fish culture, that denitrification in ponds proceeds at such’
& rate that it is senseless to apply nitrogen fertilizers. ]
A.G. Rodina (1958a), after thorough microbiological invastigﬁtion‘
of fish ponds in various regions (Krasnodarsk'region, Latvia,

Leningrad oblast) convincingly demonstrated ths incorrectness /86/

" of this extrems view, ths unsoundness of which had been pointed

out earlier in the literature (Vinbofg, 1952).
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Rodina showed 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
mnot 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 emmonium nitrogen has besn converted into nitrate
nitrogen as the result of nitrification. From this é{ows 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.

hctually, according to the data of Rodina (1958), after
the application of nitrate fertilizers to warm-water southern
ponds the number of denitrifiers is substantially increased
(Pig. 8). Hence denitrification is also intensified to some
axtent. In spite or.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
insignificent. 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 aoéium
nitrate is added", The process of denitrification in bodies
o water 1s usually restricted by a deficiency not only of

nitrates but also of easily assimilable organic subatances.
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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 cfeates conditions unfavourable for denitriricatim,

which in these cases is unable to prevent the rapid tssigil:tion

of nitrates by the vigorously developing phytoplankton. We

must agree with these observations and recognize that there are

no grounds for attributing too much importance to the nitrogen

loases.or fertilizers dus to denitrification.
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And yet it is incorrect to consider the problen

completely solved, We rust reckon with 'the fact that the

addition of nitrate nitrogen leads to a strong increass in
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the number of denitrificates, which 1s particularly evident
when artificial and organic fertilizers are added once only.
Speclal studies are required to detsrmine the importance of
the denltrification process in the Tertilization of ponds, not
only indirectly from the number of denitrificates but also
with the ald of methods giving a quantitative estimate of the

intensity of this process under different sets of conditions.

When conditlons 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 is no oxygen and there are far more
~denitrificates than in the water, which, it would seem, promotes
denitrification, this process is 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

cormpletely different process may occur, i.e. anaerobic fermentation

cf the nitrogen-containing substances, which, like denitrificatién.

results in the loss of nitrogen in the molecular form. This

phenomenon can be seen in certain highly productive and Tairly

deep ponds, in which, with intensive feeding of the Tish and

dense stocking, M('¢ fn:m the bottom sediments ‘
f:;z;;ZOn of bubbles GE_EEE) can sometimes be observed. This

gas may contain a gonaiderable amount of free nitrogen. Rough

calculations done by S.I. Kuznetasov (1952). for highly eutrophic
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small laltes - lakes Beloys and Chernoye - in Kosino showed
that considerable quantities of nitrogen can be lost in this
way. However, in correctly explolted 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 blotie cycle
because of specific characteristics of the metabolism of a /88/
few microorganisms, l.e. ﬁitrogen-fixers. Améng the aquatic
bacteria this ability iz possessed by aerobic bacteria of
the genus Azotobacter and the facultatively anasroblc bacteria

Clostridium pasterianum, which are capable of developing under

both merobic 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, 1t is consldered that Azotobacter plays the main part
in the fixation of nitrogen in bodies_of water (Kuznetsov, 1952;

Rodina, 1958).

The nitrogen-Tixing bacteria are heterotrophic, i.e.
they need to feed on organic substances. Accordingly, organie
fertilizers stiﬁulato the dqvelopment of nitrogen-fixers,
provided the other necessary environmental conditions exist,
Azotobacter can only develop withln a narrow range of pH values,
from 6.5 to 8,0. Even at pH 6.0, 1.6, in a.weakly acidic medium,
nitrogen fixation stopa, It 1s evident that neutrallzation
of the medium coupled with liming also intensifies this runétiop
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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 coﬁmonly among forms of Nostocales.
Among the planktonic forms this ability is shared oy some
(but not all) speciea of the commen genus Anabaena, and
Gloeotrichia. It is very important to remember that one of

the most common forms of Nostocales ~ Aphanizomenon flos-aquae -

which often develops in masses in fish ponds, lacks the abillity

to fix nitrogen. This incapacity is also shared by the widely
distributed mass specles of planktonic blue-green algas Microcystis
aeruginosa, which causes water bloom no less frequently than
Aphanizomenon flos-aquae (Fogg, 1953). .

The rough calculations of Kuznetsov (1952) show that
blue-green algae may play an important role in the balance of
nitrogen in a body of water. However, there is no quantitative
information on their active role in this respect under natural
conditions, It 1s possible that in some cases it may be great,
Thus, for example, Japaness scientists consider that blue-green
algae are highly important for the fertility rice fields. To
increass the rice harvest attempts have even been mads to breed

blue-green algae and "algalize" rice fields with them. It appears
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that Tree nitrogen fixation in paddy fields occurs as the
regult of a peculiar symbiosis of nitrogen-rixing bacteria

and blue-green algae with the same abillty.

Although the literature contains references 4o the /89/
offect that when blue-green algae bloom ths content of nitrogen
in the water rises {Aleev and Mudretsova, 1957), it should
nevertheless b? remembered that for the most part blue-green :
algal water bloom in ponds is due %o the development of

Aphanizomenon and Microcystis, i.e. specles which lack the

ability to aseimilate free nitrogen.

The biochemical mechanism of nitrogen rixatioh has
proved to be very similar in both blue-green algae and bacteria.
In particular this funotion is in both cases strongly linked
with the presence of sufficient quantities of molybdenum in
the medium. For Ansbaena cylindrica the optimum conditions

for nitrogen fixation in a nitrogenless medium exlst at

concentrations of 0.2 mg Mo/l and above (Fogg, 1953).

Nitrégen fixers, like other microorganisms, need calciunm,
phosphorus and several other elements, Therefore, when condltions
are fa%ourablo for their development, and there is Lnaufficiont.
phogphorus, the addition of phosphorus fertilizers is bound to
intensify the dsvelopment of nitrogen fixers and increase the
rate of fixation. Phoaphorus fertilizers do not always have
this effect by any means; it only happens in those cases uhor‘
it is an insufficiency of phosphorus and not othar.lnbatancOs
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which 1s 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 theae cases there is no proof that the fixation of
nitrogen can increase so strongly that a pond no 1oﬁger
requires nitrogen fertilizera. Moreover, there are many
reason3 for believing that this does not occur., For example,
biological tests to determine the fertilizer requirement; of
the water of ponds (page 26) revealed that there was &
particularly strong need for nitrogen fertilizers in ponds
fertilized with phoaphorus (Vinberg, 1953).

Of great interest are the data shown in Fig. 9. They
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represent the results of four years of systematic studiss

of ponds in Israel., As wWe see, the addition of phosphorus
resulted not in an ;ncrease, but in a drop in the content of
nitrogen compounds in the water of the ponds. 'This i3 easily
explained by the growing consumption of nitrogen by the phyto-
plankton, which developed vigorously;nder the effects of the
phosphorus rertiiizers. It appears that in this particular
case the fixation of nitrogen could not compensate for its
consumption., However, éhe impact of this eiampla 1s wenkened
by the fact that the concentration of mineral compounds of
nitrogen i; very high in the ponds of Israel, Under these \
conditions the nitrogenrfixing nicroorganisms .

are albe t0 satisfy their nitrogen requirements not only f}om

the free nitroggn but also from the mineral forms of nitrogen.

When the water contains sufficient mineral compounds of nitrogen '

the fixation of nitrogen becomes, as it were, supsrflucus.

The suggested depression of nitrogen fixatlon by /90/
mineral compounds of nitrogen, together with oéhar reasons,
has been used as an argument against the advisability of applying
artificial nitrogen fertillzers. It is impossible to deny that
artificial nitrogen fertilizers may to some extent depress the
rixation 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 tof nitrogen is
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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
atill have no idea what role nitrogen fixation plays, quanti=
tatively speaking. This problem, too, requires special studies
of ponds fertilized in different ways. )

As we can ses, 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
increass the quantity of nitrogen in the biotic cycle at the

oxpenses of the universal excess of molecularnitrogen. In

addition to this it would be very important to accelerate the /91/

microbiological proceases 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
Rumanlan research, we gave an example where unsound bacterial

fertilization of ponds falled 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 érfect of the fertilizers was'
determined only from the number of cells of the relevant
bacteria, which increased in the area of the fertilizer, Rodina
reaches highly important conclusions, She considers that,
firstly, only special preparations prepared from strains isolated
not from soillbut 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 not always but only in conditions ensuring the
development of the appropriate bacteria is of fundamental .
importance. Azotobactgr, 1like other microorganisms, are found
in gréater or smaller quantities everywhere. It would appear
that when conditions exist which favour the developm;nt of a
particular species of bacteria, this specles achliavea its

maximum poassible density in the medium within a short space

of time, If we considered this argument alons we should come

to the facile conclusion that bactez;igl fertilizers have
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nothing to offer and that all our effort should be concentrated effective occur leas often in an aqueous medium than in soils.

b
on the creation_or conditions favourable to bacteria whose Tt should be noted that in egriculture too, apart from

activity needs %o be intensified to Increase the productivity intragin - a preparation of nodulq bacterié which has completely

. T t .
of & pond here is & g?ain of truth in this, but in actual vindicated 1tself, but which cannot be used in ponds, the

b . .
fact the problem is much more complex Undgr natural conditions effectiveness of bacterial preparatlons i3 assessed very dif-

£
‘ the varlious forms of microorganisms are linked by diverse and ferently. S ing up the use of bacterial preparations in

complex symblotic and antibi lations which rmi :
cmplex sym and antibiotic relations which determine agriculture, E.N. Mishustin (1962) writes: "Azotobacterin and

the relative size and role of different physiologieal groups, phosphobacterin in bulk give a very small increase in the yield

«8, ammonifi it N
tee pifiers, nitrifiers, and others In these complex of field crops", and mentions that these preparations frequently

t t d b
cireunstances the addition of massive doses of bacteria of prove ineffective, but that when they do have an effect the

Fhe required apecies mey apparently in certaig cases be one increase in the yleld i1s no higher than 10-13%. On solls which

of the ways of shifting the balance in the necessary direction, are riech in organic substances, such as kitchen gardens, bacterial

or a% least sccelerating this process. ‘fertilizers are most effective, In additlion the author states

As we know, various bacteriasl fertilizers (nitragin, /%%/ that bacterial fertilizers cannot be regarded as analogues of,
azotobacterin, phosphobacterin, and others) have been suggested or be used to replace, artificial.rertilizers, but must_be
and used to increase the fertility of the soil. The experience used in conjunction with other types of fertilizer.

gained from the application of bacterial fertilizers, or mineral . These arguments obvicusly also apply o pond culture.

re?tilizers, in agriculture cannot be automatically epplied The effectiveness of bacterial fertilization of ponds requires

to the essentially different conditions of an aqueous medium. further study. Under certain conditlons it will probably

Tne soll 1s & medlum which, 1f not completely immobile, af prove useful in conjunction with other methods ofmaising the

least offers the particles limited scope for movemsnt. On the y1e1d of poads, but as far as we kmnow at present thére are 1o

other ds an agueous medlum in shallow ponds 1s constantly grounds for thinking that bacterial fertilization may acq ire

undergoing intensive mixing, whlch must certainly facilitate the importance of a basic method of increasing pond productivity.

the rapid diffusion of =all speciles of bacteria for which the

conditions are favourable. The latter argument persuades ua The cycle of nitrogen, as of any other individual

fh&t conditions under which bacterial fertilizers may be element, doea 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 (;ycle of nitrogen

in a body of water by examir{ing it separately from the cycle

of phosphorus. It is quite obvious that when 2 large amount

of nltrogen and an insufficient quantity of phosphorus enter

the cycle the former cannot be fully utilized and it will prove

to be in excess., The reverse will happen if a large amount 793/

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 1s not necessarily the same as entry
-into the body of water. It often happens 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,

S8imilarly, 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 phoapjhorus in the water occurred much more
alowly in the cases Where no 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 aiao

consumed P32 much more rapidly in the presence of ammonium

nitrate. .
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A striking example of the connection between tha.
cycles of phosphorus and nitrogen is provided by the fish
ponds in Israel, the chemistry of which has been thoroughly
studied (see Fig. 9). Here the waters supplying the ponds
have a very high content of nitrogen, meinly nitrate nitrogen.‘
As can be ‘seen from the figure, the content of nitrogen 1ﬁ
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
8t a relatively high level, whereas in ponds fertilized with
phosphorus it rapidly drops to much lower values, This is
ensily explained since the nitrogen is quickly absorbed by
the plankton when the phosphorus def’iciency i3 remedied. It
is particularly intereeting that the nitrogen content also
dropped rapidly in the ponds to wﬁich very high doses not only
of phoaphorus but also of nitrogen fertilizeér were added every
two weeks. Let us remembe;' that the hydrochemical picture
described relates to ponds whose fertilization resulted in rapid
development of phytoplankton and ultimately led to a high fish
lyield. This instructive example tells us & 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 specisal am‘alysia of the rols of
nitrogen and phosphorus made by Hepher (1962) on the basis of
the resulta of four years of study of the ponds of the Dor
experimental atation (Israel) led him to conclude that "nitrogen
has an indubitable effect on the fish yileld of ponds" under
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these conditions also. At the same time it was noted that

the nitrogen is effective in the apring and autumn seasons

and almost ineffectual in the summer season. Hepher explains
this by saying that water rich in nitrogenwms added in summer
and that blue-green algae were growing ih 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,

a3 can be seen from Fig. 10, in the ponds of Israel the
greatest effect is produced by phoaphorua, which is entirely

natural with such a high nitrogen content in the feeding waters
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and under the unfavourable conditions of the phosphorus cycle

described above.

Tt 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 vigoroualy developing phytoplankton
the content of mineral forms of nitrogen in the water soon

after fertilization is not higher but lower than in unfertilized
(control) ponds (Wiebe, 1930; Vinberg, 1958; Fel'dman, Prosyany,

Sukhovii, 1961).

These examples show how difficult it is merely on
the basis of the results of hydrochéﬁical analyses to judge /95/ -
a pond's fertilizer requirements. At any given moment the
concentration of nitrogen compounds in the wéter 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 nutrisnt in the water
is svidence primarily that under the given gonditionn that
element cannot be effectively used. Hence, when & high content
of nutrients i; maintained in the wéter with the aid of large
doses of artificisl fertilizers, this means that the fertilizers
being added to the pond are not being used effectively. Frsgueatly
f£ish farmers underestimate the complexity of the phenomena of
the biotic oycle of the nutrients determining the first stages

of the production process, and various methods of increasing
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ths yield of the pond are suggested without sufficient
Justification. This ultimately leads to a valn waste of

effort and means.

After our examination of the main polnts of the cycle
of nitrogen in the pond it would be a good idea to 1ist the

chief processes of which this complex phenomenon is composed.

1. The consumptinn 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 animals with subsequent biochemical

changes in the aasimilated nitrogen-containing organic subatances.

3. The various biochemical processes involved in the
matabolism 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 simpls compounds

available to the plants.

4. Bacterial decgmpoaition 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 1s
converted into the ammonium form (sammonification) and some
passes into the composition of the bodlea of the bac’corin,
which in their turn may be consumed by animal filter feeders

and detritus eaters.

168

5. Nitrification, i.e, bacterial oxidation of ammonium

nitrogen into nitrate nitrogen.

6. Denitrificetion, taking place under certain conditions
and leading to loss of nitrogen, 1.e. to a drop in the quantity
of nitrogen present in the btdotlec cycle.

7. The reverse process of fres nitrogen fixation, which '

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, 1%t is still imp(:ssiblo to assess the quantitative /96/
aspect of these processes. Because insufficient study has
been made of the cycle of nitrogen, and, incidentally, of othar

nutrients also, we ars not yet in & position to control these

* complex phenomens and direct them as we require. The solution

of this problem would enable us to increaase the yield of ponds
substantially without recourae 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 md profound studies
directed to;wards the formulation of scientifically substantiated
conceptions of the principles underlying the dlotic cycle of ,
nitrogen in ponds. Lo '
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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 fish yield, the experience which hes 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 under normal,

i.0. the most commonly encountered, conditions unless they are
used in conjunction with phosphorus fertilizers. This conclusion
is confirmed by the results described below of biologlical teats
to determins the fertilizer requirements of water in ponds.

Thus the practice of applying mixed nitrogen and phosphorus
artificial fortilizers 1s fully Jjustified,

Theoretical arguments can also be adduced to support
the practice of fractional multiple domes of nitrogen-phosphorus
fertilizer. It 1s supposed that with this method of application
& 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 promots
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
considerations and not on experimental data. The comparative
effoctiveness of single, double or multiple doses of nitrogen-

phosphorus artificial fertilizers has as yet barely been studied.
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Such studies should therefors be instituted on an

appropriate scale in connection with highly productive ponds.

The complex, though highly important, problems surrounding

‘tho application of nitrogen-phosphorus artificisl fertilizers

in conjunction with organic fertilizers, coupléd with simultaneous
feeding of the fish, will, together with the question of

frertilizer dosss, be touched on in later chaptqra on the initial /?7/
effect of the application of fertilizers and their inrlugnco

on the food aupply and fish yield of ponds.

The rates and methods of fertilization must be estnbliahnd
on the basis of a knowledge of the general principles govorning
the action of fertilizers in conformity with the natural
historical cha;acteristics of ponds, the level of intensification
of pond culture reached, and the ways in which the ponds §re

managed.

Y. 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 intenaive forms of pond culturof,
In highly productive ponds, partioularly when the fish 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. EHighly eutrophic
and effectively fertilized ponds are characterized by pronounced
daily fluctuations in the content of dissolved oxygen in the

water.
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Pig. 1l181lustrates ons of the many examples to be found in

the literature. When these pronounced dally fluctuations occur
there is a real dangarof morning oxygen starvation of the fish,
After examining this quesztion, ﬁ.H. I1'in and his coauthors
(1953) come to the conclusion that "with an annual increase

in the density of stocking in carp ponds and intensification

of culture in the summer months the ponds inevitably become
deficient in oxygen. Thus, in highly intensive culture the
oxygen regime is the main factor restricting further intensi;

ficatlon and augmentation of the fish yield of ponds”.

This necessitates the institution of apecial expenaive
studles to develop various methods of artificial seration of »
the water with the 2id of sprinkleras, bubbling (Il'in et alia,
1958} or other mechanical aeration techniques (Sphet and Fel'dman;
1961). Meanwhile, artificial fertilizers may be a powerful
means of maintalning a favourable oxygen regima. Comments to
this effect have already been made in the literaturs (Barantov,
1953, Mamontova, 1961). However, no special study has yet

been made of this problem, nor has it been examined from the

quantitative angle.

We shall not Eouch on ell the factors of the oxygen
regime of fish ?onds, which are discussed in papers specially
devoted to thia topic (Sphet, Fel'dman, 1959, 1961; Shpet, 1961;
Il’in et alla, 1958), nor shall we stop to analyse ths causes
of the daily fluctuations in the oxygen supply, which has been
done in another paper {Vinberg, 1955, 1960). Instead we shall
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confine ourselves to an examination of some ideas which will /98/

help us to assess the importance of fertilizers to the oxygen

regime or‘ponds.

The fish breeder is raéed with an immediate problem
whon the oxygen content drops in the morning hours to very low
values or even close to zero. During the night the oxygen
content of the water falls beéauée of the cessation of the
photosynthetlc aeration of the water, which in the daylight'
hours 1s compensated by the continuous process of oxygen
consumption by the miérorlorﬁ in the water and surface layers
of the bottom, by plankton, and so on, It i3 less well known
that the cessatlon of photosynthesis is not the sole reason
for the drop in the oxygen content during the night. In highly

" sutrophic ponds with vigorous planktonic growth and intensive

absorption of oxyéen by the bottom sedimentsz the daytime
continually brings a pronounced vertical stratification of

the oxygen content, pH and other hydrochemical components (01ifsn,
1928; Sivko, 1961 and many other sources)., This well-known

ract shows that on sunny days in summer, when thes surface layers
of water are heated by absorption of solar radiation energy,

the mixing of the water 1s renderad so dirficult, even in

shallow ponds, that pronounced stratification of the water occurs.
Owing to this stratification, in daytime on sunny days gaseous
_exchange with the atmosphere and the bo£tom sediments 1a greatly
reduced, and in extreme cases practically ceases. ?h‘re is no

doubt that under these conditions "arrears of oxygen" sccumulate

. —
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in th? surface layers of the bottom sediments and the adjacent

water, creating a strong deoxidizing medium.

At night there 13 thermal and well as wind mixing of
the water due to the cooling of the surface layers, which extends
deeper and dseper in ths course of the night., The tl;ermal
mixing facllitates gaseous 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 mixiné
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. Whsn the daytime vertioal
stratification of the temperature is sufficiently distinct
nocturnal thermal mixing reachss 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 emount of oxygsn, and the drop in the oxygen 799/

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 1z thoroughly mixed., In these cases the rapid loss of
oxygen from the watermy be due to the fact that in the warm
windleas days preceding the cold spell the nocturnsl thai'mal
nixing did not extend to the bottom (this even occurs in shallow
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ponds), so that large "arrears of oxygen" acoumulated in the
space of a few days in the upper layers of silt and the adjacent
water. Apparently the mechanism in question play's a large parf;
in the creation of oxygen starvatlon phenomena, which, as has
been pointed out more than once, occur when the weather changes,.
Only = few authors {(Newell, 1957) have noted that ths mixing

of the water may result‘.in‘ su'ffocation.‘ Frequently these
phenomena have been described without an explanation of thelr
true nature. Thus, for example, V.M. Il!'in and hils co-authors
(1958), after observing summer sufrocationr note: "The windlass
sunny wWeather in the second half of August helped to create a
state of 3uffocation‘ in the body of water on the 20'th' and 2lst
of the month, and this was accompanled by losses of rish",

From Table 2 in their paper it can be seen that cooler weathor’
arrived on the 20th of August, In the same paper we find &
description of a case in which the oxygen content in the water
of a pond suddenly dropped and within ten minutes "there was
an abrupt change in the weather; a strong wind rose and a
thunderstorm threatened. In the bonds the oxygen content
dropped to 2 mg/l as agalnst 3.7 mg/l. This may have been the
result of a sudden change in pressure”. It 1s impossible to
see how a drop in preasure could have had anything to do with
it, but it 1_5 quite natural to aasume that in this case too the
main factors were mixing with the oxyéon-doricient bottom layers
of water and the contact established with the bottom sedimenta.

When sufrocation,bogins to occur after a change in the

* 'Deo;,] eaalion
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weather i1t is usually asasumed that cooling or somes other effect
cgusea the"death of the phytoplankton", which in turn led %o

a sudden burst of bacterial oxidation. Such‘phenomena are
apparently poasible, but nobody has yet succeeded in detecting
them through measurements of. the rate of consumption of oxygen

by the water, or other data of direct observations.

As we see, in each individual case morning suffocation
of fish 1s due to a combination of a number of factors which
awalt specific analysis, taking into account the conditiona
influencing the actlivity 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 abzorption of oxygen by the bottom sediments, and

80 on. A clear understanding of the mechanism of the occurrence

of suffocatlon wlll assist us to devise and apply counter measures

when suffocation i1as both possible and probablas., 4 discussion

of this special problem 1s 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 showa the published results of G.I. Sﬁpet and
M.B, Fel'dman (1961) of observations of the daily fluctuations
in the 1e§el of oxygen dissolved in the water of two ponds on
the "Nivka fish farm. In both cases the dally variations were

of practically the same mgnitudo, but as can be seen from the
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rigure there was no danger of suffocation in pond No. L, since
the average saturatlion of the water with oxygen 1n twenty-four
hours was much higher than in pond Ko. 6, in which the right

combination of circumstances made suffocation both possible

and probable.

This in.;.tmctive example illﬁstrntes an extremsly
important general principle. The possibility of the occurrence
of suffocation 1as determined not only by the spread of the
deily fluctuations, 1l.es. by the magnitud_e of the difference
betwsen 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 dally saturation of
the water with oxygen is sufficiently high, the danger of
suffocation is removed or improbable.

Hence we must dlscover what the mean daily oxygen

saturation level depends upon and determine whether it can /101/

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 i1t 1s less than 1004 the pond is

enriched with oxygen from the atmnspherel.

It is quite evident also that the ponds glve 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
cn average the pond yields up oxygen to the atmosphere during
the day this means that newly-formed organic maéerial has
accumulated in it In anamount strictly proportional to the excess

quantity of oxygen. However, when on average during the day

1

Strictly apeaking it is not quite correct that the direction
of the gaseous exchange changes at a mean daily saturation of
1204, If we bear in mind the lower values of the gaseous
exchange constants in the daytime (see above) it is easy to
ses that the direction of thé gaseous exchange during twenty-
{83; hours alters at a saturation level of slightly above
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the water is undersaturated with oxygen and the pond recelves
oxygen from the atmosphere, destruction processes are in the

ascendant, i.e. a negative balance of organic materials prevalls.

A negative balance of organic materials is possible
only when organic materials enter the pond and are destroyed
there. This happens iﬁ figh éonds when organic fertilizers
are added and the fish are fed. But in these same ponds
phytoplankton 1s developing intensively, and this is coupled
with the formation of new Qrganic material as the result of
photosynthesis, To be abl& to understand these.complex -
phenomena we rust first examine the general direction of the
conversions of matter 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
solely %to artificial foods or in general to alloghthonous

gubstances,

‘ With the autochthonous production process the phyto-
synthetic assimilation of carbon dioxide and the consumption
of mineral salts results in the formation of the subsatances
of the bodies of the plant organisms and the release of an
equivalent volume of oxygen. In the subsequent 1inks of the
food chains a large part of the primary production is subjected
to oxidation in the energy exchange processes of the hetero-
trophic organisms, 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 uﬁdergoas destruction, the same
amount of oxygen is expsnded on oxidation as was generated
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 i3 less than the primary
production during the same period.

The enrichment of the water with oxygen as the result
of photosynthesis is inevitably accompanisd by an increass 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 consequsnces. When the primary production
is not consumed for some reason or other and it helps to swell
the blomass 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 organlsms 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 fu;ly consumed
by the fish; only the biomass of the fish increases. For
example, suppose £hnt}tho primary producticn under these
circumstances is equal to 10 kcal/m2 and the increase in the
biomass of fish during 2l hours 1s 0.5 kcal/mz, while thov
remaining 9.Sknn1/m2 13 dispersed in the process of exchange
with the fish, food organisms and bacterlia, When the on?iehmont
of the water with oxygen is (0.5 kcal/mz)g (3.4 kecal/g0) equals
0.15 go/mz, i.e. at a maan'dgpth of the ppnd.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'b;omags
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 ths assimilated food, while 75% of
the energy of the assimilated food, i.e. three times‘ﬁora, is
dispersed in the process of esnergy exchange. If the incrsase
dus to the feeding is squal to S kg/ha per day, i.e. 0.5 kcal/m?
per day, then the consumption will be 3.0.5 keal:3.l keal/go
equals O.hli g0 per square metre per day, As we see, the incresse
in the blomass of fish due to artificial foods is accompanied
not by snrichment of the pénd with oxygen, but by depletion.
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Let us note that the estimated quantity of oxygen consumed
(0.4l 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, 1.e'. primary production

and natural foods, In addition, with artificial fee‘ding

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 fee ding and organiec
fertilization are practised photosynthetic processes also take
place simultansously, ensuring aeration of the water. The
mineralization products (COZ' NHb', ete.) 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 photoaynthesis .
and formation of new organic materials. This is evidently
one of the chief reasons why "tis higher the degree of intensi-
fication and density of stocking with fish the more vigorous
the water bloom" (Il'in et alia, 1958). The photosynthetic
assimilation of the mineralization products of foods and organic
fertilizers partially offsets ths 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 benefif.s derived from the foods under the

most favourable cohdit-ions a.re not much greater than when the
aubstance of the food is used only once., Hence, the partial
asaimilation of the rooql 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 bj 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 rapldly and economically when the bilomass of the photo- /104/
synthesizing organisms themselves - unconsumable algae =
increases., But a useful effect of this nature can only be

achieved for brief apells, whereas for long periods we should
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require sbsurdly large asccumulations of phytoplankton., A
lontherm 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 vonclusion
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

same time also ensure the greatest effectiveness in respect

of prolonged/maintenanca 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 materlsls of the organisms produced, as
though assuming that they have the same composition and
caloricity.

-

Now we muat make the necessary corrections.
Let us imagine that a certsin quantity of organic
matter enters the pond with the food or fertilizers and undergoes

destruction, and the mineralization products (COp, NHu and others)
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are fully utilized by the photoaynthesizing organisms and .
serve for the construction of new organic substances, If
the nitrogen-rich organic substances (food or fertilizer)
sdded 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 assimllatlion of all
the carbon of the mineralization products. This excess of
nitrogen enables the phytoplankton to construct more orgaﬁic
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 ffoe carbon dioxide
dissolved in the water, or bicarbonates. Acccrdingly the
wnﬁer will be enriched with oxygen, the content of COp and
HCOy will drop, and the reaction of the water will shift in
the direction of slkalinity.

The opposite changes will be observed in the medium
when material with a low nitrogen content is added the pond,
1.e, material with a higher C:N ratio than the material of the
newly forming organisms. This case 1s of particular‘intereat
since it approximates the conditions §rising when the fish /1057
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 leas nitrogen than i1s neceasary for the photo-
synthetic assimilation of all the carbon of the mineralixation

products. Under these conditiona the photosynthetic construotion
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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 strongest possible photosynthetic aeration, we must

add the misaing 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 accampanied by the addition of nitrogen-
phosphorus artificial roftilizers. In addition, to increase
the effectivensss of the nitrogen-phosphorus fertilizers they
rmust 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 bs played
by dirreregcea‘in the level of oxidation of the substances
being destroyed and produced. This can be determined for
exaxmple from the corresponding magnitudes of the coefficlent
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of respiration (CR equals 001:01), i.8. 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 oxidatlion.
Only when the CR's of the substances oxidized and produced are
equal are the generation and absorption of CO, and oé during
oxidation and synthesis compensated. Howevef, the possiﬁlo

differences in the CR's are relatively small.

The ratios we have been discussing can be summed up
briefly by saying that & meen daily saturation of the water
with oxygen of close to ioo% corresponds to a atate of balance
in the processes of synthesis and destruction of the organic
substances, i.e. a considerable degree of reversibility of the
biotic balance; while large deviations.from 100% .saturation
correspond to a sudden predominahce of the processes of

primary production or destruction, which is always undesirable.

0f course, the general arguments put forward fall to

convey an idea of the overall complexity of the actual procosa;l
: 1

taking place in the body of water, where at any given moment

the relation of production to destruction may depend to a
conalderable degree on the different speeds of these processes
and not on the final states which have just been discussed.
Nevertheless, the thaoretical analysis made has demonstrated
the deep organic connection between the oxygen regime and the
processes of syntheals and.dostruction'or the crganic substances

in a body of water, through which the artificial end organlec

06/
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fertilizers achieve their effect. :

v

All this leads us to the important conclusion that

the conditions ensuring the beat utilization of the substances .

added to the pond to increase the yield of fish and the
concitions necessary for maintaining the normal content of

oxygen in the weter coincids, To maintain a favourable

_oxygen regime for the fish very cheaply through thes use of

artificial fertilizers in the face of heavy oxygen consumption
dus to dense stocking and the addition of large quantities

of foods or organic fertilizers, we must ensure that the

fish yield obtained through thé use of artificial fertilizers
1s the same as or greater than that obtained with the aid

of feeding.

5. The Importance of Liming for Pond Fertilization

Artificiel fertilizers produce a useful effect only
in ponds which have been pr-eviously prepared for culture,
They are brought to this state by the usual ameliatory measures
{control of excessive plant growth and marshinesa, anestivation
of the ponds and liming of the bottom, etc.). Here thers is
no opportunity or need to examine each of them, and we shall
deel only with liming, since 1t has a close bearing on the
fertilization of ponds. Often, especially in the German
literature, thers 1s mention of "ecalcium fertilization®
(Kalkdlingung). 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 1s complex and a distinction st}ould be
drawn between the various consequences. Many authors are prono‘ .
to view liming on the one hand as an amellorative measure,
helping to improve the physico-chemicsal conditions of the
medium, and on the other as fertilization, i.e. the addition
to the body of water of a ]‘.acking nutritive element. The
latter is Justified by the I‘ac;t that aquatic organisms need
calcium salts, since the body of water is iacking in food
value without them. Some hold the view that the fish being

bred remove a great deal of calcium from the pond. A statement

to thls effect .is to be found in the latest edition of the ’ /197/

authoritative manual on pond culture by F.G. Martyshev (1958),
in which we read: "Every year, organlsms remove a vast quantit;'
of calcium fﬁom 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.s. the replacement of
the missing amount of calcium, All this is the result of l.

misunderstanding rooted in the literature.

It is quite impossible that the water feeding the
pond should bring with it-less calclum than is removed in the
composition of the bodles of fish and cther organisms lesving
thp pond. This is shown by the following calculation; Lot
us suppose that the water contains only 2mg-equ. of calciunm,
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s

which corresponds to a low alkalinity. Let us suppose that,
in aspite 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 wWater will contain 560 kg Ca0 per
hectars. If the 1.25% of the live weight of the bodles of
the fish consiats of Ca0, the total quantity of Ca0 in the
high yield of fish selected for the example will be 12.5 kg,

" 1.e. no more than 2% of the quantity present in the water,

In calcium carbonate Waters, the range of distribution
of which embraces the main regions of European and North
American fish culture, calcium predbminates 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-equif./litre, is also only
indirectly connected with the calecium content. Not only
calcium but also other hydrochemical elements ars positively
correlated with such Indices of the total mineralization of
the water as the alkalinity.

In the overwhelming majorlity of cases, except perhaps

for waters with an extremely low content of calcium, which,
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however, hardly ever occur in carp breeding ponds, thers are

no grounds for thinking that the fish, like the other organisms,
rocelive insufficient calcium from the Water and foods. In
general there are no convincing arguments in favour of the
necessity for "calcium fertllization". Hence, liming must

be regarded as a measurs to improve the water and bottom of
ponds. The increase in the content of calcium 1s only a

side~-sffect, and not the main purposs of liming.

In spite of the great importance of liming in tbe . /108/
system of measﬁres 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 Tar behind practical requirements.
We are compelled to agree with M.B. Fel'dman and N.P. Rudakov
{1958), who wrote: "In aspite of considerable experience in
the sugmentation 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 Iin considerable wastage of lime, and in aome cﬁsel
leads to a deterioration in the condltions under which the

aquatic organisms live.,"

In the German Democratic Republic and the Fedsral
German Republic, as in other central Europsan countries,
liming is a customary measure of many years standing, which
is of fundamental importance to ponds with acld bottoms and

water. As noted by Schiperclaus, without the neutralization
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induced by liming of acid bottoms, pond culture would be
impoasible on the whole in certain areas of Lausitz. 1In these
extreme cases there is no doubt of the necessity for 1liming.
~ But in pond culture practice liming is resorted to much mors
often. In spite of this, i1fta mechanism and activn have barely
been subjected to special duty. In recent years interesting
_papers have been published by Miller (1957b, 196la, 1961b)
in which the author discusses the importance of liming from
& new angle, on the basls of the results of research psrformed
over & number of years at a farm in K8nigswartha, situated

in the main fish breeding region of East Germany - Lausitz.

Noting the "astonishing result” of the experiments
conducted at the K3nigswartha farm, which showed that lihing
does not lead to an increass in the harvest and has no
perceptible effect on the chemical properties of the water,
Miller comes out decisively in favour of terminating the
- practice of liming ponds in Lausitz. It should be added
that Miller is not 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 fish firms of East
Germany as calcium fertilization to increase the rish yield
of ponds, in accordance with the views of Schiporclaus.

Bunder and others. Milller states, not without justification,
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that there are no data in the literature to prove the
effectiveness of "calcium fertilization”, whersas there are,
on the other hand, references to its failure to produce results

{(Wurtz, 1956; Wunder, 19&9. 1956).

In the USA and in countries where American expérionco
is foliowed in matters relating to the fertilization of ponds,
limihg is hardly ever used, and culturisti'remain satisfied ]109/ é
with the amount of lime contained In commercial fertilizer
mixes. Swingle (1947) even found that the applicatiom of
lime to ponds fertilized with organic fertilizers (urea,
ammonium.sulphnte, sodium nitrate and mixed fertilizers), led
in all cases to a drop in the yield of fish. Apparently he
ig referring to ponds with water of fairly high alkalinity,
in which no beneficial effect coul'd have been oxpact‘éd.in the

firat place.

In recent years, however, the American literature
has included isolated examples of successful liming, soms
of which have already been‘discu:aed above., Zeller (Zeller,
Montgomery, 1958) report that the liming of twenty-two pords
in Georgia, which had previously failed to respond to
fertilization, helped to increase the general hardness and
pHdE the water and fostered the development of plankton.
Snow and Jonea (1961) describe tho.erfect of the agdition 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 Alsbama. They note the
possibility of determining the necessity for liming from the
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metabolic acidity of the bottom. It 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 ‘conditions
in 36 ponds in Malacca (Malaya) are reported by Fish (1961).
The;e ponds, measuring 1 acre, are characterlized 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-l4 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 five 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 rgiaad to 100%4 and over. The
biological productivity of the ponds and the harvest of fish
also rose. The greatest fish yield was obtained for the
highest doses of lime, but the author considers that 2.5 kg/ha
is -sufficient. 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
inﬁiaputable.

Liming neutralized the acid reaction of the water and

incroases the content of calcium and bicarbonates in 1t, 1,e.
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i1t 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 of bicarbonate ions and their

accompanying calcium ions. When powdered lime, i.e. CaCO3L

13 used for liming, 1t 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 élkalinity of the water
rises only as the result of the formation of easily soluble
bicarbonetes when the calcium carbonate reacts with carbon

dioxide: CaC03 + COp + Hp0 = Ca(HCO3)p-

Hence, when Caco3 is added the alkalinity of the dator.
can increase on}y when, under given physicochemical condi;ionl
{aggressive), excess carbon dioxide is present, or when there
1s a source to enrich the water with free carbon dioxide, for

example decomposing organic substances.

The addition of slaked 11me-Ca(0H)2‘;o water without
dissolved carbon dloxide 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)z

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-equivalerits of
C02. Ths ‘reaction of the water (pH) for a given alkalinity
depends on the content of free carbon dioxide and carbonate

fon {C03) in the water. ‘



195

iz 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(0H), + 200, = Ca(HCOB)Z.

However, when there is an excess of Ca(OH)2 over 002
the effect of liming may be not an increase in the alkalinity
of ‘the water but a drop as the result of the formstion and
precipitation from solution of difficulty soluble carbonates
in the reaction Ce't(OH)z + Ca(HCOB)Z = CaC03 + 2Hp0.

Hence, the addition of slaked lime to the water of
ponds requires great care and should only be done in small '

doses.

At first sight it seems that, knowing the content of
frea CO,, we can easily calculate the necessary quantity of
Cad from the equations above, bearing in mind that 1 mg~-equ.
of-Ca0 is 28 mg, Ca(OH), 37 mg and COp Lk mg. 1In actual fact,
however, as the free 002 enters s system of physicechemical
equilibrium with the bicarbonates (Hcoé ion) and hydrogen ions
(#°), more lims (Ca0) is required in highly alkaline water £
than in weakly slkaline water if the pH of the water is to be

brought to any predetermined valus.

The view has been expressed (by I.V. Baranov) that the
oxidizabllity of the water is also important when liming. When
the water is highly oxidizable more lime has to be used to
achieve a given change in the pH.
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It 4s equally inadequate to estimate the necessary
amount of Ca0 from the alkalinity alone, as is suggested by’ /111/
Chimitz (1949). EHe considers that liming. must bring the
alkalinity to 3 mg-equ./litre and suggests that the calculation
be based on the difference (3-a), whers a is ths present
alkalinity of the water ir} mg-equ. This calculation is correct
if the water contains é sufficient quantity of free 002, and
in practice natural waters contain far lo‘ss.‘ Therefore, the
extent of the increase isz the alkalinity will depend primarily

on the amount of free COp present.

Thus, special significance is acquired by such sources
of enrichment of the water with free CO, as the decompesition

of the organic substances of bottom deposits, unconsumed food

and organilc ‘fertilizers.

These arguments fit in with the results obtained by
M.B. Fel'dman 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 b‘erore rilling revealed a reaction of a salt
extract tending in the dirvection of acidity (in fivs .ponds
the pH, 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, 1.s. the water had a weakly ’:!'lkaline

reaction. To seven out of fourteen ponds four doses of 1ime
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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 aign 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 sho;s that 1iming
on its own 13 still insufficient to ralse the calcium content,
and hence the content of blcarbonates, in the water of a pond.
In thia particular case, where the reaction of the water was
alkaline and there was hardly any free carbon dioxide, such

an offect should not have been expected.

