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Introduction

Fisheries has been an importent cccupation in India amd its significance

is incressing over time., Over 50 per cent of the population eats fish in

the country and the demand for this commodity hes been projected to

outstrip its supply at the current market conditions, Both marine and

inland fisheries have to be developed to ueet the ¢ver growing demand for
fish. However, fish farming, also called pisci-culture, has a special role
te play in this respect, Thia is because it is this part of fisheries alone
where bhumen efforts play a predominant role both in terms of control on fish-
gpecies, to which Indian consurers are quite sensitive, and timing of harvest,
which is very importent in view of the meagre and prohibitive storage
facilities and serious price fluctuations, Besides, culture fisheries provide
flexible employment to otherwise sizeable under—empleyed or disguised employed

people in the ccuntry.

* The paper is based on the data collected for the project "All India Inlend
Fish Marketing 3tudy", sponsored by the Ministry of Agriculture and
Cooperation, Government of India.

** The major part of this werk was core while the author was a Visiting
Professor of sconomics at the Illincis State University, U.S.4, He
is grateful to Prof., Ifzal Ali for some useful discuasion.
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Inspite of the special rele woich culture fisheriss [laye in the econcmy,
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its contributien to smploywent ant mationsnd ivcame is far fven satisfactory.

23 yet, a loct of iresh water arce (zstizated at 10 lakh hset.reg cut of a

-~

total »f 16 lakh hectures) remain cutsite this veniure md the avevage
yield rate stands at sbout &8 kg per hoctere in coptrast to scme achigve-

' 0 e woy heobere. r This is besicsl - :
nents of upto 6,000 kg. p2r hecirwrs,” This is besically gdue to the wrang
technique (dnput-mix) cf cultivation. The present pper attempis o study the
input-cutput relotionskip in fieh foruing theoagh the estimstion of production
fsnction and the dorivaticn of thecptiuae impat cocbination, 4 conparison
cf the actual ~nd the optirum irput-mix would indicate tie exient of

inefficiency in the production sysier ard sugzest the ways to improve upon

the productivity and the profitebility of Fish farming in the country.

Producticn Fancticn

The production functicn in fish farwing wes hypothesized as followss

i = ¢ (p, L, 8, 5F, IF, OF) oo (1)
fi > G, fOI‘ i = 1, 6

1 The nond size ik pectare is $efinee ipn ferms of the effective storege level
{SSL?, which comes to ebout 40% cf the full storsge level {FSL) end 1%0%
of the dead storzge lewel (DSL). The yield rzte figure given here is
the simple owverage of tke yi:ld rate obtsined on 649 fisk ponds surveyed
by the anthor fov the project "All indie Inlend Fishb Masketing Study".
For detail, see Figh Merketing in Indi Frogh Woter Culture Fisheries
(Vc1.3), Indien institute of Mapagement, Auredsbad, 1983.




where

1 = Total production (kg) SF = Suppleuentary fead (kg)
P = Ponc area {Hectares) IF = Inorgenic fertilizer (ke)
L = Labour (Mancays) ' CF = Organic fertilizer (kg)

7]
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Partial derivative ¢f functicn
'f' with respect to the iy
independent wveriable,

Seed (Nuuber of fingerlings) Y

The functional form for the prcduction function was not predecided. The
Cobb~Dougles, linear end guadratic forms were tried, and the best ope was
selected on the basis of both economic theory and econometric principlea,
The data for the estimaticn came from a crogg—-section of the gelected 45
districts, cévering 12 states spreesd all over the country, These cdata were
collected through a survey of the selecteti 649 ponds, about 15 ponds from
each of the 45 districts. The data pertain to 1981-82, The Ordinary
ieast Squares' estiration results for the five glternative specifications

are provided in Table 1,

It appears from the results that the Cobb-Louglas form best fits the data,
This is-true both on the basis of the received economic theory and the
regregsion statisties, including t-values, R2(coefficient of determination)
BfQ(RQ adjusted for degrees of freedcm) and Fevalués. No tests for mmlti-
collinearity and autocorrelaticn were conducted, for these are unlikely to

be the sericus problems in view of the use of cross—szction data, The

lingar form has the wrongly signed coefficient for inorganic fertiliger

and it is unacceptable, fer it assures perfect substitutability awong various
factors of production, which may not be true even in the operating regiom,

fach of the three guadratic forms reported in the table yields negative
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merginal procuctivity for ome or the other imputs and contains mostly
insignificant coefficients, In the Cobb-Douglas form, the coefficient

of organic fertilizer assm:ias a wrong but highly insignificant coefficient.
All other inputs barring seed ere the gignificant (at 5 per cent level and
heyond) explenatory variables for fish production; seed is gignificant at
about 11 per cent level by the usual one—tail t-test., The regression
equation explains about 95% of the tctal veriation in fish production and
it is highly significant by the F-test, The returns to scale parameter
(the sum of the coefficients of all input variables in the Cobb-Rouglae
form) comes to 1,048, which is very clese to unity. Thus, there is an

avicence of constent returns te scale in fish farming in the country.

