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Preface -

#%“"One of the major controversies of a decade ago concerning the eco-

“homics’ of agricultural development was that of the extent to which farm-
ers in low income countries made intelligent economic decisions concern-

ing their farming operations. That controversy has been fully resolved

“by a series of studies carried on here at Cornell and elsewhere. How-

" ever, several questions remain which relate to farmer's choice of prac=-

" tices and combinations of enterprises. Most important is the need for
knowledge concerning the profitability and the effect on choice of prac-
tices and cropping conbinations of new agricultural technologies. The
recent development of new varieties of rice and wheat for Indian condi-
tions has given urgency to this concern. /. number of new possibilities
for increasing the availability of certain basic resources such as ir-
rigation have also arisen and provide new questions concerning farming
practices and resource combinations. Some of the new agricultural tech=-
nologies interact with resources such as irrigation water and change
the rates of return and the optimal input levels for these resources.
These same forces have increased the importance of knowledge of weather
variability and the effect of weather variability on returns to inputs
and levels of output. The development of a dynamic agriculture in India
has greatly increased the importance of production economics studies.

: V. P, Shukla has attacked the problems indicated above by the applica~-
tion of a linear programming model. Shukla refines his model by applying
it to the existing resource and technological situation facing farmers
ig a specific area of Central India. He then uses this refined model
vwfor analysis of the effect of new agricultural technologies, new resource
. possibilities and weather on resource and erop combinations and the
_1eve1 of farm income. He demonstrates clearly the tremendous importance
to agricultural development of the recently developed new technologies
and more important he indicates how they interact with the resource
' base and the steps which must be taken to encourage expanded use of the
‘new technologies and realization of their tremendous potential for benefit.

* ' The data used for V. P. Shukla's study were collected from operating
farms“in Jabalpur Distriect, Madhya Pradesh, India. He interviewed a
substantial sample of farmers to obtain detailed information coneerning
the actual resource restraints which they face and the input-output rela-
tionships which they experience., Thus his study reflects what actually
does and will happen under actual operating circumstances. He recognizes
that both resource restraints and input-output relationehips vary from
farm to farm. Thus he divides his sample into groups of farms which
differ significantly in these respects. His study also holps us to under-
stand why certain groups of farmers move more quickly than others in
accepting new technologies.

The data for this study were collected directly from farmers through
an intensive survey carried on over a period of nearly a year. V. P.
Shukla, who already was well acquainted with the area of study, directly
supervised the work and collected much of the data himself. The care
and detail which went into collection of the data and development of the

144,
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"model provide a ba51s for future-testing of the effects of various changes_
in input-output relationships arising from new technologies and from

‘néw price relationships. Thus the model which V, P, Shukla has developed

“will have considerable value into the fature as well as for this speoiflo
study.

V. P. Shukla's study of choice of practices and enterprlses in the

- agriculture of central India is one of a series of studies being carried
out at Cornell University as part of a USAID-financed contract for re-
‘gearch on agricultural prices. We are grateful for the assistance pro-
“vided by the Rural Community Development Division of USAID and, in parti-
cular to Douglas Caton, WNorman Vard and Voyce Mack of that Division.

The broad program of study of which V., P. Shukla's work is one part,
-covers three major areas of enquiry: the role of prices in intersectoral
-income and capital transfers; the effect of price relationships on agri-

cultural production and marketings; and the fastors affecting urban prices
of agricultural commodities. Thus in total, these studies are concerned
with the effects of agricultural prices on the nonagricultural sectors

of the economy, with their effects in the agricultural sector, and with
the manner in which agricultural prices are determined. Over the course
-of the contract a substantial number of studies will be carried on in
various countries and dealing with various aspects of the processes,

At the completion of these studies an effort will be made to pull them
together into an integrated view of the role and functioning of agricul-
~tural prices in the development process. : :

A basgic objective of the contract with USAID for the conduct of
this research is not only to produce useful research results but also to
- provide a structured research experience so as to enlarge the pool of

trained manpower for the analysis of such problems. For this purpose,
the research in this project is accomplished primarily by Ph.D. candi-
dates at Cornell University who use the specific studies conducted as
Ph.D, dissertations. The definition of the overall project has pur-
posefully been kept broad and flexible to facilitate the attainment
- of this additional objective. This study by V. P. Shukla is part of
that program and is drawn from his Ph.D., dissertation, completed at
Cornell University in 1969. , (o

. Jobn W, Mellor

ithaca, New York
January, 1970

. ‘.i.v
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GHAPTER: (T,
INTRODUCTION

HTA This study analyzes. the organization of medium size farms in the
Jabalpur Distriet, Madhya Pradesh, to-assess the. economics of present -
‘regource ‘use and the requisites for increasing agricultural output and

~'farm-incomes, Data on the existing resource structure, cost and income

“’Were ‘obtained through a farm survey. The sample consisted of irrigated
and unirrigated farms, which was further subdivided into farms with
traditional and advanced techniques of farming. Thus, four technologi-
eal -categories of farms were studied; namely, traditional unirrigated,

:rtraditional irrigated, advanced unirrigated and advanced irrigated.

Wil Linear programming was the basic analytlcal technique used. The
programming was based on the actual resource restrictions and input-
output relationships from each of the four categories of farms studied.
Data were obtained from farmers by personal interview using a pretested,
structured questionnaire. For each category of farm, the possibility
of increasing income by reallocation of existing resources was studied.
The effect on income of increasing resources such as operating capital
and irrigated area was examined within each of the four technological
categories, The effect of change in weather was examined in relation
to present and programmed allocation of resources. Finally, the extent
of income gain by technological change and the necessary resource ex—

: pansion requlred was determined,

:jSalient Charaoteristics of Saggle Area

Jbbalpuv is one of the 43 distriots of the central Tndian. state of
Madhya Pradesh. The state is the largest in India, and has a low den~-
sity of population at about half the all-India average. It is predom=-

-inantly an agricultural. astate with 86 percent of the people living in
~rural areas. More than half of the state's income is derived from agri-
“oulture. The per capita income of the state in 1965-66 was Rs. 357
‘-whereas the national average was Rs, 430. :

R Although the yield levels of most of the crops are quite low com=
tpared to all-India, the state has been traditionally a surplus state in
the production of food. The two important crops of the state are rice
and wheat. Jabalpur District is situated in the rice-wheat zone where
~both these crops have equal importance,

In Jabalpur District the annual rainfall in 1967 was 87 centimetera

of which monsoon accounted for 77 centimeters. The number of rainy days
~dn this district were 45. The rainfall in the.agricultural year of
1967—68‘was extremely favorable to rabi orops due.to winter showers.



,2v
e ';The irrigated area in Madhya Pradesh is only a little over one ,
million acres, A little less than 6 percent of the cultivated area is

irrigated compared with 4% percent in Punjab and 45 percent in Madras.
The intensity of cropping in the state is low at 111,

The chemical fertilizers used per hectare in 1967-68 were about

.95 ‘kilograms as against an average of 11.25 for India or 23. 24 for

Kerala and 36.14 for Madras. The yield of wheat in the year 1966-67
was only 505 kilograms per hectare and rice was 480 kilograms per hec-
tare. These yields are only about half those obtained in statea 1ike

Madras and PunJab. :

Prices of farm commodities in Madhya Pradesh are substantially »
lower than those in the rest of the country. This is in part.because
it is a surplus producing state distant from major markets and has a

poorly developed ‘transportation system. ‘The result is discouraging to -
heavy use of 1nputs and intensive farming. D S SRS

‘ The all-India figure for commeroial crops is 21 percent of the
“total cropped area., Madhya Pradesh:has’ only 15:percent:area .under-.
'9°mer°=¥a1 erops. T ce sl p e el b e

FPE RN

N T ST

5Features of ﬁhe Sample L ~£ ~;':,;'uxlﬁ¢-?f71

The data were: collected in three sampling units to 1ncorporate
different influences. Jabalpur, adjacent to the first sampling unit,
is a big industrial city, which may affect farm attitudes and practices
in nearby areas. In Sehora sampling unit, the influence of the extension
work of the nearhy agricultural uniVersity may have brought about some
change. In Shahpur sampling unit, neither the Jabalpur city nor the
‘Agriculture University are likely to have had. any impact,

* Jabalpur city sampling unit has 52 farms whereas the other two
.units had 60 farms each, Farms in each unit were subdivided into two
groups, unirrigated and irrigated. The resource position of the Sehora
sampling unit farms appears to be better as reflected by acres owned,
investment in land buildings and machinery and numbers of man equivalent
and bullocks, The average size of irrigated farms was smallest in
Jabalpur sampling unit, but the size of family supported was largest on
these farms. The fertilizer use on unirrigated farms was highest in
Sehora unit but was lowest in Shahpur. However, Shahpur unit was
highest in fertilizer use for irrigated farms. The lowest use of.
fertilizer on irrigated farms was found in Jabalpur unit. The averages
per farm for such features as land use, labor inputs, livestock numbers, -
«eto., are reported in Table 1,