Hence, 1f 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 thes water can
oliminate.the accumulation of carbon dioxide and acidification
of the water when organic qubatances decompose. This is one of
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 que non for
increasing the alkalinity of water through liming has been
convincingly demonstrated by Miller (1957a). Initially this
was shown in laboratory experiments in which various doses of

calcium carbonate were added to aquariums with and without soil.

Prolonged megauromenta 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 i1ts 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 1ight
sandy solls, are rilléd'with highly coloured water of low
mineralization and an alkalinity of approximately 1 mg-equ./litre.
As already mentioned (page 108), special eipariments.f&iled
to disclose any algn that 1iming had a positive effect on
the fish yisld (Miller, 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 nuuber
of years in no way differed rroﬁ unlimed ponds (Mﬂller,.1961a,
1961¢). Apparently, the sandy soils of these ponds, which are
poor in organic subsatances, 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 i1s 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 of carbon dioxide. Thus there is 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 of water &t a particular time, is also clearly dependent on
effect if 1t neutralized the mcidlty of the bottom. The result - the pll and calcium content of the water. In ponds‘with a low
1s firstly a change in the physicochemical conditions of ’ pH of the water (5.4-5.6) no decomposition of cellular material
exchange between the bottom and the water of the pond, and was noted during a period of omne month, whereas in ponds with
secondly the creation of more favourable conditions }or the ’ a higher pH (6.0~7.6) and & higher content of calclum it
actlvity of its microflora, which are in turn of fundamental occurred very rapldly. ' The authors express the opinion'that
importance to the cycle of nutritive elements, the rate of deéomposition of the csllular material may bg

used as & good Integral index of the productivity o; bod;osA
In acld soils hydrogen ions predominate among the .

. of water.
absorbed lons. VWhen liming occurs they are replaced by calcium : .
lons and there 1s a corresponding drop in the acidity of the When the bottom exhibits an acid reaction the processes
bottom. 'When the bottom is neutralized, the linkage of the of decompositlon and mineralization of organic substances are
phosphates with sesquioxides 1s weakened and the release of sharply retarded by & lessening or cessation of the activity
phosphate lons into the water is facilitated. This promotes _ of bacteria of the most varied_phy8101°81°a1 groups, A3 &
the utilization of phosphorus fertilizers by phytoplankton result, there is a sudden slowing down of the regeneration of
and ultimately has a beneficlal influence on their effectiveness, - nutrients, which in turn leads to a drop in the speed or .

intensity of their cycle, Liming creates more favourable

Apert from the lmmediate changs in the physicochenical conditions for the develoﬁment of becteria in the bottom sediments

conditions 1t 18 of ne less importence that the neutralisation and thereby intensifies the cycle of nutrients'and promotes

of fae hottom has a strong Influence on the microblological the mobilizatlon and utilization of their stocks in the bottom

processes, which are largely depressed at low pH values, All sediments, the fixation of free nitrogen, and so oOn. -

that was said earlier about the dependence of the microbiological

phenomena In the soil on the pH also applles in respect of the By stimulating the development of the bactsrloflora,
bacterioplankton. Thus, for example, ths data of Brandt and 1liming of pond bottoms apparently improyes the conditions of

" bis co-authors (Brandt, Klust and Mann, 1956) showed that the bacterial nutrition of the bottom food organisms, alth?ugh
rate of decomposition of cellular tissue, which was determined direct proof of this 1is St?ll lacking.

from the loss of strength of cotton threads placed in a bOQy T_/113/ Not all ponds nead liming. Different doses and techniques
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of application must be used for different conditions. There
arises the question of the principles of the determination of

1iming requirements.

In spite of the fact that submersed soils differ from
unsubmersed solls in many respects, in the fish-breeding
literature the problem of liming requirements and the doses
of 1lime 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 Schiperclaus and other, later authors,
There is no need to list these recormendations 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 teke into account the acidity
of the soil are insufricient'ly precise, since they are,strange
though it may seem never accompanied by an indication of which
method of the several employed in soil sclence is being used
for measuring and expres§ing the acidity of ths soils (Wunder,
1949; Sukhoverkhov, 1953; Martyshev, 1958; Iltin, 1955; Pakhomov
et alla, 1958)., In this connection too we run up ageinst
inadequate analysis of theoreticall concepts, and this makes

it imposaibls to issue quite definite and acientifically based /1ily/

recommendations for fish culturlsta.

Accordingly 1t 1s appropriate here to set out some
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of the results of the researches of N.I. Chigirin, conducted
between 1957 and 1959, on the liming of ponds., Thus far
these results have not been published.

Apart from the neutralization of the free organic
acids contained in the bottoms of ponds, the result of liming
1s that the calcium ions .displace the hydrogen ions adsorbed
by particles of soll, thereby_lowering the ao-c&ilod 1atex;t c '

or potentisl acidity of the bottom.

The number of calcium ions which must be added to
achieve this effect depends firstly on how many cations are
capable on the whole of combining with the soil in question,
i,8. 1t depends on the latter's characteriatic total capacity ’ ' .‘-
for absorbing cations, and secondly on the 'axtent; to which'
this capacity has already been utilized, i.e. on the degree _
to which the absorbing complex of the bottom 1s 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 catlion absorption capacity (T) and

hydrolytic acidity (H) in samples of the bottom. These values

are normelly expressed in mg-equ. per 100 grams of dry soil,

From these figures for T and H we can compute the degree of

saturation of the bottom with base cations as a percentags of

the total cation absorptlion capacity using the formula ’ .
Vo= - Z_ 100..
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Pond bottoms are characterized by high absorption
capacities. Thus, M.B. Fel!dman and N.P. Rudakov (1958) found
that the peaty soils of the pond of "Nivka" fish farm (Kiev
oblast) have an absorption capaeity (T) of 29.5-46.6 mg-equ.
per 100 grams when heavily impregnated with bases (8&-98%).

H in this case ranged from 0.75 to 7.8 mg-equ. per 100 grama.
According to the data of Chigirin (Table 2), the T value of
the bottoms of ponds in Vellkiye Luki, Shipulino and Opochka
lay between 20 and 49, while H fluctuated from 0.2 to 11.3

mg-squ. per 100 grams,

The lower the percentage of impregnation of the
absorbing complex of the bottom with bass cations the more
calcium lons, relatively spesking, it can still absorb and
the more acutely will the bottom be in need of liming. On
the other hand, when the absorptlion capacity 1s largely taken

up with cations, there is no necessity to lime ths bottom,

Another index of the necessilty for liming is the pH,
value, which reflects the potential acidity of the bottom
and its content of free acids and acid salts, The connection
between the values V and pi,is apparently complex, but a
comparison of a series of determinations of the two values in
different solils reveals that they are clearly related. As
was shown by Chigirin, this relation in the ponds investigated
by him can be expressed by the equation

V =1,667 + 0,047 pH.

Jus]
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Although the relation expressed by this equation 1s
not universal and requires amendment for different ponds in
different pedo-geographical ‘zones, it indicates the possibility
of using the pH, values for practical purposes'to assean
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 straightforward.

Table 2

Results of the determinatién of pHé, the degree of saturation
with bases, hydrolytic acidity and doses for liming of pond
bottoms in 1957 (data of N.I. Chigirin)

Ca0,

H ' H T
pie cent./ha

Pond

Velikie Luki

nursery pond No. 1 iveseass 6.2 9 1.8 30 4.1

nursery pond Noe 2 seeevess 5.0 8 .6 38 13.5 .
Shipulino :

nursery pond Noe 1 v.eesese 4ol 77 10.3 45 29.0

nurgery pond No. 2 ....veee 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 ..e..... 5.8 89 4.3 39 9.2

whitefish pond No.l .. 6.7 97 1.2 4o 2.3

fry pond No. 1 ....... 6.5 95 1.9 38 5.3

TPy PONAG NOu 2 cuvsvevesess Te3 99 04 4o 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 :

£iSh NUTSETY .i.vesanassses 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 asuggests that we let
ourselves be guided by the following estimates of the liming
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requirements of pond bottoms, depending on the results of

measurements of V or pH,.

Need for liming v pH,
Greateccsasssesees under 80 under 5
M0CETBt8 secsrenns 80-90 5-6
Slight or .
non-existent.... over 90 over 6

As was noted earlier, we can jJudge from the figures /116/
for V and pH. whether 1t 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.

Thiz cuantity can be estimated from the hydrolytic
acidity, expressed in mg-equ. per 100 grams of dry scil. Having
determined the hydrolytic acidity of a sample of the bottom
and knowing that 1 mg-equ. of the laéter corresponds to 28 mg
of Ca0, and also having made allowance for the natural moisture
content of the bottom, we can compute the quantity of lime
ne;ded for neutralization and saturation of the absorbing
complox with cations in a layer of the bottom of a given
thickness with an area of 1 hectare. If wWe assume that the
effect of the lime extends under natural conditions to a depth
of 10 cm, then, according to the calculations of N.I. Chigirin,
we obtain quantities of lime close to those recommended on the
strength of practical experience. The datae in the last column
of Table 2 on the gquantity of Cal need to lime the ponds were
conmputed by the method described above for layer 10 em 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 1s calcium ’
oxide (Ca0), slaked lime or calcium hy@roxide (ca({OH),), and
limestone or similar rock, consisting ﬁainly of calcium ‘
carbonate (CaCOs). 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 dosaée and check the
results. Finely ground limestone is frequently used. It acts
much more slowly than slaked lime, and therefore tha danger
of én overdose does not exist, Ground limestone is also ‘
suitable for application in small annual doses to sufficiently
cultivated ponds. Unslaked lime acts similarly to slaked lime.
It is best applied by aerial top~dressing., In addition to the
forms of lime already mentioned we can also use marl, limestone

turfs, lake~lime, and ash.

The various forms of lime have different neutrallizing
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 we :are estimating /117/

"the doses of lime to be added to the pond, the computed quantities

of Ca0 must be multiplied by the corresponding coefficients
of the neutralizing capacity of the form of lime being uaed,
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Furthomore, the lime used in practice is normally polluted
with edmixtures such as unburnt rock, elay, or sand, which

to & greater or leas extent reduce its neutralizing capacity.

To avold ng"bss miscalculations of the size of the
dose because of thess compllicating factors we must de;termine
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 rsquired 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 cams
up to expectations., From the hydrolytic acldity 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 L.1, he computed the necessary quantities of Cal., 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.l respectively. These pH. values indicate a somewhat

higher residual Ca0 requirement than was expected from the
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calculations, i.s. 5, 8.5, and 1l cent./ha of Ca0. This .'may

be due to the fact that the dose of lime calculated was rather

lower than the amount needed to sliminate ell the acidity

of the bottom, or it may have been the result of an intensification -
of the decomposifion of the org'anic substances in the soil of

the bottom under the influence of the liming.

Thus, before em’i:arking on liming we must determine
the necessity for it from measurements of the pH, value. In
greatest need of liming are pond bottoms with a pH, of less
than 5. The procedure is to determine the hydrolytic-acidlty
of the bottom and then compute from this the dose of 1ime

required for liming.

The main conditions for effective liming of pc;nfl
bottoms are even diatribution of the 1lime in the form of the
rinest powder possible and good interaction between the
particlss of 1lime and soil, which ias achleved by locsening /118/

the aoll and working the lime in to a glven depth, . .

The effectiveness of the liming can be verified,
"Dy regular determination of the pH, valus., A substantial
drop in the pH. signifies the necessity for repeating the
liming process. Ponds acutely in need of lime must have &
full dose applled to the driéd bottom, If the ponda are fed
by water with an alkalinity of more than 2 mg-equ./litrs, .
thers ia no need to lime the water then the bottom is limed '
iln the normal way. If the alkalinity of the water 1s low it

s
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" is advisable to add small doses of quenched lime, at the same
time 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 additlon of organic fertilizers easily
stirred up in the water, but the consumption of oxygen 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 disappointments.

The principles of the mesthods described for determining
liming requirements are talken from soil science. Submersed
soils are pecullar in many respects. Accordingly doubts have
been expressed about the applicability to submersed soils of
the methods used in soil science (MUller, 1961). Mliller points
out that, unlike submersed solls, arable soils, on being washed
by rains, lose their bases (cations), thereby enriching the
drainage water with caleium. This drainage water then flows
into the ponds. This means that submersed soils are heavily
saturated with bases, According to Miller, the practice
borrowed from soll science of determining the pH, value from
exsiccated samples givea an incorrect notion of the reaction
of the damp bottom of a pond. According to his data, in fresh
samples 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 rertilizéd, ths
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actual pH value of the bottom is always greater than 7, whereas
measurements of pHe give much lower values (L.75-6.45). Thus,
int he opinion of Miller, 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 watef and bottom and the necessity of ‘specific
methods for studying submersed soils, methoés which have not
yet been devised. But‘Mﬂller does not indicate what we should
tske as our yardstick for determining liming requirements and
the doses of lime to be added to ponds with an aeid reacti9n
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 /119/
conditions attached and the reaults 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 ths individual manifestations of the single

process of the cycle of mattér and energy in a body of water.

In ponds:containing poorly mineralized water with low
carbonate alkaliﬁity, when the bottoms are weakly saturated
with bases and contain little CaQ, as against sesquioxides,
liming facilitates the transfer of combined phosphorus %o the

water and thereby helps to accelerate its cycle, incgoaso the
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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 gbove 3 mg-equ./litre, and bottoms
saturated with bases, liming 1s superfluous and may ‘even be
harmful, Under these conditions an increase in the qug?ity
of the calcium merely leads to precipitation from the water
ané fixation of phosphates in the bottom in the form of

insoluble tricalecium 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 8 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 augmentatlion of its alkalinity, requires a source of free

© carbon dioxide, which normally takes the form of the micro-

biological and bilological processes of the destruction of the

organic substances, in turn stimulated by the liming, is of
fundamental importance. It compels us to acknowledge that

1iming will be most successful when the necessary scale of

decomposition of the organic aubstances is ensursd, for example
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by the application of manure or vegetable organic fertiiizora

in conjunction with artificial fertilizers or with intensive
feeding, when the unconsumed part of the food decqmposes, and

30 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 togééher in 6rgano—minera1 fertilizers.
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CHAFTEE III

THZ IHITIAL EFFACT CF ARTIFICIAL FIHTILIZESS /320/

ON PCKDS.

l. Genexal conditiong of davelopment of phytoslankton Ipn vords.

Lz we have already stated more than once, the initial effect
of artifical fertilirzers in effectively fertilired ponds 1s to
stizulate vigorous development of phytoplankton.

The speci~s composlition of the phytoplankton of fertillzed
and unfertilized ponds 1s the same. No spscles are found in
fertilized ponds that are not found in unfertilized ponds.

This 1s not unexpected since the hydrochemical conditlons=for
eXample the content of nutrients are not so very different in
fertilized 2nd 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
phytoplnnkton.

At the present time this 1s a very confused toplc. Only
rarely hzve paners on the study of pond fertilizatlon been
zccompanied by s qualified study of the phytoplenkton. Often
the anthors confine themselves to extremely ceneral comments
on "vigorous" or "wezk" water bloom due to green or blue-green
algae, anl so on. On the other hand, =some Tairly detalled ai-
gologlical research on fisn ponds has, unfortunately, been done
without reference to the conditlions under which these ponds are
used (;retensk?ya, 19€1). Also almost unusable are data on phy-
toplankton relatinz to specimens collected with a plankton net.
Such catches contain only large forms, the importance of which

in the creation of primary production may be much less than
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that of smaller specles which cnn onl: be captur:d by more
comprehensive methods (centrifuze, membrane, sedimentation).
Fiﬁally, not much benefit can be derived for practicel pur-
pozes from the results of the study of phytoplankton which mere-
1y refer to the number of individuals, the nuater of cellé (Khem=
leva, 1958; Tsukurs, 1962}, or even the number of"items per
1itre” (I1'in et alla, 1956). All this areatly restricts the
number of papers which can be used to answer Fhls problem of
how phytoplankton actuslly changes under the.lnfluence of fer=-
tilizers. - : ‘

There is no doubt that thé specles compositlion of phyto- /)z;/ :
plankton which has developed as the result of fertillzatlon is ’
of importance for its later utilization and the ultimate ef-
fectlveness of the fertilizer. But so far, it is not clear what
compositlion of phytoplankton is most favourable for the creation
of 2 high‘natural fish yield in psnds. At present different
and even contrary views exlst on this subject. It is wldely
felt that it is necessary to promote the development of small
species of algae, primarily Protococcaceae, which can Te easlly
consumed by zooplankton. Blue-green algae are recogni:ea to te
undesireable componehts of phytoplankton siqce they are not
immediately consumed. These ideas stem frém the theoretlical
formulations of'certaln hydrobiolog;ﬁta who Tegard the develope
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 authbrs working froa pond
culture practice and generalizing studies of commercial ponds.

Thus, Wunder, after years of study of the fish farms of Sll=
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esla, distinsiishes three categories of ponds: 1 - ponds with
the lowest fish yeild, in which the water is colourless or
trown all year long; 2 - ponds with a greater yileld in which
brief water bloom can be observed mainly in spring or at the
teginning of sumzer; 3 - the most productive ponds, in the best
of vhich vizorous ~nd orolonged bloom lasts all summer. In
the last category of ponds it is, acecording to Wunder, already
cossible to distingniish two types of water bloom with the na=-
ked eye, i.e. uniform bloom by “"punctate” alvae (chiefly Ana-
haea) and tloom by "frlcate” alpae (A-hanlzonenon.) The best-
quallty ponds are distinguished by two forms of bloom which
breeders sho:ld strive to stimulate in practice. %under thinks
that a sinzle application of a large dose of fertilizer inﬁuces
prolonzed bloom vhereas multiple applicmtions have only a trans-
itory effecﬁ. In summer, bloom %hegins roughly two weeks after
the 2nplicati.n of the rertiiizer (“under et =211z, 1935; Weiman,
1935a, 1935u, 19t4),

Cf spezcizl import-onece is the statement by Wunder concerning

the positive value of bloom due to Aphanizomenon flos-anuae.

“under suggests th=t mass development of this species be Tre-
garded as 2 criperion of the good condition of ponds snd the
effective asction of fertilizers. It is interesting to note tnat
lunder's diseiple, the famous connoisseur of phytoplankton,
UZterz8nl (193€), on the basis of hie stuiles of the phytoplank=-
ton in the ponls of Ullesla, accepts the method sucrested by
wunder for classifyinz the ponds by the development of the phy~
torlankton, and also considers that sositive slgnificance should

be aserived to znss development of Ashanizomenon.

In his paper,

he, like otner authors, stresses that the same species of

/zz/
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phytoplankton are found in both fertilized 2nd unfertilized
ponds, but he goes on to say thet when the phytoplanktorn de=-
velops in creater quantities, the number of component specles
in fertilized ponds 1s.far smaller. In the most he-vily fer-
tilized pounds oqu Aghqniszenon develops, which 1ln many cases
doninates the plnﬂkton, displacing all other specles bf, ac-
cording to U:}ermohl, chemieal activity. U:}ermghi notes that
in no other ponds is nghélglfouﬁd in such great quantities as
in those in which this alzae 1s vigorously bloozing. U:}er:;hl
sunmarli-es his observations thus: “The alm of fertilizetion
must be the developzent of blue~green algze, especially Achan-
lzomenon". '

Other authors arrive at the sane conclusion. Fott(1552),
after examining the phytoplankton of flsh ﬁonds in Czecho-
slovakia in connection with thelr fish yleld, divides the pends
into five rroups: 1 - those without =ater bloom, 2 - those with
blooming green alzae nand diatoms, 3 - those with bloominz green

4 - those with blooming sreen alrae,

algze and flagellates,
flagellates, diatoms and blue-green alzze (Anabaena, Ficrocrstigd
In his concluslons Fott

5 ~ those with blooming Aphaniromenon.

nakes special note of the fact thnt many well fertilized and
limed ponds glve 2z small yield of plankton. Let us rememter
that he 1s referring to phogphorus fertilirer, the only type
being used at that time in Czechbslovikia. evertheless, he .
considers th~t the ~rouning of ~onds ~ccordinc to thelr phytof
plankton reflects the intensity of fertili-~tiena .The fifth
~roup includes the most heavily fertilired nizhly productive
ponds. When A hanizomenon blooms the developrent of nanno~
plankton 1s depressed, put iarze Cl:docera flourish. Fott ob-

serves that it is not yet clear whether blue-creen or green
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alene are more dosirable in flsh »sonds.

P, fi~vlema (19:56), when invostimating the effectiveness
of using plc's manure for fertllizing ponis, observed mass

developzent of larze Doatnia (Danhnia pul:=x, D. lon~zisnina) in

fertilized ponds. Ez-hnia vas sarticulsrly ~bundant where there

#as Virorous witer bloom due to Anhanizomenon, when the hlomass
v

of al.:ae reached 200 kg/ha of dry matter.
Zlovak (1%€1) made a speclal study of the consequence of

~—

7izorou~; water tloom in the flish-breeding ponds of a Czech
fish f3ra caused by sphenlzomenon with a very larwe blomess
(6.2 mg/litre of dry zatter in 1957 ond 46.9 in 1958). At times
of m2xinuxn hloom there is suppression of other forms of phyto=-
plankton ani mony forms of zoo:lsnkton, but at the same time
there 1s sbundent developrent of large Clrdocera which are val-

uable in the food zense (Daphnin pulex). After bloomsceaze, the

varlety of the specins composition is cuickly restored. There-
fore Novzk concludes that there are no grounds for fearing that
wter bloom due to Aphamizomenon vill redurne the fish yield of
ponds.

Gf aarticulsr interest are the studies conducted between
1950 -nd 192€ of mnre than 100 fish ponds in Eelorussia. As
the recult of these ctudies, 1t was found that "1t 1s those
ponis 1n which ;rolonged persistent bloom 1s observed, with pre-

dozinance of [L-han'zowenon, that glve the maximum natural 7ileld

of fish of 400 - 700 Xz/ha" (Lyakhnovich,1958a). On the basis
of his own =z2nd publiched data, V. P. Lyakhnovich includes iphe

plzodanon among the indlcator orcanisms whose mass development

serves a rellable indication of a hfgh natural fish‘yleld in a

pond.

/123/
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Later, Lyakhnovich =nd L. V. Frosy nik {(19¢2), in a con-

ference paper devoted to the role of blue-rreen alzne (Septe,
1962), summarized the data {rom 4o f'nishinc onds on flve fzaras
in Zelorussia nnd shoted that asihe natursl fish yield of ponlis
inereases unier the influence of 1ntensification measures tﬁe
blomass of phytoplankton alse. increases, and at the same tiuze
there 1s a parallel increase in the grcentaze of blue-green
algae in the total blomasss Thollnrgest bloaass in';onds ¥ith
the hizhest yleld normally occurs when t-.ere 1ls water blaqm due
to blue-green alrae. The auéhors came to ‘he éonclusion that
“in the ponds of this group it is the blué-green alrae which
constitute the material and energy base wﬁlch leads to the hﬁgh
fish yield". i

Lyaskhnovich and Prosyanik note that their mrterial does not
reveal the suppressive effect of trlue-green =lrre on alrae of
other taxonomlc eroups. A simllar conclusion wps ~rrived at by
T, M. Mikheeva (1964}, who examined the phytoolaniton the lakes
of Belorussia in a paper read at the seme conference. Other
reports nd specches also noted a posltive 1ink between mass
developaent of blue-green algae and high fish fields of ponis
and reservolrs.

Interesting information to the effect thrt a hlgb fish
yleld was obtained from the ponds of the “Para" fish farm in
ROSCOWébqut in 1953 and 1954 in.the presence of strong water .
bloom due to blue-green algae and Protococcacene is contained
in a paper written by vo'kers of VNIIPhKH (I1'in et alia, 1958j.
The authors assert that the "intensity of water bloom (partic-

ularly when due to blue-green alzae) lncreases from year to

year with intensive culture”.
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4t {irst zlance all these data nre in striking contrast to

/1zk/
the widely held views concernins the undesirability &2 2nd even
"nzrmfulness™ of water bloom formed in ponds by blue-green algae

and the zabgsolute preferabllity of protococcal niankton, which

i1s easlly consumed by zooplankton. Nevertheless, there still
zeems to be a way of reconciling thece two cxtreme points of
vlew. Generally speaking, the opinlon regardin. tﬁe advantages
of protococcal algae was origzinally not based on the results of
observations of ponds but arrived out tarough speculation, ar-
guinz from the ease of consumnption by zooplankton, whereas blue=
green alzae, 1t was thousht, are not eaten hy zZooplankton. Of
course, the difference in food value anl consumsbllity between
nrotococcnl =nd blue-green alcze is not ﬂﬁsolute.

Let ug recall the importent data of 0. #, Rusina (1956),

who shovred th-t larvae of Chirononug dorxrsalis eagerly feed on

dying cells of :.vhanizemenon,vwhereas Protococcaceae are une

sultable as food for them. Ihere is no doubt that blue-green
algae are also consuzed by. the larce Davhnia.

Protococcal plankton apparently enjoys an advantage when
‘efforts are being made with artifical fertillzers or some other
aetnod to incresse the production of ponds in the same season.
It 1s to be expected that when there 1s an equal blomass of
tlue-creen aleae, which affects the yle%d of fish in a more
roundahout way, the pisclcultural effect‘ of fertilization in
the same season will be less.

fiowever, these ideas concerning the superiority of protp-
"cocenl alrae become less convinecing if we take intb account the
fzct tnzt not only are the food organisms, and ultimately the

fish yield, dependent on the phytoplankton, but that the reverse
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also holds good, l.e. tnnt the specles composition and guone-

titative development of the phytoplankton depend on it con-
sumers. Strange though 1t may seem, this fsct is often
forgotten. If we take this'éspect of the matter into,con;
siderstlon we can understand why the largest bibmﬁsses of p;nd
phytonlankton occur when there is develo:ment of blue-green
zlgae. In actual fect, if the propagation of the zooplankton.
1s not restricted in any way, its blomass will 1ﬁ a short time .
reach such a magnitude thot ‘the rate of consunption ;f the
Protococcaceae will be higher than the raée of increase and
thelr blomess will rapidly diminish. ‘That this is in ract the

case wns convineinzly demonstrated by investications of blo-

logzical cleaning ponds in Ninsk. These ponds are periodically

drained and refilled with run-off w=zter, in which within 2 few X

days, masses of Protococcaceae develop. In sumzer, when the
temperature favours the devélopmeﬁt of rotifers, they multiply
on a vi.st scale (tens.of_thousands per litre) sfter the develop-
ment of the phytoplankton and rapldly destror the protococcal
planikton (Gnlkovsk~ya, 19613 Sivko, 1961). Thils saze phenozenon

was described for the eel ponds of Janan by Ito (1955). It is

Jizs/
a well-known fact that the development of rotifers, cladoceran
crustaceans and other consumers of phytonlankton 1s a difficult -
obstecle to the mass cultivation of alsze in tﬁe open (Vinrersg,

1957).

and other easlly consumed algae cman only be maintailned for a

Hence 1t follows th-t larce blomesses of Protococcaceae

prolonced period in cases where increase in the blomass of zooe
plankton 1s limited by intensive consumption of tﬁe latter by
fish, or in some other way. This means that dense stockiﬁ; of
fish ponds 1s pound to facllltate the develonment of phytonlanke

ton. Confirmation of this can be found 'in the data of Soileamu
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(19€0), wno, 2fter observinz the fish ponis of Eumania, cnme
' to the conclusion that consumption of zooplankton by fish
pro:otés tne development of »2ter bloom. Iy this he explains
. the strong water bloom in ponds stocked with an estimated
20,000 urieryearlines ner hectﬂré. i'rom this point of view,
when larze does of fertilizer nre used 1t is rational ¢o anti-
cipate dense stocking, In the 2bsence of factors restricting
the develozzent of zooplankton, larcge blomasses of vhytoplankton
=2y be created only if sdecles develop which cannot be consumed,
or are not easlly consumed, by zooplankton. This is confirmed
by the data of tnree years of study by N. I, Sretenskaya(1961)
of thirty-one ponds on three Belorussian fish farms, including
both low~zroducing and hlch-producing effectively fertiliced
po1is. In the table drawn up by Sretenskaya, out of 76 average
seasonal results of xeasurements, the blomass of Protococcaceze
exceeded 5mz./1 in only nine cases and was greater than 10mg/1
in only three. A large blomass of phytoplankton was achleved
only because of the developmeﬁt of blue-green alrae, the blomass
of which was grester than 100mz/1 (maximum size 578 mz/1) in
elzht cases.

It is because blue-green algae are not immedlately con-
sumed -y most of the forms of zooplankton th:t they are able
to develop in masses and gilve the marximum primary yleld, which
throuzh tacterizl decozmposition and cher channels is included
in the blotlc cycle and raises the productivity of the pond. If
s&stematic fertillzatlon over a number of years causes intense
wzter blooa due to blue-zreen algae we can be sure that it leads

to an increzse in the natural yield of the pond.
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The ideas expressed still need to be sublected to‘ex-
perimental verification., Nevertheless, 1t 1s already clear
that the degree of deveIOpmentAqr pnytoplankton consumers, the
density of stocking, and other blotle factors influence the
conposition and quantita51Ve development of the phytoplenkton
no less than dé the physicnl and chemical conditlons of the
medium, for exemple the temperature.of the water of the con-
tent of nutrients, which are ﬁsdally the only factors taken
into consideration.

An oversimplified 1dea of a complex na2tural phenomenon
retards researéh and prévents the discovery of ways in which
the phenomenon can be controlled. Therefore, even the primary
eff-ct of fertllizers must be studled with awareness of the
grent complexlty and obscurity of the conditions governing the

development of phytoplankton and the primary production of

ponds. fhecently it has been dlscovered that many algae, for

example Euglenoidina, require not only mineral nutritive el-
ements but also vitamins. Macker~th (1953) showed that ister-
lonella, 11 2n artificial xedium prepared with distilled water,
1s ine-pable of nccumulating pﬁosphorus from HHuPOu,.whereas

in lake watev, where there are much smaller concentr-.tlons of
phosphates, phosphofzys accuwulates in its cells. ‘hen 20%
lake water is added to the‘artiricial medium the copaclty for
the zccumulation of phospho{Zﬁs'is restored. ©n the other hand,
3. I. Kuznetsov (1945) and N. B. Zavn;zina {1955) found that
the water of lakes may contain some substances as yet .unstudled
which suppress the development of phytoplankton., Let us not
forget too the antiblotic relations between various specles of
paytoplankton, which undoubtedly exist alttough they have tarely

been studied. We still know little about all these phenomena,

/4 -
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tut we know enou:h to beware of simplified notlons on the brsis
of which 1t is 1urssible to determine the principles governing
the initial effect of fertilizers.

2. The Dn"nlon*nn* of “hvtonlankton in H
elation to t¥ nt
of imtrient- in the Water, e Souten

The developzent of phytoplankton depends on many factors,
of these, the content in the water of the mutrients serving as
the sctive princicles of artificilal fertilizers are of part-
lcular interest.

It 1s often thourht that it is necessary to maintain a
specific concentrztion of nutrients in the water of a pond with
the ald of fertilizers. Thus, for example, on the strenzth of
the results of three years (1958-19£0) of research on thne ponds
of the "lilvka" experimental fish farm (Fel'dman, Prosyanii and
Sarrovii, 19€1), the Institute of Fish Culture of the Ukran-
lan OOR devised norms for the use of nitrogen—phOSphofghs art-
1Ticizl fertilizers in nonds -nd.recommendations for gg;ir
application. They recommend adding mineral zalts every fort-
nizht until “he desired concentratlons of 2 mg of nitrogen per
'l¥tre and .5 =z of phosphoiEps per litre are renched, the doses
of fertilizer beins determined from tre results of hydrochemical
snalyses, reveslin~ the required airounts of nitroren and phos-
prorous to ve 21ded. The same norms nhave been rdopted in Is-
rzel. L. N, Famontova (1959, 1961) considers it necessary to
const2ntly maintaln a very high concentration of mineral nitro- /ﬁzz/
gen in the water of ponds (for ex-m-le, 5 mg ¥/1) and a sub-
stantial content of pnosphorous (0.3 meg?/1), which, accordlhg
to her recomzendatlons, c-n te achieved by adding very large

doses of artificlal fertilizers every three days. Simultan-
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eously she recommenis denser stockine. JIn the view of Eamogtova,
(1959, 19€1) these conditions facilitate the development of
green algae and suppress the develo -ment of blue-green algae.

As ve can see, the recommendations for prﬁctices leading
to heavy concumotion of artifical fertilizers are based on the
necessity for achiéving the initial effect of rertlllgation,
these very crucial conclusions being bared on definite ideas
concerninz the epologicnllénd.phbsiological charncteristics - of
different algae of the ghytoplankton. It would seem that these
basic premlsses mu§t be well-founded. In point of fzct, however,
no =ttention is usually paid'to the physiolosy of the phytoplanke
ton when the fertilization of ponds 1is being studied. Therefore
meny of the idezs on the physiolorieal characteristics 2nd chen-
1enl composition of alrae which have become rooted 1in pisel~
¢ﬁlture turn out to be unsubstantiatei or improtably, while mo=
dern ecolovical and physiolovical knowledce and methods reaain
unused. ‘It wos this that induced us in the sresenf ch» ter to
examine those bnsic ideas on the physiolorical characteristics
of fresh-water plankton which must be exnmined in the first place‘
for » hetter understending of the initial effect of pénd fer-
tilir=ilion.

It 1s evident that for rotionel fertilization of ponds we
must use tﬁose fertilizins substances which are most reeded, and
in quantities which will ensure thné theykre drawn into the
biotic cycle.

’ It is difficult =nd often impossible to Jud:re the. fertil-
izer requirements of o pond from the results of hydrochexlcal
snnlyses, le.e. to determine wilch of the active‘principles of
the fertilizers must be ndded in each individual case. This

noint has already been discussed before. 48 far back as 1900



Zuntz 2nd Knautne (1940) suczested judzing the fertilizer r§?5

culrezents of popis 5y the results of observations to determine
wnich of the vurious fertilizing cubstances iniuced the most
vizorous development of phytoplankton in vessels contrining
{roa tre pond under investigation. This method is lnvér-
described and even recomnended in fish-breeding manuals,
tut 1% has not heen widely -pplied.

‘Tegerdless of thie, and withont reference to the interests
of pond eulture, L. 7, frantcev (1932) surgested the "hydroblo-

lozical proiuctivity method" in ‘-hich cells of the nrotococeal

~. avaAdao~vyye . e
alza .cznedesmuc pousdriepnds are sdded to the wrter under study
to see waleh of the salts 23ded engenrs to cause the “Teatest
‘rantzev's method

insrease. was used by . Ya. Nusatovs and Se

I, Ku;netsov (1951) Aurinr a ctudy of experimental ponis on the
Cziralovsk fisn farm (ifoscow region) in the summer of 1938,
Eoth nafertilized ponis und one fertilized with supershosphnte
Teverled the need of nitroren nnd the Jolnt application of ni-
trozen 2nd phosphoéZus. i9cordinz to the results of tests, in
the perlod from tre 29th of ¥ay to the 2rd of Ueptember teﬁ
2:plicazions of nitro:en—phcsphoélps fertilizer were m-de until
estirzted concentrz%ions of 0.l - 048 mz/litre of nitrogen and

nosphorus were zachleved, The application of the fertilizers

'3

invarlatly caused an intenczificaticn of the development of first
the phytoplankton aad then the zooplankton, +heress in pond. no 11,
~hich nas fertilized only with supzrpnosphate, planktonlc develop-

ment wa- even “eaker than in the control pond; The re:ults of the

resesrch by ¥usttovn and Kuznetsov, which Lecame known to a circle

of specialists long before their .,utlication in 1951, were of
great theoretlczl i:icortance, since they shook the bellef current

at that time that gonds do not requlre nitrozen fertilizer,
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S. I. Kuznetsov used the zame methed (19Z€) -~hen meking a

study of ponis on the "Ust-Koisuz" fish farm (Rostov oblast).
Through biologlcal tests performed on the 22nd and 30th of ¥ay

and the 5th of June, he discovered a pronounced need for nit-

.rogen. In this particular c-se nltrogen-phosphoiZus fertilizers

ﬁzg} ‘

added to the pond stimulated the development of filcsmentous and

perighytonic algae and failed to induce vizorous develqpment of
phytoplankton. Neverthele;s.the rate of 5rowth of the fry was
niher in the fertilized pond. '

A vefy similar technigue was employed by iotssh (195€) in
his rear-long study in 1951 of two ponds in the state of New Torke
He used a culture of ancther épecles of Protococcacene-flrchner-

1ella subsolitaria. From the results of 3<ily counts of the

number of cells in the experimental vessels he corpnted the as-
symptoté of the loristic curve of growth, which also served as an
1ndieations of the 1imit of growth under the given conditions.

It was found thet phosphoxﬁbxs was at a minimum in the winter n;n;
ths, but that after March nitrogen was the fa«tor limlting srowth.
The author notes that the method used by him can be used for study-
ing fertilization of ponds. )

In 1949 and 1950 Frantsev’s method as used by S.‘S. raslav-
skaya and hls colleagues (1953) in research on ponds in the Kam-
yshkiﬁ rezlon of the Volgosrad qblast and comparrcd 1t with ancther’
form of blologleal testing in whlch the influence of *he dlffgrent
fertillzer materials is determined.ﬁhﬁectly froz the reaction of

the phytoplankton in the pond in question. Although there was
general sgreement between the rerults obtalned bv the two pethods,

preference «2s given to the second, which was then alopted for the

study of pond fertilization.
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ne reactlon of the nlankton to t e 2ddition Sf a part-
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nce war leternined elther from the increase in the
nutber of cells in trhe course of the experiment, or from the
intensity of ;hotos%%hecis of the pl%kton, which c¢an he judzea in
simplest c2se by the content of oz7gen In the water in the
expaerinental Hottle tqwarfs the end of the experiment; The latter
zethod, #hich was «dopted by I. V. saranov (1949) during ob;er-
vatinons in 1948 of the irtem'ev pond on the "Tliopsha" fish far
(Lenrinzrdd oblast), and l-ter used b, other authors (3aslavskaya
et 2112 1952, 1953; Fatisone, 1962), sroved most practical., It
15 sizple, glves = rapid angwer to tge cuestion posed, and unlike
the Countinr does not reculire exazination of plankton which is
pe ssible orly wika jualified olzologist. The counting method,
in adjitlon Lo itc laboriousness in the face of the complex com-
J0gition of the phytoplanuton, :ives a very confused pleture, from
whicr 1t 1s by no means:lways possible to srrive =t a definite
cozcluslon concerning the effect of the substance on trial on the
function of the »l-an%ton as & whole. Ag agalnst this, for any
specles compositlon it 1s possible to obtaln from the rate of ren-
erition of exyren directly cosparitle guantitative data relating
to th-t éhlef function of the glankton - primary production - to
stizulate wnlch the fertllizers are beinz used,

The proceiures followed by the dlifferent authors for thneir
tlologiesl tects vuried botn in tne lencth of the experiment »nd
concentrations of the salts added, and iIn the compostion of the
s21lts »nd the plan of the experiment. The most extensive bio-
lozical tests for the fertilization requiremnents of ponds were
conducted between 1950 ard 1952 on many ponds of the "Volma",

"Zrasnaya Zvezda“r "Beloe”, "Alba" and "Shemetove" fish fargg

sltuated in varlous parts of Zelorussia (Vinberg, 1953, 1954,

/124/
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1956a, 195€b, 1956c, 1958; Vinbers, nisheenko, .1958). In these
experiments salts were added to the water untli the followlng
concentrations were reachad: 2.7 mg of nitrogen, 1.3 mg of phos-
phorpus and 4 mg of potassium per 1itre., These concentr-:tlons
are close to those which c=n .occur vhen artificlal fertilizers
ore used, but they »re apparently parxedly hicher than the winimum
concentrations sufficieat to revewl the fertilicer requlrenents.