Lue tc the wrong sign of the coefficient of crganic fertilizer amd the
finding of near constent returns o scale, the Cobb-Douglas form of the
production function was re—estinated uncer the constraint of_constant
returns to scale. For this purpese, all that was neeced was ‘to run the
double~leg regression on the variables redefined in terms of the per umit

(hectare) of pond area instead of their absolute Va.lues.2 The estimation

2 This can be prcged maﬁthematigally a.; follouésa

3

Q:AP1 L2 s SF IFS 0F6 (i)
consﬁﬂint: B1 + BZ"‘...-Q' + 36 =1 'FEEERER] (ii)

Substituting (ii), i.e. =i Bp- Bz - fa - PBs - Bg in (i) and
dividing both the sides by P gives :

3 - a0’ ()7 (st (255 @
P P F P P

(p 's are perameters)
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resul ts are given columm 1 of Table 2. OSince in this form, the regression
is on the yield {prodacticn per bectere of pend ares), linearamd gqualrsiic
forms were also estimeted for yiela as depenient variatle tc get = compar ative
vievf_ of variouns functiomal fcrms, The results on thege are alsc included

in Table 2.

tnee again, the Cobb-Douglas form is found to best fit the data. All the
veriables now assume correct signs., The labour variable is significant

at 1 per cent level, inorgenic fertilizer at 5 per cent level, seed and

supplementary feed at 10 per cent level, and the coefficient of . organic
fertilizer is pighly ipsignificant, Sidce the organic fertilizer is easily
and cheaply {often freely) available, the results are not surprising., The
five explanatory variables 2xplain 71 per cent of the variation in yield,

which is quite goov; the F-value is significant even at 1 per cent level,

The elasticity of production (yield) with respect to labour, seed, supplementary
feed, inorganic fertilizer anc organic fertilizer comes to 0.324, 0.158, 0.044
0.053 and 0.001, respectively., The elasticity of total production with respect
to pond srea stends_at 0,420 { i~ .32k - .158 ~ .04: - 033 ~ .001), Thus

fish _procduction is the mest sensitive to pend area and the least to organic
fertilizer. The production is, ofccurse, subject t comstant returns to scale,
which under the assumption of constant input prices implies that the average

cost is invariant over fish production,
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Optimum Input-lix
The production technolegy in fish ferming is best described by tihe equaticn
contaiped in celam 1 of Table 2. Siven thet apd the input ané cutput prices,
the nptizum input ccwbinations cen be derived torcugh the optimizaticn teche
nizue., Three kinds of optimum profucticn technigques axe relevant here:

(a) Meximum yiela input combinaticn

(t) Miciruz cost for a given yield input combinaticn

(e¢) Maxirum profit input cembinat icn

Since the selected procucticn functicn is ihe Cobb-Lunglas type, the yield
is a nopn-decrezsing functicn of each input and sc is unbcunded. Again, for
{pis functionmal form, which implies = linear expemsicn path, thcugh the input
combinaticns for minimn cost and maxirmw prefit night daiffer, the proportion
of various inputs would be the same under both the optinizations. The cost
minimizing input combination requires that the ratics of marginel physicel
products (MPP) to price be the seme for ecch input. f%he profit exinising
combination necessitates thattibe marginel revenue procuct be ejual to price

for each factor of prodm:ticn.3

Before ceriving the optimum input cembinations, it will be useful to se@
if the sctual input-mix is the optirar on ecither consideration. The

relevent information for these checks is provided in Table 3. In this table,

3Ttuare is alsc = sufficient condition for cach cptimization issue here, which,
as usuel, is assw=®d to held gocd in this paper.
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all the veriedles zre in tieir toial uagaitudes (i.2. not per hectare) and
the rean values refer to aritinatic {sitple) means., The mean Mids are
derived by r.ultiplying the respective constant elasticities by tae ratioe
¢f tctal mean fish production to the mean value .cf the corresponding input

variablas. For exam;_)ie, e MEP for pond arca (I"E-‘PP} was obleincu as

M (0.420) 212315

32.7

271.53 k.

Colurn 6 in Tabie 3 provides o check on the least-cost input combination,
The various numbers in this colurn are not egual and hence the current
input rix is not the optimur on this count. Further, differences are

rather large, varying between 0.001% and 1.3558 and hence the wix is also
far fron the least cost input coubination. In particular, ﬁhe numbers
reveal that while there is en excescive use of orgenic fertilizer, the

use of inorganic fertilizer is very deficient. The carginel cchtribution
of each rupee spent on orgamic fertilizer stands at 0.0014% kg, of lfish,_

that on inerganic fertilizer stends at 1,3958 kg, of fish, The contribution
of supplem-entary'feed assures the second rank (0.4862 kg) in this respect.
Colum 7,vwhich ig ﬁe inverse of colurm 6, gives the cost of fish on the
bagis of the marginal contribution of various inputs, Orgemic fertilizer
leads to an estimatec cost of Re,714,29 per kg, of fish, inorganic fertilizer

puts this figure at 74 paise per kg. only.