‘w'"fThe sample farms were mainly analyzed on the basis of technologioal
‘categories and the allocation of resources for increasing returns. to

‘fiked resources was derived by linear programming. Since decision- .
‘making may also be influenced by such variables as caste, education, age

' d



Salient Features of the Farms in m Three Sampling Un:l.'bs
. 172 Farms,: Jabalpur D:Lstr:.c'b (M P. ), India, 1967-68

R Jabalpur Unl‘a Sehora‘Unit Shahpur Unit - &
Features SRR B8 N 30 Farms 22 Farms 30 Farms : 30 Farms 30 Farms 30 Farms @ © iA72 =~
R e unirrigated irrigated unirrigated drriegated unlrrigated irrigated - Farms -

Land Use’ s

- . . ) . . B

scres Owned §0¢ U203 9.5 o 234 30
Investment in' 1and, S e k ‘ O
buildings, mach:mery(Rs. )« 12257

Labor Inputs .| . . '
Members in fam:.ly
Working man e'quivalent
Casual man days h:.red ‘
Casual woman da'O‘s hi:ded

Livestock Numbers
Cows
Buffalces

Bullocks ; e

Fertilizer Inputs .
Value of fertilizer (Rs ) .
Value of Fcod and Fodder . hl ;.g : ::

Home produced food con- e
sumed (Rs.) S 1848
Home produced fodder = ~ 7 - -
used (BRs.,) - © 965
Total fodder used (Rs.) - 1058 =
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fféfféperator and le&ei”of leadersﬁip in'fhe cdﬁmunity;'the sémpiefwas

y

" ‘classified accordingly. The irrigated farms were classified on the

. the purchased inputs are relatively small,

“basis of mode of irrigation. Their variability was studied by employ-

ing analysis of variance on the basis of gross income per acre. The
basis of gross income was chosen because in a traditional agrlou}ture

‘The age of operator and level of leadership of the farmer in the
commmnity did not significantly affeect the income of the farm (Table 2),
However, caste, educational level and modes of irrigation had significant
effects on gross income per acre. There appears to be-an interagtion
between caste and education, The third caste group (Vaish) has the high-
est mean income, This group had the highest percentage of farmers with
‘higher education. The lowest income was obtained by Shudra:group which

had the smallest percentage of farmers in higher educatiion,

C

Table 2, Analysis of Variance of Gross Income . i o
75 . 172 Farms,.Jabalpur Diptr;ctz(M;P.),'India,~1967-6§, g

Educational Age of Leadership ;' Mode of .-

’ ?ﬁ;”céété . Level Operator Level ' TIrrigation
‘ 'gmimeahﬁinfa "+ College 7>Iﬁentiesn Cooperative’ Electrie Pi
T (309) (379) (360). — —(336) " " (%9)
o Kehatpiys High School Thirties Panchayat é 011 Pump
Mean gross  (339) (359) (272) (305) ' (B
‘@fegfj_‘: ‘!Eiﬂh‘l" . Primary = Forties: . School g:ﬂ,Thbe Well
dnoome in . (3326)-- (333) - (334) (299) . ,”f_( 0:)3_'
w0 Shudme None Fifties  None ' - ‘
Rupees in - - (22) '(292) (310) (309)
EOR AP Sixties R O
: .,7- ;' _:‘yj;» - ) Aot (329)\ ey :-l
Observed P ERIE S
“ratio 2;79f*u73‘ 2,2&5' 50 |
Critical L g T I S -
reg‘ion. 2,6 2.6 . f ;2.76
Hypothesis of , SRR L R I L TR N
. equal ‘means-Re jected Rejected: - Accepted ' Accepted | Rejgcted‘. 5ja'

The rest of the analysis, assessment and pro jections are carried
in terms of the 4 technological categories. In Chapter IT the present
resource use, cropping pattern, yields, cost and income are analyzed,
In Chapter IIT the effect of reorganization of the existing resources 5
is examined to see its possible effect on income, In Chapter IV certain


http:2.28o0.50

5

limited resources are moderately inereased to see the changes in income
and production. The effect of differonces in weather is also examined
in this chapter, Finally, in Chapter V, the impact of technologiocal
change on production and income together with returns to Irrdgated

advanced technology are examined,






CHAPTER: TT.«:

IR R X I R A VA PR AR S I 1 FHA oL AN

| ANALYSIS OF SAMPLE FARMS BY TECHNOLOGICAL CATEGORIES

CatAm T

“Dechnoicrical Categorios

7o+ {vUnirrigated farms with fertilizer used on less than 25 percent of
‘the acreage were defined as "unirrigated traditional farms.," Irrigated
farms with fertilizer used on less than 25 percent of the acreage were
‘defined as "irrigated traditional farms." Unirrigated farms with at
"least 25 percent of the ares receiving fertilizer were defined as "un-
drrigated advanced farms s ‘and similarly, irrigated farms with over .

25 percent of the acreage receiving fertilizer were defined as "irrigated
‘advanced farms," ' C : '

oa

| YLy Co R

The numhér of farms in each categbry were:

e ~Ca-begog[.»,..-.;,Descrig-bion _—— s Number of Farms
' Unirrigated traditional 69
Irrigated traditional 27

~ Unirrigated advanced - .. -~:7.,21 it
ifv-Irrigated advanced: - - . ;o650

172

_Resource Use~
:Land-Use !

, The 19.1 acres owned per farm in category 1 (traditional unirri-
-:-ga'*t_:e_d) was smaller than the averages:for the other categories which were
25.2, 28.5 and 24,7, respectively (Table 3). The acres -owned in category

‘3 were about 50 percent larger than in category 1,
1 O X Lo o,

EE NN

5.0 By definition categories 1 and 3 had no irrigation while 2 snd b did,

‘The irrigated erop acres:for categories 2 and 4 were similar with:7.5
and 8,0 acres, respectively, For both the traditional farms .(categories

. and 2) and the advanced technology farms (categories 3:and 4) the farms

with irrigation had more total crop acres than the unirrigated farms: with

¥32,0 versus. 24,1 and 32.8 versus 29.0.

. Pérmanent Labor Force = =

RN

.7 The advanced technology farms in categories 3 and 4‘(had feWe'zi })10138 , |
2,0 and 1.9 than did the traditional farms with an.average of 25 and
<2.7 plots per farm (Table 3). This in.turn means that the advanced ,

------ ‘technology farms-had -larger plots-than the- traditional farms, -- -

hi)
PLE PRI . U N )
. PSS H PR

PIVET N e R Y (R T

PO “a

. More than half of the permanent labor force was provi&ercijbff"ﬁi“é R
~family (Table %4). The irrigated farms had larger families than the un- '
irrigated farms, The total permanent lsbor use on irrigated farms as.




7

Table 3. ' Land Use by Teohnological Categories =~ -~ =
B 172 _Farms, ‘Jabalpur Distriet (M.P.), India, 1967-68

Category
Traditional. e Advanced
1 2 J o L
pentay {4 sl ol ¢ Unirrigated TIrrigated Unirrig a'bedfr"Irrigz}:bed
: | AR S ;l [ o . ,..per fai‘!il oo RS
Acres ovned. - ol 941 25,2
‘Aeres cultivated SRR [ BRLe 24,6
Irrigated crop acres . il ,e=l il 07,6
Unirrigated crop acres : i 281 o 28,6 .
Total crop acres 24,1 32.1
Acres current fallow 12.1 17.2
Number of plots Tt w2eGisun e 290 o
Acres ovned per plot 7.§ 93

£ & "’"r ::: &
oy sopo F R

'I‘able 4 ’Labor Force by ‘I’echnological Categories i
172 ,Farma, Jabalpu:‘“Distriot (M.P{?); India, 1967~68.