In special tests staged to:cle T up phls'problem in 1951 on the
"Volma" and "Al'ba® fish farms, Ya. 7. Salel ani V. 1. Gaponenko
(Vinkerg, 1956a) found thatvaftér 48 hours of cxposure the max=
ipum effect was being achleved with the additlon of as {1ttle as
0.3 mg of nitrogen per litre in the form of ‘cnlcium nitrate. The
result of the ezperiments was b’sicall& the same for different
concentrotions of the salts ndded nnd dlfferent len-ths of the
experizents (2, 3, 6 dvys). Nevertheless, 1t must not ve consld-
ered that i1t is a matter of indifference under all conditiongﬂhow

lonr the bottles are exposed for during the Slological tests. This

question reaquires further study. Appavently, with weakly developed /B%/

phytoplankton 1t 1s advisible to expose tne bottles for loncer ger=
jods and, pzrhaps, to use smaller concentrations of the salts =2d-
ded. '

Lesearch on the sonds in Belorussla led to completely clear-
cut results. In all the ponds examined on the various fish farms

the activity of the phytoplankton was stimulatedl either by nl-

aor by nil’ra’(n .
tro7en[and phOSphofzps tozether, the need for nitrogen reing auch
more maried in the ponds fertilized with pﬁospho{}ﬁs. Only in rare
cases was there evidence of a weak need for phOSpho§19s. The same

results were obt~ined by S. S. Raslavskaya -nd her co-authors

(1952, 1953) in biological tests performed on ponds in the Volgo~-
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gral otlast, by 4. .. Ezorova (1954) on the bayous of the Volza
delta, by X. h. l=tisone (19€2) on the Lntvian fish farms, by
L. ?. Zrzszinzky (1955, 1956, 1957, 19€1) on tne ponds of fish
nurzeries of %iev otl<st z2nd cert2in other oblasts of the Ukraine,
>nd by . N. Khzeleva and . I. Tsvetkova (1959) on the ponds of the

vimba-zhensla nursery in Krasnodar region.

Z. I. Kuznetsov (1945) and N. £. Zavsarzina (195%), on using
the gethod of rFrantsev, found th-t the lakes they were rtudying
near iozcow (.eloe, ivyatoe, Nerskoe, Dolgoe, Krugloe, Bol!shoe
and l2loe #edvezh'l) mainly diesslay 2 need for nitrogen.

I. V. Bar2nov, one of the filrst to ﬁse biologieal tenting
and to have fully evzliated the data obtzined in this way, em-
ployed this method systematically for hydrochemlcal regearch on
zany todles of water (i2ranov, 1948, 1949, 1952, 1953, 1954, 1958,
19€0, 19€1, and 1962). In the first and second papers, in which
he used the data of 196, he showed thnt the phrtoplankton of
£rten'ev pond on the "Hopshe" fish farm in Leningrad obleast reacted
only to she sdditlon of phonphofzpé and frlled to renct to ni-
tro en. In this cuse the proaounced need for phosphoilns and the
analosous dzts for Nikol'sky pond situated near Petrodvorets (Par-
snsv, 1952) are due to the f-ct that the bodlies of water of the
Gilurian plateau of Leniner 4 oblast are fed by glecial wrters with
2 very low content of prhonsphates. It might be added that in al-
kaline waters of hish mineralization the conditilons described above
foster the cozblination of phosphoézus. These observations are of
great interest, rcince thney wers made on .onds wnlca, unlike the
overvhrelalnz majority of the bodies of water studied, are charscter-
ized by a marked and persistent need of phosyhofzys due in all cases
to the spaclal feztures 6? their hydroc-.emic 1 regime. Let us re-

medter that the first experiments in phosphqzzzus fertilization of
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ponds, which were widely knovn in thelr time ani of g¢reat sigz-
nificance, ~e e made by ¥. I. isrnold between 1929 and 1931 6n the
ponds of the “"Ropsha" rish farm, which, as 1s now clear, now oc- /135/
upy a quite specinl bositlon as regards fertilizer regulrements.

As e-~rly as 1952, I. V. B-ranov found that t?e very first
blolozical tests of water of the Vlasov, Batrachek end lHayachny
bayous in the Volga delta cleaily revealed a m=arked need of ni~
trocen., 2rranov su;gestea:apklyins nitrogen fertillizers as an
element of the “combination" orgsno-minersl fertilization recommended
by him, which is also examined in his paper of 1953. On the
strensth of thils, ammonium sulghaté was us d as early as 1952 for
the fertilizotion of the Batrachek bayou (Mil’shtein, 1957).

In subsequeﬁtresearch Baranov used the =ame method of bio-
logieczl testingy to find that the need for nitrogen or nitrogen
and phosphof}ps was characteristic of the lakes (Ohésa, Chgzhkov-
skoye, Kulbyshevskoye) studled by him, Only’iﬁﬁsolated caseé did he
discover a weak need for phosphofzps as n temporﬁry or seasonal
phenomenon (Kulbyshevskoye reservolr in 1957 and 1958). '

Thus the method of biological testing used on many bedles of
water in different zones of the Joviet Union showed convineingly
th>t it 1s usunlly nitrogen or nitrogen and phquhor us Eompounds
that are needed to stimulate the development of phytoplankton.

This proved that apﬁlicafion of mixed niﬁrogen-phosphofgﬁs fertil-
izers 1s sound practice.

It 1s particularly important thet thé stroncest effect in
biolocicnl tests is senerally obtained from the Joint application
of nitrogen and phosphofﬁhs, whereas in man& cases, for example 1in
the "Shemetovo” experimental ponds (Vinberg, 1958), the phyto-
plankton falled to rea-t on the whole to sepnrate appllication of

these elements. These facés show that the eycles of nitrogen and
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3
fertilizer. The 1mountﬁ(nﬂcbssqu and sufficlent depend not only between
phosphonhs are very clocely linked. &is we kiow, the ratio of . €4=a6go/
' on the processes which take plzce in the main body of the - aterl (4

J fu !“04(

o

can to some extent be éakgéiin:;_amnaidoya%§0ﬂ in the blolorical "(44
wzterg (on average N:P enuals 10) is generally close to the av- - /”@ﬁ6a4

° tests; they are also dependent to no 1ess degree on the exchance b4“4

the concentr:tions of nitrogen and phosphofﬁhs in the natural

N

eraze ratlo of these elements in living organisms, and this

) between the w-ter and ths bottom, the macrophytes, znd so on.
reflects “he balance zchleved between the constructive 2nd de-

Therefore, to determihe and test the arplicabllity of the results
structive processes of the blotic cycle in nature. .

of biologiczl tests to the body of rater as a whole we must con-
From this follows the important conclusion that the soparate .

duct appropriate experimentéfon'the pondse.
anplleation of both phosphonys and nitrozen fertili-ers can .

In one and the same body of weater, but in dlfferent seasons,
only be adequate in special, apparently rare, cas‘'s. As a rule, '

q the phytoplankton may display substentially different requirements
these two componeqj;s are most effectlive only vhen used together. )

N as regards nutritive substances. Thus, for example, in 1951, re-
The important results nchleved with thne blolozical testing

h on the ponds of the "Volma" fish farm in Belorussla at the
zethod should rot lead us to overestimate its possibllites. 1In search o P

» in f summer, when the phytoplankton was still weakly de-
the forma in vhich 1t was used by the 2uthors mentioned above 1t eginning o ! . .

ed evealed a need of phosphorgus, which was later replaced
can oaly zive 2 clear idez of which of the elements is required by /532/ veloped, T ?}

by 2 clearly marked need of ultrogen. Apparently, nere as in ?ther

L4

"he thytoplanzton of a particular body of water at a particular

W imilar cases (Potash, 1956), was manifested the absence of pnos-
tize. When blolozical tests show that the plankton requires a s ' ’

phoTr¢us and nitro.eﬁ cycles referred to above. By virtue of the
specific rutrient this fact still doos not, in itself, prove that A 038 €

more labile links, the feed-back of the phospho{gﬁs, at least within
the correznoniing fertilizer should be added to the pond. Thus,

the 1imits of the wnter messes, .must be greater than that of the
for exaaple, »hen phytoplankton develops excesslvely it also dis-

nitrogen, the liberation of which reéuires more thorough decomp-
p}?s 2 "need" of nitrozen or phosphoi&xs, hich micht lenad to a -

osition of the orzsnic substances. Thersfore, we should expect
senseless increase in the blozass 2nd production of the nhyto-

- .
that rather more nitro-en than phosphozﬁys w1ll be immoblliced in
plankton with pocsibly undesirable consequences.

’ the org~ni remnants, not yet decomposed, in the annual cycle during
“e cannot exgect blolorlc2l testing to supply an answer to -3

the growing sea.on. w~uch arguments hﬁvcklready teen adduced to ex-
tre rues“ion of how mich of the nsceszary element must be used for

plain the decline in summer of N03=P ratio 4in New York harbour
fertillzation. In this connection gulte unmcceptable recommend-

after- fertilizetion with pollutants (Jeffries, 1962).
atlons are mnde by Popescu (Popescu et alia), Since there were

L. P. BraginsKy (1961) also states that in ponds "in spring
only two ex-eriments, in each of *hich ammonium nitrate was used in -

May and the beginning of June)....there is a slight increase
four different concentrstions, it cannot be qccepled that the re- (in May & .
sults of the blologleal tests conducted (which, incidentally, were

not very clear-cut) permit the recommendation of specific doses of
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in the need for phospho{zus; l:ter there 1s a persistent need of
nitrozen and XP", but he i1s inclined to put a different inter -
pretation on the seasonzl differences in the results of biological
tests and to reczrd them as the consecuence of replecement of the
dozlnant spz=cles of phytoplankten.

. dccording to ais ohserv-tions of the composition of the phy-
'fo;lankton developinz in experimental bottles durin~ blolozleal
te-ts, L. F. iraginsxy makes an Iintererstinc attempt "to show how
variations in the specles composition of the phytoplankton are
linked with variatlon In its "need" of nutritive elements, as
deterained from the intensity of photosynthesis". The computed
concentrations of the main nutritive elements in his experiments,

~

as 1in the experlments of C. G. Vinberz, were 2.7 mz of nitro-en,
1.2 ng of phosphoi@us oni 4 mg of potassium per litre. H-aving 4
cuzairized the material of many experiments , L. P. Bracinsky came
to the conclusion that "it 1s possible to observe a definite sim=
ilarity in the re~ctions of »hytoplankton to fertilizers of the
saze type, 2sarticularly nitroren fertilizers." Zrotorocencene,

egwecially Zcenesderwus and some Zurlenoidina (Tr@chelomonas), re-

act »1th intensifled multiplication to the addition of nitrogen

fertilizers in vltro or in the pond. L. #, Brazinsky suszvests

calline th-.se snecles hitrophils. "Diastoms (Pinnularia sp. SPyy

e

I.xieula sp. Sp.) anl some blue-green nlsae (Herlsmovedlr puntata,

Y. _tenulesina) react in the same way to the addition of phos-
;hoéZhs" (phosphorophilous specles); "forms of desmidian algae from
the cenera

Zloctevrium, Cosmariuz and uteurssbrum renct slowly to

potassium, there brlng no resultont increase in the intensity of
ghotosyntheslis”.
It ceems that Zrazinsky suzgests thet the result of the bio-

lozieal tests also dejends on what alrae achlieve dominance in the

/133/

" shownd
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test hottles, since, for ‘nstanen, in his vi-w, Protococcnce;l
will require nitrogen, blue-green nlg-e will need phcsphoé]ﬁs
and so on. DBrarinsky, like some other authors (K. A Guse%
mopears to ic¢nore the fact that the term "reqpirement" or "need"
used of phytoplenkton 1in ceonnection with a sarticular element
may be understood in two quité diffe-ent senczes. In the ecological
sense it means the optimum concentration in the medium for the
develonment of » given_spe¢1e§, and this is the way‘Eraginsky in-
terprets the term, distinsuishing nitrophilous, phosphoréphilous
and%tﬁer specles. The other'mevning of "renuirement"” 1s the parte
lculrr quentity .of a nutritive eclement necessa'y for the frcductlon
of a certain biomass of phytorlankton of é,given coaposition.

There 1s no doubt that different specieé of al-ase develop
best under ifferent environmental conditisns. K. 5. Cuseva(1952)
that diatoms cultivated by her rrew best at a nitrate ni-
con“ent ranzin- from 0.,01-(T-tellaria renertrnga)'to Oultee

ii/1itre (Synedrs mcus), whereas the maxinuz development of

troren

0.8 mz

Y

Protococcacene w-s nchieved at § mg of /1, and the peak develop-

ment of Volvocind (Zudorina, Chulamrdoronas) ~t not lover than 2-5

mg of N/1. The same effect was. achieved with approxizately 10 'times

smaller concentrations of amtonium nlfrogen. In respect of tlue=-
éreen algae Guseva notes that zowme speclizs - 1n this croup glve thelr
maximnum increase 1t the <ame coricentrations as the diatons mention-
ed earlier {iphanizonmenon flogqruae; Annboenn_ Lemrermanniil),

|
whereas other speci-s do so at nitrogen requlrements sizll~r to

Zet us note that in other groups too the

thore of green alrae.
needs of various species undoubtedly differ Just as much, which is
in complete conflict with the feeding characteristics of larze

groups of algae that have come to be accepted in hydroblologye.
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Z ving dezonstrated thorouzhly that different species develop
bezt at different contents of nitroren in the mcdium)Gusev: at-
te~pts to connect the different nitroren renuirements. of the
specles stullsd by her with the fzct that “"according to neced" they
21ffer ln the content of unitrozen in dry natter. This seems to us
uneonvineinge, slnce many data show that the chemical compositlon
of the orr nic mztter of the most diverse algze 1s very sircilar.
In inis case a civen increace in the nlomass requires n glven
susa*ity of nitroren, and ln this sense the varlous specles of
alzze will not 4iffer in thelir nitroren renuirenents. 45 we can
see, 3 clear distinnticn must be Arawn etween the two possible
me -nincs of the term "requirement™. Let us explaln this hy an-
other example, Let us imogine that "phosahcﬁﬁbs-loving"species,
l.e. s.ecles wrlch require for thelr normal develonment relati#e-'
1y nizh concentrations of prozphotes in the medium, do rot dirfer

Specses, Z'n_ Sweh a cofe

in the eozposttion fm e m'tra]oqv/ansyl‘ the same cuan-

ey
H
O,
}e)
o
3]
prd
Q
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)

tity of nutritive subsztances v1ll be recuired for a glven increase

the tiomigs of ench of thece snacles. Let us suppose that there
is a larce excess of phosphiorfus 1n the medium and that the phy-
toplankton qccordlihy consists of phosphoﬂZus—lovlng specles.
Hovever, If there 13 on excess of phosphoiﬁus, the upper growth
1izlt of the oblonass #111 he deteramined not by the phosphoéZ}s tut
by nitrozea. Zence, durins blolosleal tests these phosphonus—
loving specles digpl~y ¢ need of nitrozen. Lﬁus, the fln»2l result
o [ the binlo~ical tests will iniicate the nutrlitive element which
is in irzufficlant supply to ensure zrowth, i.e. that element which
13 present in tre sznllest guantities =nd which determines the 1limit
o7 the possible déveloprent of the total blomass of phytoplankton
for any ziven specles romposition.

Eence we nust clear'y differentiate between.the two meanings

nutritive elements and the n-~ed of fertilizer. The ' flrst, or ecol-
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ozlcal mezning ls uppermost when zn analysis ls nade of the con- /;g%/

ditions of the medium ensuring the possibllity of developzent

of a given specles.‘ The seconl meanlng 1is pzéanount when & study
is made of the con&itions ensurlng the possitllity of an incre=nse
in the total biomass of the'phytoplankton as a ghole. The re-
aulrements 2s detérmlned by the method of tlolorlcal testing, in
the form described earlier in whiph such intecral functions as the
intensity of phososyntheéis'or'gfowth of the tlomnss are used as
the criterion of the activity of the planﬁon, should be understood
mainly in the second sense.

Let us note'that the fequiréments of the plankton are on the
whole far less s»ecific than those of its component species, taken
separately. PFor example, a lack of silicon or vitamin 312 way
1imit the development of 2 particular specles, but 1t'0ﬂnnot res-
trict the zrowth of the blomass of phytoplwnkton‘as a whole, il it
is mnde up of specles which do not need silicon or vit-xin élZ'
This appeanrs to explain the cenerally gnlform oleture émersiﬁs from
the bloloricel tests, zccordlng to which the developazent of the
phytoplankton of the most dlsparate bodles of water is linmited ty
nitrogen and vhospnorous. As arﬁlnst this there 1s no doudt that
the development of individual species of olgae may be limited by
m=ny different factors, such as mleronutrients, vitamins ani many
others, A ;

Artlficial fertllirzers, by subplying lnckinz nutritive el-
ements, help to increase the yleld of pﬁytoplankton, with the
sctive principles of the fertillzers, »rimarily nitrogen and
phosphorous, entering into tne composltion of the bodies of the
algae. FProm thls 1t is clear that accurate ideas of the chemical

composition of the phytoplsnkton are of prime interest for an
unierstanding of the way 1n which fértilizeré act anl of the cone
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ditions deterzining the maximum possible initlal effect of their
applica?ion.

Tre similarity between the main indicles of the chemical
coaposition of the orgecnle mﬁtter of different alrae has been
confiraed zzain zni a aln by many recent studies. This does not
me2n, however, that there 15 = certaln invariable che%icnl com=
porition of alcse indenendent of the conditlions of growth; it
merely means that the differences in the chemical composition of -
the orzanlc matter of one and the same speci~s under different
ceondlitinns z2y be no less than in a comparison of data relating to
different specles., This important principle, which was cnunci-ted
25 years ago {(Ketchum, liedfield, 1949}, has been verified by many
uutnhers, At first sizht it contradiets the oft repeated statement
that, for example, blue-green alzase are "rieh in nitrogen", whereas
diatoas contzsln less nitrogen and hence, protein, the quantity of
whieh, as %e know, 1 cvlculnted from the quantity of nitrogen. In
p2int of fwcet, the content of nitrogen in dlatoms, expressed as a /bﬁ/
percentzge of the dry welrht, is lover than the content of nitrogen ’
in the dry matter of sreen or hlue-zreen alpae., However, this dif- -
ference 1s fully exnlzined by “he f2et that dlatoms are character-
iz2d by a hirh ash content due to layers of silicon (up to 50-70%
of the 4Ary welrht). <“nen ealculanted for ashiess (orzaniec) substance
the eontent of nitrozen in comparable conlitions 1s the same as'in
other alzne,

The extent of the simllarity between the comnosition snd chief
. blochemleal characteristics of different alsae 1s clear, if only
from the rezults of a eareful stuldy of the sccumulation of fat in
enltures of nlzne from the most diverse tnxonosic classes. The
study fzlled to reveal any "substantial” differences in fat acec-

cuzulation in representatives of Chlorophyceae, Zugleninae,
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Xanthophyceze and Baclllarlophyceae. The authors note ﬁhat"the
generally accepted view that accumulation of fat is characterlstlc
of certain classeé of alrmae ig.hased on insufficlent data" (Collyer,
Porg, 1955). '

Let us point out thaf 1t 1s the chemical composition of the
organle :atter snd not the d-y matter that determlnes the £o0d
value of alcae, as indeed of other organlsms, and that it is the
organic matter which‘cﬁnﬁaiﬁs the energy and the major part of the
nutritive elements. Therefore, for the purposes of bilological pro=-
duetion and fish breeding it 1s the chemical omposition of the ashless
and not dry mééter whizh is of.greatest.lnterest in the overwhelmlns
majority of cases. ‘

The composition of algae renred in a culture wmay differ stroné-
A1y from that of phytoplankton in bodles of woters, .evertheless, for
the purposes of comparison it is interesting tb cite certaln data.

On the strenght of extensive cultural experience it is assured that

the normal requiremant of €hlorella per 100 parts by welght of care

bon is: N - 15, P = 5, Mg - 2.5, K = 1.8, 5§ -~ 1.6, with carbton
normally forming 51-56/ of the ashless matter. Let us note the
unusually hish content of phosphoras, which should evidently te
aseribed to the hirh content of phosphates in the culture medium. -
The extent of the possible difference in the chemleal coap-

ositiohs of the cells of the same speciles reared under dlfferent

conditlons 1s shown by the wideiy known data obtained from Ghlorella

culturez. Dependine on the conditions of cultivation, the content

of nitrogen in the cells of €hlorella may ~ccording to the well=-
known paper of Spoehr and Nilner (1949) rance from l.2-14%, which
would correspond to 7.3-88.2% of protein. The relative content of
many other components-may also fluctuate withln sizilarly wlde

1imits. Therefore, there is sensé in clting collated data of the

/57

results of mnalyses of the composition of different algae (Krauss,
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1928}, relatinz =alnly to cells rrown in cultures. (Pable 2)

Table 3 also contains data obtalned un’er extreme conditlons
6{ cultl'atloﬁ. ?or coaparison e glve in the last column av-
erage daga of.analyses of alrae, chlefly Protococcaceae, bred on
municipal drainage wzter, i.e. under conditlons of a restricted
carbon dlet and a zood supzply of mutritive elements (Gotaas et
alla, 195&), .

Table 3 rives only a general idea of the range of variation
of the content of individusl components. The range of the content
ol phosphon}s hns been rreatly compressed, as it is very v-riable
and may be hirher than 1l.55 or lower than 0.943% dry weight. How=
ever, 1t ls m~rxed by rreat steadiness 2nd in the overwhélmlng
majorlty of czses 1t constitutes 50-55,. of the nshless substance.

Unfortunately there zre only n few data characterizing the
chemnicerl cozposition of fresh-water nlanktonle alcie bred unier
1ntaral condltions. Ihne nitrogen content in the dry matter of dia-
toms of fresh-water plankton ranges under natural conditlons from
1.6-3.1%,« The corresponilng firures for green algae and blue-~
creen algae are 2.4-8.3% and C.5-9.2£ respectively {Guseva, 1952).
Let us remember that these differences zre obliterated when reck-
oning on the basls of ashless natter. according to Guseva, the
zhozphorous content in the dry matter in different nlgae of fresh-

water phvtoslankton ranzes from 0.19 to 0.557.

TLBLE 3

Fange of fluctuation of elementary coapositlon of monocellulnr algne

of varloug tzxonomic classes bred nnder different conditions.(as %
dry welzht).

Bred on dralnage

Elezent Lecordine to Krauss
(1953) water, rccording to
Gotaas. {1954)
¢ : 49,51-70.17 )

Q 17.40-33.20 25.7
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H 6.57-10.20 : 7.69

1 1.39-10.98 8.92

s 0.91 1.11

P 0.94-1.51 : 1.00

Ca 0.00-1.55 1.2

X 0.04k-1.4L e -

Mg 0.26-1.51 0.35

The great dlfferences referred to in the chemical cozposition
of the cells of specific species occur under different conditions

of cultlivation. The extreme valhgp for example the particularly

low content of ni'trog;en, which was acco'panied by a hich fat content} /133/

were observed under special conditions, with nitro-en starvation
and stronsly retarded growth. In nature sqch cells are incapshle of
competiné. It appears that-1n a population of phytoplankton made ’
up of many specles each specles can remainAln the composltioﬂ,of the
plankton and not be replaced by species more nttuned_to‘the glven
combination of environmental factors oqu in cirecumstances permitting
more or less normal development of the specles in question;‘ There-
fore the fluctuations that may occur in the chemical composition-
under natural condltlons sre bound to be much smnller than those obe-
served in monocultures in extreme conditions. This zives rise to
the ldex of a “normal” chemlenl composition which is gteadfastly
preserved ln octively growing populations.

The determination of the “normal” chemicsl composition of the
vﬁrious alrae of the phytoplankton 1s beset with many difficulties.

Extremely interesting data have been obtalned for Mlcrocrstis zerur=-

inosa {Gerloff, Skoog, 1954). Careful examinations of cultures of

this specles led the aunthors to the conclusion that the "norzal™ or

"eritical®content of nitrogzen in Microerstls was 5% of the ashless

matter, since thls content of nitrogen ensures the maximum speed of

growth; Under cultural conditions the "normzal" content of nitrogen

in the cells (5%) is achlevVed at approximately 10 mg of nitrate
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) ¥
-nitro~en per litre of medium whlle the ma}mum content (81) is

achleved at 1¢ mz of nitrate nitroven per lltre of medlua. At
the -2ze time, nnder naturzl conditions, ilcrocystls develops
sxlendidly with a far lower con*ent of nitrogen in the medlum.

It 15 noteworthy t-at in nature a hich content of nitrogen
and phosphor s in the cells of lileroeystls is achleved at con-
centrations of these two elements in the medium at which the
cells 1n cultures experlence acute nitrozen and phosphordus star-
wvation and have a low nitro~en content. In material collected in
nature tne nitroren content ranzed from 5.64-2.68, witb an average
of 6.83%,.and the phosphoézys content varied from 0.52-0.98%, with
an averare of 0.697. ihls ex-mple shows once agaln how difficult
it 1s to judze the trophic conditions for phytoplankton 1n todles
of water from data obtzined 1in cultural conditlons.

FPrequently the results of physiological investlgations on
cultures prove to be in eonflict with the vlews which have been
forz=d by hydrobioloslsts. Thus,.ror exzm~le, a study of the con-
ditions ensuring the ~rentest speed of growth of Hicroecystils in
cultures revealed that 1t 1ls achieved only at a very high content
{not less than 13.6 mz/litre) of nitrogen in the medium. (Gerloff,
Fitzcersld, Skoog, 1952). On the strength of this, the "normal®
nitrozen conteut in tne culture medium would be 20.4 mg/litre(l).
In absolute contradiction of the idea that blue-green algae are
phosphoé?us-lovlng, the concentrations of phosphoi@us adequate to
ensure maximum zrowth proved to be comparatively low (0,18 mg/litre).
The suthors conclude that of the elements formins the mineral dlet
of ¥icrony-otig "there 1s most reason why nltrogen should bte the
factor llmlt}nz growth", ‘

Althouzh these data, which were obtalned on cultures, cannot

[/
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be aoplied without qualliflcatlon to natural coniitions, we cannot

ignore them either. These data, llke the materlal of mhny authors
who have successfully cultivnted different specles of plﬁnktpnic

and blue-green alrae on medla contalning minéral cozpounds of ni-

'trogén in consideratle concentrations, show how lnsecurely :nsed

are those idens thaf the deveiopment éf blue-green algae is, so to
spesk,excluded when the medium contains about 5 mg of minerzl nl-
tro:gn per litre. Iherefoie it 1s no surprise that in some.cases
water bloom due to blue-green algae (lilcrocrstis snd otheré)hss
been observed in ponds in which a -hish content of nitrorsen com-
pounds has been maintained in the water throuzrh the application of
larze doses of nitrogen—phosphofghs fertilizers.

The study of the chemical composition and trophle reguirements
of phytoplankton is also greatly impeded by the fact thsat planktonic
‘algae may =sccunulate phosphofghg, and to.a lesser decree nitrogen,
beyond the "normal® content of these elements. Therefore the& prove
able to grow in medla which do not contain these nutritive sub- .
stances, where they can complcte#evernl subsgsequent divislons due to
a drop in the relative content of ﬁitrogen ahd phosphoiﬁus in the
cells (Frantsev, 1932; Zodhe, 1948). The ability is particularly
marked in resvect of ohosohorgus and less marked in the case of ni<

trogen. Thus, for example, Hicrocvstis in a medium without nitro-

gen ¢=ive a iOOﬂ increase 1in dry'weight, whereas the increment wnd
much greater in a medium without phoéphoéﬁhs. The increment was
308% for cells bred at 1.8 mg of P per ligre, 179% for those btred
at 0.18 mg P/1, and 102% for cells bred at 0.09 mg F/L (Gerloff et
alla, 1954).

Accordingly, the relative content of phosphon;s is partic-
ularly variable. The.abllity of the cells of phytoplankton to ace

cunulnte “"excess" quantities of phOSphbfgys is of prime importance




243

.to 2 ztudy of the effect of fertillzers. 4As lonT 2o as 19kl
Zinsele (1941) noted, on the strength of the results of a study
of the con-~e-uences of fertilization of‘%éié Sehlelnsee, thnt .
the content of nitro—ren in the net plankton of the lake was rel~
atively stable (4.2 - €.05) whereas the c-ntent of phogphonus
fluctuated much more strongzly (nN.33 - 1.1%), as the reéhlt of
which the IltP ratio also varied widely (M.5 - 18.2).

Planktonic alz~e are also able to ~ccumulate phosphoéZus when
its content 1n the medilum is very low. In this connectlon the

data of Kackeretn (1953) =re exceptionally interesting. He showed

that the diatom igterionella formonsa e~ n mccumulate nhosphonus /ﬁ#q/
at insignificzntly sm2ll concentratlons of phosphate phosphoi}us

in the water down to 0.0001 mg P/litre. In the lake studied by
Mﬁckereéﬁh, particularly favoursble conditions for the accumulation
of phosphorpls =2xist alre~dy in wintertime. This encures rapld
propagatlon of A-terionsllz in the spring. The content of phos=~
rhorfus in the cells of lizckereth's observations dropped very
hzavily vhen the nuamher of cells, both in cultures nnd 1n natural
conditions, increased. For instsnce, in a eulture in which the
ori~-inzl cocntent of phosphonus in the medium ~as 0,001 mr per

litre there vere 1nitially'1.5.micr0frams, but bu the time the max-
imum nuzter v:3 re-ched there w as only 0.06 microsrams of phos-
phof}}s per million cells., iccordinz to t:e data of Lund (1950},

rho in hils classic regeareh projects conducted in the rnume labora-
tory on =S¢ Ulnderrere mode n detailed study of the 1life cyele of
Acterionells, the content of phosphoi}}s in the cells of this species
vories withln even wider limlts - from 0.06 to 4.2 microprams per mil-
lion cells, lowaver, we must t ke into zccount the foet that after
subsesuent dl%isions the volume of the cells of dlatoms may diminish

substauntially.
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It wonld apperr that many planktonic 2l--e, whose ghyslo-
loricnl charactefistics in natural conditions have not been
studled, differ from Astérionella'in several w-ys, for exaﬁy1e4
they need large ctoncentrations of nutritive elements in the
medinm. Ho—ever, it is a well-known fact that phytorlankton of
the most varled compositlon veretates successfully arnd develops
en masse at low concentrations of nutritive elements and 1s cap=-
able ofvreducins'their content in the w~ter to anzlytical =zero,
l.2. to insignificantly small éoncentrnt\ons wﬁich cantiot te de-
tected by chemicnl methods. . Therefore there are no grounds for
thinking that a high content.of nutritive elements ~ some severzl
mg of nitrogsen rer litre or several tenths of a @r of Dhosphorlgns
per litre -~ can stimulate the development of phirtoplankton the
more, the lower the coneentrations of these elements. FKost prob=-
ably, to achieve the maxlmnm speedl of péopagation of at lerst the
overrhelrine majority of spécies of alrne it is sufficient to walne
talin méderﬂtely hirh concentr-tions, for ex mple ur to 0.1 ng of
phosphoizps/l and up to 1 mg of nltrocen/l. The lensthy presence
of large concentrabions of nutritive substances must te resirded
as proof that under the conditions in question they cannct te u-
tilized, i.e. »s an indicatlion of lack of effectlveness of fertil-

lzers.

3. rfhytoolankton ‘s sn indexr of thé Initinl Zffect of Fortllizers. i?

Investi~ntion of the deiree of development, and in prartleular
measurements of the primary production, enable us to express the
initinl effect of =artificial fertilizers in guantitative terns and /lU/
to find the connectlon between primary productldn and the fish
yleld of fertilized and unfertilized ponds. vhen =ueh comrarisons.

are mzde the species composition of the phytoplankton should ve
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since it 1s quite possible that when there

ot

z%en into zccount,
is a pregominznce of Protococeaceze, for exomple, fertilizers
zay te most effective for a smaller blomass and lovrer phyto-
plankton yleld than when blue-zrcen nleae rredomin~te. The
HloTasz achisved due to the development of Yolvex will not give
sueh an efreect as al-ht be obtained, shrll we ooy, with 2 smaller
tiozss of Chlamvrioxmonas,<nd so on. Unfortunately, there is no
way at present of differentintine between these dAlfferent aspects
of the provlem, 50 tve have to compare the [lsh yleld wlth the
total blozzss ~nd primary productlon of the phytoplankton regard-
less of the specles compositlon of the latter,

Severzl methods have been used for making a quantitative

W

stimate of the dezree of develonmant of phytoslankton. Among

o

heze the zmost widezsprend is the counting method, whileh iz indis-
gennnble when it is necessary to follow the dynamlcs of the de-
7elopsent of individual cpeecles. 2ut materizal on the number of
cells, or coenobiz, does not eqable us to comnare the general de-
velopaent of phytoplankton of 2ifferent spacles compositions. To
overcone this difficulty we have to resort to computing the biomass
fron the tot:1l volume of cells. In thls way we ohtaln values for
the total bloz?ss of phytoplankton which are at rirst sleht gquite
co=z2rable, 1rrespective of the cp cles comnositlon. To = certaln

extent this is the case, but even the firures for the blomass ‘com-

puted from tke volume of cells 2re not free from many qualifications.

Ikhe saze biloztsses of dlatoms, say Protococcaceae, may differ in

" their content of dry or organic matter, cnloricity, etec. - In spite
of tris there is some point in comparing the avallable material
on the bliosass of the plankton of fish ponds with the fich yield

of those ponds.
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On the basis of the results of an investigation of €9 fish
ponis in Belorussia in June z2nd July in 1958 and 1959 2. L.
Chernyokov: (19€1) divided all the ponds exzmined into four cat-
egories =ccording to the bhlomass éf phytoplankton: 1 - those
with a blomass of.less'than 1mg/litre (28% of the total numer of
of ponds ex:mined); II - those with o blozass of 1-10 ze/1 (LBL);
III - those with a blomass of 10-100 mz/1 (20:); IV - trose with
a biomass of over 100 mg)l (oﬁly two ponds). These data show that
the poﬁds investigated are characterized by weak development of the
phytoplankton. The data of V. B. Lyakhnovich and L. V. Prosyanik

(1962) reproduced in Teble 4 demonstrate this,

TASLE &4

Kverage sizes of the blowasses cfl phytoplankten Auring the
growling season and the natural fish yield of nonds in ~elomssia
(after Lyckhnovich and “rosyanik, 15€2)

R | 2. 37 L [4 Hx x}”f"" Pen
Tpynna ng;::ln’: 5uummm R ‘q_ &‘:;:A“o:o.
. s L | wrxaauan | wacces Quros
CPEAHRN |  Makcurdane | Epeauns’ | saxcinzan- | aaioroms
5 wm
! 16 |7 10 | 100--200 95 | 14-23.8 2
N 8 35 £00—300 39 3.0--159 | * 76
L © 9 s 300400 118 | 5,5~276 &8
7 550 >5C0 07 6,4—433

KEY: (1) Group. (2) lo. of ponds. (3) Fish yeild in kz/ha.

(&) mean. (5) Minimum and maximum. flomnss of phyto-
plankton in g/m . 7) Lum:er of blue-creen as vercentece
of phytoplankton. .

Without any attempt ot selectlion the trble includzs all the
final results of systematic studies of the ponds of Zelorussian
fish farixy between 1950 and 19€0. Ais we see, the ponds,whlch are

grouped according t6 tﬁetr natural fish yield,also clearly differ
ag to the mean blomass of phytoplankton for each group of ~onis,

| Jn2/
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deteralined from the average data of observatinons extending for the
entire lenzth of the trowing season. The hi:'her the fish yield,
the nirher the mean blowmess of phytoplaniton of the ponds of the
corresgoniing zroup. Juch strictly rezular results_can only be
obtained en the brzlsg of the mean data of systematic studies of

a larse nuzter of ponds. The wide fluctuations in the mean bio-

mzsces for individual pondsg, =zs ré&ected in the table, shgw that
no clezrcut connecti:ns can be expected between the development

of tre phytoplankton and the fish yleld when we compnre the re-

sults of a fe:r observations.

Lyakhnovich snd Procyanik (19€2) note that in Belorussia in
recent years lncrezsinzy eutrophlcation of fish sonds has teen ob-
served everywhere, snd this 1s connected with the growing inten-~
ity of farzing., Observ-tlons of the same ponds revezaled that aé
the baginning of the firties the blomass of phytoplankton in them
wzs only 8-10 g/m3 and over. Accordincly, the fish yleld has
risen from 150 to 600-800 ks/ha., #From the data given in Tzble 4
Lyaxhnovich and Prosyanik estimated how many kilograms of blomass
of paytsplankton went to produce 1 kz of flsh in the ponds of each
of the four zroupss, and obtalned the following figures: Group 1 =~
0.3, “roup II - 1,£7, Group III - 3.15, Group IV - 3.76. The
lmpression 1s created that when éhere 1s an increase in the bilo-
z3ss the effectiveness of the utilization of the primary production
1s reduced, tut we should bear in mind that the aguatic vegetation
«2s 7ore stroacly developed ln »onds with soorly developed phyto-
plankton, and this vegetation could nave served as an 1lmportant

Ju3/

source of primary production. It is interesting to note that if we
exclude the blue-green alcae from the biomsss of phytoplankton we
obtain for the ponds of all four groups a figure of 0.40-0.76 kg

of phytoplankton er kg of flsh yleld.
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It is still difficult to say how trplesl these flsures.relat-
ing the biomass of phytoplanktonlto‘the fish yleld are. In ~art-
icular we need data on the blomass of phytoplankton of ponids sit- -
uated in the southern reglons of the Soviet Unlon, where the
figures should be higher. Ho&ever, it 1s doubtful whether the
mean even for the ssuthern reglons exceeds 500 mg/1.

As already noted, the biomassy} of phytoplankton calculated
from the {51vme of.cells éfe ?er& relntive, depend on the methols
of measuring the cells and maklng the comnutations, have different
signifieance ror different specles compositions of the phytoplank-
ton,and so on. It is vreferable to express the blomass of phyto-
plankton directly in terms of dry welzht, and even better to do so
in terms of the dry weight of the ashless, 1.e. orgcnle, matter,
since the food value and energy content of the cells of the phyto-
plankton depend primarily on the qugntity of orgsnlc maﬁter, ﬁhich
is formed as the result of photosynthesis (primary productlén) of
the plankton.

Unfortunately, only in a few cases was the blomass of phyto-
plankton expressed in these units. Swringle and Smith (1939 } and
other papers in thelr celebrnted in§¢stigations of the effective-
ness of artificial fertilizers, crme to the conclusion that there
1s a direct link in fertilized ponds between the desree of develop-
ment of phyﬁoplankton and the fish yleld. This is clearly 1llus-
trated by the graph in Fig. 12, which was constiucted from their
data. Swingle and Smith consider that an effort should be made to
malintain the development of phytoplankton in the ponds at .a level
of 15-30 mz of nshless matter per litre. They note that when the
bilomass 1s larger overvigorous development of phytoplankton may
hz2ve adverse consequences. Ior example, thney mention a case of
suffocation of fish as the result of tﬁe decomposition of phyto=-

plankton which had accumulated on the surface of »onds, the total
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Piz. 12 ~ Link between mean biom~cs of phytoolankton of experimental
ponds ~nd thelr flsh yleld (based on data of Swingle and
Szith, 1939).

blomass of this phytoplankton being 76.1 mg of ashless welght per
litre,

fiesearch on thre ponds of Zelorussia (Vinberg, Leshina and Vas-
11’eva, 19358) revealed th-t the total biomass of plankton can be
:sti;ated with elwost s fficlent asccurncy from tﬁe tilchromate ox=-
1dizabllity of sesfon collected on a membrane filter covered with
porlered glass, Of course, this firure, like the ashless welpht of
“rlankton® of Zwinzle and Jmith, includes both detritus and zoo-
planzton. Lo—ever, in the unfertilized ponds with wesk development
of plankton the content of seston did not exceed 2~2.5 mg of ashless
satter per litre, vhereas in fertillized ponds 1t was much higher,
rezching 14 m~/1. Hence, the difference in the bichromate oxidiz=-
ability of seston in control and experimental sonds provides us,
throuzh thiz easy apd simple method, with valuable information on
the blomass of plankton in fertilized ponds, expressed in absolute

units of welght or energyl.

Jut/
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1Let ug remember theot it is easy on the b-sls of the results of the
bichromzte oxldizability to ex-ress the content of seston in cal-
oriles by usin: the oxycnloric ooefficlent 3-4 cal/mg of 0. iaving -
tzken a specific value for the e¢nloriclty of the zeston, e.c. L.s5
cal/mg of ashless matter, we can express the auantity of oxldized
subst’ nce in m~ of ashless matter also. To do thils re must ~ul-
tiply the tichromate oxidizabllity, expressed in mr of 0, by soxze
coefficlent, in our ex-mple 3.L/4.5 ejuals 0.75 ms of ashless
welght/mz of O. Knowinr the ash content, we con easlly proceed
from the 7shless to the dry matter. liaving anllowresd for 2 certaln
incompleteness of oxidatlon or orginic substrnces during bichrozate
oxidations, such as wais later verified by 5. I, Ostapenya (196;),
end for the ash contenty G. Gi Vinberg and hls coautho:s (1938
considered 1t permissible to assume for s mplification of rough
calculations that the bichromate oxldizability expressed in mg of
0 is numerically ecual to the iry welght expressed 1in mg.