..I8



Since the current input-mix is not the least-cost optimum, it, ofcourse,
camnot be ithe prefit maxicizing one.é The infomation for the exact
dewdvation is contgined in Table 3, colurm 9, Ii will be seen that while

the last rupee spent on crganic fertilizer contributes only one paisaz that
on incrganic fertilizer yields Ks.10.45; the contribution of that on supple~
mentary feed, seed, labour end poné stends at Es.3.7%, 1s.2.27, Re.1,52

ané is.1.06, respectively, Thus, of all the innuts, only orgapic fertilizer
has the negative net contributicn., The fin&iﬁgs itply that the abpl.ication
of or_ganic fertilizer to fish ponds mmst be cut razther drastically, while
that of inorgamic fertilizer, in particular, must be enhanced to a large

extent,

To arrive at the ccnerete recommenéeticns, it is imperastive to derive the
optimam input ccobinaticns. The least-cost combinations for the current

yield rate (sirple mean yield s 3 _ gos kg, /hectare) would occcur where

P
ot T i S e (2)
L %S P Prp For

(PL = Price of input labour, and so on)

end log (% ) =3.34 + 0.32% log ( % ) + 0.158 log (%) + 0.04% log (.%2
+ 0.053 log (g) + 0,001 log (-“%) (3)
The equation system (2) contains 4 equaticne, which along with the equation (3)

can be solved for 5 variables, yielding the input ccmbination as in columm

b of Table & below. Sinmilarly, the maximum prefit production process could be

An input combination, whick is the profit maximizing, is neccssarily the least-
cost combinetion. See any good text in mierceccncmics, e.g, Fischer and
vornbusch (1983), : Hccncmics, McGraw Hill,
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derived by solving the following 5 equatif.ns for tke 5 input variablest

P, - P F
- L ’ S ey SF
WPF, = — , MPE = - Mry = = -
pr
Ir ‘ i
MPPIF = P-—""Q snd MFT oF = r F
o

(1>Q = price of cutput (fish) )

‘The so obtained input-mix is ziven in Table 4, cclum 5, Also, included in

this table are the associated producticn cost, yield znd profit for the vericus

5

input combinstions.
The findings in Table 4 reveal that

(a) As seen abowe, the current input-mix is sub-optimal,

(b) To achiew the Icast-cost input combination at the current
- yield rate, the application of inorganic fertilizer emd the
stockings cof fingerlings mmst be enbonced while ‘the use of

all the remeining three inputs nast be curteiled.

(c) The use of the least-cost input combination would lead to a
reduction in the production ccst/hectere by about 33% and to
‘about a three-fold 1ncrec.se in the prefit/hectare,

(d) The achieverent of ‘meximms: profit/bectare calls for per hectare
use of sbout 82! manaays of labour, docking of 29,706 fingerlings
and the epplicaticn of 1485 kg. of supplementary feed, 980 kg.
of inorganic fertilizer and 69 kg. of organic fertilizer. Thus,
for this, the appliceticn of oll inputs but organic fertilizer
rmst increasge from their presgent levels,though in diffexent
proportions.

(e) The practice of the maximum: profit input mix would bring abcut a
three-fold increase in the yield rate (i‘rom 828 kz to 2515 kg.)
mmd rore than n siz-fold inecrease in the prefit/hectare (from
Bs.930 to &s.6,192).

5 The procucticn cost per hectare for an input combination wes obtained through
the use of cost ejuation € =P, + (_) PL $ ovenes + Q_‘_) Popr The yidd

was obtained through the est:.mated ylelﬁ equation (3) The profit (T1)

asgociated with an input combination was cbtained as 11 « & - C, where

R stends for total revemue per hectare, vhich equals (@ ) x PQ
P
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Conclusion
The study reveals that the fish farming is subject to constant returns to
scale. Since there is; encugt potential demané for fish at the current
warket price and there seems no paucity of inputs needed for pisci-cul ture
at their current prices, there is a good scope for intensifying its cultivation.
To this, onec may hastily addé that there appears an apparent shortage of
fingerlings but the same is being resolved through vigorcus ¢fforts on

this front.6

The production technology is far from the optirmm, In particular, organic
fertilizer is excessively applied while inorganic fertilizer is scarcely
used. The application of the optimmm techpigue of production has the
potentielity of reducing the production cos% by about 3%% anc raising the
profit rate by 3 times at the current yield rate of 828 kg./ha. If the
farmiﬁg is attempted to achieve the maximmm possible profit/hectare, the
yield rate would multiply by 3 times and the profit rate by over six tires,
Neecless to say, these findings are subject to the cross-cistrict data for
45 districts in 12 states,each district data being a simple average of

about 15 fish ponds for the year 1981-82.

6. For detail, see Fish Marketing in India : Fish Seed Production and
Marke ting (V_ol.IIi, Incien Institute of Menagement, shredabad, 1983,
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