Cetegory
S Traditional Advanced
Ttem . T3 z 3 K
Ll e Unirrigated Irrigated Unirrigeted - Irrigated
i G s e ) @ myaeiaa ob e  Average. per fam, .
Members in family ¢ ' 5,6 6 1
Men in family working ' oGt =
Women in family working. "5 “ 1 1
Hired men working
Hired women working . =% - o
Man equivalenta S
Man equivalent per -~ - 8
cultivated aecre !
Man equivalent per -
crop acre
Crop aci'es per man
- equivalent B !
Cultivated acres per man: A LA
-equivalent oo ';:"'z:i.t:'6.-3' ni’i}(i

o Y e —

8For computing man equivalenta one woman was treated as equal to 0.75

man equivalent and a boy equal to 0. 50, ratios similar “to" thope" of - the.v;
‘vage rate, '

o - PENEIN -~ 4 R N S PR
TAVEVECLICR I o5 50 N S TeT s VL TR »‘ hpadpes gt e



_rmeasured by man equivalent was also more than on.the unirrigated. farms.
‘However, the difference appeared to be less when labor use was compared
on the basis of per crop acre. The traditional irrigated and advanced
tlrrigated farm required 0.13 man equivalent per crop acre while unirri-
‘gated farms in advanced and traditional ‘technologies requlred 0.12 man
equivalent., This shows advanced technology did.not use a permanent labor
force, but irrigated farms did use soméwhat more such labor than unir-
rigated farms. This is even more apparent if the comparison is made on

a "cultivated acre" basis where on advanced farms the irrigated used "
O 18 man equivalent compared with 0.14 for the unirrigated, This can
also be expressed in terms of area managed per man equivalent. The
largest area per mdn equivalent was managed by advanced unirrigated
farms. The irrigated farms had about equal area per man equivalent,

‘The traditional unirrigated farms had considerably less area managed"
_per man equivalent. e

Casual Labor

: In addition to permanent lsbor available on the farm, some casual
labor was also needed from time to.time for seasonal requirements of
crop husbandry, There were three periods of busy séason for which em-

ploymegt of casual.labor in man equivalent days is presented in: Thbles
N~ R |

Table 5, Seasonal Distribution of Caaual Iabor in
' Man Equivalent ' /" :
172 Fbrme, Jabalpur Distriet (M.P. ), India, 1967-68

A VgalytAwg.  Oet.Nov. | March-Aprdl

i . Man equivalent days |

1 Traditional unirrigated o 23,07 CBTW33 T 35410¢

2. Traditional irrigated 28,90 - . 43,92 v 43,94
zggAdvanced unirrigated: . . 30,29 . | . 37,27 o . 38,44

...Advanced jrrigated - - - . 37.67‘; S B0 e, 82f

Table 6. | Man Equivalent of Casual Labor Per Crop
R . Acre by Seasons . | -
”172 Fhrms, Jabalpur Distrlct (M P. ), India, 1967—68 e

_ r

jCetegory July-Aug. Oct,~Nov. Mhrchquril
S T Man.equivalent days

: 1"“Traditional unirrigated = .95 - ,,j1 5h . ', 1 45.,; o
2 Traditional irrigated * = ,90 ' 131 37
3 Advanced unirrigated 1,04 1429 ‘ 1.32
4  Advanced irrigated 1914 1,53 - R




Iﬁvéstrﬁen‘b “and Supplies

7" The category “"‘I:"farm_s”héd_th‘e,,lo'we.sﬁ investment in land, buildings,
- and machinery averaging Re, 12,431 (Table 7), The investment in. cate-
gory 3 which is ‘also unirrigated was higher due to larger size of farm,
" Total investment ‘and investment per acre is much higher for irrigated
_than unirrigated farms and highest of all for advanced irrigated farms,

able’ 7. Value of Investment* by u' Technological Categories
“w; ;112 Ferms, Jabalpur Distyict (M.P,), India, 1967-G8

‘Y R R R

LR RS PR IR e B

Category Average Investmént per acre

Investment Owned Cu;tivated-
’ . , Rupees S
1 .Traditional unirrigated.:: - .- 12;151 R RN o1, % KRR 687 '

27 Traditional irrigated. -.. . 7119,158 - - TLLIT60 179
D Advanced unirrigated i - coie Ay 5300 L SN ) L R R o 598 a
4 Advanced irrigated - .- .- 28,085 . EARTER I Y CE R 1,221

* ‘
- Investment in land, buildings and machinery.

Sy e
wl, eee

: ’I'here.ﬁaé no sn.gniflcant ‘diffe-re‘ncé in“the use of inputs in differ-
ent technological categories except fertilizer,' The inputs were examined

on a per farm and a per acre of crops grown basis (Table 8).

The value of fartilizer per acre was highest on advanced irrigated
farms, but also was sizeable ‘on the .advanced unirrigated farms (Table 8),
The use of fertilizer on traditional ‘unirrigated and irrigated farns was
negligible. Technological change did not require much change in the .
value of seed and feed inputa. However, the value of fertilizenr repre-
sented a- cash expense whereas other -inputs did not because they "wore
produced mostly on the farm,

Liveatock

There were three kindg of livestock on the pample farms, namely
cows, buffaloes and bullocks. 'The smallest number was observed on un- -
irrigated traditional farms. It appears the quality and number was -
highest on traditional irrigated farms (Table 9)y= = -omwe o o
~ For feeding the cattle, all the farme indicated that they would
like to produce crops that would provide sufficient straw for fodder,.

INTOA saduiatas

Iowever, many farms .purchase oil cakes and other; ,qbné:’e'ntféﬁéé.} L

wamn




I8

10

Technological Categorina

'"f}Jabalpur District (M.P.), Ihdia, 1967—68

R Catiegory SRS
RSN v R : Traditional Advanced
ﬁInpgt,o"" S ' 1 2 3 4

Uhirrigated Irrlgated Uhirrigated Irrigated

. ' B . Rupees
Vhlue,of fertilizer°._,”7w““mr.ﬂy e N
—Per.faym. . . . ool vog9o .Hl,nw» 334 582

mm.Per Acre of crops HWHW¥_;37ﬁf,“;Q;TH1.#7ﬂ . 11,52 17,74
Vhlue of ;iseed: .. .- ' 4f} e e e o
“Per farm = ey 835jf' 1,012 “M""TM017AMMH 1,110
Per acre of crops - 35 32 350 :; 3“

Value of feedi' RS - =
" Per farm _ . .708 o4 893 : - 1 035

Ca ) (‘: "4 a : ~; A
Table 9. , NLmber and Value of Livestock by
L “Technological Categories K
172 Fﬁrms, ‘Jabalpur Disiriet (M.P.), India, 1967-68

o Caticgoxy
P : Traditional ‘Advanced
,Iﬁemj . S -2 3 o4
f 2 ' : Unirrigated Trrigated Unirrigated Trrigated
Govia: « o ‘ S
. Number per farm 1.9 . 243 2.0 : 2,0
.‘Vhlue in rupees 428 630 s 4oy
* Value per animal 225 274 - I '232
Biiffalo: : - RN
~ Number per farm L «9 e 243 1 1 SRR R .3
' Value in rupeces 320 1,031 379 ’o 3
” Value per animal ST “448 345 “”ﬂﬁf#334
Bullooks: : ‘ h _ z,“,ﬂ Vi ae
- Number per farm . 3.8 . 5.2 4 7 ottt 4, 4
Value in rupees 1,007 ,7“4 1,278 1,201
" Value per animal voU2e5 A ‘335 272 v 273
' ; E : : N : . o PR -,
CropDinz Pattern - ,3}7"  ',ff ﬁ*': i

.The. most important crop in the distriot waa“wheat.w The sample had .
48 percont crop area under wheat fbllowed by 27 peroent under paddy.;ylnj



1.

pulses, the grain crop had the largest area with 11 percent followed by
magoor crop with 7 perqent area, The same trend is observed in techno-
logical categories, - The largest area is devoted to wheat and is followed
by paddy (Table 10). The data indicate that advanced farms are moving
toward wheat paddy speclalizatlon and hence less dlver51flcation of orop—
'ping. - -

,Table 10. 35 . -Cropping . Pattern by Categories
B 172 Fhrms, Jabalpur Distriet (M.P.), India; 1967-68 =

LR o L _Category e

$'?$w SRR A Traditional ... Advanced -

Crops 1 2 > 4

’ Uhirrigated Irrigated Unirrigated Irr*gatad
Percenx

Wheat (dwarf) , S
irrigated - - -, .09

Hheat (Local) IR e T
irrigated e g e g g 53 6

Wheat (local)
unirrigated

Paddy (dwarf)
irrigated

Paddy (dwarf)
unirrigated

Paddy (local) =~ =
frrigated = ‘

Paddy (local). . °*
unirrigated

Masoor irrigated
Masoor unirrigated
Gram irrigated

Gram unirrigetedv

Negusible e
2

Pea irrigated
Pea unirrigated

Vegetables ‘“f‘.3 |

Jowar . , Negligible o

Krhar wwfuw;mweffef , ::ﬁgfﬁﬁ.fe g ey
Moong-urid - tn”i(fﬁiﬁf;fé";ir R '[-fg‘.:‘,,f«f;ef
Lesser millets e 72F' ? ‘ ‘