Finally, a particularly promlsing 1nﬁex o the blozass of
phytoslenkton is the content of chlorophyll, nd wore especially

in the plankton.

chlorophyll "a", On the basils of his ovn data

and data in the llterature, G. G. Vinberg (19€0) mnde e study of )
Jus/

the chlorophyll content In .ond platﬁton. tiere we shall merely

cite the following conclusion drwn by Vinberg: "in @he ~;ankton

of fish ponds wlth different natural ylelds of fish the content

. of chlorophyll usually ranges from 5-1C0 mlerosrams pér litre, but

during odd perlods of vigorous development of the phytoplankton 1t
may reach 500 micrograms per lltre and over. It is clear that in
ponds with highly productive phytoplankton s'ch high 2eve}s'may
be maintsined for a long time."

5ince the blomass of phytoplankton can be expressed In dif=-
ferent ways there is 2 need for conver;ion factors wvhich could at
least be used for rough com arisons of bloumssses expressed 1n dif=-
ferent units. This 1s difflcult since, for examaple, the content
of ashless matter in the wet welight of phytoplankton, found from
the erstimated volumes of cells, way vary wldely. Furthermore, the

content of chlorophyll in the dry.matter of plankton also fluce
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tuates, even 1f only within narrow limits, and so forth. iever-
theless, even apgrozimate mean estimates are useful.

In g}drobiology it 1s usually sssumed that the content of
4ry matter in the wet welzht of slankton is 10&. In =ctual fact
the content of dry matter in the et welght of the cells of many
zlrae, fTor example rrotococcace-e, is much nlgher (26-30% 2nd more).
However, the blomass of phvtoslankton estimated from the volume of
the cells may deviate stronsly from the true wet welcht. Therefore.
t-ere are inade~unte crounds 2s yet for relecting the conventlonally
sccented assuzption th~t the dry weleht of phytoolankton 1s 1/10th
of the coxmputed -ret welght . The coniltlonallty of the determin-
atlcn of the iry welght froz the computed wet weight and the low
content of ashes in all z2lrae apart from dlatoms mean thét we éan
agsure the dry welght equals the ashless welght wﬁen making rouzh
c2leculations. Tne mean conteat of chlorophyll 1n the dry matter of
planktonic zlzae c<n be assumed eaual to 2.5%. The content of chlor=
opryll in secton, and not in the.pure pnytoplankton, fluctuates
stronzly, and 1t is usually much»less than 2.55%, for exsmple 1% or
lo~er.

Zearinz in olni these floures ~nd other published data, we can,
as 2 roush zulde, note the followlins ir-dation of the degree of de=-

velnn=ent of =hrtonlznlton In fi=h nonds.(Tohle 5)

T
Rough irndicaer of the desree of development of phytoplankton.

Zlomass Corputed wet Dry "“eilzht Chlorophyll
wel~ht, o/l ne/1 cont-nt,g/1
LoWeeooseoacossnoncoaes Oulich 0.04-0.4 1-10
YediUDeecocoraranosanss 4=li0 0.L=l 10-100
Hl0Neeeeeeersasncsenase LOMOO 440 100-1000
Very hitheeeeecsesssoes 400 Lo 1000
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These fipgures are very tentative »nd p-rticulzarly rdéugh
gulde, useful only as an initlal workins basis, ana they must be
checked and corrected on specific material.

“hen fertiliring ponis one should strive for a "high", dut
not “very high", blomass of phytoplankton, since the latter would
lead to less effective utiliczation of the primary production, and
the consequences of ovgrvigoroys dgveiopment of the phytoplaniton
mil-ht be deleterious. ‘ ‘

The number of cells of the phytoplankton znd its blomass, no
matter hew 1t ls_expressed, only convey the derree of develorment
of the shytoplankton at any'given time. These statisticael values
do not reflect the productilon of the phyto; lonlton directly, =nd

without knowing thls »e cannot Julige its functional role in the

‘blotic eycle and the productivity of the pond.. Zurin: the growing

se~gon the phytoplankton of a pond proéuces ten times'moré organic
substonces than its blomass contalns at any one time, t.e, the
production of the phytoplankton 1z ten tizes greater than its bio=-
mrss. Thorefore, to inderstand the mechanism of the initial effect
and utilizatlon of fertillzers it. is extredely 1mportant to know

not only the blowass of the puytoplankton but 2lse its productien ,
on the dhasis of which the food supvly of ponds »nd, ultimately,
thelr frish yield 1s created.

The phytoplankton production is Tormed in the drocess of pho-
tosynthesls. Therefore, to deterrine thevmﬂgnltude of the »rirary
production we must measure tae intenslty of rhotosynthresis of the
plankton. Thls 1s usually done with the ald of the sé—called hottle
method. Darkened cnd undarkened bottles are filled with the wzter
to be tested, which contalns a gliven azount of oxycen., These rot-

tles are nlaced for a éertain period, noraally twenty-four hours,

in a body of wnter, where they are in natural conditlons of texp=

e
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fter expocure the content of oxywen in the

»ater of thne bottles 1s measured. The drop in the oxyren content of
the 1.rkened bott‘e durinz the pﬂrlod of exposure indicates the rate

of exzeniliture ol oxycen cn the res.flifatlon of tacterln, phyto—vnd
zoopl-nkton, l.e. the rwte of rezpiratlon, and hence destruction,

of orz-nlec sabstances (D!. The difference between the content of

oxyzen in the 1isht ani dark bottles nfter thelr exposure is Pro~
sortlonzl to tae true photosynthesls, or rross primary nroduction
(F}, vhereas the difference ss arninst the inltinl oxysen content 1in
the 1lcat Hottle 15 prorortional to the apparent photosynthesis, or
the nek

vrizmary production (F - D). lith the 21d of factors de-

rived froz the ozuntion deseribing the photosynthetic balance
(‘Cuz +EH,0 = Cgiigp0¢ - €74 keal/wol),

/v

w

nd the coefricienqvg of resyiratieon and nhotosynthesils, acuantities

"
™

and D, whlech -ere initially exoressed in units of oxyren, can bhe

expressed in ealorles, for example by multinlyins them by the oXy=

caloric coefficlent 2.4 cal/mz of O, or in conventional organic

matter ("zlucose"), or in orgzanle carbon, and zo on. .

ne Lo t;:z* thod, startins with the first observ:tlons in 1932
(2.3
Of wstwZe oeqln Kosino,

was used initlally by G. G. Vinberg and

later %y cthier 2uthorc for deternin tlon of the primary production
of the :lankton of lakxes, btut by 1934 1t wuc belng used by V. 3.
Ivl?v (1939) for o*cervation of the srimary production of the ox-

(1937)

in cannectlion »itk nondr fertllized with sunerphosphnte nnd unfer-

serlusntal vords of Fosrybvtuz, sni then in 1935 by Vinberg

tilizel ponis on Cbiralov (Uavvin) fish farm in Foscow oblast. Singe

then thils method has been exployed by many cuthors for the study of

sends (L-ranov, 19.8), (7inetskaya, 1953z, 1953b, 1956; Baslavksava

19233
Izhimura, 1954).

and Rusina, 1950; Vinkerc and Zhchelianovs, Tinberg, Leshina

zrd Vasil'eva, 19583 Hatida, 1953; The maln 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; Lyakhnoviph, 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
(Vinbe%p, 1937). A sinilar conclusion was reached by

Wrobel (1962a), who used different methods of sssessing the effect

fertilizer”

of fertilizers and estimating the productivity of ponds in his
experiments in Poland. ‘

He wrote:'The 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 phytoplanikton with
the light anddark bottles". Even single ﬁeasurements by this
method, made at the right time, often give a clear idea of the
initinl effect of fertilization. Such a casse 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-phosphérus fer~
tilizers. No less illustrative are the data obtained by V. P.
Lyakhnovich and his colleagues (1961) on iﬁvestigating 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 ;as found
that the fish yields of the pon&a in the different groups also

differed accordingly. (TABLE 6)
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TLRLE 6

Sriwary -roduction of plonkton anl natur:l fish yield in ponds of
collective znd stote farms in Selorussia.
{(=fter Lyaknnovieh 2ni Kazanova, 1961).

Grou Yo. of vonis Gross primary F:D Flsh yleld
production of of » nds,
plankton (F), kg/ha.
nmg 0/1l-drys

I 8 1 1.2 £0-70

il 23 1-3 1.4 20-85

II1 14 3 - 10 2.1 100-120

Iv. 11 10 - 22 6.9 250-300
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Fig. 13 ~ lhe intensity of photosyntne-is (1) and respiration {2) of

plankton and the gquantity of fertilizers =2dZed (3) in
flve experimental n»onds on "sShemetovo" farm..
{ifter Vinberg and kisnchenko, 1958).

'

From tne datz in Table 6 we can see that, when the gross pro-
duction of plankton (F) grows, the ratio of production to destruct-
jon (F:D) nlso incrzases. This means that when production is low
the net production of the plankton 1s particularly sunll, while at
nizh values of ¥, whilch are generally ochleved when blue-creen algae
develop, sinee they are hard to consume, a considerable part of the

production is realized in the form of net production (increment) of

plarkton. &ich values of F:D sirnify a swmnller degree of utilization

of the grocs primary -roduction. This nccords well with the fact

that, accoriinz to the fi-ures in Table €, the boundary values for
tre =ross pfoductlon differ by a factor of more than 20, while the
Ean:e of the net production 1s even wider, yet the boundﬁry values

of the fish yield differ only by a factor of 6.

Having examined the data published prior to 1§59 on the primary
p?oductloh of ponds, G. G. Vinberg (1960} came to the concluslon
that “in ponds of different ylelds the mean seagonal va;u;s of F
(gross primary production of plankton) usually lie between 0.5 and
5¢g O/mz'd?ys". When the season in the nursery ponds lasts for
100 days the corresponding vanlues will be "50-3500 sO/m2 or 175-1750

kcal/m? for the breedings season." Let us note that it appearé that

the largest vslues for the gross primary productioh in the most pro- /Ilﬂ/

ductive ponds may‘be much higher than the upper limit indlcated,
possibly rising to 2500 kcal and more per season, which, however,
has not yet been'conflrmed by o%Z}ervatloné.

To be able to compare the;?rimw;y production éith the fish yield
Vinberg determined from the intensity of exchanze of the fish the
total energy of tne food nassimilated (not consuﬁed) by the fish dur-
ing the entire breedinz season in the nursery sonis and found that .
the flgure wns three times greater than the'content of energy in the

bodies of the harvested fishl,
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In the finisning ponis, when the relative growth rate is slower
rathier zore nmust be ezpended on exzchange,and it would evidently
te more .correct to take a factor of 4 in thls case.

Havinz cet the limits of naturn; nroductivity at 50-500kz/ha,
eguivalent to 5-50 kcal/mz, which corresponds to an expenditure of
enerzy of 15-150 kcal/:u2 per season, Vinberg compared these filgures
with tne 1imlits given above for the gross primary production of the
pon®s (175-1750 kcal/sz and czme to the conclusion that "in ponds,
the ezpenditure of enersy by the fich is atout 8y of the enerzy of
grossg »rimary production.” He 2dds that "this is only a rough mean
fisrure ~ni larrer devintlons must be expected from individual ponds.”

Cf grext interest sre the results of the systematic observatlons
of 7. F. Ly%khnovich on the primary production of seven experiméntal
finisnhinz ponds on the "Izobellno" fish farm. These ponds were fer-
tilized «ith varilous doses of nitrogen-phosphoézus fertilizers.
Usinz the bottle method the suthor established thnt toth the primary
production of the phytoplankton and the fish yield of the ponds
vrere directly linked to the doses of fertilizer (Fig. 14). Fronm
trnese data, usinz the method of least squares, he computed the equa=-

tion of the strairht line best conveying the position of the em-

pirical points:
y = 271 & 123x%,

where ¥ 1s the fish yield in k~/ha and ¥ is the mean seasonal gross /)5%/
primary production expressed in g O/m2 per day.

Zearing in mind thrt the senson lasted for 177 days, we find
th?t'123 kg/ha of fish per g O/m2 corresponds, given the figures used

1

ir the calculatlon sktove™, the fish of €.1) of

to a utilizatlon by

the zrocss srimary production of plankton. If, for the finishing .

pords, we sscume- that the tot:l expenditure of energy during- the
! -,

zrowth of the fish is not three, but four times greater than the

content of enerzy in the bodies of the harvested flsh, we obtain a

v

figure of 8.2%.

4 JW(

g

Fish yield, kg/ha
§ §

o ' K L 7 J . # )
) » Mean intensity of photosynthesis of plankton, mg0/1L per day
Fig. 14, - The me~n intensity of phiotosynthesis of the plankton in

Trclu ion to the fish yield in the experimental
"Izobelino" fish farm. (after Lyakhnﬁvich?. &l ponds of

N "
1 k7 of fish = 1,000 keal, 123 ks/ha = 123,00 k 2
5 £ = 3 cal/ha, 1 0/m” =
3.4 kcal/m“ = 34,00 kcal/ha, This 1s duriég twenty-four gours, tut
for 177 days the figure is £,018,000 keal/ha. <he experditure of
energy by the fish 15 3 X 123 = 3£9,000 kcal/ha,

| 33‘/ =z
Bence 36 ,61%00 Efoe .

The faet that the computed curve did not start near the orizin 6
the coordlnates, but showed instead that for zero primnry croduction
the fish yleld was 271 kg/ha, is apparently not accidental. In the
ponds used for control purposes intensive feedins was erroctlised in th;
precegying Yenrs and only ceased in the year the observ;tions were
made {1961). inder these conditions it 1s reasonable to assume that

on the basis of the use of orzanie

ponds. This part of the fish yieid /45?/

part of the fish yield was formed
subst~nces already present in the
must actually have been less than 271 kz/ha, since the real relatione
ship between the {ish yield of the ponds and the primsry production *
wag ~robobly not linear. . '

There is insufficient data as yep for us to Judge xhat kind of

a relationship between the energy of primary production and the energy
expendliture on fish production must be regnrded as best, butrit is
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quite cevtzin that thls relationship concerns the main principles

unierlyine the 2ctlion of fertilizers znd therfo~e merits apecizl _
study. The ratio tetween primary production and the fish yleld is
an objectlve suantitative index of the efficlency with which the
or'‘mary production is used, and it can be employed as a basis for
determininz the optizum doses 2nd regul-rity of appllication of‘fer-
tillzers. Therefore, to simplify evaluation of the values obtalined
in the experiment it would te sensliuvle to determlne the maximum.value
of the ratio of the fish yleld ‘o the primary oreduction of plankton,
which will osly be attained under ideal conditions. The maximum
utilizotion of the primary sroduction will occur when it is fully
ccnsuzed by the foed orzanisms, and when, in turn, the entire pro-
duction of these nlant-ea'ins food eorgnnisms 1s consumed without any

wzzte by the fish. 1iIn conditions favourable for the development of

ghytoplankton, 10-157 of the gross primsry production (true photo-
g7nthesis) wlll be expended on average 'er day on the resplration of
tte phytozlznkton, zn? the effective production or increase in the
bLioz2s5s of aaytonlsnkton w11l at best be enunl to 907 of the gross

proiuction.l

1
Here we 2re talkin= akout the respiration and effective productlon
of thytozlamkton, ~nd not the respiration (D) and net oroduction
(#~D) cf the rLlanmkton z2- a whole, which c:n only be determined
»ith “ne 214 of the bottle methed. The respiration of the phyto-
planzton 15 not Zeterainad directly by the tottle methed nnd, as
z rule, 1t resreszents only a small w~rt of the respiralion of the
~l2nkton as 2 wnole (D).

At a oiven level of primary nroduction the production of the
% : .
food cresniszs wlll bSe hijner the «srecter the assimllablility of the
food L) =nd the yTe:ter the coefficlent of utilization of the as-

2
sizilated food for crowth (Kz) . Given a very hirh assimilability

“re "’f"";"'r whith serre wy Ford Jor obier 473035z . Foofnae & —p b0
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of 1 = 0,90 and a hish volue of K2= C.40, we find that of the.
= .

consumed food, i.e. of the effective. primary production, 363 } /“S%/
(KI-K2 KIZo0.50X%0.90=0.36) is used on the srowth (production)

of the food orz~nisms. Snrller it w22 assumed thot the effective

‘2 The coefflclent of the utiliratlon of nssimtilated food for srowth

is Ky = P:(i4T), vhere P is the incremeut ~ni T the expenditure

on eXchanrwe, expr-ssed in e~1.. per unit of tlme or in other =quiv-
alent valuzse ihe cooffliclent of the utilizotisn of convuned food
for srowvth lis Kl = 1":h, where 1i lg the z1tio exdr-ssed in the rane
units as Ty B TS I4MT S I(0 T ), ¥ deins "he ansretil-ted part
of the food. I, like Kl -nd KZ, 1s n dimensionless coefficlent.

It 15 ensy to see th-t iy = 1 Ky or Ky = IKj. ‘le obtzoire g by
teoking the reclproeanl eof I, the food coefflclient multiplied

by the ratioc of the caloricity of tre food to.the c~lericity cof the
1ncrem§nt (the caloricity is the nunter of ecslories TeT unit of
welzrht). ’

primary oroduction was G035 of the gross primﬂry'production, in which
ci~e the productloen of the food orgrnisms will be C.S0X .26, l.e.
327 of the rross primary productiecn of the ola-kton.

Given that the fish also %ssimllﬂce 90% (1/I=0.9 of *he nat-

“ural fonds, and ascualny that they consume all of the »roiuction

of the food orz-nirus, *e find that 211 the energy of the 2ssizll-
2ted part of (he food, i.e. the tofal enercy. expenied %y the fish
on exchanze and gain, eqrals 0,9X32% = 287 of the sross primary
production of the plankton.

There 15 no need to preve that the real values of the ratic of
the enerzy of the prizary .roduction of .the p}ntkton to thne shergy
expended by the flsh must be s:7ller 'han thoge comruted for the op-
timunm aqd ldeal conditions of meximum v~lues. In a2ctusl fact, not
all of the primary production is consumed by the food urgqnlgms. In
2d41tion to the fish yield threre afe other nrocesses. in whlch the '
primary proiuction is used upn, for ex-mple those »hiech result in the
deprrinre from the pond of chironomlids nnd other heterotopic insects.

Furthermore, not all the food orsinicsms are Vveret-rian.fearinc 211
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this in m?ni, the ficures cited above, which ~ere obtained during
trhe flrst attenpts to comwpare the primary -roduction of ponds with
trelr fish yleld, zay even be regarded as too nivh, It should he
rnotel, hrowever, th2t as the recult of many rears of niscleultural
oractlce conditlons have been established 1n the pond wh}ch ensure
1ntenrzive use of the ylelé of food ors nlsms by flsh. The results
of coxzparisess hetreen the primary sroduction and the fish yleld
create ‘the impresslon that the production of nhytoplankton 1s slso
efficiently utllized by the food orzzninzs. Further rercearch 1is
necessury 1n thls directlon to determine the relationship between
the initi2l ani final effect of fertilization snd the conditions un-

“Zer wialch this relatlonship is optimum, L.e. ensure th=t they are

used witn the greatect efficlency.
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CHAPTER IV ; . . . /455/

ORGANIC FERTILIZATION OF PONDS

l. Introduction

The term "organiec fertilization" can be used of any -
method which uses organic substances to enrich the habitat
of hydrobionts with,nut;it?ve subStances and increase the
yigld of fish.. Many forms of organic fertilizer were bteing uséé
on bodies of water long before the application of artificial
fertilizing salts, by analogy with fe;tilizétion practices in
agriculture,

In practice the following forms of organic fertilizer
are being used for ponds: manure, compost and other orgaﬁic sub=-
stances, green fertilizer in the form of fresh plants qddedlto
the ponds, obtained either from the ponds themselves or from
outside them, the sowihq of the bottom with land plants followed
by submersion of the greenery of the culture, the breeding of
waterfowl on ponds, and ﬁousehold and certain industrial waste
waters, )

Undoubtedly a large role 1s also being played by arti-
ficial seeds of vegetable origin which are not utilized by fish,
particularly when they are cut up very small, Thils means

primarlly 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 (be Bont, 1952; Lobacheva,

1659; Kirpichnikov, 1960; Lyakhnovich, 1962),
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Some authors (Wlodek, 1956) consider it possible to
link ‘organic fertilization with such measures as the harrowing
of the bottoms of ponds or loosening the bottom sediments,
Tnis 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 to have to deal with artificial fertilizers,
because organic fertilizers are themselves mixtures of complex
compounds, and their addition to thckond produces a series of
seccndary and sometimes undesirable biochemical and physical
processes which compliédte understanding of the effect of /1547
organic fertilizers, After finding its way into the body of
water‘orqnnic fertilizer can either decompose to form mincral *°
compcunds 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
utilizaticn of organic fertilizers in the heterotrophic phase
of conversions through the bacterisl 1link., It is a well-known
fact that many freshwater invertebrates consume bacteria.

Finally, part of the dissolved organic matter of the
fertlllzer may be assimilated by algae and thus be used in the
flrst 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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harm from their use in fish breeding. 1In the first place we
must mention the increase in the biochemical consumption of
oxygen for baclerial oxidation of orgenic substances. This
means that the addition of 4 large quantity of organic matte;
to a pond may sometimes cduse such a large érop in the content
of dissolved oxygen in.the water that the fish suffocate. 3o
far organic fertilizers hqve‘qnly'affected the 6xygen reginme
of ponds when appliea in large doses. . .
2. Manure

Manure is one of thé most widely 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 éype éf bedding, its chemical apd
ﬁhysical properties, and the methods’ used to store the manure.
Referring to analyses conductediafjthe All-Union Research Inste
itute for Fertilizers;.Agricultﬁral Practices and Agropedology, '
and other institutions, I.P. Mamchenkov {(1955) giQes the follow-

ing sample composition of fresh manure (Table 7).
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. Table 7
Percentage cormposition of fresh manure Wunder (1949) emphasizes that an important prerequisite
e for the effectiveness of manure is the absence from the ponds
M«Hnm 13 conovmmn nogcrnane "i’,'-:'."lé"'nfff' A3 )
. v ) 22 crnme of rigid plant gverqrowth,
: 17 W s J20 [ 20 |23 * :
Coctamve weu H §§ ! 8% Wolny (1956b) mentions that manure must be added in
4 H e &
il oz g 5 | 5 (g :
E g 132 % z % £2 quantities of 20-30 t/ha, being distributed in small heaps over
2 g2 22) 8| ¢ g | g3 S : . .
2P0 ... ..]750 (713 [77.3 |61.6 ;14 67,0 | 77.5 . the bottom, The manure is capable of increasing the fish yield
iggnw\n’;cxoe BellecT™0 o+ . o .|21,0 1254 }20,3 |31.8 250 | — p .
] Jhm. .. .| 0.00] 0.58] 0.15] 0.83 0.45{ 0.r0! 0.00 by 100%., Liquid manure 1s more effective than ordinary manure
§ G Sl ol 0l = | oo Sl 002 : :
MHA . .. . 91 01| — b ‘18, 3 3 t]
£ Sociep (PO . . D01 098] 0'23| 0:23] oo gﬁg g:ég ~3'§§ in increasing the food supply of the fish.
Aiami 0) ..o L ... L) 0,60] 0.63( 0,%0] 0.67] 0.60| 0,33] 048, R . ’ . .
':§;w+%$%@ e an. el 035021 0.40) 0,33 0,18 0,44| 0,45 Summarizing the rich experience in the use of manure
T GO R e o -
f%ﬂz}?kyd)- cio 2 o] ool 0017 oh? I in pond-fish culture in Czechoslovakia, Dyk, Podubsky and Stedron-
MK i e e 4 e e g = 1,77{ 0,85 1,47 1,08] ~— —_— .
Cxucn —_ ! '
0 *Uun"““mm“(?pé 01110051 0.2 007} — | — sky (1956) note that the manure must be added to the ponds im-
mediately before filling and thereafter be poured into the water
Key: é- Constituents, 2, dater. 3. Organic matter. 4. Nitrogen (N): at intervals of one menth, The manure must be plaged in héaps
2« total,'ﬁ. albuminous, 7. ammoniacal. 8. Phosphorus (P.0.) . :
15' f°t°5“1“me(x 0). 10, Calcium (Ca0). 11. Magnesium (Mgé)§ projecting above the surface of the water, in shallow well-heated
< Sulphur (.aO3 - 123. Chlerine (Cl), 14, Silicon (5102). .
17‘ Iron ond allirinum oxide (R,0,). 16. Manure on stra¥ bedding. places, The authors assert that the amount of ordinary or liguid
;2. hixed, 18, Horse's, 19, Ca%t,e's 20, Sheep's. 21, Dig's,
. Manure on peat bedding. 22, Horse's. 24, Catlle's, ‘manure used must be determined according to the productivity of

the pond, to the content of humus in the soil, and to the type

V.A. FMovchan (1948), in his experiments in complex in-
of fertilizer employed, but they do not give specific recommen-

tensification of the growth of carp, made extensive use of
dations on this point, Eight to fourteen centners of manure are

manure and obtained a positive result, reflected in a rise in ,
added per hectare of pond surface, which gives an increase in

fish production from 50 to 205% compared with unfertilized ponds,
fish yield of 80-150 kg/ha. In such case one unit of additicnal /1567

This author recomnends adding manure in several applications
growth in yield would require the app}ication of 10 units by

throughout the growing season, placing it in small heaps along
weight of manure, and this seems unlikely. In the view of these

_the banks of the pond. In lorchan's experiments 18-70 units by
] ey s authors, the application of manure is an necessar rerequisite
welght of fresh orgenic fertilizer in the form of manure, compost ! i v e E

if artificial fertilizers are to be effective, However, the

and liquid manure were expended per unit of growth of fish . J155/
results of numerous -experiments show that artificial fertilizers

production (compared with the control pond),
are found to be effective even when organic fertilizers are not
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added first., It appears that when oqganic and artificial
fertilizers are used correctly they will have an added effect,
In the experiments of Havlcna (1956) in the fertil-
ization of ponds with pig's manure using doses of 18-100 centn-
er per hectare, the fish yield was raiscd by 31-417 kg/ha, or
9-167%. On averaqge the incrcase in fish yield per centner of
fertilizer used was about 2,5-3 kg. In fertilized ponds mass

develcpment of the tlue-green alga Aphanizomenon f£los-Aquae

" was obscrved, the biomass of which in individual cases was 300

‘ kg of dry matter 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, &conomic 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-
ed ‘that 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, 19%6c, 1957), In his view organic
fertilizer added to a body of water must be oxidized as soon as
possible in the aerohbic 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 anacrobic
conditions are easily created. To this end the author’recommends

3

mixing the manure with water (1 m” of water to 1 centner of

2€8

fresh pig's manure) and spraying the liquid manure thus formed
over the surface of the pond with a motor-pump and hose. 1In
this way the bulk of the manure decomposes within 24 hours. The
auvthor recommends addin§ 2 centners of fresh manure per hectare
every week, ahd 3-4 centners per hectare at a time during the
warme;t part of the summer., At the beginning of ﬂqust fertil-
ization must cease. :Aécofdind to the obséFvations of vWoynarov-
ich this method of adding,fertilizc? obviates the danger of'tﬁe
occurrence of an acute oxygen deficit, which with other methods
frequently p;events an increase in the dosage. This method of
applying manure so that the fertil;zinq'substances are rapidly

included in the biotic cycle merits serious attention.

Woynarovich calls his method "carbon fertilization". /1577

He corisiders that the main point in using manure is to enrich
the water with carbon dioxide. In his view the carbon added

in the manure improves 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 he 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
kilodrams of pure carbon; Since other nu;ritive elements such

as nitrogen, phosphorus, poéaésium‘and calcium are present'in
smaller quantities in the manure uéynarovich considers the idea
that organic fertilizer is a supplier of these nutritive elements
to be outmoded.

It is impossible to agree with this. 1n actual fact, the enrich-

et
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ment of .the medium with carbon dioxide does under certain
cenditions hasten the growth of algae, as has been rupeaéedly
demonstrated in cxperimental conditions, but if we assume

the carbon is the principal Eactor.limiting the production
process in the pond itiis impossible to explain the great
effect of the use of artificial nitrogen and phosphorus
fertilizers, Also we should not forget that combined mineral
carkon in the form of bléarbonate ions (HCOL) readily available
for photosynthetic.assimilation are always present in natural
water in large quantities, whereas the content of mineral
nitrogen aﬁd phosphorus in the water often drops to analytical
zeré. Assuming the mean alkalinity of the pond water to be

2 mg-equ;, this gives 122 mg of'HCOé per litre, and fér a meaﬁ
pond depth of 1 metre we have 1220 kq/ha. Converting to
mineral csrbon, we obtain 240 kg/ha of carbon, which is thirty
tires moré than in one centner. of pig's manure. The alkalinity
of pond water is often greater than 2 mg-equ., and furthermore
i1t centains the carben of dissolved carbon dioxide, so'that

it i{s hardly likelyithat "carbon starvation' of phytoplankton
will occur in fish ponds undér normal conditions,

The great importupce of carbon dioxide for the liming
of ponds has been noted in the papers of Miller (see section
on liming), but this in no way tallies with the theoretical ’
views of doynurovich on "carben fertilization”,

The times recommended by various authors for adding
manure to ponqds can be grouped as follows:

a éingle application of the entire quantity of ferti-
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lizer prior to thelfillinq of the pond;

Repeated applications of manure in individual portions
throughout the entire grow}ng season or some panﬁ of it,

A generalization of accumulated experience inclines us to the
conclusion that the fertilizers can be .added to the ponds
repeatedly in small porpions. ‘Although this means more work

and material, the resulls‘obéainéd are far better than with /158/
a sinéle application,

As regards methods of adding manures, these differ i
greatly, For a single apﬁlication of manure.before the fill%ng
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 ygreater variety of recommendations on
the eddition of manure to filled ponds., In-practive the
following methods are most commonly employed: distribution of
the manure in small heaps in the vicinity of the baﬁk alon§
the water's edée; laying the manure behind the barricrs sepa-
rating the dikes of the pon@s from the pounding of the waves;
distribu;ion of heaps of manure all over the pond or at its
shallower points, so that part oé the ﬁcaps 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 generallprincipileslgiocedures
and must be obscerved, Thus, the fertilizer must be spread
evenly cver the entire area of the pond suitable For fertiliz-
ing. 1t iz no less important that organic fertilizer should
not reduce the content of oxyqen in the water to a critical
level, Finally, the method of fertilization must be technical-
ly progressive, In the‘light of these considerations the tech.
nique devised by hoyndrovich is the most suitable for adding
ranure, liqguld masure and other forms of organic fertilizer
winich 1end‘thcm5e1ves 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 crops,
it has limited application for the fertilization of ponds, Hence
the pond-fish culturist is faced with the task of finding and
using otﬁer forms of organic fetilizer, One possibility is
vegetab;e compos t, wﬁich can be prepared on any farm froﬁ higher
ajquatic plants, which grow abundantly in the shallows. The
plants, having been prepared in the water or out of it, are
placed in compost haaps in a mixture with manure, liquid manure
and lime. The maturcd compost is used for fertilizing ponds
equally with manure, 16 its effectiveness and the technique of
its apilication 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
Proesyany, 1949; Dyk, Podubsky, Jtedronsk{y, 1956; Vaclavik, 1957;

Gurzeda, 1956). 7159/
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In the experiments of Stedronsky (1954a) in Czechoslo~
vakia, 1 centner ng mature compost raised the fish yield of a
carp pond by 15-20 kg. Stedronsky considers that compost yields
the best results in ponds in which the bottom sediments are
poor in organic matter, In some cases fertilization with
compos t produces better results than the application of manure
in the same quantities;' F}om'the'viewpoint of hygiene and
sanitétion, compost is superior to manure for pond fertiliza-
tion, )

However, the prepa}ation of compost involves a greater
expenditure of labour, Tﬁerefore composts have been prepared
and used in limited quantities on pond-fish farms, 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,

There are at least two basically different forms of
green pond fertilizer, The fi;st is the analogue of green
manuring in agriculture and has been taken from héftigultdre.
It involves sowing the bottom of the pond with farm crops bf
grasses after the bottom has been Suitdbly.prepared. At the
present'time this form of g;een fertilization is limited
mainly to nursery ponds, since the figishing ponds, when not
allowed to aestivate, are used for fish breeding throughout
the entire growing scason, In addition‘to this, the finishing
ponds in maeny parts of the Soviet Union arc not always drained
sufficiently, even in the Boptivation period, for land plants

to be sown,
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"when the bottom of the péﬁd has been sown wlth farm
crops and the latter have been covered with water, tﬁe green
fertilizer acts on the pond as follows,

1. The cultivated plant mass enriches the pond.with
organic matter,

2., ifter the sowing of lequminous plants the rhizobia
living in symbiosis with them accumulate nitrogen, thereby in-
‘creasing the stocks Ef nitrogen in the bottom in accessible
forms,

2, The plant roots, penetrating deep into the ground,
assimilate nutritive substances and convey them Eo thg surface
from the decup layers 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, breparation of the bottom of the pond before sowing /1607
hastens the processes of mineralization of Lhe organic matter
in the bottom sediments and promotes the liberation of nutritive
subs tances from them,

In practice.part of the crop is usually removed and
only comparativély 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:}}ocatu as the result of vigorous decomposition of the
vast mass of plants.

Research on green fertilizer has been conducted since
1954 at the lnstituﬁe of Hydrobiology of the btolish Academy

of ciences, They are studying the effectiveness of sowing

e
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carp ponds with a mixture of winter créps. Ploughing in of
the after-harvest remains before £111ing the ponés failed to
produce a beneficial result, when the plants were cut at the
filling level of éhe ponds (60 em) and the after-harvest
remains were inundatéd without ploghing in, abundant develop-
ment of zooplankton was observed and Lhé fish-yield increased
by 45% :compared wiéh thé coﬁtrol ponds (Jasinski, Klimczyk,
Rosol, 1957).

The. inadvisability of turning in the green mass of the
crop is alsc commentgd 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 crder to deter-
mine the maximum quantity of greenery which could be iﬁundated
without risk of suffocation of the fish, It was found that a
green mass of‘rye or a mixture of winter rve ana vetch in
quantities of 75 centn/ha inundated during the blocming stage
does not cause a danqérous oxygcﬁ deficiency in ponds and that
green fertilizer in the form of the inundated crop yields
better results than ménnre added to the pona in the same
quantities, . v

lost Eontempor@ry authors recommend sowing the bottom
of the pond not with one crop but with a mixture, which must
include leguminous plants,’whicﬁ help to.,enrich the pond with
nitrogen to a greater extent than éther plants, The cropé in
the mixture must be selected with an eye to their rate of dew
composition aftter £illing 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 fcnti;izinq effect of the inundated crops will be more
lasting. 1n the Soviet Union the most widely used crop in
a mixture of vetch and cats., In other countries various
mixtures of both spring and winter crops are used (Lane, 1957a),
Cn the whole the work done on this problem confirms
the conclusions arrived at in his time by A,A. Khohchuk {1948),
His studies of the effectiveness of sowing the bottom of the /161/
pond with green fertilizer, which wcfc conducted on the ponds
of the Lenin fish farm near Moscow and on ponds in the Ukraine,
remzin the most complete and thorough which have ever been
done, In his experiments in ponds in which a mixture of vetch
and cats was sown on the bottom before filling, the food drgan-
izms of the plankton and benthos used by the fish were observ-
ed to develop avundantly, larticularly 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 averaqe by 63% compared with the control ponds,
The second form of green fertilizaticn 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
cutside the ponds, Many authors consider that only the
sc-called "soft plants" and grasses are suitable for the fertila
ization of ponas, However, the experiments of S.I. Kuznetsov
and G,S, Karzinkina (1955) on the spawning and nursery ponds
cf the Yolgo delta showed that "hard plants" can also be used
effectively, especlally if they arc cut before bloominy and

frult-bearing, l.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 formatioﬁ of large accumulations of the planté,
which might have an adverse effect on the oxygen regime of

the pond. ‘Thus, we e};minute the very laborious task of
collecting the cut plaﬁts ana sééuring them in specific places
in the pond,

The [itéora) aquatic plants in the ponds develop very in-
tensively and yield a gréat quantity of '‘greenery. 5. Dorokhcv
(1958) states that for 1Ahectare‘of Qater area the biomass of
the overgrowth may amount to 40-60 tons/metr;c tons - trans-<

lator/ of water thyme (Elodea), 50-90 tons of hornwort

{(Ceratophyllum sp.), up to 50 tons of pondweed (Potormageton sp.),
and up to 120 tons of iv&—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 gréenery
which can be used successfully for fertilization. According
ko the data of S§. Dorokhov, 1 ton ofbfreshly cut sedge, rushes
and reeds contains roughly the followina quantity oflsubstances:v
32 kg of nitrogenous substances, 126 kg of non-nitrogenous
extractive substances, 109 kg of gellular tissue, 2,16 kg of
calcium, and 0.86 kg of phosphSrus.

V.M. Il'in (1955) recommends securing cut plants, rolled
into cylinders or loosely bound in sheaves, under water with
‘poles or stakes so that the cylinders or sheaves are 20-20 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 7162/

macrophytes in large heaps of compost straight in the ponds
sipce under anaeropic conditons they undergo lactic fermen-
tation and the lactic acid preserves them for a long time,
I1'in coensiders 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 ncted earlicr that other methods of securing the
plents in the pond are also possible, 1l'in, A.N. Lipin,
V.1, Bakhtine =t alia (1956), on the strength of experiments
in the fertilization of experimental carp ponds with plants
at the 3avvin fish nursery near lMoscow, calculated thét the
addition of aquatic plants in quantities of 3-6 tons per
hectare énsures 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 bqt the actual 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 alia, 1956; Il'in, Lipin et alia, 19%6). The authors
recommend adding aquatic plants in small amounts 10-12 times
in the course of the summer, making sure to submerge thimto a

depth of 10-15 cm, or, tying them up in bundles, 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 oﬁ the devolopment of the forms making wp
the food supply of the'fﬁsh, staged a series of experiments
in tanks and in the commercial ponds of the Sokolov fish farm

(Vvaldai hill), at the Pelchi fish factory in Latvia and Salmi

in the Karelian ASSR (Ioffe, 1950, 1954, 1957; loffe,’ Yandovskaya,

Galkin, Mosevich et alia, 1955), In the experiments of these
authors the addition of manure led to intensive development

of Daphnia and Diaphanosoma; fertilization with birch branches

stinmulated the development of Bosmina; fertilization with sedge
produced abundant developrent of Diaptomus . In these exreri-
ments manure and blrch branches induced abundant Qevelopmentl
of oligochaetes, whereas fertilizatioﬁ with sedge intensified
the devolpment of chironomids. The repeated aadition of small
portions of fertilizer to the ponds made possible a substantial
increase in the fish yield, 1n individual cases the yield was
increased to 170 kg/ha and was 6-7 times greater than in the

control pond (young salmon being bred).

M,M, lsakova-Keo (1947, 1950) suggested the so-called /163/

zonal method of fertilization, which is hased entirely on the
use of green fertilizer, In this method the sun—dried or fresh
green vegetation, obtained either from the same bedy of water

or from elsawhere (weeds, branches of deciduous trees, hay,

and so), is placed in layers along the bank, 1-4 metres wide and

20-30 cm thick, so that water is anove and below the liayer.
The authors rccommends that each deposit of fertilizer should

occupy one third of the length of the bank of the pond, and

e e e vy, ST Tt ot
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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 sunmcr the entire periphery of the pond will be covered

by zonal fertilization (Isakova-Keo, 1950}, Since loose layers.

of vegetation neor oLen banks may be Lroken up by the pound.
ing of waves, lsakove-Keo recomnends making the ponds a
special shape, with narro« extended inlets, branches, and so
forth, It is sugygested that the time for the'additicn of the
next batch of fertilizer can be estimated from the deqree of
oxidizanility of the water, detcrmined at a distance of one
metre from the zonce of fertilization, If the level is lower
than 12 mg 0/1 this means that it is time to fertilize again,
Isakove-Keo tested her method on the ponds of the"RopsHé"
experimental farm near Leningrad and on the ponds of the
Frozersk fish breeding establishment on the Karelian isthmus,
in which trout, carp, salmon, 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 iﬁ‘one case
was a larger pond (1.5 hal)fertilized by the zonal method, and
this cne the outhur 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
sape ponds prior to fertilization, However, on really large
ponds with an area of several tens of hectares or more than
100 ha it is much nore difficult to use the zonal method, and
its effectiveness in such cases is probably weak, fn 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
pléce when the banks are hundreds and thousands of metres’
apart the narrow strip of fertilizer along the bank 1s 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 sﬁccess in the éxperiments
conducted b} the Zoological Institute of the Académy of
éciences of the Soviet hnion, under the supcfvision of V.1,
Zhadin, in.different conditions of soil and climate on
commercial fish farms throughout thé 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 published

results of Lhis research it is difficult to determine to /1647

what degree the changes noted in the biological regime
and fish yield of the éonds 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 has been said concarning green ferti-
lization, we can note that both techniques - the sowing ef
the bottom of the pond with plants and.the skilful applie-
cation of cut plants - yield qood:results. In particular
it should be emphasized that prelin%@ry compoéting’of the
plants and even sundrying dare now regirded as unnecessary,
and Lhis considerably reduces the expend;ture 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
kard plants which decompose slowly glve good results 1f they
are added repeatedly every 15.20 days, or at least once a
conth,

4. rixed Carg and Duck Culture

An unusual source of organic fertilizer for ponds is

water~fowl., The rost commonly used technique is mixed carp
.

b

&5c1cu1tural

effectivencss of tending cducks on carp finishing ponds were

and duck culture, The first studies of the

crnducted at the willenbach station in Germany (Probst, 1934)
and on the ponds of the Timiryazevsk Agricultural Academy
near FHoscew (Cherfas, Orlova, 1925), After the second world
war carp and duck culture recsaived a big boost in the Soviet.
Union, East Germany and Czechslpvakia, Probst cestimated
that under the cptimum conditions one duck feeding on a

pond for six months can cause an increase in the fish yield
of 1 kg, Secondary nurs;ry ponrls (breeding of yearlinq‘
with a three~year cultural cycle) in Frobst's experiments
proved 274% more producgive than control ponds when accom-
modating 230 ducks per huctérg during the season,

D.E, Semenyuk (1956), working with the ponds of Kiev
oblast, showed that ducks can also be accommodated on nursery
pends stocked with carp fry. 1n his experiments the nurber
of ducks was 400 per hectare, and the fish 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. Martfshev (1954{ notes that on the "Gzhelka"
fish farm in Moscow oblast.therc is an increase of up to
1.5 kg in the weight of the carp for each duck on the pond
during the growing season. According to the data of é.H.

Sukhoverkhova (1953), 250 ducks per hectare have the same

effect as the additionh.of 6 tons of manure to the same area, /165/

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 valuable fertilizer. B.I. Cherqu and G.A. Zernyshko
(1946) and other authors rrecommend 150-2C0 ducks'per hectare
of pond area, '

Dyk, Podubsky and Stedronsky (1956) prefer a figure of
100 ducks per hectare when the duck% are stationed all cver
the flooded area of the pond, or 220-250 per hectare 1f 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 grourds, provided the level
of oxidization of the water is suitable for cafp ponds,

Extremely instructive data on the effectiveness of
keeping ducks on carp ponds in Czechoslovakia are contaiped
in the paper of M, Friek (I1957), 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 increase in
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the yield. Thus, the yleld of the pond prior to the advent
of the ducks (1953) was 76 kg/ha, but during the first year
when ducks ani carp were bred together 1t rose to 356 kg/ha,
l.e. the yleld increased by a factor of nearly 4.7. In the
next two years of mixed culture the yleld rose to 450 kg/hs,
or 592% of the original figure, but was only 1.26 times as
large as during the rirst year of joint culture. In 1956
the survey embraced 94 duck ponds. In 86 of these the yleld
roce on average by 98%. Only those ponds which were over=
‘loaded with organic matter of another origin falled to ex-
hiblt an increase 1ﬂ yield. The author stresses that exper-
lence of jolnt carp and duck culture in the Sovliet Unlon
has been favourable, and he recommendsvbreeding ducklings
and younger anlmals on fry and nursery ponds in Czechoslo~
vakla, and fattening the ducks for the market on carp
flnishing ponds.
. In the'experiments of Wolny (1956c) in Poland the keep=-

ing of 200 ducks per hectare on a finlshing pond for 2%

months led to an increase in the flsh yleld from 100 to 188.7

¥g/ha. When 220 ducks per hectare were kept for three months
the 7ileld 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 207 kg/ha, i.e. more than trebled 1t. This
experiment also glves a very full picture of the nature of
the effect of ducks on the regime of the ponds. The author
found that an oxygen deficlency occurs 1n the shallow parts
of the pond (down to 60 cm) at night. In the deeper parts,
which as a rule are rarely vislted by the ducks, the oxygen

reglime was so favourable that vendace placed in the ponds as

e/
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an indicator of su!‘!‘ocatior; phenomena‘gihl? survived, At

the same time, in the ponds in which ducks were belng bred

the oxygen content in the'deeper farts was even hlgher than
in the control ponds. Hence'lt-follows tnat the keeplng of

200 ducks and over per hectare of pond surface 1s permlss-

ible only 1n those ponds in which partg'wlth depths 9{ more
than 60 cm occupy & large percentage of the area. In sha}Q
lower ponds the denslty of stocklng must be limited to 100

per hectare. .

According to Wolny's observations (Wo}ny, 1956c), a
flock of ducks wilth a density of stocking of 200-320 per
hectare retarded the development of hard p}ants in the pond,
but when they were thinned out the development of plants
with r%%ting leaves became slightly mo;e 1ntensifled.‘ Down
to a depth of 60 centimetres the bottoms of the ponig were '
freed from moss and benthlc 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 pornd.

In the experiments of V, Janefek and V. Janezek {1958)
on fish ponds in Czechoslovakia it was shtwn that three bat-
ches of ducks can be reared one after the other durlng the
growing season without harm to carp. The authors found by
experimenting that the most sultable density of ducks on carp
ponds will be the number per hectare adequate to malntain
the oxidizability of the water at & level of 26.5 mg Op/litre.
In thet case the flsh yleld is 500 kg/ha, and when there 18'
a mixed stock of fish of various ages the filgure 1s as high

as 785 kg/ha. Ox1dizabillty above the level indicated is re-
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garded as undesirable, although in the experiments it was
sozetines ags ouch as 52 mg 02/1, and the oxygen content in
the morning‘hdurs fell to 0.1 mg/1l. Nevertheless, cases of
suffocation were not observed.

In recent times the practice of allowing free ranging
of ducks on fish ponds has brcome widespread in the German
Dezocratic Republic (Thumann, 1955a, 1955b, 19565 Blume, 1958,
1960; Wundsch, 1960; Zppel, 1961). With this method the fish
vleld is increased by 100%Z. 7The fish are not fed, but the
feed boxes for the ducks, whilch are placed strzight in the
pond at different points, are deslgned so that the remains of
the dhcks’ food are easily washed into the water and pounced
on by the carp. It has been noted that the losses of carp in
poads wlth ducks are 12% lower than in the control pond. '

Thusg, ;&mégggof the ducks on fish ponds in quantities ﬂl;/
of 250-300 per hectare hasg a fertillzinz and amelloratory eff- .
ect. FHEard plants are ellminated from the pond not only because
the'ducksj feed on then and'tramplé them down, but because
where they feed the water becomes turbid from the abundancé
of orgznic substances and plankton, and this suppresses the
hizher aquatic plants. In ajdition, in se%%king food on the
botton ducks stlr up the bottom sediments and thls helps to
aerate then, accelerates decomposition and Iintensifies the
transfer of the nutritive elements from the bottom sediments
to the water.

When practising combined carp and duck culture it 1s 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 thls may have an adverse erfept
on the oxygen regimeé of the pond or certain parts of it. In
such conditlions there may be outbreaks of branchlomycosis.

Therefore the recommended densities of stocking should be strict-

"1y adhered to, and the oxygen regime in the water of the ponds

ghould be examlned periodically.

5. Fertilizatlon Vith Waste Waters

The waste waters from the municlpal sewerage system (hoﬁse-
hold drain-water) and frem certain branches of the food industry
contaln many substances which are necessary fér the zrowth and
development of living organisms. As industry grows.and the
sewerage system develops the quantity of wastq.water increases
and more money has to be spent on purification to prevent pol-
lution of natural waters. Of the existing méthods of purlfying
wasﬁe water the most sultable for the fish industry is purifica;
tion in ponds and utilizatlion of these ponds for fish breeding.

According to estimates which have been made, for one in-
nabitant 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 thelr way into varlous receptacles in the course of 24
hours. The amount of water used by each lnhabitant ranges from
50-250l11tres (Botuk, 1949). 4ssuming that the mean quantity qt‘
water consumed by one inhabitant in 2% hours is 200 litres it
is easy to calculate that a pond with an area of 1 hectare and
a mean desth of 1 metre fillled once with undiluted waste water
will hold 24 hours of drainage from 50,000 inhabitants. To-
gether with the waste water the pond will recelve over 350 kg

of ammonium nitrogen and nearly 80 kg of phosphates. The load
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of organlc matter wlll be more than 2.5 tons/ha. Such large
quantitieg of fertllizing substances are not used in pond

plsclculture. Overloading with easily oxidlzable organic
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for tﬁe purificatlion of household waste water by means of
fish ponds was the pond carp ferm in Mupich, which started

operations in 1929. This thoroughly organized farm, with a

matter in ponds filled with undlluted waste water results in ‘/flgyl total area of 223 ha, was designed for a three year eycle.

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, aeroblc conde
itioas are cstabli;hed, phytoplan@@on develops 2nd give a
strong boost to aeration owing to photosynthetic evolution of
oxycen, and then there 1s a sudden flourishing of heterotrophic
organlsms of nlankton and benthos. Conditions are created
whlch are favourable for tbe 1life of fish., But the waste water
continues to flow 1in and the purified areas must be evacuated
as soon as possible. To combline 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 serleg
of ponds g0 that the undiluted self-purifying waste water can
pass from one to anqther, thereby creating favourable condit=-
lons for the culture of fish.

The first experiments in the use of household waste water
diluted with fresh water were conducted in 1887 in Berlin,
where purified dralnage water from irrigated fields was direct-
ed Into experizental trout pools. Gradually the Germans evol=-
ved the practice of utillzing domestic waste water in carp
breeding ponds, and thls practice later became very widespread

{(4alter, Dcmoli, 1937). lhe largest biological installation

The finishling ponds, Ilnteo which most of the waste water flowed,
were rectangular in shape and measured 300 X 200 m. The waste
water from the municipal dralns was first clarified in settling
tanks and then passed aidng'a pipeline to the ponds, before
entering which 1t was mixed with fresh water¥n a ratlo of 1l:3.
On this farm one hectare of pond area processed waste water Trom
3.000 1nhabitant§. In the wintertime the waste water was ace-
cumulated in a 600 hectare lake situated higher up. It was not
allowed to enter the hibernating ponds and store ponds. The
fish yleld of the ponds in Munich after fertilization with waste ’
water averaged 450 kg/ha, and individual ponds gave a much high-
er yleld (Kisshalt, Ilzhoefer, 1937; Scheuring, 1939; Kaufmann,
1958). The annual production of the farm was more than 250
tons of fish./l.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 nzc- /l‘t/

essity for tomplex equipment and sources of large quantitiles
of clean water for the d1lutlon of the efflug;nt. Three times
more pure water 1s required than is consumed by the munleipal
water supply system, and in large towns.this poses qulte a
problem.

. In the Soviet Union another method has been t{}fed for the
utilization of household waste water for fish breedling without

the consumption of large quantitles of fresh water. Experiments

N
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in the use of undiluted waste water from Moscow were begun
in Lublin in 1913. A serles of ponds vas used in which the
fluld zassed in suncesss}on 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) .tie—feurth—the waste water
had been srocessed so thoroughly by self-purification processes
that ‘¢ .nditlons favourable for the exlstence of carp had been
achieved. By 1928 the ponds covered an area of 220 hectares.

Zetween 1927 and 1931, V. A. Melen, (1928, 1932), working
with the same type of purifying ponds in Lyubertsy, bred carp
experimentally. UéZdilutcd vaste water from Moscow flowed
into the ponds at a rate of 178 m3/hz per day. According to
the observations of Melen, 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 yleld was 376 kg/ha. How-
ever, the oxygen regime in Nelen'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
serles. v

At the présent time a method of purifying household waste
water in bloloslcal ponds not intended for fish breeding has
been develozed intensively and 1s becoming more and more wide-
spread (Vinberg, 1955). Ten years of research into the self-
purification processes in shallow stagnant biologlcal ponds
established in the Minsk filtration flelds 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 years gf research into the'self-purification proi'.eues
which take place (Vimberg, 1955, 1957; Vinmberg, Sivko, 1952,
1956, 1959, 1960; Vinberg, Ostapenya, Sivko, 1957; Vinberg,
Ostapenya, 1961; Sivko, 1961). The main advan%ago of the
stagnant biologicallponds is that théy can handle a load twice

as big as that handled by the flowing ponds in geries which were

previously used near Hoscow, ~This conclusion arrived at by, the

authors working at Minsk was later confirmed by A, A, Rukhar-

enko and N, S, Podlesnyuk (1962)’ who did their research on the
purification ponds at Lyubersty., Waste water which has under-

gone purification in autotrophic ponds contains a greater qﬁhntity/ﬁ?@/

of organic matter in the composition of the bodies of the live ’

cells of planktonic algae (usually zmall Protococcaceas or flag~ : .
ellates), Organic matter in this form not only cannot increase .
the blological 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 connectiom
the drainage of water purified in biological ponds into sumuer
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 1250-1500 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 iﬁcrease in the organie
matter of the algae during the 100 days of the growing season will .
be 45 tons per hectare, This vast mass of ready planktonimater=

181 could ensure & 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 scoms quite evident to us that household waste water
previously purified in biological pools sh;uld be used to
raise the yielq oi ponds,

A greatig}?géngay also be achieved by using for the same
purpose waste water purified in other ways. As we know, acte
ivated sludge is being widely used to purify waste water from
the municipal seweraze system, After purification the water
cannot pollute natural bodies of water, and it is discharged
into lakes and-rivers, Meanwhile, the purified watsr normally
contains a large quantity of nitropen and phosphorous, i.e.
those nutritive elements which are the main active principles
of the artificial fertilizers employed in pond pisciculturs,
For axﬁmple, in the waste water of Kielce (Poland) (Wolny, 1962)
was found, after purification with activated sludge, 44.3 mg
of HOB/ litre and 2,5 mg of Pou/iitre. Three years of obser-
vations of the breeding of carp of different ages in five exw
perimental poncs filled with undiluted purified wéste water

from Klelce 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 tyﬁes 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 fasulta were obtel ned in the stagnant ponds., In one of

them, in whien-two-yegr—old-carp and em were being reared
S ) W N YV g e
the fish yleIdyof -nfertilized ponds in That reEIE;t Wolny

emphasizes that "such a high yield has never vefore 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 unfeé-
tilized ponds. In fast-running ponds the yield was lower than
in the control p?éﬁ h}?j kg/ba), This example shows convin= -
cingly the gren£:g; e;%'achieved by using purified water in
pond pisciculture, ' '

Some industrial effluents can also be used successfully
to raise the fish yield of ponds, i

Experiments performed before the war in Germany showed
the possibility of using waste waters from cellulose factories
in ponds, provided this water was diluted ﬁith ten times itas
volune of clean water, After the second world war work began
in Czechoslovakia and other countries om the purification in
rish ponds of waste water frem various food manufacturing '
plants, )

Pytlik and Svec (1954) suggested a method for purifying
and utilizing in fish ponds waste water from dairy:factories.
Chemical and biological studies Eonducted by these authors on
seven ponds in different parts of Czechoslovakia revealed that
drainace of effluent from dairy factorles into biolﬁgical pools
is the bést 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 yeaf round provided thers
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 & day can be used in a carp pond with an

area of 6 hectares.and a mean depth of 1 metre, At the same

e e e . e arest e
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the ponds must be limed every year w@th & concentration of
20 centnerS of Ca0 per hectare,

In the same year Pytlik, Votava and Benes (195)) devised
2 method of usin- waste water from sugar refineries, The auth=
ors demonstrated that in a storage pond of such size that with &
depth of 1 metre, it could accommodate all the waste weter from
a plant dur.ng its period of operation with liming at the rate
of 50 centn»rs of Ca0 per hectare, the waste water would be
cocipletely purified durins the winter, the organic matter cone-
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 harvcsted, and then the pond 1s filled with effluent,
lized and restocked tne noxt spring, The fish yield of such
ponds reaches 500 kg/ha. An experiment showed that a pond with /ﬁ?%/
an area of 4.5 hectares is sufficient to receive pulp effluent
from tre processing of 3,000,000 centners of beet, The six
years of study by the avthors in Kelgany showed the great ef=
fectiveness of this method of utilizing the waste water of sugar
refineries, )

From 1950 to 1953 Pytlik and DuSek (Pytlik, DuSek, 1956;
Pytlik, 1957) made & 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 1l,l 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.

20
T; avold 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

conéitions for the processing and utilization of the effluent,
The oxygen regiﬁe of the ponds receiving the effluent nust be
strictly controlled, and the inflow of effluent adjusted accord=
ingly. . '

Thus, when suitably processed, domestic waste water and the
offluent of certain food manufacturing factories not only help to
increase the rish yleld but also to enrich the ponds with a quan~
tity of nutritive substances which cannot be matched by any other
methods of fertilization, There 1s no doubt that in future this
method of "fertilizing" ponds will find wide application.



CHAPTZE V. - 295
TiE ZPFECT OF FEiTILIZATION ON THE FOOD SUPPLY OF THE FISH. / ‘73/

1. Introduction

20/ < prE I/O/'ﬂ
Tne natural food of the And~3oc]

iie-fish reared 1in
ponds ls the Invertebrates and their larvae populating the mld=-
water of the pond (zooplankpon), the upper layer of the bottom
soll (zoobenthos), and tae submerged plants (zoophyton). The
zooplankton and zoobenthos are regzrded as the main natural food
su-ply of a flsh sond. As regards the underwater plant popula-
tion, its role in the food supply of pond flsh ls determlaed en-
tirely by the degree of cultivatlon of the pond. The higher the
level of flsh cultﬁre and hence the higher the fish yield of the
ponds, the ‘smaller the population of macrophytes in the ponds
and the more lnslgnificant the role of this population ln the
nutrition of the fish reared 1n these ponds. )

Depeniing on the specles of fishes belng bred and on their
age, thelr diet wlll consist.mainly of org nisms from this or
that commﬁnlty. The fish actiyely gelect the most appropriate
of thelr favourite food items. In addition to this ability to
selact, a large role ln the feedlng of a fish of a particular
species and age ls played by the degrec of availabillity of food
organlsis.

The main fish bred in Europe - the carp - 1s, 1like many other
specles of tnis f .mlly, éistinguished by great flexibility of
feeding, an? they can mike equally good use and fatten equally
#ell on Béth planktonic and benthic food. It is impossible to
agree with the opinlon propagated by certaln flsh breeders that

carp are dlstinctly benthophagic 1ln thelr second year of life.
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This view %s not borne ocut by the data of numerous analyses

of the content of the lntestinesof two-year 0ld carp anﬁ does
not square with the fact that ;arge increases in the comasrclal
fish yleld are obtalned from ponds in which plank‘on 1s strongly
developed and the population of demersal zone 1s thin.

In pond ptéclcultura in the U.S.A., where predatory and
seml-predatory fishes are chiefly cultivated, the planktonlc and
bethnic food supply is.also of great signiflcance, asg species
forming part of the dlet of predators are reared on it. This
merely means that the food chain 1s lengthened by one addittonal -
link.

The inclusion in pond culture offfishes £rom-the plang;ating /l?h/;
eroup (blackemrp, white carp, and silver carp) extends_the con-

cept of the food supply for fish culture by adding the vegefable
part of the ;;;EigéL%iéﬁfponds. however, since data on the ef-
fect of fertillzers on phytoplankton ars examlned 1n Chapfer 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 examlnation of zooplankton and zoobenthos

a8 a source of food 1n fish poﬂds. ) ‘

In connection with various experlments to lntensity fish
culture, including methods of fertilization, nuumerous studlies of
the natural food supply of fish in (1sh ponds have been perform-
ed. The papers of German research workers on the fertiilzatlon
of ponds in Sachsenhausen had describeh an attempt to ascertain
the effect of f?rtilizers on zooplankton and to find a correlatlon

between zooplaﬁkton and the fish yleld in experimental ponds.
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The detalled pager by Pauly (1919} contains a large number of

tables and graphs snowlng all *the fluctuations in the composit-
ion of the zooplankton of the ponds he studied. No specific
differences were found in the specles couposition of the zoo-
plankton of fertilized and unfertilized ponds. Nor was there
any trace of systematic quantltlﬁe differences among the vast
amount of material on the number of individuals in the composite
lon of the zooplankton of fertilized and unfertilized ponds.

It was impossible to discover any correlation between the planke~
ton and the fish yleld of the ponds.

No less tyslcal are the.results of three years of palins-
taking stuly of the zooplankton performed by Kreutner (1934) on
ten small ponds on the 5ulau experimental farm in Silesia. Aftér
co1paring his data on the compsition and numbers of zooplankton
with the fish yleld of the ponds the author found, contrary to
#hat he had nxpected, that his material falled to reveal a con-
nection between the qualltat%va and quantitative development of
the zooplankton and the fish yleld of individual ponds. .

3imilar data on planktoﬁ are contalned In the papers of
Wiebe (1929, 1930), who examined the species and numerical com-
position of plaﬁkton in several nursary éonds and five cement
ponds on an experimental verch farm in connection with various
fertilizers. Similar work was done by M. K. Taran (1939a, 1939B)
in the Ukralne,'who also notes a gimilarity in the speclies com-
positlion of the plankton in fertilized and unfertilized ponds.

Yo doubt because of thelr laboriousness and technical com-
pexity, studles of the zootenthos 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 ralse the _/175/
yleld of ponds, and nor has 1t been possible to find a link

hetween the number of individuals in the bdgﬂgﬁc population and

_ the magnitude of the yield. In contrast to the'data on the zoo-

plankton, the studlies of the benthos have from the very begin-
ning been nccompanied by determination of the biomass of bottom~
dwelling animals, and this has brought the results much clqser

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 desgrlptlon 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 regearch of M. K.  Taran
on the ponds of the Ukraine and the studies conducted much }ater
by V. Ya. Pankratova in connection with the fertillization of the
ponds of a vimba and shemala*nursery in the northern Caucasus z2nd
carp breeding ponds in Latvla'(Pankratova, 1959a, 1959b).

' It is easy to nnderstand why no correlatlion has been dis-
covered between the composition of the food organlsams and fish
yleld of ponds. For pond fish such as the carp it 1s not essen-
tial for specific specles to be present among thelr items of food.
Theré 13 a wide varlety of dlfferent forms of food organlsms .
which the fish are capable of feeding on. It 1s a generally known
ract that the specles composition of the organlsms 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 questlon.
At the same time 1t 1s evident that if the fish.are to grow at

the necessary rate they should consume a specific quantity of food

*
Chlegliburnug chalee, des
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of a relatively fixed chemlcal composition'and other properties
enabling 1t to be included in the metabolism of the fish. These
basic conditions are satisfied through the complex system of re-
lations evolved in time with the hablitat which determines the
tehavisur of the fish, selectivity while feeding, regular replace-
ment of favourite 1tems of food in the course of development or
at different times of the year, and so on. Hence, in spite of the
exigtence of particular types of diet and thelr regular abandon-‘
ment in the course of development, no speclies of fish has a con-
stant imperative link with specific specles of food organismse
‘The food requirements of each species are determined principally
by the type of metabolism peculliar to 1t and are satisfled by a
glven quantity of food of sultable chemlcal composition.

Hence 1t 1s clear how lmportant for an understanding of the
trophic links are quantitative data permltting an assessment of
the food supply in absolute units of matter or energy. For a
counnarison with the fish yield it iz no leas 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 ac a gholg, and not to individual parts, zones,
statlons, etc.
of all parts of the pond; therfore 1t is quite correct for the
fish yleld to be expressed in units of welght per 'nit of area. or
course, when making such an estim-te it is necessary to take 1ntq
account all the food stocks which are actually consumed by the
fizh., Only when we have comparative data can we count on finding

a correlation between the phenomena compared, Unfortunately, most

s

Fish bred in ponds may assimilate the food resources
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of the.research on the food supplies of fish in ponds does not
satisfy this 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 productlon.
Earlier we showed that a search for a ilnk between the food supply
and the flsh yleld was 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=
ganisms for the fish on the other.

There are lnsufficient grounds for considering that an in-'
crease or reductlon in the food supply of the fish, represented
in the pbnds by heterotrophic organipms of plankton and benthos,
may be the consequence of the simple direct affect.of feftiliza-
tion on these organisms. Thls effect may make itself felt only
indirectly, through the intermediate 1links in the food chain..
Unier the influence of artificlal fertilizers the developzent of
plankton is intenslfled and the prizmary production is increased.
Thls creates better food condltions for the filter feeders feed-
ing on phytoplankton and bacteria. Thls applies to many of the
Planktopic and benthonlc food organisms consumed by the figh.

Organic fertilizers add to the ponds a large quantity of
micro~-organlisms which can be directly bonsnmed 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 organiec

fertilizer. However, organic fertilizer, in enriching the pond
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wilth mineral nutritive salts, also intensifies the development
of phytoplan?ton. The decaying cells of planktonic algae in
thelir turn provide tha substrate for the development of sap=-
rophytic bacteria. Therefore the teneficial effect of both
artificlal and organic fertilizers is reflected in the first
place in the feeding conditions of the food organisms consumed
by the fish. It 13 quite clear that if the fertilizer has no
initial effect, the development of phytoplankton is not inten-
sified and the nunber of bacferla 1s not increased, then there
15 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 conditlions, cannot be selective and narrowly specificy
1t cannot affect the development of some of the constituents of
the natural food supply of the figh without acting on others.
Purthermore, the orzanisms of the pond zooplankton and benthos
are well adapfed to 2 wide range o{ sudden changes in the con~
ditions. Therefore it caﬁ hardly be expected that there will be
& substantlal change in the species composition of the food or-
ganlsms consumed by the fish under the non-specific effect of
fertilizers,

In numerous studies in yhich tne composition of the plank-
tonlc and benthlc population of the ponds is analysed in con-
nection wlth fertilization, no such differénces can be detected
in the composition which nigat be attributable to the definite
influence of fertilizers (Braginsky, 1954, 1956, 1957; Akatova,
1957, 1959; Dunke, 1958; Lyakhnoviecn, 1953, 1960, 1963a; Lap-
inskaite, 1958; Volkova, 1961; Pankratova, 1958, 1959a; Vadze,
1961),

/-
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An improvement in the conditlons of nutrition of 200~
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 always be detected by counting .the

number of individuals forming the food supply of the specles of

zooplankton and benthos. -

An improvement in the trophic conditions 1s more helpful
in increasinz the number of Iaréer'species, for sxample Daphnia.

If this leads, as it often does in practice, to a drop in the

number of rotifers, Bosmina or Chydorus, then the actual increase
in the biomass of th; zooplankﬁon w1ll be concealed by a drop in
the overall numbers, and so on. YTne same thing is also possible
in relation to the zoobenthos, in the composition of which, as
in the composition of the zooplankton, the welght (blomass) of
the larged forms differs from the blomass of the small forms by
a factor of several hundreds. Hence, to discover a quantitatife'
1ink between the food supply of the fish and the primary pro-
duction we must have data r%ieccing the compared values in ab=-
solute units of weight, i.e. we must strive to deternine 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 pohds in the farious
zohes of the Soviet Union. This gap ls to soxe extent filled
by the research of hydroblologists working independently of the
piscicultural establishments. .

Some people feel that the stimulatory effect of intensi- /679(
fication measures on the devélopment of the food supply of fish ’
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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 organlsms, which has been augmented by fer-
tilizers, soon drops to its original level, and, 1n splte of the
f:ct that fertilizers really do have a stimulatory effect on the
food supply, this efféct is not detected during investigation.
The effect of the elimlnating factor of consumption on the de-
veloparnt of the food supply is of fundasental imnortance, great-
ly com:licates analysis of the connection between the food supply
2nd the primary production, and connot be ignored. However, the
phytoplankton ani bacterloplankton of ponds 1o no way dirrer; in
this respect from the zooplankton and other food orgnnisms con-
sumed by fish. For ex-zaple, the shytoplankton 1n a pond is a2lso
subject to the.constant influence of the grazing factor, l.e. its
consumption by heterotrophlc organisms living on it. Nevertheless,
1t has teen ghown more than once that the quantity of phyto-
plankton greatly increases unier the effect of successfully ap-
plled fertilizers. It is natural to expect ‘that when fertilization
has a benaficlal effect the number, or rather the blomass, of the
food orgenisas consumed by the flish must also increase.

In the long evolution of mutual adaption of organlsms in
ecologlical systema various specles have developed different de-
vices protecting them from complete extermination through consump-
tion by other specles. The stabllity of the systems ls governed
by thelr diversity of specles, owlng towhlch specles with different
devices can fulfil similar functlons in the system as a whole and
substitute for one another. Thus, for example, when some species
are devoured intensively by fish and the number of individuals

diminishes accordingly, there may be vigorous development of
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substitute specles which are more resistant to the grazing factor,
and the body of water will ultimafely be populated as densely as
i1ts material and energy resources permit in the light of the
nature of the cycle of substanczs established.

Even in very densely stocked ponds the fish cannot devour
all the food items, as may oceur in aquariums. Sch;perclaus
{1961) Aotes that a fourtéen-rﬁld 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 48%, although in
the latter case there was hardly any increase in the yield of fishe

Earlier we noted that investigations of the food supply of
fish in connection with fertllization of ponds failed- to reveal"
the effect of the fertilizers on the speclies composition of the
organisms used as food by the fish. Nevertheless, it 15 known
that ponds may differ widely in the compositlon of the invert-‘
ebrate fauna. These differences are naturally condgbcted with
the character of the ponds and thelr blological and productive
propertlies. One of the rfirst to direct attention to this was S.
N, Duplakov (1922), who studled zooplankton "In twelve ponds pol-
luted 1in varying degrees by man. He discovered that in heavily

polluted ponds the plankton contalns typlcally Daohnla pule A

Molna rectirogtris, and of the rotifers Brachionusg urceolaris and

at times Fllina longiseta. Reduction of the pollution leads %o
a drop in the quantity of D. pulex and B. ﬁrceolnzlg and to in-
tensification of the development of D. longlgyina, Schirocerca
diversicornls, Polpolyx culgata. In ponds stlll less heavily
polluted, D. Eglgzldisappearé from the zooplankton together with
B. urceolarls, and they are replaced by vigorously developing
chydorids. ' ‘

[m/ |
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Later, in Sermany, Langhans (1936), on the strength of

the results of his own studies of the zooplankton in fish ponds
in Zohexia, éalicla, Poland, ERumania and Yugoslavla, accumulated
over a perled of 25 years, came to the concluslon that mass

developzent of Danshnia magna, D. pulex and many specles of Moina

12 characteristic only of ponds with a high fish yleld. Among !
the roéifers the author also singles out a number of indicator
organisas wnose abundent development signifies that the pond
hag good production properties. V. P. Lyakhnovich (1958a) anal=-
yged material obtzinsd from a study of the food supply of fish

in 100 ponds in Belorussla zand confirmed the conclusions of Lang-
hans rezarding the indicator organlisms of the zooplankton. With
reference to the benthos, Lyakhnovich includes among the organlses
typleal of higuly productive ponds chaoborines and chironomid
larvae of the genus Chircnomus. Wwunder (1949) also stresses that

only in the plankton of very good ponds does Daphnia develop ab-

undantly throughout the entire summer, whereas in low-ylelding
gonds, ever wnen appearing lmmedintély arfter the filling of thé
pond, they very quickly disappear from the plankton. Sch;perclaus
dres attention to the fact that the larger specles normally de-
velop abundantly in the more productive ponds and smaller specles
of Cladocers, and sometimes rotifers, but so far no-one has paid
any attention to the different species of copepods in this con-
nection,.

At first slight it may seem that we are facéd with.a con=-
tradiction: on the one hand the effect of fertilizers on the
species compogitlon 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 ylelds., But there is no .contradictlon
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here. As was emphasized by V. P. Lyakhovich (1958), the mere
presence of an indicayor orgaﬁlsm cannot be regarded as a bio-
logical index of the fish yield. Only 1ts mass developzment
enters into consideration, which 1s.ev1dcnce of the flourlishing
qf the indicator species. Thus, the difference aﬁounts to not
much more than the ratlo of the indicator organisms to the re-
maining forms of the particular section of the pooulation of the

pond. On the other hand, the differences in the speciles compo-

sition of the food organisms consumed by the fish in the pdnds are

apparently governed by the character of the pond as a whole, the
state of its bottom and basin, the degree of Fultivation, plant
growth, mode of operation over a long period preceding the time
of study. In thies connectlon it 1s quite gos;ible that the pro-

longed effect of fertilization on the pond in conjunetion with

other factors will help to change the tomposition of the food supe-

ply. Studles so far made of the composition of the zooplanktoh
and benthos 1in connection with fertillzation have beeh.too short
to detect the specific effect of fertilization on the specle;
composition of the invertebrate population.

Years of study of ponds drained every year for winter and
refllled every spring, 1.e. ponds which are to a large extent ep-
hemeral, hss convinced us that the complexes of living organisns
populating these ponds pdssess great conslstency. From year to
year in the szme pond an ecologleal system recurs which 1s sur-
prisingly simllar in its species composition to the system which
preceded 1t., This applies equally to the zoorlankton and benthos
and to tpe phytoplankton. This is probably the reason why no
ways have yet been found of controlling the changes in the specles
composition of plankton in poﬁds. Our knowledge of the inner laws

governing the relatlons of the components in the ecological system

pof
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of plankton 1s as yet inadequate for such interference, which
would enable us to dellberately form a given composition in
clrcuznstances similar to the natural conditions of the body
of water. The solution of this important probtlem is in fact

far beyond the scope of t'.e problem of pond fertilization.

2. The Zffect of Fertilizat'on on_the Development of Zooplankton

48 we have already observed, the effect of fertillizers on
the food supply of fish, including the rooplankton, is only in-
direct, proceeding through tbc intermediate links in the chain.
Pirst of all there 13 an increase in the quantity of food organ-~
1sms, in thelr blomass. =ut the fish yield can only increase if
the fish consume a certaln quantity of food. Therefore we need
cuantitative data on the blomass of the zooplankton in thé pond,
wvhich 1s 2 nighly important part of the natural food supply of
fish reared in pondse.

Study of the zooplankton in ponds has recently been linked
more znd more wlith computation of its blomass, using the so-

called standard welghts. Of course, this method is not free from

aany inaccuracles, if only because the linear dimensions of the //Mb/

zooplankton are not uniformly correlated with thelr weight under
‘all conditions, Measurement of many individuals of different
species under a microscope ls extremely laborious, so computat-~
ions of the biomass are usually baced on & small number of mea-
surements. Heycrtheless, estimation of the zooplankton in terms
of the blomass is much more preclse than describing 1ts size ac-
cording to the number of individuals, a method which was used
until quite recently in all pisclcultursl research on ponds. For

example, before sclentists begain to estimate the blomass 1t was

308
Numb and blomagg O ooplankton in finighing pond
Belorussia.
’ % THC. 3K3/u3 'g’ o -
B é’#ﬂ'g |7 ¢ S"E' 62 17,
g 12, = o 1 2 £
d (.= 5 e - =¥ 2
FUEE B | g | F |58 € ]dx) &
t . .
'q /IJ - I ! MTpydvosx IL
A hepnan . ey 5 9) 61| 661 136 0,13 G =
D bromn i1Vl 23 | ss| ico| a3 | sis| Vios| 2:32] 0on| oot
o ToemeR Loy oq 19 ) 206} 300 11010 | 1566 | 5.37) 9.55| 2,71 | 17,63
i Mewocpram, ...} 2 | 3458 E05| 920 | 4593 [47.72/20.38] 2,69 | 70,79
i Taven o -1 {4260 | 1220 { 2610 | €00 | 55,32} 59,521 4.15 | 119.99
;‘{',IJ L o Koaxoam u cosxome 19
b MNepoar o0 .1 4571 1 2671 2157 245} 0.09] 0,18
“Brop J Uil 37 b oea| 73| 7as| aw2| 20| 001 o3| Sras
; ;[{'pmm oo | o14 1 4831 415 1750 |.2615 | 9,230 9.48| 2.78] 21 &
Foforoepran. o oj 2 | 161 | 851 | 2134 {3452 | 97,0 (30,97 1.11] e85
W Tlaman vy 4ol "2 ]4920 1 1688 {2240 | 8548 |58.85 |57.48 | 10, ! 127,18
B e TSR LR AR . . Y I SR
KEY: 1. Group of ronds. 2. Number of ponds.
3. Numbers of zooplankton 4, Cladocera.
in thousnnds of spec~
- imens per cublic metre.
5. Copepoda. 6. Hotifers.
7. Total. . B. Biomass of zooplankton,
‘grams per cubic metre.
9.-13. First - Fifth. 14. -Pond fisheries.
15. Collective and-state
farms.




309
widely tnought that rotifers occupled a very important positlon

anong the pond zooplankton. Only when the blomass was estimated
was 1t found’that, in spite of the num§9r10a1 preponderance of
rotifers over other groups of zooplankton, they do not normally
constitute more than 10% of the biomass, and often far less.
Pondg mzy differ widely in the quantlty of zooplankton even
»hen the speclies comrosition of the latter is simlilar or ident-
1c¢al. For exzmple, according to the data of V. P. Lyakhnovleh
{(19€4b}, the finishing ponds in Zelorussia differ b~ a factor of
more than 200 in the numbers and blomass of the zooplankton.
After analysing the results of hls own studles extending from
1952 to 19€2 and embr-cing 150 finishing ponds (more than 2,500
quantitative samples), Lyakhnovich dlscovered certain charactere
istic features in the relatlonshlps of the groups of zooplankton,
ée;ending on the quantitative developzent. The quantltative data

from ¥~& Lyakhnovich's studles nre included in Table 8. All the

ponds exnained by the author hove been subdlvided lnto flve groups /ﬁfﬁ/

according to the size of the total blomass of zooplankton. The
rirst groups contain finishing ponds with a very small total blo-
mass of zooplankton - less than 1 g/h3 3 the secogd group contalns
- ponds with a total blosass ranging from 1 to 10 g/m3, which 1s
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
blomass of 50-100 g/m> (high); the fith of ponds with a total
biorags in excess of 100 g/m3 {very high). The grouplng of the
ponds of specialized pond fish farms and for the ponds of col-

lective and stat= farms.
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The -Tirst polnt which s_trikes one fs the number of ponds

; 2
in each group, On pond culture rarms-nggt 107 of the ponds
have a very small hiomass of zooplankton, 6% of the finishing
ponds are characterized by a low total biomass, the blomass for

this' group being L.31 g/m3, and 38% have a mean total bio-

mass of zooplankton of 17,63 g/m3. Only in one finishing pond

was t he total biomass of zooplankton greater than 100 g/m3. The
nature of the group distribution of the ponds of the collective.
end state farmg is dirrerent; ﬁerb hS% of 8ll the farms examined
have a total blomass of less than lg/h3, with a mean for the

whole group of 0.40 g/m3, whereas 37% of the ponds are charace

terized by a low biomass of zobplanktonranging'rrom 1 to 10 g/m3.