S 100‘}., : ‘ 100‘; e 100

R O S A AT o T ey TR rM Lot 8 ':"‘ﬂ‘\ s 1 b gy s

Total ..
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" ci'og ‘Yields
LT year of inquiry was a good crop year:and.the annual rainfall
was favorable. The winter rains in particular were more than normal:
which favors the rabi crops, especially wheat., The winter rains or.
preeisely the cloudy weather is not particularly favorable to some'.rabil
erops like gram and masoor where it promotes certain pests causing heavy
damage to these crops. Sometimes this very climate proves injurious to
wheat because it promotes the attack of rust, Some farmers who had grown

local varieties were affected by the incidence of rust in their wheat
erop. The incidence of gram pest was widely reported. ' -

The yield differences between traditional and advanced farms are
considerable in wheat and paddy crops in which fertilizer was usually
~used .(Table 11). For instance, the yield of unirrigated wheat was only
-270.kg. in traditional irrigated technology (category 2), but was 462 kg.
-in.advanced unirrigated technology (category 3) and 486 kg. in advanced
irrigated technology (category U4), However, this relationship does not
~hold true unlformly for other crops. ‘ . o )

Table 11. ‘ :H(‘> Yield of Crops by Categorles
;ﬁg;v~ 172 Farms, Jabalpur District (M.P.), India,. 1967—68

[

Vi et

Category IR
AR e : . vadibional . . Advanced
:...Ci'_.o..ﬁ.é;.:-vt......,.. et e i s e e . 1 - 2 3 e l'l' .
o Unirrigated Irrigated Unirrigated Irrigated
Pl S . ‘ Kilograms per acre

Irrigated dwarf vwheat S - —— - - 810
‘Irrigated local wheat - . 1} : - 7523
Uﬁirrigated local wheat - 286 270. ' 462" B “486
Irrigated dwarf paddy ‘-55;'£*ff‘k:7;; = 1 109
.Unirrigated dwarf paddy — L mm e e ,5595
Irrigated local paddy == .. ¢ == == 625
-Unirrigated local paddy — 319. .. :313, . . . 452, :“378
Iﬁrﬁ_ga’ted masoor v . ; v-..;“".'}“'f” : ~ 300 ' ) -
‘Unirrigated masoor "vj221f§7f c2B 246 e T 253
Irrigated gram Ce=l 3Ok il 300
Unirrigated gram 209 257 273 210
Irrigated pea ’ TR ki R 350 :, STt ’-. ‘;“:;J: 22)
Unirrigated pea RO 253""3 - o ETeer2gy w i
Unirrigated Jowar - - 264
. Unirrigated Arhar AT

Unirrigated moong-urid .. 107;4.,,.

“Unirrigated lesser millets .. 34
' Vegetables ‘ Co .rt.".'..? L e
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Cost and Incomé o

- For calculating gross income the actual prige obtained by the farmer
was used. Since straw is seldom sold, no value was placed on straw, The
gross income for this study is a function of yield and-price. For com-
puting net income, the cash cost was deducted from gross income, Table
12 shows the average of actual gross income, cash cost and net income
ob alned in different categorles. : * o

Thble 12. : Gross Income, Cash Cost, and.Net Income jf V,A lé%§§,1, 4
by Categories -

By 172 Farms, Jabalpur District (M.P,), India, ‘1957-'68
;;j\'~;«k-.“ ‘ '= v. Categbry - SRR
(o ~ Traditional - _____Advanced
sl o1 2 A
Unirrigated ITrrigated Uhirriga+ed Irrigated
S o Rupees '
Gross income per farm 5,816 - 8,508 11,200 13,725 .
Cash cost per fayrm "~ 727 1,339 ' 1,465 - 1,922
Net income per farm' ‘' -'5,089 7,169 - - 9,735 " 11,803
Gross income per acre 320 345 k59 595
Cash cost pei acre Vif.m-fm.Wuowwmwnﬁwuwf5uﬂ 4

Net income per acre " 28077 291 2N 512

) i

The differeénce in net income between the traditional unirrigated .
(category 1) and irrigated farms (category 2) was small, only Rs. 11 -
per cultivated acre. This mey have been due to the fact that in a good
rainfall year like 1957-63, the benefits from irrigation do not show
appreciably, On the other hand, the unirrigated advanced farms which
had used fertilizers to supplement the soil with plant nutrients had
registered net incomes which were higher by Rs. 108 per cultivated acre
than the irrigeted traditional farms (category 2). The highest per culti-
vated acre net income was found on irrigated advanced farms. The tech-
nological difference on irrigated farms increased the net income by
Ra. 221 per cultivated acre over traditional irrigated farms. On unir-
rigated farms, the technological difference accounts for a gain of Rs, 119
per cultivated acre.

- VWhen the per acre net income was calculated on the basis of cropped
acres, this clear-~cut difference between advanced and traditional farms
remains undisturbed but the difference between irrigated and unirrigated
farms almost disappeared. This is probably primarily because in this
yeéar the winter rains were so bountiful that in most cases the yields
were governed primarily by the amount of nutrient in the soil and not
by ‘the amount of irrigetion. The per cropped acrec gross income, cash
cost, and net income in different categories is shown in Table 13, I%
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“ean ‘be seen that the” difference in ‘income: pexr :aere ‘on advanced irrigated
-and unirrigated farms ‘is :acoounted for. largely:: by hn.gher oropping inten-

s L T Srupeu,

Y'I‘able 13.

e

s1'by on the irri. gated farms (Table 14)

5 Average Gross Income, Cash Cost, Nét Income
LT ~Per Crop Acre-~---
172 Farms, Jabalpur Dmstrlct (M Ps ), Indla, 19

[P -

87-6é

i e e\ ges L Serh o aey.

i."\,, v"-

Cash ' Cost’ "1

Néﬁ_Iﬁcqmeff~

vCatesory St H”\wh%mwkjﬁjﬁrqga,;ncpmeﬂu.:

S - Rupees per acre cropped

1 Traditional unirrigated 240 20 210

2 Traditional irrigated 1265+ e 1224
3 Advanced. urirrigatéd, . Lﬂij? i385 .50 335 ‘
i - - 58 358

Advanced irrigated

R L I T ISR P,

ue
!

.'I'able 14. —

KERLS

T

Intensity of Cropping by Categories
172 Fhrms, Jabalpur:District (M.P. ), Tndia, 1967~68

¥ AN Far e 3y < ey

h

8¢ Cultivated oo -

R CTLE a . Cropped .. . Intensity of
Ca‘be;gorv N 4 Area Ares _Cropping
‘- . e Tt T -~ Percent ... .. -

1 Traditional unirrigated 18,14 24,14 133

2 Traditional irrigated 24,66 32.10 130

3. Advanced unirrigated W35 . 0 29,05 . - ...115

L Advanced irrigated T Eelet

23.05'”" g

Ne'b Income Por r Man

o The h'l ghest return to labor was on the advanced unirriga‘bed farms
(Table 15). It was Rs. 2 854 per man equivalent which was higher by
Rs, .6l than the irrigated advanced farms. It is interesting to note
that labor returns were higher in traditional unirrigated farms than the
traditional irrigated farms by Rs, 37. This is due largely to’the un~
usually high yields on the unirrigated farms due to good winter rains.

'Net Income Per Rupee oflOpera'bing Capital

7. In this study only cash costs were obtained and hence cash expenses
actually incurred were treated as operating capital. This resource had
a.wide range. The traditional unirrigated farms on an average used only
Rs, 727 as cash expenses, whereas the advanced irrigated farms used

Rs. 1,922 The highest returns for operating capital were found on
unirrigated traditional farms and the lowest on irrigated traditional
farms (Table 16).
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! v - = Net Income: Per Man Equivalent
L5 §472 Fhrms, Jabalpur. Dlstrict (M Py), India, 1967-68

‘Net Income per .

Category o o Nhn Eggivalent - Man Equivalent -
"1’ Traditional unirrigated .. . 2, 96 Wi 14719

2  Traditional irrigated 4,26 ' 1,682
~-3. Advanced unirrigated . . _  ZJM 2,854
-4 Advanced irrigated ‘pwuwﬁw 4 23 . 2,790

L i AR e b b ks b ek

ii@%le 16, Average Net Income® Per Rupee of Caéh Expenéééi;
172 Farms, Jabalpur District (M.P.),, India,w19,57:.-
v , ! ‘} . [

s, ”“W L P U ST TV

?..v.‘?,,

T o

. -  Net.Income'per.
Cash Net ' Rupee of

- Category e F ] <Expenses - Incoma Expense
S » o VoL I -",,,;’(' MO Pupees . SRRV A ‘
1" Traditional unirrigated 727 5,089 . 6,99
27 Tpaditional irrigated - -~ 1;339= - o Ty16G m i 5y 35 .
5" ‘Advanced unirrigated . v :iii1,U67 9,735 6,64
B hvensed reigated o N,92 1,3 6.

.}Fertilizer Cost and Return Per Crop Acre

The irrigated farms used fertilizer in- greater quantity than the v
unirrigated farms as shown by fertilizer costs of 11.54 and 17.69 rupees
per acre respectively (Table 17). The fertilizer cost per crop acre was
higher on irrigated advanced farms, However, the per crop acre net in-

.. come was not substantially higher. The good rains had increased the
- yields of unirrigated farms but that alone does not explain why the ir-
.rigated farms did not obtain higher yields and higher per crop acre in-

-come by greater use of fertilizer, Three reasons may explain this lack
; of relationshlp. ' '

1. The irrigated advanced farms have grown the dwarf varieties as -
a new experience and may have overused fertilizer on these crops without ‘
commensurate returns (diminishing returns).

: 2., The unlrrlgatea farms had used fertilizers moderately but the
j‘land may have a backlog of unused fertility from the previoug years

.. especially during the drought years when the moisture was so short that
ggthe erops could not use the plant food available in the soil. e

Lot
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%, The high intensity of cropping with some crops having relatively
very.:low returns may have diluted the per crop acre net return to bring
it ‘on par with the advanced unirrigated farms. ,

'I‘able 7. Fertilizer Cost and Net Income Per Acre
s 76 Advanced Farms, Jabalpur District (M.P.), India, 1967-68

3

Fertilizer Cost Net- Tncome

_C_a,t_egory per Crop Acre per Crop Acre
3 Advanced um.rrigated _ . 11 .5‘& 335
4 Advanced drrigated ~|7 T n wvqq69 o o358

e v RS St Ees

;‘Cost of Irrmation

The irrigation cost flguree calculated include the cost of labor
“irrespective of whether hired labor was employed or not. In charas ir-
‘rigation hired labor usually was not employed, but for the purpose of

comparing the operating cost of the different systems, labor was charged
at the prevailing rates,

- In pump irrigation, in most cases, the capacity of the well would
allow pumping of less than four hours, or a half-day; as a result, the
labor was charged for a half-day. In case of state tube well irrigation,
/the per irrigation cost was more in kharif than in rabi (because of high
fixed cost and the lesser number of irrigations required by paddy than
wheat,

~1+ 7 In irrigated wheat, the per irrigation cost was found to be cheapest
+for state tube well irrigation (Table 18). This was because the govern-
ment charged a fixed amount of Rs. 15 per acre and the farmers could

‘I‘able 18 A\ie.ﬁa‘ge Cost of Irrigations in Wheat
LR -'t'.y .=+ .and . Paddy . by Mode of Irrigation -
82 ‘Parms, Jabalpur District (M.P.), India, 1967-68

by oth gl et

‘ o B “Avorage Cost per Acre per Irrigation

Mode"" ke - Wheat. Paddy
i."011 pump 8.03 A R 5.68
‘Electric pump 4.7 o et 35,20
‘Charas '

ERRE e 25.71 A &
State tube well '3.96 E i 7450
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" take as many irrigations as were required by the crop. In view of the
fact that there were special efforts made to popularize the dwarf wheat
following two consecutive sceasons of bad harvest, as many as four ir-
rigations were reported to be given for rsbi season. The next lowest
average cost per irrigation was found in electric pump irrigation.

In both of the above modes of irrigation, there is an element of
subsldy by the state. The irrigation cost of state tube well and
eleotricity charges do not recover the full cost borne by the govern-
‘ment, - ) _

The next in rank in cost was the oil pump. - The costlieét’ﬁhéﬁ labor
was included was the traditional method of irrigation by charas.

During the kharif season the average cost per irrigation of paddy
wag least for electric pump irrigation and the next lowest for the oil
pump, The state tube well per irrigation cost was higher and was ranked
third., Its higher cost was due to the fixed charges and the low number
of irrigations. The charas irrigation was once again the costliest.
There was a noticeable difference in the average cost in rahl and kharif
season in all modes of irrigation. Due to fixed government charge per
acre, it was higher for paddy in the case of state tube well, but for
other modes the average per acre cost was lower in paddy. Two reasons
account for this. One, the water requirement was less in Kharif and
two, the water in the well was not exhausted and pumps could be run for
the entire day and thus labor cost was reduced by fuller utilization,

The average investment in oil pump was Rs. 3,44l per farm for the
sample. The corresponding figure for the electric pump was Rs, 1,983,
Although there was heavy investment for the overhead electric lines,
that expenditure was met by the government. The investment gituation
for the farmer favors the installation of electric pumps.

Since farmers view irrigation cost as a whole in relation to what
they obtain in yield, it was appropriate to relate per acre .irrigation
cost to per acre yield (Table 19), Yields by charas irrigation were
consistently lower than irrigation by pumps or state tube wells,

Table 19, Irrigation Cost and Yield Per Acre
. - of Local Wheat and Paddy : : ol
82 Irrigated Farms, Jabalpur District (M.P.), India, 1967-68

Crop and 4 ' Yield Per Acre

-Mode of ~+ -w..Irrigation Cost. _Traditional = Advanced
Irrigation ... Per Acre Technology  Technology
Local Vheat. . ... .~ hupees " kilogram
Eleotriec Pump AR 12,91 552 : 549
State tube well Coan 15,00 - ... .546
0il pump 17,69 399..,. ... 592
Charas o o k26 T 507
Loaal Paddy -y e i
Electric pump - vommmmminiinie L] oremen 1. 080 ;
State tube well ‘ ‘ 525
011 pump S B15 e
Charsg

400'fjpf‘f
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Tl T B e IS LG LD TR T R e T
«PARY, ORGANTZATION, WITH , EXTSTING RESOURCES

For the purpose of this study, the resources of farms in each of
the four farm categories were averaged to obtain the resources for a
model farm in that category. For obtaining input-output coefficients,
the actual input-output coefficients of farms in each category were ~
~ averaged. These four model farms were programmed. to maximize income
““under the assumed conditions to see if there was any scope for increas~
> ing net income under existing conditions, to compare the differences,

between categories and to check the reasonableness of the éssumptiégsy

TRestrictions Used in Programming

B L v Co . . T
~u'% + lnder the conditions of the ‘sample area, the most limiting farm
_resources are land, irrigated area, and operating capital. Both perm-
{.atient hired and casual labor are not found limiting in the sample, so
~.they -are not treated as a resource limitation. o

itk o ‘Madhya Pradesh has predominantly subsistence farming and the source
of power is bullocks. The farmers indicated that they must grow crops
to supply the family food needs for fodder for the farm animals, In
view of this, additional restrictions were introduced in the program
to supply (1) minimum cereals and pulses for the farm family, and
(2) the fodder for the farm animals,

~-Land Restrictions- -

i @ After the abolition of Zamindari and other types of intermediary
settlement, all land is held by the peasants. The farms are owner-
operated and there is little scope for increasing area by purchase or
lease., There are no crop sharing practices in the sample, Hence, al-
ternatives for inereasing the area of land under operation are not in~-
cluded in the model, - ‘

#¢ - . The land .classification for data enumeration is for light and heavy

t80ils. Since very few farmers have lightAsoils~andvthe<area'is negligible,

"it.1is not provided in the model. The soils are medium black and fairly

‘homogeneous. Since land can be cropped in three seasons; namely.kharif,

rabi, and summer, land is classified as follows: (1)thirrigated kharif,
(2) Trrigated kharif, (3) Unirrigated rabi, (4) Irrigated rabi, (5) Ir-
rigated summer.