On pond fish farms almost half the finishing ponds (44%) have
& biomasssol zooplankton which}iver&ge or above-average, where-
as on the collective and state farms the figure is only 18%,
Thug, the finishing ponds of pond-fish farms as a whole &re chgr-
acterized by higher indices of quantitative development of zoo- l
plankton than are the ponds of collective and state farms, ThiaA

is evidently due to the more correct system of explolting the
pond resources on the speciallized farms, It is striking that the
fish yield of the ponds of fish farms 1is much higher than the
yield of collective farm ponds, ‘

It ls & matter of inéerest to determine the correlation of

the main groups of zooplankton in relation to thelr general
level of development, First of all it must be notéd that ine
crease in the number of zooplankton is not proportional to the
growth of its total bjiomess. Thus, for a 220-fold increase in
the meﬁn biomass of the third to fifth groups of poands on the

figh farms, and & more than 300-fold increase for the ponds of
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te fa the total population increases by o - 312
collective and state fams, the Pop ponds in general, and for finishing carp ponds in particular,
and 36 respectively, This meana that a greater . !
factors of 59 and 3 P Yy : sincé two-year old carp prefer to feed on the larger forms of
b ‘of zooplankton 4is ensured not only by a greater density
bhomass of mecpia ' crustaceans, while carp of 400 grams and over are apparently
d-wat ulation, but also by larger forms of zoo- ¢ " ]
of the mid-water po ’ 7 quite uhadble to fi&er ocout the small planktonic rotifers,
aters. As the total numbers and biomass of zooplank- i
prapiton eate h An important role in the composition of the zooplankton
the proportion of rotifers diminishes and the
ron Anenense Frep T 1s also played by the copepods, which are avidly consumed by
Cladocera grows, Thus, in the first group of ponds
rote of 2 N ’ carp of any size in the adult state, In numbers this groupy
of the fish farms the rotifers constitute 487 of the total /133/ \
constitutes on average 8-25% of all the zooplankton in fin-
r lankton, whereas in the fifth group they amount .
musser of zeop ’ ishing ponds. Only in the first group of ponds on the fish
to only 3337, This pattern ia even more distinect in the groups
farms, with very small indices of qiantitative development of
T collective farm ponds, where the proportlion of rotifers
e * ? ’ zooplankton, was the proportion of copepods 45% of the total
drops from 88% in the first group to 25% in the [ifth. 4s the . .
population., 1In the biomass of zooplankton as a whole kowever,
bers of zooplankton grow, the proportion of (ladocera .
Fotel nosber i ’ y hat 1 copepods generally represent L45-55%. The material examined
s aceordinzly from 2-7 to 5$3-56%. It appears that in
1ncreBS§ ) &y . revealed no trace of & correlation between the proportion of
ds wh conditions exist for abundant development o
those ponds o copepods in the zooplankton and the general indices of ita
s ladoceran crustaceans increase more vigorously : '
zooplaniton ¢ ¢ quantitative development.
tifera. Suffice it to say that when the total number
than o ° In another of his papers V, P, Lyakhnovich (1960) notes
lankton increases by a factor 36-59 the numbers of
of zoopla 7 n that the nursery ponds of Belorussien {ish farms are characters
d age by a factor of 480-1200, whereas the ro-
£lelocers inere Y ! 4 1 ized by a mean blomass of zooplankton equal to 8,92 g/hB, with
increase only b; & factorof 10-40, Such a tendency in
pifers Ineresse v wide fluctuations ranging from 0,13 to 169.9 g/m3. A higher
the nature of the relationship between these two groups of :
biomass of zooplankton was discovered in ponds which had besn
zooplankton can also be detected in the weight indices, although N
¢ Jankt cultivated, cleared of plant growth and fertilized, The lowest
ortion of rotifers in the total biomass of zooplankton
the prop biomassesfﬂg zooplankton were found in marshy nursery ponds )
does not exceed 32%, and frequently drops to 5-10%. ]
: . ¢ containing an excessive amount of hard vegetation, The researche
This tendency for the correlation of the main groups o
2 4 4 es of A, D, ﬁeinsone-Yurane, M, N. Matisone, Dz, R. Wadze anad ./ﬁ
lankton to vary in the direction of the predominance f?/
zooplankton ry A. P, Volkove (1961), conducted on 33 ponds in Latvia, revealed
of larger forms over smaller forms as the total numbers and thet 21% of the ponds in Latvie have a biomass of zooplankton

biomass increase is of great piscicultural importance to fish . r loss tham 1 s/m3, 554 between 1 and 10 8/m3’ and the remein.

der between 10 and 31 g/?3. In the ponds of one of the Latvian
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farms which had been fertilized with artifical nitrogen and
phosphorous fertilizers, A, P, Volkova and R, V., Vun'kis (1962)
observed ; mean seasonal biomaas of zooplankton of between 12
and 30 g/m3, whereas in an unfertilized pond it was only L g/m3,

The fish ponds of the more northerly regions of the coun=-
try, for example lovgorod 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 Ts., I. Ioffe and his colleagues (1955), who studied
the zooplakton of the ponds of "Sokolovo" fish farm in Novgorod
oblast and the "Sal'mi" fish factory in the Karelian ASSE in
connecbion(ygth fertilizaticn of these ponds with plants , For
the twelve ponds of the "Salt'mi" fish farm the meen 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 grassed. The regular observations of
L, P, Mekaimova (1961) on the development of zooplankton in four
ponds of the "Popsha" fish farm in the Leningrad biomass of z00=
plankton noted in these ponds was 21,2 g/m3. The mean seasondl
biomass ranzed from 1-8 g/m3, and only in one pond with an area
of 3 hectares was it 13,2 g/mB.

In spite of many years of research by the All-Russian Pond
Fisheries Research Institute there are no data available on the
quanﬁi:abive 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 amall experimental ponds (with an area of 300-1000
m2) 1n connection with fertilization, only contain data on the

number of speeimens of cladocerans and copepods and rotifers, It
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is qulte imposﬁible to make an objective assessment of the

quentitative devoiopment of the zcoplankton from thesse data.l

Only in one paper is it reported that the mean seasonal biomassea

Trudy VNIIPRKh, Vol, VIII, 1956, Vol., IX, 1958,

of planktonic crustaceans in experimental finishing ponds
ranged from 2,7-23.6 g/m3 fIl';n. Shsiné. Bakhtina, Batenko et
alia, 1956). '

For one of the commercial finishing ponds (ares 83 hect-
ares) on the "Para" fish farm in Ryazan oblast I. V. Komarova
calculated the biomass of crustaceans and found that the figuresa
wers relatively high, ranging from 3 to 40 g/m3. The mean bio-
mass per season of observations was 20 g/m3 in 1953 and 26 g/m3
in 1954 (Ilt'in, Brudastova, Sheina et alia, 1938), ,.

In 1649 ¥, N. Kharin, V, N, Shutenko and V., G, Mushenko
(195) investigated 107 ponds in the Rostov district and dis-
covered biomasses of zooplanktén in them ranging from 4.7 to
43.5 E/mB. 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 & certain
similarity in the composition of the pond zooplankton the quan=
titative development of the organisms displays an extraordinary
mixed picture depending on the differences int he dynamics of
the environmental factors,"” The quantitative daQa of the authors
reveal the high level of development of the zooplankton in the

ponds of Rostov district.

/15/ |
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High biomasses of zooplankton characterize the ponds of %the
steppe part of ;ho Uﬁraine, for which G, I, Shpet gives a mean
value of 19,1 g/m3. In the ponds of the Ukrainien forest-
steppe the biomass of zooplankton is far smaller, averaging 5.72
g/m3, while in the foreat areas of the Ukreine it is only 2-3 g/m3
(Spret, 1662), Eowever, for a number of fertilized ponds in the
forest-steppe of the Ukralne L. P. Braginsky (1957) gives figurés
for the biomass ;f zooplankton greatly in excess of 10 g/h3, and
sometimes aa high as 50-60 g/m3., M. F. Yaroshenko (1952) reports
stil1l higher figures for the quantitative development of zooplank-
ton in the fish ponds of Moldevia, The mean biomass of zooplank-
ton in commercial ponds is normally greater than 20 g/m3, but at

" peek perlods 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 zooélankton consunsd by the'rish‘in ponds in relation to
tte verious soil and climate zones of the USSR, but the material
whnich hes been given already leaves no doubt that in this con-
nection the northern ponds differ dubstantially from those in
the south, Owing to the research of the Ukrainian Fisheries Re-
search Institute, the Hydrobiological Institude of the Academy of
Sciences of the Ukrainian 5SR, the Dnepropetrovsk Institute of
Hydrobiology and other establishments in the Ukraine we do have
gufficient 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 Belorussia ex-
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hibit no substantial differences in the development of zooplanke

ton due to the geographical situation -of the ponds, and this made

1t possible to examine the material on the republic as a whole.

A Generally speaking, ag we move from the north fo the south .
of the European part of our country we find that the fish ponds /439/
are characterized by larger agd larger indices for the gquanti-

tative development of zooplanktoﬁ. .It 1s lmportant to note that

the natural fish yleld of the ponis is also normally higher when

the pond 1s situated further south. On the strength of the re-

sults of research by German autﬁors Schgperclaus cites a mean

blomass of zooplankton between 16 and 20 g/m3 for the fish ponds

of East and West Germany. The author classes the ponds ‘according

to fish yleld as bad, good and very good and notes that the better

the flsh yleld of the pond the more profuse the development of
zooplankton in 1t. Later Sch;gerclaus emphasizes that "in general

the more productive the pond the larger the zooplankton eatérs

that populate 1t". Thls agrees with the data of V. P. Lyakhnovich
clted above for the fish ponds of Belorussia.

Data on the mean blomass of the food zooplankton are very
important for the fish yleld of a pond, but we also need to know
the dlstribution of this bloméss in the course of the growing
season. The guantlty of zooplankton, thelr numbers and dlomiss
in ponds may Yary within very w»ice llmifs within a short sbsce of
time. The variation in the quantlty of zooplankton in the course
of the growing season has been determined in numerous ponds of
various types and different ylelds, and this has helped to es-
tablish some of the features of the dynamics of the'quantlty of

zooplankton in relation to the:production properties of the ponds.
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This rice 13 followed by a more or less rapid decline in the
guantity of zooplankton, which in tura 1s succeeded by 2 new
rise in the ﬁumbe:s and blomass. The peaks in the development
of the zooplankton are normally due to a coaparitively small
nuxnter of species which boost the population to a far greater
extent than other specles normally do, and thls ensures a larger
blouass of zooplankton. As a rule, the hizher the peak in the
developnent of the zooplankton the smaller the number of specles
involved 1in this devalopment. In summer ponds used for the
breeding of fish from April to idovember (nursery ponds), there
is norrally either one spring-summer peak or.two, it.e. spriang-
summer.ani sumner-autumn, with a minimum in the middle of the
farming season. In rare case the suamer peak does not occur.
Typleal curves for the gquantitative development of zooplankton
for pondé with various production propertlies are shown in Fig.
1s.

It has been observed (Dunke, 1958) thut each type of curve
reflecting the variatlon in the quéntity of zooplankton during
the 5fow1ng sezson 1s charactérizcd by specific values of the
mean blomass of zooplankton during thls perlod. The higher bio- /IK;/
mass corresponds to large values at times of peak population
and blolass. Uifferent types of dynamics of quantitative develope
nent may te ensured by 2 very similar specles composition of the
zooplanton. The charactearistic decline in the middle of the
sunzer, which 1s clearly marked in 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 1s due not only
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to the higher figures for the mean and maximum blomasses, but

also to the maxlimum correspondence between the distribution of
the blomass 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.

Fig. 15 - Types of
dynamics of bloaasses
of zooplankton in fish
"ponds with different
_fish yields (after
Dunke, 1958).

5 - Key: 1-7 - April to
', N .+ October.

,lmw‘llav oy ‘/rm :lhigm'[tmuiﬂ IlTﬂ‘lh
i 2 3 Melem S s P

In most cases ‘types I, II or III preyail. ér others gimilar to
them. We still have no data to judge tofﬁﬁdgc 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 knowlfhich

of them prevall where. We can only suppose on the basis of the
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tendencies established for a limited regions that the more pro-
ductive -pondg of the southern region of the country will be
characterized by dynamics closer to types IV and V than to 1l
and II. ’

The quantitative development of the zooplankton in ponds 1s

governed by thelr properties and thelr material and energy re- //{?%/ ’

Extremely important among the factors controlling the
ik Feed 3;,/;/:// -

1life of the zooplankton in the pond 13(the trophic factor. In

S0UICCE.

this connection the cuestion of the effect of fertlilization of
ponds on the quantity of zooplankton is of great interest.

The effect of artificlal fertllizers on the blom~ss of zoo-
planxton 1s 1llustrated by the figures in Table 9.

) The tahle sumuarizes the results of studies by varlious au-
thors on the development of zooplankton in fertilized and control
expsrizental ponds in Belorussla and Latvia only, since we have
go far teen unable to discover parallel data for other regions.
For convenlience of comparison superphosphate and the various
types of nltrogen artificial fertilizers have been expressed in
teras of the guantities of the active principle - nitrogen (N)
and'?zos. The mean blomass of zooplankton, based on 9713 meas=
urements during the entlre growling season, 1s expressed in kg/ha.

There is a clear-cut connectlion between the quantity of fer-

tilizer and the mean binmass of zooplankton. WNitrogen and phos- /481//'
phorfus fertilizers applied separately have far less effect on

the mean blomass of zooplankton than the two used in combin-

ation. It is characteristic that within the range studied, li.e.
up to 2€5 kg/ha of nftrogen and up to 80 kg/ha of P,04, the
biomass of zooplankton was higher when nore fertilizer vas added

to the experimental pond.
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Table 9

The %uantitx of fertilizer in telation to the biomags of
zooplankton. )

Quantity of fertilizer

(active principle) in Zooplankton Authors

kg/ha kg/ha
I P20,
- - % G.G. Vinterg, Ni4. Cunke
gg - . 22 andSYu.N. Dorozhkin,

- : 1

80 86 : . %3 73
95 90 52 .
- - ‘12 G.G. Vinberg and N.A. Dunke,
17.5 10 ) 21 1958
35 20 49 )
70 40 83 .
- EO . hz X.P. Lyakhnovich, I'T.éu
- . 7 stapovich et alia, 1
68 40 162 ? i
136 40 258
- - 49
102 4o . 65
210 72 166
210 72 216
265 80 366 .
- - 40 A.P. Volkova & R.V. Bun'kis,
- 40 120 1962
43 45 213

150 53 300

In the mozt intensively fertilized popds the mean blomass
was more than nine tlmes as large as the blomass 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 oﬁes, while many of the fertilized ponds
were also stocked several times more densely than the control .
ponds.,

In different experiments and ‘gven in different versions of
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artificial ferti&%érs were expended per unit of increase in thne
blozass of zooplankton. Thus, in the experiments with nltrogen
fertilizer alone, 4,2 - B.B kg of the fertilizer were expended
in produclﬁg a 1 kg lncrease in the mean blomass of zooplankton
durinzg the perlod of investigation. With different forms of
nitrczen»phosphoggus fertilizer from 0.25 to 2.5 kg of nitrogen
and from 0.25 to 2.5 kg of P205 were expended to produce a 1 kg
increase in the mean biomass (compared with the control). The
data avallable at present are inadequate for us to determine
under what conditions nitrOgen-phosphogzys fertllizers have more
effect on the quantitative developament of the zooplankton. Howe
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 blomass of zooplankton.
In all of the oxperiments performed the artificial fertil-
" 1zers were added to the water repeatedly in small doses.

an lncrease.in the quantity of zooplankton under the effect
of artificial fertilizers was also observed by L. P. Braginsky
(1956, 1957), . h. Akatova (1957), Wirzhubski and Sarig (1953)
and many other authors, but the data of their studes are clted
in a form which is unsultable for comjparison of the Observed ef-
fect and the quantity of fertilizer expended.

Organic fertilirers also help to bring about intensified
developzent of zooplankton in fish ponds. Thus, for example, in
the experiments of Havlena (1956) in Czechoslovakia, fertiliza=-
tion of ponds with pic's manure was accompanied by abundant de-
velopment of larze Daznhnia. When the manure was added to fry

ponds in quantitles of 5 -7 metric tons per hectare the biomass

. rivers. The losses of larvae were freguently as hlgh as 90%"
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of zooplankton rose to 600 h/m> (Havlena, 1958).
In the fish ponfls of Indla inadequate development of the
zooplankton was the maln reason for heavy losses of young Indlan

carp resettled for breeding purposes after harvesting from //]q%/ ‘

and more (Ali~Kunhi, Chauduri, Ramachandran, 1955). Bcgular' o
fertilization of the ponds with 15 tons of manure per hgctare i
and 150 kg of lime per hectare, added in fractional doses, pro-
moted the development of the zooplakton, and as & result the
losses of young carp were sharply reduced.

An increase in the quantity or‘zooplanktoy as the result of
the addition of manure to ponds was also observed by M.M. Isakovaw
Keo (1950, 1954) in ponds on the "Ropsha™ fish farm near Len~
1ngrgd and the Priorersk fish products factory on the Karellan
peninsula, by Ts. I. Ioffe (1950,1954,1957) in the ponds of the
n"Sokolovo" fish farm in Novogorod. region and the "Pelchi™ fish’ n
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 concentré?cd within small
areas. The authors working with organic fertilizers note ac-
cumulations of zooplahkbon in the zone of.fertilization or a short
distance away from 1t. .In some cases such accumulations may be
the result of the mlgration of zooplankton to fertilized parts of’
the pond from unfertilized parts, as was observed by L. P. Brag=-
Ansky (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 lmmediate zone of appllcatlon.
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Zven then, however, it 1s unclear what is the proportion of these

zones ofgintensified development in the total mass of the pop-
ulatlon of the midwater of the pond, since ;i;gﬁ has made any
atte#&? to glve a quantitative assesshent of these facts. Nor-
mally authors of such papers content themselves with stating

thut there 1s more plankton in the zone of fertilization than
further away fr:m it, and then regrd the question as closed
(Chaplin, 1953, Igakova-Keo, 1954; ikatova, 1957; Bombovna, Krzec~
zxowska, Klimezyk, 1962). In actual fact such an accumulation at
the fringe of the organic fertilizer may ﬁean nothing ﬁo the pond
as a whole 1f 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),
in which experiments with rigld vegetation in the spawning and
nursery ponds of the "Yamat" fish farm are described.‘it is
noted th=t after three years of systematic cutting of plants and

their use for fertilization the nuaber of Cladocera increased by

& factor of 44, and the number of Copevoda by a factor of 45.
True, the initial numbers were very low, there belng 1024 spec-
lmens of Cladoeceya per cubic metre and 792 specimens of Cope-

The papers of S. I. Kuznetsov, G. S. Karzinkln and colleagues
contaln no iadlcatlion of the amount of vegetation placed in the
hgaps of compost. & subsztantial contribution to this research
effort 1s the paper by V. V. Mil'shteln (1957), who set out to
deterzine what doses of vegetation help most to ilncrease the /4?9/
zooplankton. In experimental ponds in the Volga delta, measuring

0.5 hactares, the author placed 2.4 and 6 tons per hectare of
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rigid vegetation. The averaged data computed from Mil'shtein's

table are shown in Table 10.

Table 10
tof v tab t s on _zoopnlankto
based on data of NM,V, Mil'shtein, 1957
. 3
antity o coplankto /o
No. of pond Quantity of in centre of pond on fringe
of fertil-
fertilizer izatlion
: . point
1 - 2.9 -
2 2 6.7 "15.6
3 4 15.0 26.2
5 6 L4 7.8

On the basls of the results achieved the author came to the
conclusion that 2-4 tons per hectare of cut vegetation should be
left 1in the pond for fertili;ation, 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. Thls
clearly shows that when the amount of vegetation used 1s increased
the blomass of zooplankton grows not only on the fringe of the
fertilizer but also in the middle of the ponds, which pay be the
result not only of fertilization but also of the removal of the
excess vesetapion.

The rearing of ducks on fish ponds also has the effect of
sharply intensifying the devélopment of zooplankton. Thus, for
example, D. E. Semenyuk (1956), studying ponds.in the Ukraine,
found that the blomass of zooplankton increased by a factor of
B-12 purely as the result of duck brerodt 5. The blomass rose

to 75-150 g/m3. Similar results were obtained by Wolny (1956c)



325
in Poland and by Thumann (1956) in Zast Gerﬁany.

Thus, the zooplankton reacts to fertilization in the first
place wilth intensified quantitative development and augmentation
of its Biomass. This occurs as a consequence of an increase in
fertllity and acceleration of the rate of development and ma-
turation of the zooplankton eaters in fertilized as against un-
Tertilized ponds (Karzinkin, Kuznetsov, 1956; Ioffe, Yandovskaya,
Galkin et alis, 1955).

_Unfortunately there are no data by which we can determine the
quantitative link between the blomasses of phytoplaikton and zoo-
plankton, because parallel studies of the development of the
blomasses of these associations have so far been a rarity in re-
search on fish ponds. Neanwhile we can make the very general

cozaent that the blomasses of phytoplankton and zooplankton in

ponds are normally of the same order of magnitude. Often the //[q%/

total blomass of phytoplankton is on average several times great-
er than the blomass of zooplépkton. Thus, for example, for various
groups of rish ponds in Belorussia V. P. LYakhnovich and L, N
Proayanik (1964) cite average ﬁiomasses of phytoplankton ranging
from 9.5 to 207 g/m3. In another research project on the same
ponds Lyakhnovich (19€4) discovered blomasses of zooplankton
rznging from 0.54 to 120 g/m3. It 1s also known that abundant
development of phytoplankton (bloom) is noted far more often in
the ponds of the more goutherly regions of the country than in
those of the north. It was shown above that the blomass of zoo-
plankton in fish ponds increases from north te south. It seems

that gystematlc parallel studies would reveal a direct quahtita-
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tive link between the blomasses of phyto- and zooplankton. Of

course, we could not exgect to discover such a link on the basls
of a single study of a small number of specimens. It would
probably require a large quantity of statistical material, but
there 1s no doubt that a quantitative link between the blomasses
of phyto- and zooplankton Qill be found at least withln certain
limits of the quantitative development of the phytorlankton.

It is often stated that exceedingly vigorous "excessive"
water 5loom, particulafly éf Siue-green 2lgae, suppresses the
development of zooplankton (Nel'nikov, 1953, Ulomsky, 1962; Tseeb,
Litvinova and Gusinskaya, 1962, and others). Thils conclusion is
in most cases ba;ed merelf on the fact that a drop in the quant-
ity of zooplankton in bodiés of water is accompanied by more-in-
tensive development of algae. lHowever, from the same data we
could draw an opposite and no less probable conclusion.‘ If we
assume that the quantity of zooplankton dimlnlshes not because
of the suppressive effect of the alrae but for some other reason,
for example as the result of more intensive grazing oﬂ the zoo-
plankton, we can arrive at the conclusion thot "excessive™ bloom
develops becanse the phytoplankton 1s consumed in small quan-

tities by the zooplankton. 4e can be sure of at least one thing

in sueh an interpretation, i.e. that very many forms of filter-Ftnhé;

-oq;ins-zooplankbonoph;g:;.aétunlly feeding on phytoplankton. Nean-
while we know so little about the other forms of interaction and
reciprocal influence of the various epecles of organlsms in the
plankton that any attempts to explain the mechanlsm of the ob-
served correlatlions from these standpoints,mustvinevitably be

based on more or less probably suppositions. In view of this we
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do not inslist on the assumptions made above.
It is also important to note that many studies of the fish
ponds of Yoldavia (Shalar' and HNaberezhny, 1962), Belorussia

(Lyakhnovich and Zrosyanik, 1962), and the EurOpeén countries

(NovAx, 1961; Havlena, 1956; Wunder, 1949) fail to confim the /if3/.

conclusion concerning the suppressive effect of water bloom on

the development of zooplankton and the fish yleld of ponds. as
has alfeady been observed more than once, water bloom, particular-
lythe intensive development of the blue-green algae AFhanlzomenon
'ngg-acuae, is regarded in the theory and practice of:pond—fish

culture in Germany 1 and several other countries as an indication
of the hish productivity of the ponds.
The relatlionship between the primary production of the plahk—

ton and the blomass of the zooplankton ig i1llustrated in Fig. 16.

The figure contains the results of systematic studies of the pri- /“1%/

mary productlon and blomass of zooplankton in nine finishing
ponds on "Izobelino"” fish farm which were fertilired with various

doses of nitrogen-phosphorous fertilizers.
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(Lyakhnovich, Astapovich et alia, 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 nine 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 was found
that y = 0.&-& a;u x, where y 15 the mean blomass of zooplénkton'
in g/m3 for the perlod of obsefvations, and x 1is the‘mean seas-
onal value of the gross primary production éxpressed in grzms of
0/m3 per day (24 hours). ’

The fact that the computed curve diverges only slightly from
the origin of the coordinates shows that under the given condit-
lons the blomass of zooplankton was formed malnly at the expense
of the primary production. When the primary production was zero
the blomass of zooplankton was a mere 0.4 g/m3. Such a quantity
of zooplankton could exist at the expense &f other energy sources,
such as bacterioplankton, higﬁer aquatiec plants, and organlc
substances flowing into the pond together with water from tﬁe
source.

0f course, the data just examined are inzdequate for us to
Judge to what extent the empirical formula civen for the relation-
ship between the bliomass of zooplankton.and the primary production
is typical of fish ponds. It may bé that unier other conditions
the nuantitative expression of thls 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 havé not touched on the problem of the effect

of grazing fish on zooplankton emtime=tuanitbative development af
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the—atter in connection with the fertilization of ponds. Never-
theless this broblem 15 of great Interest), because intensively
Tertlilized ponds are normally more densely stocked in order to
obtzin a higher fish yleld. lence, fhe influence of the grazing
factor 1s greater in ponds recelving larger quantitles of fer-
t1llzer. In thls connection we might note that 1in the post-war
fish breeding literature the ill-defined concept of "residual
blozass”™ has been widely used, and this has confused and un-
necessarlly compllicated investigation of the natural food supply
of tne fish. when, after fertillzation, no increase in the quan-

tity of zooolankton 1s detected, this is nscrihed to the fact

tnat 1t has been duly consumed by the fish and that only the"res-

idual bdloaass™ hag been taken into account, i.e. what remained

in the pond after the fish had left off eating. 3Such arguments /AQS/

are seductive in thelr simplicity, but they appear to have very
1little in common with the actual facts. The €oncept of the "res~
idual blomass” is used only in connection with the food éupply of
the fish. But the tlomass of the food organisms consumed by the
fish 1s no exceptlon. The b'omasses of phytoplankton, bacterio-
zlankton, phytobenthos ind other.associntions of living organlsms
occupying aa intermedlate position in the food chaln are also
affected by the zrazlng of other organisms. Hence, if the con~

L

cept of the "residual blomass” 1s well-founded it should be used
in connection with all the links in the tropaic chailn in the
tody of water, except for the very last 1link.

Slince any biomass of the intermediate 1links 1s utilized in
the production process in some way or another,. there are no

grounds for singl;ng out the blomass of the food organisms and
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calling it the "residual biomass”. To indicate the increaent to
the bilomass, including that part of the increase at the expense
of which the food requirements of the Brganisms of the adjacent

1inks in the food chain are satisfied, hydroblologists use the

" term "prodiuction”, which embraces the possible concept of the

"residual" or “unconsumable" biomass. Reckoned by normal methods,

the biomass of any link in thg food chain is the sum not only of
the processes of consumption of thls link by another but also of
1ts increment as the result of mulilpllcation, 1nc¥ense in the
welght of its component organisms, immigration of organisﬁs ffom
other places, and so on. All these generally sufficlently well-
known facts do not fit in with the concept of the‘"resldual bio~
mass®. The determination of the production in all links in the
process of reproduction by the fish is & highly inmportant problép
in the theory and practice of pond piscucuiture, but its solution
13 attended by many difficulties. The normally used methods of
quantitative investigation of the food supply are inadequate for
estimating the production of the heterotrophic links. *ot only
have ways of computing the productlon of aquatlc invertebrates not
peen devised - piscicultural specialists show little interest in
the problem! There is 2lways a certaln amount of zooplankton in
fish ponds and other bodies of water in spite of grazing by fish.
A. P. Shcherbakov (1956) notes that under certaln conditions less
zoovnlankton 1ls expé?ed on the nutrition of the fish than on its
consumption by other types of invertebrates which are also anong
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 densitles the

decline in the blomass of zooplankton in spawning ponds cannot be

attributed merely to grazing by the fry. .
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Calculations showed that only 2.1 - 7.2% of the available bio-
nm2sS wWas exp;ndedkn the nutrition of the fry in the spavming
ponds, 2nd in spite of this it dimlinished by a factor of several
tens in the course of a few days. The author admits that 1n the
pond conditions observed by him the consumption of zooplankton
by otner forms of invertebrates (including the nlankton eaters
themselv?s) had a greater effect on the nature of the quantit-
ative developument of the food biomass than did feeding by the
carp fry. EZence, grazing on the zooplankton and on other re-
presentatives of the populations of bodles of water always oc-

curs, anl tnere 1s no need to use the term "residual biomass"

solely in relation to the quantity of zooplankton food organismS'

dnvoured by_the fish. ‘Fesearch wor&er;“}ho studied the effect

on uhe\quantlty of zooplankton produced by fish grazins on it

~

arr.ved a completely unexpected conclusions. In order to dis:

cover thne effect of the grazing factor on zooplankton and on
\ . .

.,

other - epresenttlves of the populations of bodlies of water'élf

~

waysAPcckizi and there ls no need to-use the term "residual

N
biomagh” 2ly in relation to the auantlty of zooplankton food

organlsms'devoarnd by tne flsh [ Research workers who <'tudied
the-;é}ecb on the quantity of zooplankton produced by fish graz-
ing on 1t arrived at cozpletely unexpected conclusions. In
order to discover the effect of the grazing factor on zooplank-
ton Sryziarek, Gil'brikbt -and Spodnevskaya (1962), Gurzeda (1960)
and Grygzierek (19€2) ezamined the nature of the quantitative
development of zooplankton 1n experimental ponds of very similar
quality, speclally stocked with young carp in widely differing
densities. BEeyond expectation, it was found that in many éases,
in the more densely stocked ponds, the number of most species of

planktonic crustaceans Slée greater than In the ponds with lower

VA4
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density of stocking. 3Such abundant forms of pond zooplankton

as Bosmina lonrmirostris, Daphnis longispina and many specles

of Ceriodaphnia eiéher maintained their numbers in the face of
the intensified pressure of grazing, or actually increased them.
In his very detalled paper Gryglerek (1962), after a comprehen-
sive examination of the possible mechanlsm of the observed
phenomena, suggests the fpllow1n$ explanation. Firstly, inten-
sified grazing tends to eliminate the larger fo;ms of zoopldnk=-

Jewer

ton eaters, which have tnferior reproductive capacities. As a
result, conditlions.are created for intensive development of
smaller forms of relatively great reproductive capacity. It is
also noted that representatives of the same specles - Daphnila .
longispina - in more densely stocked ponds are .more fertlle,
1.e. a relatively greater percentage of the populations of thnese
ponds is made up of egg—ﬁearlng females (15-30%), whereas in
thinly stocked ponds the figure is only § - 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 brocesses of minérallzation and
intensify the ﬁixlng of the water with the top layefs of the
bottom se&lments.

In 1961 V. P, Lyakhnovich also made a speclal study of ef-
fect of the grazing factor on the dgvelopment of zooplankton.
By contrast with the circumstances described above ln these

experiments the ponds were used for culture 6f commercial fish.

The ponds were divided. into identical pairs, one of which was

densely stocked and the other remained without fish. Under these /“QZ/

conditions regular observations of the development of the oo~

p%ankten~#a&&ed—to:xéxgal_obse?vatioqe—o#~the*deve%opaent‘uf*ehe—
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tmwe zooplankton falled to reveal the eliminating effect of

grazing‘by the fish on the numbers and blomass of the zooplank-
ton. The biomass of the zooplankton proved to be surprisingly
sizilar in the stocked and unstocked ponds as revealed by both
observatlons eVer; 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 yleld of 470 kg/ha was obt~ined from
the ‘experimental ponds, and in another 532 kg/ha - without feed-
ing. According to calculations, the expenditure of food organ-
1sms on lnecreasing the fish ylield in the stocked -ponds was almost
30 tilmes a5 hlzh as thelr mean blomnss for the period under study.

It 1s interesting to note that even in the experiments in so-
called ultra-high density plantings the latter did ﬁot 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 ppnds was 1.9 g/mj. vhereas with
fifteenfold planting it was 1.8 g/m3. In intermediate experiments
with tenfold planting the blomass of zooplankton was between 2.5
and 3.2 g/m3, i.e. much highar than with fivefold planting. In
the experiments of V. S. igsyany and Z. O. Makina (1960) to study
the effectlveness of breeding commercial carp with high-density
plantings 2.5, 7.5, 10 and 12.5-fold plantings were trled. It
should be noted that as the density of stocking rose from 2.5-foBd
to 1l2.5-fold the mean seasonal biomass of the zooplankton in the
experimental ponds increased. For example, in the pond in which
the density was increased 23 times the mean bilomass of the zoo-
plankton was 16.5 g/m3, while in the pdnd in which the.density
was increased by a factor of 12.5 it was 38 g/m’.

In the multiple planting experiments the fish were, of course,
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fed with cake and mixed foods, and the increase in the fish yield

was due mainly to the feeding. Yet 1t 1s considered that natural
food must constitute a certain percentage of the ration of ‘the
fish, and hence the greater the density of stacking the greater
the gquantlity of natural foods necessary to ensure thls percentage,

Thus, 1t 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 mide

water.
biomass of zooplankton under tﬁe influence of grazing by fish will
not generally occur in ponds. There are grounds for thinking that
in conditions of uncontrolled ultra-high density stocking, for
instance in the event of reproduction in non-dralninglgoldflsh'
ponds, the grazling factor will affect the quantitative devélopment
of the zooplankton. But with controlled ;tocking, wheﬂ the aim °
iz to obtain the optimum (i.e. the greatest as to total yield and
welghed batches of fish) 1increase in fish productlon per unit of
area, the grazing factor has no substantial effect on the mag-
nitude of the blomass of zooplankton. This élrcumstance iﬁcreases
the value of the 1ndlaes of quantitative development of the zoo-

plankton for assessment of the flsh producing properties of ponds.

3. Quantitative Development of Zoobenthos in Ponis in Connection '

with Fertilization.

The population of the bottom and bottom sediments (zooben=
thos) in ponds 1s the second highly important component of the
natural food supply of fish. The pond zooﬁenthos normally con-

slsts of larvae of momsgquibesn of the family Chironomidae and other
Im'dyrs

Naturally this doesn't mean that cases of a decline in the

/ ms/
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insects, and also of ollgochaete worms, mollusks, crustace«ns
and other invertebrates leading a demersal form of life. The
diversity of specles of the zoobenthos 1ls due to tﬁe nature of
the bottom sediments in ponds, the degree of overgrowth, the
nethod of exploltation and other features of the ponds. 3o far
it has pr&ved izpossible to detect the influence of fertlllzers
on the specles composltion of the ponds benthos, so we shall
for the most part examine data on the quantitative defelopment
of the fool fauna consumed by the fish in the bottom reglilon or
the pond.

Dat; on the numbers of benthEE}c organisms, like those on
the numbers of zocoplankton, are unsultable for an objective as-
segsment of the food resources of fish, because the welght 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 henthos expressed
in units of welght. Different ponds differ greatly asecwding /u
oo the bjozass of benthos. For exaaple, the finishing carp ponds
of Belorussia differ by a factor of over 200 in this respect.

After examining 155 finishing ponds in Belorussla V.,P., Lyk-
ahnovich (1984a) subdivided them into flwe groups according to
the quantitative development of the zoobenthos (Table 11).

Of the ponds investigated, 8% had a very low blomass of benw-
thos - less than 1 g/mz. The overwhelamlng majorlity of the ponds
were characterized by a bloamass of benthos ranging from 1-10 z/m2
(60Z). Only 12% of the ponds had a blomass of 100 g/m®. On mak-
ing a separate examinatlon of ponds of specialized pond fisherles
and ponds of collective and state farms, the author found that

the latter had higher indices of quantitative development of zoo-

benthos (see Table 11). Analysis of a large number of samples
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TABLE 11
T numbe: and biomass of benthos in {inishing pon
Belorussix
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12 11591} 117 42 | 1750 19.601 0.43]} 0,71 | 20,74
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s|Bropar . o . L] 40 | 906Gy 1871 B4 | 1347 3,70{ 0.53)10.53| 4.7

3 TpetsR . . . .1 S0 [2099] 388 | 206 { 2903} 16,96 2,78{ 1,47 { 2i1.21
Hernepra . o 7 | 6518 | 1463 { 93 | €074 | 57.72(12,57} 3,37 | 71.66
flatad . . . . 1 (8210 40| —

8640 {106.44] 0.24] — 106,63

Key: 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, Blomass of benthos, gréms per
square metre. 1ll., Pond filsherles. 12. Collectlve and
state farms. : ’

(1120) revealed that, when the density of the bottom population of

the ponds rose from 135 to 8640 specimens/m? and the biomass from )011/
0.41 to 106 g/mz, the proportion of chlironoumid larvée in thebben-

thos rose from 71 to 95% in abundance and from 66 to 99.5% in

blomass. In another paper by the same author (Lyakxhnovich, 19€0)

it 1s noted that the zoobenthos of fifty nursefy ponds in Belo-

russia 1is characterized by piomasses ranging from 0.1 to 24.B g/mz.

& vast amount of material (over 2000 specimens) from the ben-

" thos of fish ponds in the Ukraine was analysed by G. I. Shpet (1958,

1962). In the ponds of the forest-steppe and steppe part of the
Ukraine the mean biomass of the benthos 18 5-6 g/mzA(wlth a range
of 0,18 to 13.83 g/m?). V. S. Prosyany (1958), who used fairly
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1imited zaterial, came to the conclusion that the mean blomass of
benthos in the ponds of the Polesye region of the Ukrailne was
3.5 g/w2. However, h. D. Konenko, M. L. Pidgaiko and D. A. Rad-
zimovsky (19€1) cite different figures for the benthos of this
part of the Ukralne which are just as-high as those glven by Shpet
for the forest-steppe. The fish ponds of Moldavia have a blomass
of benthos ranging froam 2.4 to 20.1 g/mz(Iaroshenko, 1952) .

Judginz by the data of L. P, Maksimova (1961) and other au-
thors, the fish ponds of the northern reglons of our country are
no different in the blomass of their benthos from ponds situated
in the scuthern regions. In a number of experimental ponds on
the "Hopsha™ fish fara the mean seasonal biomasses of the benthos
range from 8.9 to 23.5 g/w? (HMaksimova, 1961). Similar ponds of
the Rostov (Kharin, Shutenko and Mushenko, 1954), Volgograd (Nik-

01'sky and Soxolova, 1950) and 3aratov reglons (Konstantinov, 1953),/62/

the Tatar ASCR (Aristovskaya et alia, 1951) and Latvia (Lapins-
kaite, 1958; Ioffe, Yandovskaya, Galkin et alia, 1955). In gen=.
eral, from the data avallable at present on the benthos of the
pénds of the 4ifferent zonzs of the Soviet Unilon it 1s impossible
to detect regional differences in this connection. '
The very productive fish ponds of Israel are also character-
1zed by comparatively low magnitudes of the blomass of zoobenthos.
Accordinz to the data of Wirzhubski and Sarlg (1953}, the mean
annual biomass of the zoobanthos in experimentsal ponds in Zde-
- Nahum ranged from 3.7 - 10.9 g/m2.
. Variations in the abundance and blomass of benthos ln ponds
during the growing season are governed mainly by the cycles of
development of the forms of 1living organisms making up the bottom

fauna. Mass pupation and departure of chironomids 1s usually
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accompanied by sharp drops ln the blomass of benthos. The min-
imum values of the blomass are normally observed in the middle

of the growing season. When there is a large preponderance of
elements of anamnlote fauna (oligochaetes, mollusks and others)

in the benthonlc population the fluctuations in the amount of
benthos are less sharp than when chironomids predominate. In
&ralning fish ponds, on the other hand, chironomid larvae are the
main component in the benthonic food supply of the fish, domin- o
ating all other groups.

Fertilizers have less effect on'the development of zoobenthos
than on the development of zooplankton. In many éxperlments in
the fertilization of ponds the stocks of benthonié food for the
fish falled to show any increase, while in other experiments in-
sufficiently clear-cut results were obtained. Judging by the
data avgilable, organic fertilizers have a greater effect on the
development of the benthonic fauna than do artifical fertlllzer;.
. ‘ Fertilization of experimental ponds at the vimba-shemalsz
nursery in the North Caucasus in 1951-1952 (Pankratova, 19593)
revealed that in splte of a very similar specles composition‘the
mean seasonal biomass of the benthos was 4.98 g/m? in an unfers
tilized ponds and 6.28 - 7.48 g/m? in ponds fertilized with plantsg,
The benthos consisted mainly of chironomid larvae. The 1arger'
biomass was found in the pond to which more vegetable fertiliaer
had been added. Such data were obtained from experimental ponds
stocked with equal quantities of vimbz and shemaia eggs. (200,000

per hectare),
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The studles of V. Ya. Pankratova (1959a) of the development

of the\benthos in three commerclal ponds of the same nursery
yilelded the following results: for an unfertillzed pond, a mean
for the period of study of 0.6 g/mz, for ponds fertillzed with

plants, 0.8 and 1.6 g/m?. Here we see low figures, but the

stimulatory effect of the vegetable fertilizer on the size of the /20”/ .

biomass 15 still cleariy manifested. In these experiments the

vegetable fertilizer was added by the zonal method recommended by

¥. %. Isakova-Keo (1950). V. Ya. Pankratova emphasizes that the

greatest number of benth€§}c organisms were observed ln the im-

mediate vicinlty of the decomposing vegetatlon. It 1s also noted

that the fertilizers have a greater effect on the development of
AT

20 g
the benthos in ponds of average ft%brat&on and less in ponds of
3¢ puye

strong fijtratren. It appears that as the result of strong f&k= Sequfc

tratdow in the ponds of the vimba-shemaia nursery artificial
fertlilizers had no effect on the development of the benthonic
cauna. It is curious to not? that in the ponds fertilized with
vegetation Pankratova found a higher percentage of non-predatory
chlirononid larvae, whereas predatory larvae were discovered far
from the zone of fertilization and in the unfertilized ponds.

In the earp fish ponds of the Latvian collective farm (Pir-
wrindnieks” Pankratova (1958) found a higher biomass of benthos
in a pond fertllized wlth vegetation than in an unfertlllzéd pound.
But in this case, as distinct from the ponds of the vimba-shemala
nursery, predatory larvae of invertebrates developed vigorously
on the vegetable fertilizer, and in the oplinion of the author this
greatly reduced the quantitative development of the food fauna of.
the fish. In these experiments too artificial fertillizers appear-

ed to have no effect on the development of the benthgﬁ}c fauna.

3D

The author explalns thls by the fact that the artifical fertil-
izers were added at a late Juncture, Unrortuﬁately, 1ﬁ the .
papers of Pankratova (1958, 1959a, 1959b) the data on the de-
velopment of the benthos in fertilized and unfertilized ponds
1s presented 1in such a fgrm that 1t 1s very -difficult, and at
times simply impossible, to compare the ponds on the baslis of
them. .

In experiments 1in fhe'ferﬁlllzatlon of ‘nursery pands on
the Latvian fish farm "Rita Ausma® in 1955 Ya, S. Lapinékalte
{1958) falled to detect any positlive . effect which the orgsmic
and artificlal fertllliers might have had on the development
of the benthos, Out of.f1Ve fertllized ponds only 1n one wasg
the mean blomass somewhat higher than in the wnfertilized pond,
while in the .remaining fertilized pcnds it was 2-3 tizes lower
than in the control ptnd. Nevertheless, a large quantity of
superphosphate (480 kg/ha), ammonium sulphate (320 kg/ﬂa).
potassium chloride (40 kg/ha), lime (420 kg/ha) and vegetatlon
(1700 kg/he) was added to the fertilized ponds. Ya.S. Lapins-
kalte (1958) notes that only‘in the immediate vicinity of the
decomposing vegetation did the larvoe of'chironomids and other
benthonlec organlsms develop abundantly, but this did not affect
the development of the benthos om the bottom of the fertillzed
ponds. Thus, on the vegétatlon the blomass of animals was 13-
53 g/mz, whereas 1t was mo more than 7 g/m2 outside the zone of
fertilization.

A. P. Volkova and R. B. Bun’kis (1962), on investigating
the development of the food supply of fish in fertilized finish- /501/
ing ponds on.the Tukumsk fish farm in L§tv1a, falled tofind
signs that superphosphate and ammonium sulphate had a positive
effect on the development of bénthos.. fhey share the view
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of Ya. S, Lapinskalte that artificial fertilizer may ;tfect
the development of the benthos not the year it is applied but
in 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. Il'in, V. I.
Bakntina et alia (1956) found higher indices of the biomass of
tenthos 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 €0 centners/ha). In four of the five fertilized ponda the

mean blozass of benthos was between 2.5 and 3.6 g/m2, whereas in

the unfertilized pond it was only 1 g/mz. In one pond, to which, ’

in addition to superphosphate and lime, was added &4 metric tons
of peat per hectare, the biomass%f benthos almost twice as low as
in the control ponds. In experiments in nursery ponds at the
same establishment, I1'in, Bakhtina, 4. N. Lipin et alia (1956}
also observed a hizher biomass of benthos in the fertilized ponds
fhan in the unfertilized ones, mlthough no direct link was found
between the quantity of fertilizer applied and the magnitude of
tne blomasg. ¥hereas in the control ponds the mean biomass of
btenthos was 2.38 g/m2, in the twelve fertilized ponds it was as
much as 7.8 g/me. The fertilizers used in these ponds were lime
and superphosphate (150 kg/ha each), and aquatic plants and bveg=-
etable meal (3 tons per hectare each).

Ag shown by K. Arbuzova (1956), in a spawning and nursery
pond on the "Yamat” fish farm in the Volga delta the cutting of
rizid plans and their use for fertilizatlion failed to promote
the development of ‘the benthos #s regards eithe} the composition

or the quantity or organiszs. The picture was different on the

used ac Feclslizer 2,
vegetatién 1tsel?. At peak perlods the number of chironomid
larvae per kg of rigld plants reached 200. Similar results were
obtained by Ts. I. Ioffe (1950, 1954) and M. M. Isakova-Keo
(1950, 1954) when rertllizing.ponb with végetation in the north-
west region of the 50viet Union. The authors note abundant ac-
cumulation of larvae of ch;ronomids and other benthé%}c organisms
on and in the immediate viclnity'of decaying land plants (aider,
birch, will herb and others) and aquatic plants submorged—in-the-
water. According to the dzta of Ioffe, the bilomass of the ben-
thos on the decomp&sing macréphytes was as mich as 800 g/mz.
Unfortunately, the author doeé not indicsate 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-/QC%/
ly benthonic population of the ponds. In fish ponds in Belorussia
we also observed a large quantity of larvae of chironomids and
other insects on vegetation submerged in the water end 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 larse number of chiron-
omid larvae in the III-IV stages of development can be found on
the leaves (Lyzknnovich, 19€0). This is evidence of the active
micration of animals to the vegefation from other parts of the
ponds. As noted by V. Ya. Pankratova'(1959g), the larvae leave
the vegetatlion when it becomes strongly putrefied. ,

ﬁ. Dimitrov (1959, 19€1) in Bulgaria staged special exper=
iments to estimate the number of organisms developing on plants

bound in sheaves and submerged in water. Hisg results did not

SN
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conflict with those obtalned by Soviet authors.

¥any research workers (Khomchuk, 1948; Wlodek, 195€; Jas=
inski, Xlimczyk, Eosol, 1957) who have studlied the sowing of the

vottom for fertilization note that chironomid larvae develop
abundantly on the inuniated 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. 4. lelen demonstrated the scope of
the development of benthonic organisms in ponds fed by domestic
waste water. In the four stages of a serles of purlfying ponds
contai&% 2100 yearling carp per hectare the mean biomass of the
chironomids was €4 g/m2 and the abundance 27,000per square metre.
In soze lakes in the USA polluted wlth domestic waste water the
development of chironomids 13 so intense that the questlon arises
of finding special methods of.controlllng the phenomenon. (Provos ,
1958). retmine

In the literature it is noted that the breeégﬁg of ducks in
ponis also helps to lncrease the quantity of benthos. Thus, for
exaaple, in the experiments of Thumann {(1955a), when ducks were
xept on a fish pond the numbzr of chironomids rose by a factor of
22.6, while the ;ﬁ::éiby of ollgochnetes lncreased by a factor of
16.K.

Thusg, it may be regarded as an established fact 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 fertilizer and the nature of its distribution in
the pond. Organlc fertilizers such as manure, compost or de-

Aumbvrg

cozb051ng vegetation contain a large quanétéy of bacteria which
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are used directly as food by many benth§§}c aninals, and in Fhe
first place by non-predatory chironomid larvae. Hence it is //204//
possible to speak to some extent of the direct effect of organic
fertilizers on the zoobenthos.

Artificial fertilizers always act on the benthég}c fauna
consumed by the fish through one or more intermediate links in
the food chaln, e.g. through phytoplankton and bacteria, and it
1s therefore more difficult to detect this effect. Unless the
artificlal fertilizer causes an increase in the primary vroduct~
ion of the pond there ls 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 1ink, .

or to a lesser degree reach the bottom and serve as food for the

: benth§§;c organisms. The experiments of 0. N, Rusi:«. {195€)

showed that, for the chironomid larvae, whkch often foram the bésis
of the pond benthos, small Protococcaceae camnot serve as fulle
value food, whereas the large blue-~green algse apparently veze-
tate for a long time in the midwater before descending to the
bottom ani becoming available to the.anlmals dwelliné there. It
1s no accident that it is very difficult to establish a direct
quantitative link between the development of the plankton and bea-
thos in a bedy 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 gudied. '

As was shown by Wirzhubskl (Wirzhubski and Sarig, 1953), in
Israell ponds which were intensively fertilized with superphos-
phate and ammonium sulphate the biomiss of chironomlds was 2.5-3

times higher than in unfertilized ponds. In these experiments
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the important polint 1§ that the ponds were only fertillzed with
=in2r2]1 nitrozen 2nd phosphorous salts, and the fish were not even
fed. The author notes the complex nature of the relationshlp be-
tween the development of the plankton and the benthos. However,
he ezphasizes that the mean blonass of chironomids is generally
higher where there is moTe microplankton. In one of the exper-
iments in pond fertilization in the USA (iichigan state) the
artificlial fertilizers used also exhibited a positive effect on
the develogment of the benthos and particularly on the chironomid
larvae, the quantlti of which as the result of repeated ndditlons
of fertilizer to the water lncreased by 1lu4%, whereas the total
quantity of all benthonlc populations rose only by 56% (Patri-
arch, 2all, 1959). hepeated 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 (Raymwont, 1947).

Eence, artificial fertilizer too may in some cases have a
positive effect on the development of benthonic organisms.

Gr=zing on the bYenthos by fish appears to have a greater ef=-
fect on the quantity of benthos in ponds than on the quantity of
zooplankton. This sapplies especially to the larser forms, which
are characterized by relat1Velj longer development and a compar- //2067/
ﬁtlvely lower rate of multiplication. For exawple, in the paper
by Gryszierkek and Wolny (19€2) it is shown that the young carp in
small ponds consume all the progeny of the mollusks in a glven
season, thereby grextly reduclng the total quantity of animals in
that group. According to the obgervations of V. P. Lyakhnovlch,

there were 200 times more leﬁga gtagnalls in an unstocked pond
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than in 2 nelghbouring pond densely stocked with two-yéar old
carp.

The grazing factor affectsthe chironomid larvae and oligo=-
chaetes to a lesser extent. Studles conducted by Lyakhnovich
{1953) on finishing ponds at "Volma" fish farm in control areas
from which fish were barred, and 1ln nelghbouring pérts of the
pond where the benthos was being consumed, revealed that the
quantity and blomass of the benthos diminishes under the influence
of grazing. According tolﬁkgvunpubllshed data of Lyakhnovich, a
decline in the quantity of benthos under the influence of grézing
by young fish also occurs in nursery ponds. At ghe same time it
is observed that the nature of the dyulthfcs of the population
and blomass of the benthos does not vary undér the influence of
t%@ grazing fa%gpy during the growing season. Vhen the stocks of
benthonic food within the area accessible to‘the fish diminish
there 1s a simultaneous drop in the stocks in the control areas.
There 1s also a parallel increase in the.abundsnce and blomass of
the benthos in tke bottom areas of the pond 2ccessible and inac-
cessible to the fish. Only whgre there is no grazing are the
figures for the benthos slightly higher than in the area access-
ible to the fish. A
' 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 Belorussla, fully conflrm
these conclusions.

As the result of research on the fish ponds of Moldavia, ﬁ.
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 growlng season. He stresses that

there 1s an increase in the quantity of organisams 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 August there is a drop in
these indices even when the pond contalns no fishe. The effect of
rish on the benthos 1s »robably not confined to ~razing. 3ome
guthors, 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 benth§§}c fauna. In 1959, when investi-
gating ponis filled with purified wnste water from the town of
Kielce, Yolny estlmated that the area of the bottom in a pond
stocked with two-year-old carp was 30% greater than in an un- /ﬁo@/
stocked pond owlng to the micro-relief created by the fish seeking
for food in the bottom sedliments.

¥any 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 Eelationship between the Fish Yield and the Biomgss of Food

As the result of the use of the food organisms of the plank-
ton ani benthos by fish there ls'a greater or lesser increase in
which in turn determines the economic wvalue of

the flsgh yleld,

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-
guamption is ensured by large avnllable stocks of food organisms.
Hence there should be a quantitative correlation between the bilo-
@ass of food organisms and the magnitude of the increase in the
fist yleld. Of course, the growth of the fish may also be limited
by zany other factors, such as dlsease, their age, the climatic
conditiong, and so forth. ©Dut when the density of stocking is

controlled and there iz a deliberate selection of fast-growing
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speci~s of the right age, the food supply appeirs to be gﬁe chief
factor limiting the 1increase in the fish yield. Searches for a
correlation between the quantity of natural food and the growth
of fish production have been undertéken'by many authors but have
remained fruitless for a long time. Earlier it was ncted that
there had been no success in establlishing a link between the com=-
postion of the populations of ponds and their fish yleld.

In his time Alm (1923, 192L4) tried io find a quantitative
1ink between the blonass of benthos (B) and the fish yield (?) of
lakes. To express this relationéhip he suggested the F/B (Fisch-
Boden, i.e. fish-bottom) coefficlent used in hydrobiolsgy. Sub-
sequently, Lundb%k (1927) calculated the posgiblliiy product?vity
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 assumptlons Lundbek arrivéd at a figure
which was thirty times higher than the esfimsted 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 calculatlons
was the fact that they were bascd solely on data on the biomags of /Qo;/
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 1s obtalned as the result of the use of benthonlc
food, since carp of all ages consume zooplankton also. This ex-.
plains the unjustifiably high value of the P/3 coefflcient for the
pond benthos obtalned 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 thig, the first task is to discover the
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dependence of the flsh 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 yleld. Of the 3% ponds
29 are in Belorussia and the remalnder in Israel (Table 12).

Prom the figures in Table 12 it can be seen that the pro-

- portion of the zoojlankton and zoobenthos in the total blomass of

food orgenisms in the ponds is not the same. As a rule, the bio-
aass of zooplankton is much higher than that of the benthos. Only
in four ponds was the ratio of the biomass of zooplankton to the

blomass of zoobenthos less than 1. All these figures relate to

ponds with a relatively low fish yleld. In the more productive
ponds the bloumass of zooplankton is usually 3-4 times (and somes-
times even 16-23 times) greater than the biomass of zoobenthos.
The preponderance of zooplankton over zoobenthos in the total
biomass of food organisms 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 hicher blozasses of zooplankton than those of the
northern reglons, 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 lmportant role in the rish yleld of

carp ponds.
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Tzble 12

Relationship of zooplankton & zoobenthos in the food biozass and

the fish yleld of carp ponds.
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The material examined failed to reveal a quantitatf%% con=-
nection between the blomasses of zcoplankton and zoobenthos. In
ponds witﬁ a very high blomzss of zooplankton the biomass of .
zoobenthos may be elther low or high. Comparing the fish ponds of
the collective and state farms of Celorussia with the carp pounds
of specialized fish farms in the republic, V. P. Lyakhnovich and .
T, P. Leonenko (19€2) sifted through a large amount of factual /507/
material and found that the former are characterlzed by higher
blozasses of zoobenthos and comwparatively weakly developed zoo-
plankton, wnile the latter are distingulshed by more vigorous
developzent of the zooplankton and comparatlve;y low biomaSSes of
zoobenthos. These data are ixzportant by virtue of the fact that /&aﬂ/
they felate to rsonds in the same locality, sltuated close together,
and differ cnly in the degree of cultivation and forms of exploit-
‘ation. They show that there 1s apparently no close link between
the quantitative development of animal assoclations in the mid-
water 2nd on the bottom of fish ponds, 1f these assoclations are
viewed as a whole and not subdivided into small systematlc groups.

It is probab1§ that thils also served as the basis for the
conclusion drawn by Schgperclaus on the strength of an analysis
of tne development of the zooplankton and zoobeuthos in the fish
ponds of pre-war Germany. The author states that while the de-
velopzent of the zooplankton can be juiged to some extent from
the fish yleld of the pond the data on the benthos are guite un-
suitable for this purpose, sihce the benthos may equally well be
poorly or well developed in both high-pfoducing and low-producing

ponds. Such & categorical denial of the value of the benthos to

1 and lay between 0.17 and 0.72 (see Table 12},
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pisclcultﬁral description of the pond is hardly convincing,
particularly since a direct link was discovered the blomass of
benthos in ponds and their produétivity in a series of invest=-
1gations 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 blomass:
and strive to make an objgct}ve assessment of the importance of
each of them in the formation of the yield of the ponds.

After totalling up the mean seasonal biomasses of zoo-
plankton and zoobenthos expressed 1n kg/ha, we obtained an overall
blomass of food organisms consumed by fish {B) and compared it
with the fish yield (R), thereby computing the values of the B/R
coefficlent for each pond, as was done by V. P. Lyakhnovich (196€1)
on a smaller number of sanples. In all cases the ratio of the '
blomass of food organisms to the‘rlsh yield proved to be less than
‘he mean B/R co-
efficlent was equal to 0.43. This means that, on average, 0.43
units of food blomass go into each unit of increase in the fish
yield in carp ponds.

It 1s quite obvious that iess than 0.5 kg of food organisms
cannot ensure an increase of 1 kg in fish production. ‘It is well
known that_several units of live food must be expenled to produce
one unit of welght increase. As a rule the caloriclty of food
animals is nearly half that of fish. DlNoreover the fish assimilates
at.most slightly more than 80F of the energy contained in the food.
Of thils assimilated energy only part is used for growth and the
remalnder 1s expended on emergy exchange. G. G. Vinberg considers
that the energy contained in the bég of the fish constitutes /qu/
1/3-& of the food energy coﬁsumgd. Ip view of the differences in ’

the caloricity according to the crude weight it may be assumed
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that at least 5-f welght units of natural food will have to be
expended on each unit of increase in the fish yleld. V. P,
Lyakbnovich (1961), in his calculations of the quantity of food
consuzed by carp, took the minimum possible value of the food
coefficlent, equal to 4.5. M. F. Yaroshenko and A. I, Naberezhny
(1955) feel that in the conditions of the fish ponds of Noldavia
the food coefflecient 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 condigons in questbny and then compare the
values obtained wi'h the estimated food blomass we obtain some
idea of the productivity of the fish food supply of a glven pond,
After using this method of culculating the productivity V. P.
Lyakhnovieh (1961) rightly ctressed that it is possible te estl-
mate in thls way not the entire production of the food biomass but
only thzt part of it which goes to satigfy the food requireménts
of the fish, This part of the pfoduction may be termed the g;;f»ﬂcqéy
-Suraily effective production of the food supply, and the P/B
coefficient thus computed (r=tio of production to biomass) will
be the lowest possible, It is easy to show that not all the Dro=
duction of the food blomass 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 experizmental condlitions were glven
to illustrate the éremendous capacity of predatory larvae of

chirenomlds, dragonflies, water beetles, Chaeoborinacand others
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for destroying small animals. Ir the devastation of the food

supply caused by predatory inverteprates under experimental con=-
ditions should ocecur in nature, little more than 19-20% 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 aquaticf;nsectsland 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 rish yleld. 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 coefflclent of the organisms
of the zooplankton and benthos consumed by fish is best with in-
superable difficulties under notural conditions in the ponds 1t /&'D/
becomes necessary to make more or less probable assumptlons. '
Earlier we demonstrated that the food coefficlient under ideal
conditions cannot be lower than 4-5. On the other hand, since
rapidly growing young forms (age 1-3 years) are normally reared
in ponds, we can hardly assume that the food coefficlent in these
circumstances will be greater than 10. . Therefore we calculated
the possible quantities of food consumed by fish for twb values
of the food coefficient (KK=5 and KK"10), presuming that the ac-
tual level of consumption will lle somewhere between these two

values. 4 comparison between the estimated gquantities of food

" consumed by the fish and the existing food biomass ylelded two

extreme values of the effective P/B coeffliclent -for each pond.
At KK=5 the P/B coefficients range in individual ponds from 8

to 30, while at KK=10 they vary Letween 16 and 60 (see Table 12).



355
The mean-F/B coefficent was 13.3 for KK=5 and, of course, twice
ag 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 1s on average 13.3-26.6 times greater than the mean blo=
mags of fuod organisms for the same period. On the other hand,
the high rroductivity of the natural food supply in fish ponds
stands-revéaled.

The dependence of the fish yleld of ponds on the magnitude
of the food biomassbs-illustrated in Fig. 17« The graph 1s 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 ob-"
tained under breeding conditlions in which the fish were given
artificlal foods. For these ponds the portion of the fish yleld
resulting from the utilizatlon of the natural food supply was
compﬁted from the quantity of artificial foods expended and their
food coefficient (Lyakhnovich, 1961). In some of the commercial
finishing ponds = cons 1derable part of the fish yleld 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 focd supply. The experimental ponds were
fertilized with varlous doses of nltrogen-phosphorous fertilizers.

In spite of the scattering of the empirical points, the

graph clearly shows a direct llnear relationship between the

values comoared. It is important to note that the fish ponds of //21%/
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Israel, which 'are marked by very high natural fish ylelds (three

harvests of carp per year) and are exploited quite differently

than in the Soviet Union, are characterized by a quantitative

1ink between the food bloamass snd fish yleld such as is found in

the fish ponds of Belorussia.

The stralght 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 flsh yleld in

kg/ha and x 1s the mean sezsonal food biomass in kg/hae
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l-commercial nursery ponds in BSSR, 2-comzerciasl finlsh-
ing ponds in BSSH, 3-expér1menta1 nursery ponds in BSSR,
L-experimental finishing .ponds in BSSR, 5-exper1mental
finishing ponds in Israel,
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The fact that the zero value for the food biomass corres—
pends to 18 kg of fish production appears to acan that not all //ZL?/
the food supply actually used for inereasing the yleld was :
taken into considerztion. In particular, neither in the Belo-
russian nor in the Israell ponds was the fauna of the plant growth
near the banks allowed for. In additlon, of some importance 1n
the dlet of the carp are elements of plant food from among the
phytcplankton, phytobenthos and underw2ter macrophyte growth, as
well as flying insects alichting on the surfaces of the ponds,.

The data examined enable us to a certain degree to determine
the possible fish yleld of carp ponds from the development of the
natural food supply in thes. This 1s Important when planning the

extenslon ef fish culture to new bodles of water. In intensive
pond fish farminz pr.ctice, where the fish are bred with ad-
ditional food, it may also be necessary to estimate the part of
the increase ohbtalined 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 taeir food coefficient., As shown
b7 V. J. Kirpichalkov (19£0), this method suffers from many ser-
lous deficlencles. Our data enable us to ascess the fish yleld
of ponds directly from the food supply. |
Depending on the quantitative development of the natural
food supplyfﬁgjfish in fish ponds/we con distinguish five class-
es , as shown in Table 13. Each class is characterized by a
specific maznituie-of the fish y;eld, which increases on average
from 225 ke/ha in ponds of class I to 880 kg/ha in ponds of class

Ve It 15 worth noting that as the blomass increases from 68 to

358

435 kg/ha the amount of the blomass per kilogr=m of 1ncrease'iﬁ
the fish yield also rises on average from 0.34 to.0.52 kg (see
Table 13). .

Like any classification of this type, based on quant‘:itative /2”;»/
differences, the suggsested gronping of the ponds according to the
food biomass of the fish is conditlonal in that there are no
clear-cut boundaries bebwéén ihe'classes. ot it may prove useful
when determining the piscicultural value of the ponds.

So far in all our comparisons‘of the fish yleld 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. Such an approach 1s completely Jjustified by the
results obtained.' tdowever, there 1s no doubt that‘the functional
role of the zooplankton in the formation of thHe increase In fish
production differs substantially from the analogous role of the

venthog. This difference 1s due not oﬁly to the different hab=

"itats of the orgamisms of the zooplankton and benthos and the

corresponding difference in their avallabllity to the fish, not
merely to the different dlmensions, calorlcity and so on, but
ur»n oyvr retes

chiefly to the different of the zooplankton and zoobenthos.

A1l other thinés being equal, the p%odgctivity of freshwater
zooplanktoﬁ appears to be someﬁha? 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 hydroblologists consider that the annual pro-
duction of the freshwater zoobenthos 1s 1-3 times greater than
1ts mean blomass. M. F. Yaroshenko and A. I. Naberezhny(1955)

considered 1t possible to take a P/B coefficient of 8 for the
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chironozid bentnos 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.
"worxing lelogical productivity". The authors think that in
sumzer €0% of the zooplankton in fish ponds dles from natural
causes, 25% 13 consumed by different animals, and only 25% 1is
uged by the fish. Thus, according to the data of Yaroshenko and
Ha?erezﬁny the productivity of the zooplankton is 22 (or 6%7)
tioes greater than the productivity of the zoobenthos.

F. G, Petrovich, Z. 4. Shushkina and G. 4. Pechen' (1961),
on the basls of experimental data, computed the P/B coefficlent
for the zooplankton in some lakes in Belorussiag. These coef-
ficients are 20-30 tlmes greater than the analogous coefficlents
for the benthos of the same lakes caleulated by M. M, Drako,
(1953).

Table 113

Glagcification of ponds accordins to fish food supnly
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Kez: 1, Classes. 2. Number of ponds. 3. Food blomass(B)s kg/ha

4, {inimum-paximum. 5. PMean., 6. Fish
b . . roduction (P
in kg/ha. 7. B/P coelficlent, P on
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On the strength of data of ecological physiology and hls own
investigations of the intensity of exchange among animals of &if—
ferent taxonomlc groups, G. G. Vinberg (1962}, when compuﬁing the /5]5/

productivity of the ecologlcal system of a body of water, used a

" mean annual P/B coefficlent of 30 for zooplankton and 3 for zoo-

benthos. On the whole, the productivity of the zooplankton 1is
quite clearly higher than that of the benthos. It should zlso be
remembered that 1n highly prbddcttve ponds the blomass of zooplank-
ton 1s also 2-3 times greater than the blomass of benthos. 'If
we assume that the P/B coefficlent of the zooplantkon is réughly
3 times greater than the P/B coefficient of the zoodenthos, even
then we shall find that the production of the benthos forms only
slightly more than 15-207% of the total yleld of the food’orsanisms
in highly productive ponds. ' '
Further work must be done to determine the P/B coefficlents
for narrow systematlc groups of fish food organisms in ponds.
This will enable us to dlscover what forms of zooplankton and zoo=
benthos are of most‘pisciculturar value in fish ponds. :Thls probe
lem acquires particular importance in connectlon'gith tiie con=

trolled development of the biologicﬁl regime of the pondse.



961

CHAPTER VI .

C
PISCULTURAL EFFECTIVENESS OF POND FERTILIZATION '/2!6/
Jl]
1. Introduction

Many experiments and much practice in the commercial
utilization of differsnt 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 chaptera., O0ften, however,
pond fertilization has failed to yield any piscicultural

dividends.

The complex serles 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 tgrtilization. Although fish breeders use
fertilizers to improve the conditions of nutrition of the
fish being reared, the introduction of fertilizers also
affects othar aspects of their 1lives, For example it improves
or impairs the oxygen regime, alters the pH of the water,
and so forth, whereas some important factors of the fish
production either change slightly under the effect of fer-
tilization or else changs not at all., Depending on the
specific conditions in which they are used, the same fertillizers
may display different degrees of effectivenass. Therefore,
up till now the fish breeder has found it Aifficult to determine
what sort of an increase in the fish yield he can expect when

adding a particuler quantity of fertilizer to a pond.

3€2

To eatimate 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 interv_ening
factors. Righf up to the present time, the qxporimentql work
of practical fish breeders and many'workers of piscicultural
ingtitutes has been confined to estimating the fish yield as
the sole criterion of the effectiveness of fertilization.

The neceasity for such an estimate has nqver‘boen 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 mechanlam
of the action of fertilizers, wers unable to take in problens
of practical importance such as the determination of the
piscicultural effectiveness of fertilization. As a result

some of the important experiments and'investisationa of the
past decade suffer from the great defect that tﬁey dé.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 fertilizer added
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or the resultant increase in rish yield (Karzinkin, 1952).

In-the study of the rates of artificial fertilization
of ponds there has been & 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 & given concentration of nutritive elements in
the water of ponds. by very frequent application of fertilizers
(L.M. Mamoptova), while others advise bringing the concentration
of active principles to & given level each time the artificisl
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 result 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 snalysis

of the water.

Por a piscicultural assessment of the effectiveness
of fertillzation it woula seem that the most correct procedurs
would be not only to investigate the mechanism of the eoffect
of fertilizers but alsc to find the most economical combinations
of fertilizers expended per additional unit of increase in
rish yield. By snalogy with the food coefficient, which defines
the quantity of artificial foods expended per kg of additional

increase in fish yield, we can use the concept of the "fertilization
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coefficient”, which was first suggested by V.M. Il'in and hia
colleagues (Il'in, Lipin, Bakhtina et alia, 1956).

In intensive pond culture practice it 1s normal to
distinguish betwesn two ways of estimating the fish yield of
the ponds when feeding the fish: that part of the rish yleld
which is obtained through utillzetion of the natural food
supply ("the natural fish yield"), and that increase which
results from the use of foods added to the pénds from outside,
Strictly apealking, the yield of the pond includes only that /218/
part of the increase in yield which is provided by the ﬁaterill

and energy resources of the pond.

The increase in fish yleld following the application.
of fertilizers is due to intensificetion of the cycle of sub-
stances in the pond or to an incresse in the .mass of haterial
participating in the oycle. The increase in fish yleld with
this form of intensification of culture is the result of the’
same sort of processes &3 talte place 1ln the pond without the
addition of fertilizers, only on & smeller scale. Therefore
there is no necesslty in principle for making a sharp distinction
between a "natural™ or "inltial"™ fish yield and the part of
the yield obtained as the result of fertilization. It is more-
correct to spesk of the increase 1In the natural yileld due to

the use of fertilizers.

On economic grounds we should determine what part of

the fish yield is the result of the adoption of a particular
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measure designed to raise the natural fish yield of a pond.
Only in this way can we assess the piscicultural effectiveness
of the measure and judge the mdvisability of proceeding thus

in future,

The quantity of fertilizer expended per kg of additional
increase in fish yleld depends on the conditions of application
and on the combination of the fertilizing substances themselves
in the mixutre used, 3o naturally it cannot be constant. Hence,
the ratio of the quantity of fertilizer used to the size of
the edditional increase in the fish yleld can be employed as
a criterion for asasesaing the effectiveness of fertilization
under the actual conditiona of application. Since we have
slready described in previous chapters present-day ideas on
the effect of fertilizers on various aspects of the life of
ponds and given numerous examples of the effective use of
fertilizers in different countrles, in this chapter we shall
oxamino only the plscicultural effectiveness of fartilization
from the ztandpoint of the expenditure of fertilixing substances
per unit of additional increase in fish yileld.

Hinerad

2. The Piscicultural Effectiveness of Artificimt Fertilizatlion

Let us first examine the piscicultural effectiveness
of phosphorus fertilization alone. One of the best-known
oxampios of the successful use of phosphorus fertilizer is
the experimental pond farm at the Willenbach piscicultural
station (now forming part of West Germany), whers the ponds

have been fertilized with asuperphosphate over a pbriod 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 construéted
which clearly illustrated the piscicultural effectiveness of
the phosphorus Tertilization Qf the Willenbach ponds (Fig. 18).
The appiication of 25-30 kg P205/h§ 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 Péos was expended per kg of additi?nnl
increase in fish yleld. Converted to supepphosphate, 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 expenditu?o
of fertilizer per unit of additional ipcrease rises sharply.
This is clearly shown in Fig. 19, which we took from the manual

of Schiperclaus {1561a).

Using the disgram it is easy to ‘calculate that a
twofold increass in the size of the doss of phosphorus fertilizer .
(from 25 to 50 kg Pp0g/ha) leads to a rise of only 15% in the
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- fish yleld, while trebling of the dose raisés the increase
by no more than 20% compared with the effect of a single dose
R - o B2
K NT e N of phosphorus fertilizer. And so, when adding 75 kg of ?205
2 « N _ F M ] per hectars, which corresponds to approximately 500 kg/l.m of
3 o i H | | —H superphoaphatg, we shall expend per kg of additional increase
5 HAH i i ‘_[—W in the fish yield not 2-2.5 kg of fertilizer, but 5-6 times
E' ” Il 1 % 1 [‘A more, i.,e. 12-15 kg. This 1s why, in East and West Germany,
;?, £ i i where phosphorus fertlilizer is still regarded as the universal
i } l ] ‘ ¥ artificisl fertilizer, "we take (for .ponds) an average dose
§-358§8858gF888s g288 of 30 (25-35) kg of ons/ha, which has besn hallowed by
Years

tradition and legltimized by practice" (Schiperclaus, 196la)}.

FPig. 18 Fish yield of unfertilized ponds and ponds fertilized
with ghosp'noma at the Willenbach experimental farm
{averaged data for 3-L ponds shown) (from the data of
Probst, 1950, and Walter, 1934):
1 - increase in fish yield in fertilized ponds, 2 -

The low effectiveness of large doses of phosphorus fertilizer

alone can also be seen from the results of the experiments

fish yield of unfertilized ponds. ] . of M.K. Taran (1939a, 1939b) on the ponds of the Ukraine.
From 1933 to 1935 Taran tested doses of superphosphate manging
0 : ‘ . . from 11,3 to 77.8 kg of ons/ha, using plecemeal, twofold -
) = L ..—————"" ' ‘ and fourfold application of the fertilizer to the water of
% . / . : e A filled ponds, and he came to the conclusion that the '{:est
_x. :.../ » B effect is achieved when small quantities of fertilizer are used.
E : : ) I N _ Therefore for the fertilization of large commercial finishing
5 L4 " ponds in 1937 three applications of 16-20 kg of P205 pér hectare
z were used. However small amounts of pﬁosphoms fertilizer
‘ L ' . ] ' alone had 1ittle effect on f@nish!lmg ponds in the conditions
A Quantity of 'PZOS' kg/ha _" . - of Vinnitsa oblast. According to the calculations of Taran,

1 kg of P,0; in the finishing ponds brought about an additional /221/

Fig. 19 Relationship between the quantity of phosphorus fertil-
1zer and the fish yield (after Schaperolaus, 196la}. increase in the fish yleld of 1.07-2.; kg. Thus, even before
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the war the discovery was made that large doses of phosphorus

fertll;zer alone have little effect.

In the experimental fish ponds of the Moscow region’
teats were conducted under.the supervision of V.M. Il'in of
doses of superphosphate not exceeding 150 kg/ha, i.e. not
more than 30 kg of ons per hectare, In assessing the
piscicultural sffectiveness of this fertilization Il'in (1955)
came to the conclusion that 1 kg of additional growth of
the fish yleld required 12-15 kg of superphosphate. In other
experiments conducted by the same authors the superphosphate
proved more effective. In the experiments of V.P, 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 kz/ha.

But If large doses of superphosphate have little effect
in conditions where small amounts of phosphorus fertilizer
alons bring comparatively good results, and if, furthermore,
in differesnt conditions even small quantities of superphosphate
(150-200 kg/ha) have a weak effect, then it is impossible with
the ald of phosphorus fertilizer alone to effect a sharp .
increase in the fish yield of ponds. Let us recall that the
moat effective quantity of phosphorus fertilizer in East and
West Germany raises the fish yield by an average of 77%. Only

by expending v;ry large quantities of fertilizer, i.e, when
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its application becomes economically unprofitablé, can we
obtain twice as much fish from fertilized ponds as from

unfertilized ponds.

The low effectiveness of large doses of phosphorus
fertilizer alone shows that 1% is not only phosphoris that
1imits the growth of fish prodgction under these conditions.
This confirms once again that phosphorus fertilizer is not

universal,

Quite a different plcture emerges on analysis of the ‘e
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'Sovieﬁ Union,
after nitrogen and phosphorus fertilizer began to be used in
combination, the quantity of artificial compounds of nltrogen

and phosphorus added to ponds rose sharply.

Already in the firat experiments of G.G. Vinberg {1958)
on the  ponds of "Shemetovo" fish farm {Belorussian SSR) in

1954 and 1955, in which he applied nitrogen and phosphorus

artificial fertilizers together, the.amount of superphosphate

added was .33 kg/ha, with up to 300 kz/ha of ammonium nitrate
being applied simultaneously. In spite of very early harvesting fee2/
of the experimental ponds, only 1.3-3;7 kg of superphosphate

and 1=3.7 kg of ammonlum nitrate were expendod for a lkg additional

increass in the yleld of young wild carp (Cyprinus carplo) (Tableli).
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Table 1l

The Piscicultural Effectiveness of Nitrogen-Phosphorus

Fertilization of Ponds
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. eld, kg/ha. 2. Increase in yield owing to
%oriii?zgtion: k%ﬁha. 3, Quantity of fertilizer, kg/ha.
. Superphosphate. 5. Ammonium Nitrate. 6. Fertilizer
expended per kg of increase, kg. 7. Ratlo of N:P in
fertilizer. 8. Authors. 9. Vinberg, 1958, 10. Felldman.
11. Proayany. 12. Sukhovii, 1962. 13. Lyskhnovich, 1963.
Mamontova, 1961. 15. From here onwards in this column
the rigures denote the quantity of ammonium sulphate.
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On average saccording to the data for two seasons of observations
(five different forms of nitrogen-phosphorus fertilizer), in
the experiments of Vinberg, for a ikg 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 0.3§ kg of P,0.. Hence the cc;mbined uss of
nitrogen and phosphoru's fertilizer demonstrated the poasibility
of making effective use of far greater quantities of super-

phosphate than when phosphorus fertilizer was used on 1its own,.

When the quantity recognized as'optimal in East and
West Germany was increased 2% times there was no diminut19n
of 1ts piscicultural effectiveness owing to the sddition of /223/
nitrogen. Particular stress should be laid on the fact that
the yield from the experimental ponds fertilized with nitrogen
and phosphorus incressed by a factor of 3-4 compared with the
yield from the unfertilized ponds, Thus, in addition to
demonstrating the great sffectiveness of using large doses
of fertilizer it was shown that it is possible under Belorussian
conditions to sharply increase the yleld of.the ponds through
areifioial fertilizers,

At the same tin;e, in a pond fertilized with nitrogen
alone Vinberg achieved very 1little by fertilization: for every
kg of additional increase in the fiai:l yield he expended 7-12 kg
of ammonium nitrate, i.e. almost seven pimes more than when
using nitrogen and phosphorus together in the same ponds. This
clearly shows that nitrogen, like phoaphorus, cannot be regarded
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a3 a universal fertilizer on its own, in spite of the fact On commercial carp ponds in Latvia N.P, Okhryamkina
that it is a powerful factor in increasing the fish yield . {1962), T.M. Tsukurs (1962), k.?. Volkova and R.V. Bun'kis
of ponds. ’ . (1962) experimented with nitrogen-phosphorus fertilizers in

quentities of up to 265 kg/ha of superphosphate and 550 kg/ha

On carp finishing ponds in the Minsk region V.P,.
of ammonium sulphate, As in the case of the Beloruaaian ponds

Lyakhnovich (1963a) tested quantities of up to 400 kg/ha of
theywere highly effective. .

superphosphate and up to 800 kg/ha of ammonium nitrate,

applying the two fertlilizers together in fractional doses ’ In the ponds of the Ukraine, in which phosphorus

to the water of filled ponds. In these experiments too the fertilizer alone produced the best effect when applied in
econonic effectiveness was high., Per kg of additional increase . quantities of‘15-20 kg of P205/ha (Paran, 1935a), it was

in the commercial yield of fish 0,91-1.4l; kg of superphosphate found possible through the use of nitrogen and phosphorus

and 1.4~2.5 kg of ammonium nitrate were expended (see Table 1i). ‘ together to ralse the amount of superphosphate applied with |

On average for four ponds the expenditure of fertilizer per the nitrogen fertilizer to 400 kg/ha, i.e. to 80 kg of

kg of additional increase in yield amounted to 0.67 kg of N ?205/ha, without reducing 1ts effectiveness, Thus, in the /2247
and 0.25 kg of P,0.. Here the fish yield of the experimental experiments of M.B. Fel'dman, V.S. Prosyany and A.V. Sukhovii
ponds was 2.5-3 times greater than that of the unfertilized . (1961), conducted in 1959 and 1960 on the ponds of the "NiVRIi
ponds, and the absolute increase in yield due to the fertilizer Tish farm in the Kiev region, when nitrogen and phosphorus ‘
was 00 kg/ha. Lyakhnovich calculated that the average cost were used together 0.,65-2.33 kg of superphosphate and 0.41~ -
of the fertilizer expended in his experiments per kg of increase 1.67 kg of ammonium nitrate were expended per kilogram of

in the fish yield was 13.6 kopecks /1 kopeck is 1/100 of a additional increase in the fish yield (see Table 1l).

rouble-Trnnalatog7. This is one third of the cost of the
. Still greater quantities of phosphorus fertilizer

equivalent amount of artificial food needed to achieve an
were used effectively in the experiments of L.N. Mamontova

increase of the same order ofmagnitude. Hence the use of
(1961) on ponds in the Moscow district, involving the combined

nitrogen-phosphorus fertilizer as opposed to food gives a
‘application of nitrogen and phosphorus. In one experiment
‘saving of 0.3 roubles per kilogram of additional increase in

Mamontova added to the water in fractional doses 730 kg/ha of
the commnercial fish yleld. ’ ’

superphosphate (roughly 140 kg of P205/ha), and at the same
time applied 1350 kg/he of ammonium nitrate. Here the expenditure
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per kilogram of additional increase in yleld was 1.6l kg of
superphosphate and 3 kg of ammonium nitrate. With such a
large dose of phosphorus fertilizer, particularly in ponds

to which 1t was previously considerecd inadvisable to add
more than 30 kg of PZOS 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 convinecingly that in
various regions of the Soviet Union the jJoint application
of nitrogen and phosphorus artificial fertllizers has made
it possible to increase the dose of phosphorus fértilizer
several times over without reducing its piscicultural effectivenecas.
No less important is the fact thatit has been establlshed
by experiment that it 1is poésiblebthrough the application of
nitrogen and phosphorus agrtificial rertilizers to Increase the
yleld of ponds by a factor of 3-4. These conclusions are of
great significance for pond-rish breeding practice in the Soviet

Union.