Irrigation Restrictions

(. The major source of irrigation .in the-sample,iévéurface'Qéllq,,
Only seven farms receive water from state tube welils. The irrigated
area 1s measured by the physical location of a certain plot on the farm
which has the well, Since wells have a limited supply of water, the

18
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”total possible irrigations per acre is estlmated for each season. Thus,
in respect to irrigation, there are two restrictions; first, the acres
of the plot which has the well or is in the command area of state tube
well, and second, the number of irrlgatlons that are p0351b1e in each

Season,

Cash Expense Restrieticns (Operating Capltal)

_ Generally, operating capital is a 11miting factor in Indlan agrl-
‘eulture and is said to be’ inhibiting many inexpensive improvements,: :In
this study, the cash expenses were used as an 1ndication of the amount
'of operating capital. ‘ L

The selected sample did not show cash to be very limiting. None
of the farmers in the sample were anxious to take a loan from the co-
operative, The farms sampled averaged around twenty acres and were
relatively well off, For the purpose of this part of the study, a re-
‘striction on funds avaiiable for cash expenses was set. equal to that
‘actually spent for crop production during the year of inquiry, 1967-68..
Subsequently, different levels of- cash expenses were tried. The coef- -
ficlent for cash expenses included all expenses made by the farmer,
‘hemely (1) Hired labor charges, (2) Value of seed purchased, (3) Velue
‘of fertillzer or manure purchased, (4) Other cash expense. Lo

S Prices Used in Programming

. ‘The prices used in the programmnng were those that had been actuaIb
received by the farmers and were higher than the levy prices- announced
by the government. A farmer who had not sold his crops at the time of
ﬁhe inquiry was asked to quote the price that he would recelve 1f he
were to sell his produoe on that day.‘ A ~

DRV

AW T Net Tneome Definition . o 0 e a.ri-ﬂaaﬁﬁ
. The net income has been defined as the gross income less the actual
cash expenses incurred in raising an‘acre of erop. The cost -of cultiva-
4ion does- not’ include the value of any inputs not purchased., The gross
income per acre is the total yield (s0old and home consumed) multiplied.
by ‘the price received, The net income is relatively higher than what
it wculd have been 1f noncash inpute were also included ‘in the cost. c

Rapources and Activities For Mbdel Fnrme
l i .

The resources of the model farms in each technological category .
and the crop activities considered for progranming are shown'in Tables .
’20'hnd*21 SRR RIS | T U Ien g

Losbelds v FLls wrlodane qo e semt bames S
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;Thbleczo. ;Resmurces'Available and . Essential Supplies,
e Lo by Technologlcal Categorlea ‘
i 172 F‘arms, Jabalpur Distrlct (M P. ), India, 1967-68

.uwi;::.:¢< o Categorv EETERETIRT:

.Resources andg’w Wt b Tpaditjonal o o oo =:Advanced 7 b

: Supplies AR e L 2 0 L3 e vl

. R Uhlrrigated Irrlgated Uhlrrigated Irrigated

. Resources SRl Lo e e
'Land unirrigated (acres) 18 14 i 19 81*‘"’f“ 24 35 : 17 03
Land’ 1rrigated (acres) e -, 85*;ﬁr i R 6.02
Total Acres of Crop ... 23 62 £,3x,57;§ o 29:02 32 92'
Trrigations Kharlf(Nb.) Vﬁ”éé*frb‘ 112,66 - *;f«%hv-?:1-.v 121,00
‘Trrigations Rabi (- )ocrin wne findin e 8i5Quu ' v [ e i 15,67
Irrigations Summer( " ) . = == S 0,66 i e Dl 0,60
Cash Expenses (Rs.) ' 727.05’ 1,339.10  1,464.60 . .1,922,10
Supplies | A
Cereals (Kg.) ' < ~1;081:00 ' 1,236.29' 11,1875 . +1,129.46
Pulses (Kg.) 372 60 387.03.0 © 362,50 © 292,81
Straw (Kg.) 48.50 53.70 55.40  5,028,00

Thble 21. Net Income from Activities Consldered
kbl ) * for Each Technology,
; 172 Fhrms, Jabalpur Distriet (M.P.), India, 1967-68

[ N A -

— Cabepory T
s _ Lo i Traditional Advanced.w
Kotiﬁifiesfjﬁjﬂ.' N 2 3T g
‘ Unirrigated Irrigated Unirrlgated Irrlgated

: Net Income (Rs. S
Wheat(dwarf) irrlgated - - S e _,:”(693
Wheat(local) irrigated —-— 369 L == W63
Wheat (local) unirrigated 255 2ho. .. . oWy 3T
Paddy(dwarf) irrigated ~— — T e 630
Paddy (dwarf) unirrigated - e T e
Paddy (Local) irrigated — -1y SRR

Paddy(local) unirrigated 156 152

Masoor irrigated (e . . 288:

Masoor unirrigated 211 . 221

Gram irrigated R 218

Gram unirrigated A £ S L4 A

Pea irrigated R 322 .

Pea unirrigated . 266 103

Vegetiable irrigated e 334

Jowar unirrigated . .. ... 347........120 _

Arhar unirrigated Tk ,,222

Jrid Moong unirrigated 9T e

-esser millets R S T SRRy
unirrigated LT e 158



http:5,o28.oo
http:1,129.46
http:1,236.29
http:1,922.10
http:1,464.6o
http:1,339.10
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Programming Results With Existing Resources:
" and Responege Coefficients

iir... The validity of a linear programing solution for profit maximiza-

.-%ion depends on realistic coefficients and activities. These should be

..in conformity to real 1ife.- For the present study only those activities
have been included which were actually grown by the farmers of the sample

in 1967-68, For coefficients, also, the average of the sample for each
category has been used., The validity of the optimality of the programmed
‘solution will depend upon how realistic are the assumptions which have
been made, For instance, the farmers when they planned ‘their cropping
scheme, did so on the basis of expectation and, hence, had to face risk
and uncertainty about price, weather, and yield. This is not the case
for the programmed solution of this study. As such, while evaluating

- the gains made by the optimization procedure, allowance should be made

- for this limitation, . . \

Category 4 ‘ Bt
5.7+ The program: obtained by the above, procedure is shqu;?b'f
‘gory. 4 farms in Table 22, . - 0, 50 LT

Table 22, Crop Plan: Actual 1967-68 and Programmed for -
. ’ L o-Irrigated Advanced Technology:: .. Dol

R PN
- 55 Category 4 Farms, Jabalpur District (M.P.), India
B P DY o S ‘Actual.

. ) ; - B ’ . : B Acres’ BRITIMLINA . :
Whe'at(dwarf) irrigated o :.‘ S e B S S U U ~3'03 ‘
Wheat(local) irrigated R 6,02 . 2,04
Wheat(local) unirrigated 591 TR e
Paddy(dwarf) irrigated = - o The 6.2 o5k
Paddy(dwarf) unirrigated =~ - SRk o 035 ¢
Paddy(local) irrigated ~~ P 1.93
Paddy(local) unirrigated ™ =~ . =~ .7 AR 7,66
‘Masoor irrigated Lo L o Yk
Masoor unirrigated 263
Grain irrigated L B
Grain unirrigated 3.

Pea irrigated Sl e AR - SR EE
Pea unirrigated R R L ERARRLL G S
Vegetables irrigated
‘Jowar unirrigated
Arhar unirrigated
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“%- - The total:net-income by programming comes to'Rs, 14473 as against
Rs. 11803 from the actual average for this category in the sample.

This is an ‘increase of Rs, 2670 or 22 percent, The actual crop plan was
‘diversified with nine orops whereas the programmed plan leads to special-
.ization and takes only three crops. The program was drawn with the con-
straint that it should not exceed the actual average cropped acres of
32.92 acres. The program, however, used only 31.05 acres of land;
thereby the intensity of cropping was reduced but the net income in-
creased. The degree of specialization would have gone still further if
the restriction of growing pulse was not imposed, as is apparent by the
minimum acreage devoted to produce the necessary pulse. In the usge of
irrigated area the actual plan used only 7.95 acres of irrigated land
whereas the programmed plan used up all the irrigated land in both sea-
‘sons totalling 12,04 acres.

"> Most of the gain in income was brought by dwarf paddy. The local
varieties of paddy had low returns and were dropped. The existing crop
plan had less than an acre of dwarf paddy, because it had just been in-
‘troduced and very few farmers could obtain the seed, Presumably as seed
‘becomes more readily available, the acreage of dwarf paddy will increase
rapidly, The rest of the gain in income was due to expansion of wheat
‘area which had given better returns relative to other crops due to un-
usually good rains, and because wheat was fertilized in this group of
farms, The area from all other crops was withdrawn except the minimum
necessary to meet the self-sufficiency requirement of pulses.