In pond pisciculture in the USA large doses of nitrogen-
phosphorus-potassium commerclial fertilizer mixes are used with
great piscicultural effect., According to the figures available,
unfertilized ponds in the USA give a fish yield of 45-168 kg/he,

3%

vhereas Tertilized ponds yleld 224-560 kg/ha (Reid, 1561).
It should be remembered that thess figures relate not to carp
but to flshes with a semi-predacious or ppedacious diet,
owing to the length of the food chain, which is longer than
for the carp. Hence the effectiveness of fertilizers ;dded

in quantities of 560-1120 kg/ha must be acknowledged as high. °

In the carp culture of Israel combined nitrogen and
phosphorus grtificial fertiliiers also produce a great
piscicultural effect. 1In the experiments 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 commercisl fish yleld (see Tabls
). ' '

Judging from the results of the research of Wrobel
(1962a), in the fish ponds of Poland the combined use of
nitrogen and phosphorus fertilizers leads to a sharp increase
in the.plscicultural effectiveness of superphosphate wﬁen
the quantities are augmented and added ta the ponds in
fractional doses simultaneously with nitrogen artificial )
rertilizers. Thus, nitrogen-phosphorus artificiel fertilization
may be regarded as a universally acceptable and highly profitable
device for raising the fish yields of ponds. The joint
application of nitrogen and phosphorus fertilizers firstly
increases the effectiveness of the use of phosphorus fertilizer,
secondly creates the possibility of effective use of far larger
quantities of ‘fertilizer than when phoapﬁorua is used alone,



377

and thirdly greatly increases the possibilities of augmenting
the fish yields of ponds through artificisl 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 ﬁitrogen artificial fertilizers for raising the fish
yields of ponds has been regarded as economically unprofitable
and therefore inadvisable, This question merits special

study.

We have hardly any examples of nitrogen artificisl
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 Vinberg's experiment it was stated
earlier that when ammonium nitrate was used without phosphorus
fertilizer it took 7-12 kg of the former to increase the fish
7ield by 1 kg. MNaturally 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
practiée where the flsh are fed with concentrated foods: nine
kilograms of ammonium nitrate will cost 0.45 rouﬁles. For
this sum it is 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 1t would be
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much higher than 6. Nevertheless,ro-one doubts the economic

advisability of feeding pond fish on concentrated foods. -

Par more interesting is the piscultural effectiveneas
of artificial nitrogen fertilizers in combined nitrogen and /226/
phosphorus fertilization, which has been widely adopted in

practice.

Under various conditions, in the experimdnts‘or
different authors different amounts of aryificial nitrogen
fertilizers were expended in combined nitrogen and phosphorus
fertilization to produce a 1 kg additjonal increase in the ' )
fish yleld., Some of the figures are shown in Table 1li. The . .
table contajina experimental data for @ifferent regions of - '
the Soviet Union. We have included only those experimentd
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 detalls of the metpod
of spplication varied gomewhat 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 ammoniunm
nitrate containing 32-35% nitrogen. From the data of Wirzhubski
and Sarig (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 éach pond. It 1s curious that under these
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particular conditions the amounts of phosphorus fertilizer
eibendad 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 Wirzhubski and Sarig used ammonium sulphate
in thelr 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 in 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 Isrsel. Later
the doses used were much smaller, when organic fertilizer in
the form of bird lime was employed simultansously 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
i1t 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 analogoui consumption of
phosphorus fertilizers, Even bearing in mind the fact that

nitrogen artificial fertilizers are somewhat more expensive
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than phosphorus fertilizers, there are still no grounds for i
considerable artificial nitrogen fertilizers uneconomical /221/

in pond-fish culture.

Since neither phosphorus nor nitrogen ferti}izers
used separately can ensure a high increase in fish production,
whereas their use in combination is highly effactivg, the
question of the optimum ratio of the active princlples in
nitrogen-phosphorus artificial fertilization.is of particular
interest., Evidently -we cannot rely on the optimum ratio of
nitrogen and phosphorus in nitrogén—phosphorus fertil}zation
being the same under the different éonditions of different
soil and climate zones. It is more 1likely that in one and
the same region, depending on loqal conditions, the varjous
ponds, ;nd the way in which they are exploited, the ratio
of the main nutritive elements in the fertilizer will gdiffer
slightly. In actual fact, in the different experiments performed
in Belorussia the piscicultural effect of the use of nitrogen-
phosphorus artificial fertilizer with widely diverginé 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 ratlo
lay between 2.l 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 Table 1)). The average of
four experiments was 1,51 kg of ammonium nitrate. In the
experiments of V.P. Lyakhnovich {1963a) on the finishing pondl
of "Izobelino™ fish farm the averags N:P.ration out of four
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experiments Qas 8.2, 1.e. more than 2.2 times as large as in
the ;xperimonbs 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 inerease in

5
fi&h production.

In Ukrainian ponds (Kiev district) M.B. Fel'dman,
V.S. Prosyanii and A.V. Sukhovii (1961) tested N:P ratios
ranging from 3-3.8. The average value of ﬁ:? 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

por kilogram of additional increase in the fish yield.

Mariting particular attention is the N:P ratio in
the experiments staged by L;N. Mamontova (1961) in ponds
near Moscow, since in these experimenta-it differed sharply
from the values given above. In the various veraions of these
expsriments the N:P ratio ranged from 8.9 to 23 (see Table
). Typically, as the N:® value rose so did the expenditure
of ammonium nitrate per unit of additional increase, i.e.
the plscicultural effectiveness of the nitrogen fertilizer /228/
fell while the effectiveness of the phosphorus fertilizer
remained approximately the same (2.1 -1.64 kg of auper-
phoaphate per kilogram of additional increase in the fish
yield). The greatest absolute inorease (477 kg/ha) was obtained
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for the ﬁmallesp expenditure of ammonium nitrate ‘at the

lowest N:P ratio used in the'experimenbs (8.9).

It appears that in the conditions obtaining in‘the
experiments conducted by Mamontova the expendlture of phosphorus
fertilizer, which averaged 1.5 kg of superpheaphate per
kilogram of additioﬁél inciease in the rish yleld, was miyimnl,'
and any further increase in the fish yield in the presence
of an excess of nitrogen rertilizer was limited by an inaufricieney
of phosphorus ferbilizér. It is possible that with the‘ﬁao

of large quantitles of superphosphate and the same doses, i.e.

using a lower value of the N:P ratloe, higher ;ncremenba could

have been achieved in these experiments while'improving the
plscicultural effectiveness of the nitrogen fertilizer.

Thﬁs, on the atrength of the data availablg we can
assume that on the whole the difference in the N:P ratio
in artificial fertilizer 1s 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
1s intensively developed, the most effective and economically
profitable N:P ratio in artificial fertilizer will apparently
1ie between 3:1 and 8:1, or thereabouts. Let us remember that
in the commerciael fertilizer mixes used for the fertilization
of ponds in the United States the N:P ratio is close to 2,
while in Israsl it 1s 4. The piaoicnlturalxerrsctivenea; of

the fertilizers can be determined from the actual amounts
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which have to be added to the ponds per unit is additional
fuckors
increase in the fish yield. Since the active i ptes in

nitrogen-phosphorus fertilizer are nitrogen and phosphorus

it is interesting to ascertaln to what extent these elements
are actually transformsd into the body of the fish, If,

on the basis of the figures in Table 1ll, we reckon that under
optimum conditions 1.5 kg of superphosphate and 1.5 kg of
sammonium nitrate are expended per kilogram of additional
increase in the fish yield, this will represent 135 g of
phosphorus and 525 grams of nitrogen (for 20% Pp0g in the
superphosphate and 35% N in the ammonium nitrate), Let us
assume furthermore that on average the live body of a pond
fish, for example carp, contains 0.4% phosphorus and 2.5%
nitrogen. Then, spproximately 3% of the phosphorus added -

in the fertilizer and roughly 5% of the nitrogen will be ussd
to produce an additional increase in the fish yield of one
kilogram. It 1s 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.

At the sams time we dismcover that the very little
use is made of the nutritive elements in fertilizers to
increase the fish yield, In thoory 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 terhib chain of the
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metabolic products of organisms at a higher trophic level,

More effective utilization of fhe 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,

a3 has been shown by many hydrochemical investigations of

fish ponds. The finding of methods of raising ths ‘effectiveness
of the utilization of the nﬁtritive elemen?s in artificial
fertilizers is a complicated task, but one of gresat practical
importance for further elaboration of techniques of increasing
the fish yield through fertilizera. As 'shown by the rough
calculation made above, these nutritive elements represent
l;rge potential reserves for ralsing the econonric effectiveness

of fertilizer,

Even now, however, in spite of the poorLtiliz;tién of
the nutritive elements, the use of this method 1s much more
profitable than feeding fish on concentrated foods (Lyskhnovish,
1963a). 1In particular it should be stressed that, when the R
N:P ratio ia correctly selected and those elements are used
properly the increase in the fish yileld due to fertilization
is directly proportional to the quantity of rertiliz;r added
to the pond, at least up to 700-800 kg/ha, with an initial
fish yield of 180-250 kg/ha. It followulthnt at the present

 ——
The addition of artificial nitrogen-phosphorus fertilizers

‘to finishing ponds in Belorussia in 1964 raised the .natural

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 elements normally limiting the fish yleld

of ponds. However, this does not mean that under different
conditions of exploitation of the ponds, at & 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 1s 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 so /230/
on. Something similar is also possible in pond-fish culture, ’
particularly since, as we are speaking of natural fish productioen,’

it 1s based on the photosynthetlc activity of planktonci algae.

Undoubtedly there is some upper 1imit beyond which
the effectiveness of artificial fertilizer diminishes. It is
proﬁ:blo that the maximum effective doses of fertilizer will
prove to bs different for different soll and climate zones
with disparate temperature conditions, intenslty of solar
radiation and lengths of the growing season. The doses of
nitrogen-phosphoruas fertilizer tried so far do not appear
to have reached the limit. Even in the expsriments of Mamontova,
who used up to 32 centners psr hectare of ammonium nitrate,
the decline in its effectiveness 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 done to determine ths éptimum N:? ratios in artiti&ial
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fartilizers in respect of the different conditions of soll
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 ratlo for the part;cular set of conditions
will give the greatest iﬁcrease in the fish yield due to ~

fertilization for the smallest consumption,

3. Piscicultural Effectiveness of Crganic and Combined Fertilizera

Organic fertillzers, as already noted in Chapter IV,
may be used In two ways in a éond;. Firstly, through compleée
mineralization of‘the organic matter with subsequent Inclusion
of the nutritive elements in the biofic cycle via the primary
1ink of autotrophic organisms in the process of photosynthéaia.
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 trophlc levels - up to
‘and including fish. 1In thils case the path from the fertilizer
to the final product - the fish - is much shorter, ;o that an

increase in the effectiveness of the fertilizer can be achieved.

Depending on the type of organic fertilizer aﬁd thq
condlitions under which it is used, one of these forms of
utilization of the fertilizer will prevall, 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 ”239/
the fish yield. Furthermore, organic fertilizers are rarely
used 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 }ish yield of ponds. Many researchers who

have worked with organic fertilizers have fgiled to pay
sufficient attention to calculation of the amount of fertilizer
expended and to the resultant increase in fish yield. In a
nunber of cases, for exemple when plants are cut‘nnd eft to
lie in a pond as fertilizer, when waterfowl are Qegg‘on the
ponds, or when waste water is allowed to drain into the ponds,
the estimete of the amount of fertilizer used will only be

a rough approximation, and this further complicates the already
airficult 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 Furopean countries. - According
to published Information, manure, and especially pig's hanure,»
is widely used for fertilizing carp ponds in Czechoslovakia,
Eungary and East Germany.

Susta (1953) analysed the results of manuring
nineteen ponds in Gzechoslovakia. The amount of manure added

dirfered from pond to pond {from 6 to 60 centners per hectars)}.
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According to the author's calculation, from 6 to 133 kg of

menures 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 same figure for the initial
natural fish yield, i.e. 92 kg/ha. ~Averaging these data we
£ind that 29 kg of manure were. expended per kilogram of
increase in the fish yield, Similar results were obtalned

in the experiments with pig's manure conducted by Havlena

(1956) on the ponds of the Czech fish farm "Istebnik"., Havlena

" added 50-130 centners of manure per hectare to each experimental

pdnd 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 ?,0;. The author does not say what method he used to
calculate the additional increase in the fish yleld 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 commeréial carp. On

the whole we can say from these figures that the fertilization
coefficient of the manure 1s 35. Qn the strength of the results

" of his experiments Havlena considers that up to 50 centners/ha

of pig's manure may be added to the ponds during the growing
season. Hence, with the ald of manure we can obtain an ayeruéo
increase in the fish yield of not more than 150 kg/ha. Large
quantities of manure cause suffocation in fertilized ponds with

811 1ts consequences.
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Havlena, like Susta, gives figures on the economic
advisabllity of manuring carp ponds in Czechoslovakia, Their
calculations showed that the cost of 1 centner of manure,
including delivery and its ad@ition to the pond, is appréximatol}
half the retall price of 1 kg of carp. But as 1 centner
of manure ensures an increase of approximately 3 kg in the
fish yield 1% is quite obvious that the use of manure in

Czechoslovak conditions 1is economibally 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 an
additional increase of 30-40 kg in the fish yield. Hence
in this case alao the fertilization factor is close to 30.
On the other hand Schiperclaus (1961) states that in experiments
at Willenbach a one kilogram increase in the yield took up
to 300 kg of manure,

In Woynarovich's experiments (WOynaro;ich, 1956)
with fish ponds in Hungary the addition of 1 centner of pig's
manure %o a pond by the so-called carbon fertilization method
was accompanled by an additional increase of some 3-5 kg.
The author considers that it is possible to add ,0-60 centners
of pig's manure to ponds without the danger of causing aﬁ oxygen
deficlency, Thus with Woynarovich's method too it is possible
to increase the fish yield by 120-130 kg/ha,
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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 0,67 and that of phosphorus 0.12%, then for

an increase in jield 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-l; times more nitrogen and phosphorus fertilizer are required

per unit of additional increase in the fish yleld,

The more effective use of the nitrogen and phosphorus
in the manure compared with the mineral salts is apparently
due to a number of causes. Firstly, the nﬁtritive elemants
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 1s possible bhaﬁ
the manure promotes the mobilization of tﬁe material resources
of the fertilized pond and their inclusion in the biological
cycle, Thirdly, owing %o 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 fertillizer manure can bs used partially,, leaving

/233



out the first 1link 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 & vast quantity of bacteria which are
undoubtedly needed as food by planktonlec crustacea and other
organisms consumed by the fish. This has been demonstrated
repeatedly in many experiments ané 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
being fertillzed., To avoid the danger ofcausing suffocation
of the fish it is usually inadvisable to addlmore than 5 t/ha
during the growing season, As shown earlier, such a quantity
will ensure an additional increase in the yleld of not more
than 150 kg. Large amounts of manure may apparently be added
to the pond if they are combined with mlneral salts to form
en integrated fertillzer, since the artificial fertilizer helps

to enrich the water with oxygen.

Green rertil§zer in the form of cut higher aquatic and

swemp vegetation has become very popular among pond pisciculturists
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in the Soviet Union and elsewhere. However, there are hardly
any data available for assessing the piscicultural effectiveness
of this form of fertiiizer. Wide-scale experiments in the use

of hardsguatic plants for raising the productivity Ar ponds

on spawning and breeding farus /hatcheries/AinAthe 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 (1954), which were conducted with 1little ponds on

a small scale can give only a very rough idea of the effective=

/23/

ness of plant fertilizer on itsoWn, 83 In these experiments

many other organlc 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 increase

in the fish yield.

The conclusion arrived at by the research workers at’
VYNIIPRKh /All-Russian Pond Fisheries Research Institute/ that
the higher aquatic plants are no less effective than manure
ag 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 supervigion of V.M. Il'in.

Judging by the data on the compositlion of the higher
aquatic plants and taking into account the results of several
experiments in their use and the cultural effectivensss of

manure, We can assume that in the optimum case & 1lkg additional



increass in the fish yield will result from the addition of
50-80 kg of higher aguatic plants as green fertilizer. But
when we turn to the use for fertllization of higher aguatic
plants cut from the ponds thgmselves calculations are less

important, since, unless the amount of the plant growth in

the ponds 1s limited, intensive farming is generally impossible, .

It is a different matter when, w;thout due grounds, it is
suggested that twigs of trees and shrubs be provided for raising
the yleld of commercial ponds (Isakova-Keo, 1947, 1950,'195h).
In this case it should be clearly understocd that ?or al kg
increase in the yield at least 5 tons of the green fertilizer
will have to be prepared and delivered to thé pond (and after
the leaves have fallen off they will have to be removed from

the pond).

From what has been sald it can be concluded that even
the use of green vegetable fertilizer alone cennot produce an .
increase of more than 150-170 kg/ha in the yield since large
quantitiss of decaying plants, like mamure, ;ill cause an oxygen

deficiency.

One of the more complex problems is the estimation of
the placicultural 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 secondly because only a few of the
published papers can be used for such an estimate (the remainder

do not contain the necessary information), Apparently the

simplest and oldest type of combined artificial and organic
fertilizer 1s superphosphate and manure., This gained wide
currency in Europe wifh the development of the carp industry

and is still being used.

On the basis of the results of fertilization with /235/
superphosphate and manure of 17 carp ponds in Czechoslovakia,
Susta (1953) estimated that an average of 1.8 kg of super-
phosphate and 12.8 kg of mamire was expended for a 1 kg
additional increase iﬁ the fish yleld. 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 yleld
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 1t
follows that in combined manure and phosphorus fertilizer the
superphosphate 1s 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 1ay$ special emphasis on the fact

the manure in this combination is a source of nitrogen.

Combined fertilizatlion with superphosphate and manure
in Czechoslovakia results in an additional increase in the
fish yield of 100-150 kg/ha, Similarresults are cbtained in
pond=fish cultural practice in East Germany and Polnﬁd.



A combination of superphosphate and higher aquatic
vegetation was tested in the research conducted by VNIIPRKh
under the supervision of V.M. Il'in at the Zagorsk experimental
station in the Moscow region. 150 kg/ha of superphospha{:e
and up to 6 ftons of higheraguatic plants were added to the
ponda, In these experiments a 1 kg increamse in the fish yileld
took 1-1.5 kg of superphosphate and 18-35 kg of plant fertilizer.
The yield from the ponds rertilize& 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 1ime. As 8 result the yield, according tp the calculations
of the authors, was increased by 98 kg compared with the
unfertilized ponds (Il'in, Lipin et nlim, 1956).

A complex combination of fertilizing substances was
also tested for the fertilization of carpponds in Latvia. In
these 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
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the published results we can estimate that # one kilogram /236/
incrense in the rish yleld 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 81ll 1t should be mentioned that the amounts of
nitrogen and phosphorus artificial fertilizer expended per
unit of additional increase in the fish yleld are roughly the
same B8 when nitrogen-phosphorus artificisl-fertilizers are
used on their own (Vinberg, 1958; Fel'dman, Prosyanii and
Sukhovii, 1961; Lyakhnovich, 1963a). The addition of lime
and potassium chloride to the nitfogen-phosphorus fertilizers
Iailed in this particular instance to result in a drop in the
expenditure of nitrogen a nd phosphorus per unit of additional
increase, and o did the addition of the vegetation. Theresfore
it is @ifficult to understand the advantages of such an )
elaborate combination as against nitrogeﬁ-phosphorua artificial

fertilization, particularly as the absolute ylelds proved to

"be within the range of 1l8-300 kg/ha, while the maximum increass . -

in the yleld 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
showa that under the given conditions the pétaasium fertilizers -
and lime were not essentlal oloménta in e, oomplei and proved

ineffectusal.



On one of the experimental ponds in Belorussia the
following complex of fertilizers was tested: manure, super-
. phosphate and armmonium 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 Tfertilizers were used
alone: Thus, wille on average for 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 of ponds.

In the aforementioned example of combined nitrogen=

rhoaphorus-manure fertillzation its great effectiveness can

only be ascribed to the stimulating effect of the manure on /237/

the use of mineral compounds of nitrogen and phosphorus. It
is absolutely impossible that 5.5 kg of manure could in itself
ensure & 1 kg increasse in the fish yleld. At the same time

even this small quantity of manure brought about a sharp reduction
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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 artificisl
foods usually used in pond piscicultural pract?ce 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 achleved through the application of relatively
small doses ofmnure in combination with nitrogen-phosphorua'
artificial fertilizer it is highly desirable ;o test these
data under different conditions in different soil and climate

aones,

Further work on the problems oflincreasing the fish
yields of ponds by fertilization methods must be directed
towards a search for the most effective and economically
profitable combinations of fertilizing substances and zoning
of these combinations according to the araai of our country

in which pond-fish culture has developed.

Although with such forms of fertilization as the
keeping of waterfowl on ponds ér the dralnage of wasfek water
into them, it is, strictly speaking, impossible to estimate
the expenditure of fertilizing substances per unit of additional
increase in the fish yield, it 1s interesting to. determine to
what extent these fertilizers raise the yisld.
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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 countriea .appropriate
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. Particulgr attention
13 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 (1946), ¥. 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 yleld of 100-200 kg/ha or more.

In Czechoslovakia combined carp and duck cuiture
developed only in the post-war years, Theé experiments of
Prcek (1957), Janecek and Janecek (1958) and otherresearch
workers yielded wonderful results. 7They demonstrated that
the breeding of ducks producéa the greatest plscicultural effect
on the worst and most unproductive pcn&a. Thus, for example,
in two ponds which prior to the keeping of ducks had yielded
43 kg/ha each of fish the yield rose to 566 kg/ha, i.e, almost

1l times, when combined carp and duck culture was introduced,
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Ponds with a higher initial yleld are less responsive to the
keseping of ducks, while those which are heavily saturated with

‘substances from other sources fall to show an increase in yleld

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 fish yield to 450-500 kg/he

through combined carp and duck culture,

In E;st Germany in the past ten years the gccommodation
of ducks on large fish ponds has become very common, The
ducks are fed directly in the filled pond from specially equipped
platforms, Judging from the published data (Thumann, 1955&;
Blume, 1958, 1960; Wundsch, 1940; Eppel, 1961}, this method
of keeping ducks on ponds brings about a striking improvement
in the economic performance of the fish-breeding unit in comblined
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 particulerly important
that combined carp and duck culture should give good results
on neglectedwmproductive ponds, for which other methods of

raising 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 1s possible to ralse two batches of ducks on finishing ponds
during the growing smeason, Higher densities rapidly lead to

e rr—— e e e
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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
Qf domestic sewage has been demonstrated by the experience of
& number of German towna. 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/he /239/

(Demoll, 1937; Scheuring, 1939).

The experimenta of V.A. Melen (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-purification

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
successful of this serlies of experiments 15L7.7 kg/ha of
commercial carp and cruclan 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, Benes, 195l; -
Pytlik, 1957), the drainage into ponds of waste water from

dalry factories and sugar refineries, slaughterhouses and meatworks

under adequate safeguards (see Chapter IV) enables a yleld of

up to 500 kg/ha to be obtained. The piscicultural effectivensss
of the use of domestic waste water in ponds is probably due to
the fact that the water 13 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 pladkton'and, furthermore,

much easily oxidizable organic matter.

Obviously the overloading of fish ponds with waste
water 1s Just as 1ﬁpermissible as overloading with any other

type of organic fertilizer.

Domestic waste water 1s a huge and continually
growing reserve for raising the fish yield of ponds, and
at present it 1s not being fully exploited in pond cultural

practice.

All that we have said above brings us to thé conclusion
that 1t is the combined fertilizer which w;ll in tiﬁe become
one of the principal means of increasing the fish yleld of
ponds. The searchifor the best combinations of fertiliiing
substances was begun only quite recently, but alréady in many
cases the results are very encouraging. For the dirtoront
801l and climate zones and dif?erent subjects of culture the
most suitable combination of fertilizer rust be worked out for

the given conditions.




L. Fertilization Requirements of Pond Pigscizculture

Owing to the sharp rlse 1n the output of artifilcial
fertilizers plenned by the Central Committee of the Soviet
Communist Party and government to intensify the production
of food products the possibilities for using these fértilizers /2u0/
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 certaln
general practical recommendations on the application of fertilizera

in pond farming and suggest methods of controlling their uﬁe.

For a rise in the natural yiéld fish ponds everywhere
require fertilization with nitrogen and phosphorus, and these

are most effective when used together.

Experience of the comblned use of nitrogen and
phosphorus fertilizers in many regions of the Soviet Union
and in foreign countries enables us to conclude that the
optimum rat;o of nitrogen to phosphorus in a mixed artificial
fertilizer is between L:1 and 8:1, i,e. for one part by weight
of pure phosphorus there must be l;~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 L:1 for
pure elements or 2:1 for a ratio of 8:1 for pure nitrogen ‘

and phosphorus,

In pond piscicultural practice nitrogen fertilizers
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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 pﬁosphorus 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 substantlelly from the 1imits indicated above.

Polnters on this problem can be taken from the analysis
made earller of the mechanism of the phosphorus and nitrogen
cycle (see Chapter II). 'Thus, for example, as was shown,; the
combination of phosphorus in pénds depends heavily on the degréo
of mineralization of the water, particularly the active reaction

{pH) of the water and the soil. Obiiously, in conditionsa

-faciliting the combination of phosphorus {high mineralizatlon

of the water and an alkaline reaction or, on the contrary,

an acid reaction in water with low mineralization) the optimum °

. ratio of nitrogen to phdsphorus will vary upward in the first

case and downward in the second. Possible sources of nitrogen
in artificisl fertilization of ponds are &mmonium nitrafo,
ammonium sulphate, ammonia water, amnonia liquor, carbamide
(synthetic urea) and others, The most commonly used substances
in our country gre ammonium nitrate{ contalning 35% pure
nitrogen and'ammonium sulphate contalning 20,5-21.0% nitrogen,
In ﬁractieo both forms of nitrogen fertilizer are used for the
fertilization of ponds. So far no roliaﬁlo experimental data

are available on the comparative effectiveness of the different
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forms of nitrogen artificial fertilizers, For calculation

of the guantities when one is replaced by another we must /241/
take the percentage content of the active principle {nitrogen)

in them and work from there. For example, if it is neceséary

to substitute 1 centner of ammonium nitrate for a quantity

of ammonium sulphate containlng an equivalent‘amount of nitrogen

we have to make the following caleculation: 35:21x100 =166,

This means that 166 kg of ammonium sulphate are squivalent

to 100 kg of ammonlum nitrate.

As may be imagined, a highly effective nitrogen
fertilizer in pond~fish culture is ammonium carbonate, which
successfully combines in 1ts 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 ponda yielded very good results, Of
apecial Interest in the future for pond-fish culture will
undoubtedly be liquid highly concentrated nitrogen'rertilizera,
for exemple ammoniates, The production of liquid nitrogen
fertilizers costs nearly half as much as that of solid rertilizors.
and this may considerably increase the profitability of their
use in pond-fish culture. At the mame time theiz 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 thﬁ

_ mechanization of the process of adding the fertilizer to the

pond would be simplified,

The sources of phosphorus used for the fertilization
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of ponds ars simple superphosphate containing.G.S-S.S% pure
phosphorua, double superphosphate (19.8-21.7% °), procipitate*:
(16.6-17.4% P) and phosphorite flour (8.3-10.0% P). The last
two forms of feftilizer contain phoaohorus which is not soluble
in water but will dissolve in weak acids, therefore their

use is recommendsd in ponds with an acid éeaction of the water

and bottom.

Unlike agriculture; in which granulafed forms of
phosphorus artificial fertilizers are belng used more and
more widely, pond-Tish culture requires friable forms of
fertilizer which are sasily mixed with water and dissolved
in it. Therefore it 13 not a good ldea to attempt to add

granulated superphosphate to a pond, particularly as 1t costa

'more than simple superphosphate and may even be somewhat less

effective, aince the large graini settle on the bottom of

the pond sooner and the phoaphorus combines with the bottom

- sediments (see Chapter II).

In handbooks on phosphorus fertilizers and Instruction
sheatas the content of the active principle is usually expressed
not in terms of pure phosphorus but in terms: of ﬁlq,. This
figure can easily be converted to pure phosphorus, remembering .
that the atomic weight of oxygen 1s 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 aso far such a form /s not available, Witﬁ tho‘

deveslopment of 1ntansiricntioﬁ of pond-fish culture through

A Lype .0/ phesphale ferkilizen



407

the appliéation of artificial fertilizers local industry
will bs faced with the problem of producing fertilizer mixes
specially for this purpose. The matériai 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
with an N:? ratio ranging from l} to 8, iz;eaction close to

neutral and easily soluble in- water.

So far the potassium fertilizer requirements of ponds
have not been demnnstrated, And there are no grounds for
classing potassium as one of the active principles in artificial
fertilization of ponda; At least, at the present level of
productivity of ponds potassium does not oceur in minimal

quantities and does not 1imit the further growth of production.

The liming of ponds is of trememdous importance as &
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
calclun or lime among the mctive principles of fertilizer

proper.

To increase the production of ponds artificial
fertilizers should be added to the water of rilled ponds in
fractional doses in the form of a solution, This recommendation
is based on the results of experimental work performed by
VIIIPRKh, Ukr :IIPRKh, BUIIPRKh and other piscicultural 1n§titutea,

and corroapbnd to the instructions issued by these insitutes
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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 30-35 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 poéslble to>reduce the frequency to, say, twice a monthf
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 gpplications ﬁay be resumed if
the water blomm declines or the oxygen‘rgglha of the ponda

i1s 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 fertilizer requirements of

a particular pond on a fish farm can be determined by tha

method of biological testing as described in chapter III,

while it 1s possible to judge from the results of measurement

of the primary prqduction or from the degree of development ‘

of phytoplankton whether it is necessary to add to‘: pond

those nutritive elements to which pllqkton.retcta poaitively. /243/

v



When nitrogen-phosphorus artificial fertilizer is
correctly applied the fish yleld of both nursery and finishing
ponda increases at least 3-S5 times. 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 & 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) requirass

the expenditure on average of roughly 0.5 kg of nitrogen and

Table 1
. . TlotpefinneTs n Yampenanx,
Fpoayx.
Toutte PraGORIACIAR N RINH MM I':;:l;l:‘l "”"l‘:'.::’:" rebea
BHHMIIPXs, FrapogsGipoewta o 2. | Tunuecss, - {""“““
Pyl ipeiny, unau
’ 2 3 Rifea C?vpfbocﬂh\l’ é':,},':,’:‘: »
aCrieprax cppongicxax, . . , o] 70—E0 | S00-200| 200400 30—450
b Comeman cuboperan. o . v o o] =80 | €O~3C0| CO—100 3N~450
CCruspo-vamaimas L L., . .| E0—140] {C0—4C0) 4005 120--6C0
Henspasons®  nedepiolemnan K
BXTNAR o . .., w0 . | 120—=1C0] 4C0-1C0} KLO—CCO 550~—7C0
ellontpnaenan nepivdentian ¥ mro-
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5 PrajeaivarChan ., , , , | 200—300( 7CO—BL0| 700—ICCO 50—~1200*

1. Fish-breeding zones according to the data of VNIIPRKh,
Gidroryboroext and others: a - North European, b ~ North ~
3iberian, ¢ ~ Horth-West, 4 - Central non-black earth and
eastern, e ~ Central black-earth and south-western, f =
South European, g - Central Asian.

2. Initial productivity, keg/ha.

3. Productivity with fertilization, kg/ha.

l¢ Pertilizer requirements, kg/ha,.

5. Superphosphate.

6. Ammonium nitrate.

* Aot expn-ru'nvnf-, date
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some 0,15 kg of phosphorus, corresponding to 1.5 kg of

ammonium nitrate and 1.5 kg of superphosphate. The use of
fertilizers on a broad scale in large commercial ponds before

the work has been adequately mschanlized may at first prove

less effective than the fertilization of small experimental

ponds., Furfhermora, the plscicultural effoctivéness of
fertilization, i.e. cﬁa additional increase in fish production
resulting from the expeﬁditure of fertilizer in carp culture

will evidently depend to some extent on the climatie con#itionl,
and it is likely that in the‘ﬁarmer southern regions its
effectiveness will be aomewhﬁt greater than in the north.

But as already pointed out this problem has not yet been

thrashed out in connection with combined nitrogen and phosﬁhorus
fertillzation, Therefore for all the zones .of warm-water -
pisciculture we can on ﬁverage assume an expenditure of /Zhh/
approximately 1.5-2.5 kg of ammonium nitrate and 1.5-2 kg .
of aimple superphosphate per kilogram of additional increass

in fish production. When calculating the various soil and

climate zones where pisciculture is practised in the Soviet

Union, we proceed from the maximum waluesn,

There can be no doubt that with systematic fertilization
of ponds the plascicultural efrectivonesa of the fertilizers
will be much higher owing to improvement of the methbds of
application and the use of forms of artificial fertilizers
most suited Fo the needs of the ponds, Just as the effectiveneas *
of phoaphorua fertilizers was enhanced when they wers combined

with nitrogen fertilizers,
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Of great value in increasing the effectivensess of
fertilization will be the comblned use of organic and artificial
fortilizers and the after effect of systematic fertilization
of ponds. When both organic and artificial fertilizers ars
available on a farm the organic fertilizers must be used on
spawning ponds, nursery and finishing ponds right at the
beginning of the growing seanson. The further use of organic
fertilizers should be carefully harmonized with the ox&gen
regime of the ponds (see chapter IV). The use of organic

fertilizers should be carefully controlled in ponds where

‘the fish are fedsystematically on looss concentrated foods

of vegetable origin, creating a heavy load of easily oxidizable
organlc aubstances. 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 oxygén in the water, In these conditiona,
as shown I1n chapter III, the use of artificial fertilizers wil;
help to create a asignificant improvement in the situation,
Consequently, the fertilization of ponds as a method of intensi-
Tying rish 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 oculture involves a
system of measures leading to an increase in the fish yleld

per unit of area during a given space of time,.
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An increase in the output of fish production per
unit of area of the pénd being exploited can be achieve§
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 /2457

growth of its higher aquatic vegetation, apstivation and
fertilization, and secondiy, 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

rish on foods introduced from outside. , <

The fertilization of a pond ranks among the first
group of measures which are designed to mobilize the material
aﬂd energy resources of the pond, intensaify the. processes of
the cycle of substances, and incréasa the mass of material

participating in this cycle.

Amelioration of the ponds is an essential prerequisite
for any fertilization in any form. Pisciculturai ame;ioration
ensures the optimum hydrological regims in the ponda, prevents
excessive slilting and overgrowth, croatoa‘the necessary water

and air conditionu in the 01l of the bed, and so on. Swampy
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fish ponds with an acid reactlon of the water and bottom
require, in addition to other ameliatory measures, liming -

preparatory to the effective use of fertilizer.

A1l authors who have worked on the problem of pond
fertilization are unanimous in emphasizing that fertilization
is ineffectual or useless in poorly‘ameliOpatod, overgrown
and swampy ponds., Work on intenslfiecation of fish culture-
in such ponds must begin not with fertilization but with
amelloration, which radically improves the 1life of the fish
and results in increased fish production, Moreover, i1t 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 possibllitles of effective use of fertilizer,
The complete ineffectiveness of artificial and most forms
of organic fertilizer In heavlily overgrown ponds can be considered_
finslly proved., The fertilization of such ponds with mineral
salts, manure, compost etc, 13 often accompanied not by an
increase but by a drop in the level of fish production, since
the nutritive substances introduced with the fertilizer are

consumed by the higher aquatic plants, and this merely leads

. to an intensification of plant growth.

In ponds choknd 'with higher aquatie¢ vegetation only
those forms of fertilization can be used which aro‘accompahiad /eu6/
at the same time by the necessary ameliorative affect,” This
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includes the breeding of waterfowl and nutrias, and the
application of gréen fertillzer consisting of plants cut from
these ponds, The eating of shoots and trampling of plants 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 itself has a beneficial
effect on the productivity of the pond. The fertilizing effect
of the excreta enhences bhé pisc;cultural 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
fortilizing effect of the excreta from such a number of animals
is insignificantly small, as was shown by Wiltowski (1958) in
experimenta on fish ponds in southern Poland, the flsh productivity -
of the ponds increagses by a factor of 2.5-3. Nutriss, in
addltion 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 alac has
a beneficlial effect on the fish productivity'of the ponds,
The effectiveness of this measuré is enhanc?d whoﬂ the plants.
removed are used as green fertilizer in the Aamo ponds."Tho
pond thereby regains the nutritive substances which were

expended on the growth of the higher aquatic vegetation.

Aeativation of the ponds may be an effective way of
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raising fish productivity, but only when 1t 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 t1lling of the .
bottom of an asstivating pond %s, Tirst and foremoat, 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 gre&tly'incre&sed by

sowing the bottom with plants as green fertilizer.

When the bottom of an aestivation pond i3 used as
farm land to inerease the size of the crop, it 1s also
possible to apply both artificlal and organiec fertilizers.
Then the type of fertillizer and doses and times of application
will be governsd by the requirements of the cultivation of
the créps and not by the interests of pisciculture. In such /247/
case the type and dose of fertllizer may be quite dlfferent :
from those required in certain circumstances for raising the
rish productivity (for example, pofﬂssium fertilizer may be

necessary, and so on).

The underlying piscicultural aim of aestivation 1a to
mobilize the rich store of nutritive elements bound up in the
bottom ssdiments, therefore it is evidently inadvisable to add
fertilizer to the bottoms of aestivating ponds with the idea of

. 416

increasing the rish productivity. Fertilizers may be used much
more effectively when 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.rorm of
fertilizer may be used. Of course, the best piscicultural
effact will be achieved with those fertilizing substances
which contain elements which fulfill the needs of the ponds

for a particular rertilizef.

As canbe seen from the foregoing, the piscicultural
effectiveness of fertilizatioh may be enhanced or lowered
when 1ts use is coupled with the adoption of other measures
designed to raise the natural fish productivity of ponds. 1In
other words, the pilacicultural effect of fertilizers 1s

governed by the conditions under which they are employed.

So far only an approximate assesament can be made o{
the possibllities of fertilization as a means of increasing

the yield of fish per unit of area of a pond.

The results obtained under experimental conditions
allow us to state with confidence that the use of fertilizers
has made it possible to achisve as much as a four to fivefold
increase in the natural fish productivity. As the "initlal®
productivity of the ponds, which is governed by éhe natural
conditions of the différant s0il and climate zones, varies,

80 does the sbsolute level of fish productivity attained as
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the result of fertilization vary under different conditions,
The improvement of the methods of fertilization and the
biotechnics of fiah culture will undoubtedly enable ua to
inerease the fish productivity of ponds still further,

We have already noted that the maximum effective

" doses of artificial fertilizer have not yet been determined,

since the quantities tested so far, with a correct ratio

of the nutrients in the fertilizer, gave an incresse in
production proportional to the amount of fertilizer expended.
While the doses of organic ferti}izing 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 /2u8/

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 1t 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

relatlion to the actual conditions of the various acil and

¢climate zones of the Soviet Union.

Another important task is the large-scale application

of the results achieved under experimental conditions. This

necessitates the solution of a numper of complex technical
problems involved in providingfarms 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 pisclcultural sciengists and
rish 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 fertillzers and devising
ways of using them under the condltions of the different zones
and region, and, on the other, in bringing fish ponds to a
atate of culture where they will most effectively pay for
the fertilizer expended on them in the form of an increased

yleld from evéry hectare of pond surface,.
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