Category 2

The programmed crop plan for traditional irrigated farms selects
as many as five crops as against only three in the case of advanced ir-
rigated farms, which shows that under traditional system the degree of
'specialization is less (Table 23), However, the crops grown under the
program are less than the actual nine crops in 1967-68 on this sample
of farms.

v The total net income from the programmed crop plan comes to Rs, 8092
as against the actual of Rs. 7169 or a gain of Rs. 923 which is 12 per-
cent higher than the actual. The programmed crop plan slightly reduces
the vegetable acres but finds the erop competitive as against the ad-
vanced farms in which case the vegetable crop is completely eliminated,
In every other selected crop the acreage has been increased, The crops
of masoor, gram, arhar and jowar are eliminated,

Categgrv 3

..., FOUP. OrOpS.are grown as.against five:in-the 'actual -set of farms in ,‘ ,
tzg"pgtggpry?for unirrigated .advanced -technology :farms.in 1967-68 (Table .
2 . .V N v , ‘ ',.;;_' ‘ o ‘—:f' ) ’ IS : B e ,';'., iy Sl :,"“ 4", 5::,; ", ‘,‘» )i . Lf;” . !
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237 Orop: Plans.. Actual 1967-68 and;Priogramned:s j
el ]UnderIrriga‘bedTraditioml. Technology) »i-ut i

1. 21 Category,2 Fayms Jebalpur District ‘(M.Ps), India;

9 2/

R N

ESXSINA

A teddit o

s Ry

~ VWheat local irrigated |
. .Wheat local unirrigated L
~ Paddy- local irrigated e
. Paddy local unirrigated e hme
- Masoor irrigated Lt e e
‘Masoor unirrigated
Gram irrigated
; Gram unirrigated
~Pea irrigated e e e v Lueduiore08
- .Pea unirrigated i e Y N
Vegetables irrigated ., ‘. . 7 T . 7k T T
~ Jowar unirrigated = | mcmmean Bl Wi e T Cop
- Arhar unirrigated . . i e
. Lesser millets unirrigated . . .. ot

Lot L dectt 2,50

Table 24, Crop Plan: Actusl 1967-68 and Programmed Under
Unirrigated Advanced Technology g
i 21ngtgggry.3‘Fhrm§, Jabalpur District (M.P,)l‘;qd;q

SV S

GBS —

Lrop. . L. . 'Programmed; ., . ..., :s.Actual
f“i(‘,f.:,'"?:, R TR e T A H VT «,\Ao‘res1;-,’;1\:',‘.5.. o

Wheat local unirrigated 23,13 15.45
Paddy local unirrigated .. .. . oo 80596 caa fais e 7.38
.M35°°1' unirriaﬂtﬂd ol ‘ ST E A IR RS RV I SIS v 2457
Gram unirrigated . e - ;

Pea unirrigated
Jowar unirrigated
Arhar unirrigated e e
Urid-Moong unirrigated ... ... .; (. ...

~- " The total net income from the program comes to Rs, 11001 ‘whereas
the actual average income in this category was Rs. 9735 or a gain of
Rs, 1266 which is 13 percent &bove the actual, The gain was mainly be-
cause the programmed plan diverts land to wheat and completely elimin-
ates masoor and gram crops, The requirement of pulses was met by ine
creasing the pea crop from 33 acres to 1.21 acres plus «07 acres of
urid-moong crop.
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: Ca‘be 1

‘ The: programmed crop plan for unirrigated traditional technology
farms--includes. only three. crops as against eight actually grown on the
sample-of ‘these farms in 1967-68 (Table 25). T

lable-25.Crop Plan: Actual 1967-68 and Programméd Under -
S i Unirrigated Traditional Technology - . .« -.-. /.
69 Category 1 Farms, Jabalpur District (M.P.), India

Crop BRI .. Programmed . ‘... Aotual
. . .. .. .- ~.:. . hores - . |
Wheat local unirrigated---.. .. | Dt 6468 T e 10,17
‘Paddy local unirrigated ~,. . 5,48 - . 5.67
‘Masoor unirrigated - om0 ST ity 11,96
Gram unirrigated ‘ o - ka6
Pea unirrigated . M. 7 .26
Jowar unirrigated o o cenre w38
Arhar univrigated B A L
Urid-moong unirrigated T R - -

The largest area was devoted to one of the unimportant pulse crops,
namely..pea, which was due to the fact that this year there were unusually
good rains in the winter season which were beneficial to this crop.

The actual area under this crop averaged only .26 acres per farm, vwhereas
the programmed crop plan allots 11,49 acres. In terms of cost of grow-
ing this crop it had about the same cost as other pulse crops; however,
the price of the crop wa3 Ra. 1.05 per kilogram, and hence gave a net
income better than the wheat crop which is usually the most profitable
.erop. Net income was increased in the programmed solution by only 10
percant. - -

Changes, in‘Crog Pattern

_ .- On examifiation of the crop plans suggested by the programs in all
the ‘categories, it is evident that the programming procedure has gseleated
' fewer orops than were actually grown in that category of farms in 1967T~63

(Table.26). For all four technological categories, the prograrmed crop
"plan cgmpletely eliminates the three pulse crops, i.e., masoor, gram
and .arhar,

© - In respect to wheat the four categories allocate 57.78 acres in

'tpe'adtual crop plan which had 3,03 acres of dwarf wheat.,. The pro-
grammed crop plan does not find dwarf wheat competitive.and allocates B
©9,76 irrigated acres to local wheat as against 6.41 in the actual plai.

‘The unirrigated and total area under whoat is -increased.


http:Table.26

| 25 |
- Crop Pattern: Actual 1967-68 and Programmed
. 172 Farms, Jabalpur District (M.P.), India

e e A
Ui TR R

' Table 26,

L

Gooda iy D R A Y Lo R N ST
e "0 Aotual i ol et ol prbowammad s v
“Crops. Acres Percent Acres . : ' Percent

ffWhe'at(dwarf_‘;),;irr:!.gatgq.., 2003,  . FNRPR
‘Wheat(Local) irrigated 6y s ix e
'Wheat(ic“)aéi)‘ﬁﬁﬁrisd‘l\zﬁéd%{éhﬂ"' Vit ISR %
-TotalVhest . . . . 578 ¥9,0 7525 66,0 .
iﬁé“dgg‘(_,q?{gzj;)“irriéated': o s ‘ et 222 ,
“Pady (Gueie) wreigated 35
Paddy (looal) irrigated’' 4,43

i Paddy(local) unirrigated26,60 .

' fotal Baddy . 392
Masoor irrigated Zir. 26
Masoor unirrigated | 8.68 L

- ~-Total-Masoor . . .. ¢~N8-94
.Gram irrigated .47
 Grem unirrigated = 12,29

- Total Gram | . ., ¥ 43 geioer
‘Ped drrigated i 10

Pea unirrigated | " 1,73
- Total Pea

: Motal Vegetables . . . 1,47 )"
Total Arhar o gt 3 B T
)

Total Urid-Moong .82 W07 Ty
Total Lesser Millets .62 Loones

In respect to paddy the actual plan had only .89 acres under dwarf -
varieties, but the program devotes the entire irrigated acres . in category -
4 to dwarf paddy and increases unirrigated paddy to 1.98 acres. . The
programmed plan reduces unirrigated and total paddy area. o

Thus in aggregate the existing cropping had 76 perzent area for
wheat and paddy. The program increased it to 85.5 percent indicating o
shift of 9.5 percent of the area from other crops to wheat and paddy.
Particularly the shift to wheat may be dictated by the extremely faior-
able weather of 1967/68. The faricers generally included a variety of
pulse crops to meet the uncertainty of weather and variability of prlees,
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Sinoe these riska and uncer uaintiee were not accounted for ‘in pro- T
gramming the solution, ’che above shift was indicated. rA .greaten: shift
to new paddy varieties was not poas:.ble in actual practioe because ,of
the unavailahilitv of seeda in 1066-67. . .« o o tibe sea e

{Net Income Increase

" The totﬂ net income 1ncrease by programmed allocation of resources
ain the four categoriee of farms ranges from 10 to 22 percent (Table 27)

Ehble 27. . Net Income' Actual 1967-68 and Programmed

ot ''472 Farms, Jabalpur. Distriet (M.P.), India

Gl s o 9iif4"f>””$ ‘Actual’ - Programmed ' Net'  Percent
Category i D Trieome ¢ - Income ‘Gain °  Change
g D0 oIt T Rupees "+ .
1. Traditional unirrigated 5089 fﬁi . 5603 BT L SN o
2 ‘Traditional irrigated  TI69 - 7 8092 923 M2
5 Advanced unirrigated 9735 11001 1266, ..+ 13
4o Advaneed irrigated 1803 - 14473 2670 22

[ B

" The most important variation in circumetanoe between actual farm
decision—making conditions and that of the program is with respect to
knowledge of weather. The program coafficients reflect the weather which
actually occurred vhereas farmers must have felt considerable uncertainty
with respect to weather. With these assumptions, the maximum income
inerease shown by programming was observed on the advanced irrigation
farm, The minimum increase in income was seen on the unirrigated tradi-
tional farm with an increase of about 10 percent, followed by traditional
irrigated and advanced unirrigated farms with increases of 12 and 13
percent respactively. The increase of income by 10 to 13 percent as
obtained by linear programming procedure is hardly of economic signifi-
cance in light of the weather and other sources of uncertainty.

. On category 4 farms the rise in income was large. A 22 percent
change in programmed income from the actual suggests that there is un-
doubtedly some disturbing factor in their allocation of resources. A
comparioon of the crop plans of actual and programmed shows the differ-
ence. On the actual farm 3,03 acres of land had been allocated to dwarf
wheat, whereas the programmed allocation did not bring this crop in the
solution. Growing of dwarf wheat and dwarf paddy were new to these
farms and hence cost of cultivation was high because the dwarf variety |
seed had to be purchased at a price, whereas for other crops the seed
was locally produced. Since growing of these two crops is a new experi-
ence, the farmers have not yet attained a high degree of efficiency.
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Although there were many farmers who obtained high yields, there were
some who had only modest increases. The growing of these crops re-
-quires a higher degree of management and skill., In subsequent years
when the farmer will have his own seed and has gained experience the
cash cost will decrease and the yields would be higher to make the crop
more competitive., One acre of dwarf wheat required 40 kilograms of
"geed, but all the farmers did not buy it. Some had it from previous
years and others had to buy. Roughly helf the farmers had to buy dwarf
wheat, In other words, the cash cost of Rs. 115.8 was inclusive of
this Rs, 20 this year but will not be so next year. Thus, for the
‘purpose of programming the net income per acre would increase by Rs. 20,
Since the shadow price of dwarf wheat was only Rs. 18.22 above its
present price, its inclusion in the optimal solution is certain if
adjustment is made for this component of cost. In addition cash cosb
restriction may not be felt. Thus the farmers really have not violated
the optimal allocation and they may have taken this fact into account
‘while growing this crop.. Thus allocating acres of dwarf wheat according
to. its present price considering that the present high cost was only
for the initial years, cannot be considered nonoptimal. ‘ :

Apart from nonincluaion of dwarf wheat, the inclusion of 6.02 acres
of irrigated dwaxrf paddy as against 0.54% in the actual plan greatly
increased the income of the programmed solution, Since dwarf paddy was
a:new introduction,; there was not sufficient sced available for all
farmers to enable them to grow this erop at the desired level and hence
this restrietion should have been imposzd on the program to determine a
realistic program. Accordingly a new programmed solution was derived
with the restriction that dwarf paddy cannot be grown more than what
was actually grown in the existing plan. The revised programmed net
income not only comes closer to the existing income but also the crop
pattern includes the dwarf wheat which was left out in the previous pro-
grammed plan., Table 28 compares the two programmed plans with the
existing plan., : ‘

Table 28 shows that when the programmed plan was not allowed to
grow more dwarf paddy than the actual, the programmsd income was only
“14 percent higher than the existing innorne. This increase of 14 percent
“in income was also due to withdrawal of acreage from pulse crops to
wheat and increagse in irrigated paddy which had shown better performance
due to lecs than normal distribution of rain this year. In a normal
- year the difference in yield of local paddy between irrigated and unir- ,
rigated is not much.

Thus most of the apparent nonoptimality of the advanced irrigated .
farm is explained by the presence of pulse crops and lack of adequate
. irrigated paddy. The dwerf paddy crops show high marginal value product.
~"An acre of dwarf irrigated paddy could raise the net income by Rs. 233.
~/This shows substantially in advanced technology the unavailability
- of ‘'modern inputs can greatly retard the income raising potential.

Taking the sample as a whole the average net income could be in- ‘
_ oreaeed by 12 percent and most of- 'bhis increase would be confined 'bo ‘bhe



28

Table 28, Crop Plans: vACHUAT 1967168 4nd Programmed.

| ,,a;*"“awﬁihbutpaﬁdJWithTDWarf?Pdaa&fRésﬁfiéﬁipd”f?Tf
0 55 Category 4 Farms, ‘Jabalpur Distriet (M:F.), India
o e SR PR -S SR

Aty L

e e ) .
R R L :7‘.;“._-‘&” e Leiee
: -vnnno“"

s 2R

P R

P s

UV . :

oSN L . Progrmed
ol o, withoutT T with .
S ™ Actual - restriction | restriction.
- -mTT7Uplan’ on dwerf paddy on dwarf paddy
Wheat(wart) irrigated . 3,03 T o

Wheat(local) irrigated T 2.0 ¢ 6,02 e
Wheat(loeal) unirrigated S 11.55 0 7T 15,91 L0703
Paddy(dwarf) irrigated ST sk g2 AR S
Paddy(dwarf) unirrigated © @ 35 7. 1,98 . . 03D
Paddy(local) irrigated TR q,g3 e D 5,48
Paddy(local) unirrigated U .66 s T 348 .-
Masoor irrigateqd SR e et T
Masgoor unirrigated
Gram irrigated DAL
Gram-unirrigatedq - -~ o
Pea irrigated
Pea“unirrigated. oo oy ciub
Vegstables irrigated . ..
Jowar unirrigated
Arhar unirrigated

Net:Inoome: (R} *; 14,803 iy 13,552 ...
_Rlmoressedn Tmoome. . ..l .iz2 .o iuge

o

B A

Lioale

.advanced irrigated farms which are in a state of disequilibrium due - to -
the recent -introduction of dwarf varieties of wheat and paddy. If it .
is assumed that in a couple of years the farmers have adjusted to the.
new crops, then théir alloeation would become such as to allow income
increases of 10 to 12 percent by a programmed solution which is drawn
under 'perfect knowledge and certainty. Thus, the logical conclusion.is
that the farms in the sample on an average are allocating their resources
close to the optimum and the extent of gain by a sorhisticated pro-
grammed allocation is insignificant under the pattern of existing re- . .
sources,. - : - - . , S

- Table 29 shows' the' comparative marginal - values of limited. resources
on these four categories of farms under the basie assumptions set forth:
above, . . oo L o e ‘ . N,
...~ +The cash expenses in category 1 are not a limitation as shovn by: .
zero.marginal value product (Table 29 e Similarly on category 2 farms..
the limitation of -cash is very slight. Both of these categories are : ..
traditional. and have ‘adjusted to the requirements of cash through .a long-
period of experience. On category 3 farms every additional rupee brings
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9. 537,)M@rsinalvvaluQ\Erpdpct§Q£§Résouidéa?{ffﬁﬁ)57
Farms, Jabalpur. Distriet (M.P.),. India,::1967~68

< -~
w o oy oe ot

| . Categories i s
Traditional Advanced -
... - Unirrigated Irrigated Unirrigated Irrigated -

Cash Expenses S 0 }i‘f 0,38

Irrigated rabi land == ~= sooir 97693 s
Irrigated kharif land = o= a 69.69-
Irrigated summer land =~ == 0
Unirrigated rabi land = 99.70 ;i ;  T4.68
Unirrigated kharif land 0 yv 0

Total crop acre 165.87 . 153.05

Rabi irrigations = 50,72
Summer irrigations | — "éﬁ, 23,23

back a net income of Rs.' 2,01 and here cash expansion is, clearly indi~
cated, These farms have moved from traditional technology and are.in :
the process of adjustment. toe CL e
A good response to fertilizer in a favorable rainy year required
more cash expenses than what had been actually used., Similarly on cate-
gory 4 farms the cash expenses seem to have been very limited and the. .
possibility of great income increases by expanding cash expenses were
indicated by marginal value product of Rs. 4,65 for every additional
rupee. In thig category the potential of advanced technology comes into
full play. The dwarf varieties require much higher cash expenses than
what had actually been spent on thes: farms. Since the present ce.sh
expenses were short of this requirement, a very high marginal value }
product of Rs, 4,65 was obtained. In both categories of advanced tech-
nology the need for expanding cash expenses is clearly indicated for
the development of full potential for income increases. o

The second important limitation is the restriction of total ‘erop
acres. On category 1 the marginal value product of total crop aores
was highest with Rs. 165,87. These farms had a higher intensity of
cropping than the category 3 unirrigated farms, as this was the only
way that the category 1 farms could increase their net income. The
irrigated traditional (category 2) farms also had a fairly high marginal
product for total crop acres as shown by Rs., 153, In spite of tnis,
these farms had a lower intensity of cropping than the unirrigated tra-
ditional farms which may indicate their concern to conserve fertility
by keeping low intensity of cropping. The total crop acres had marginal
value product of Rs. 93.75 on category 3 farms suggesting expansion of -
oropping intensity as the logical course for these farms., The cropping.
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“iniensity on category 4 farms was already 142 peroent. 'The marginal -
j_value product of ‘total land acres is zero. & ST

A very important resource is rabi and kharif land, but is not con-
; sidered for expansion because of the difficulty ‘of inecreasing the size
~of holdings because of heavy pressures of population. However, category
3 shows the highest marginal value product for unirrigated rabi land,
showing that these farms make better use of unirrigated land than even
the category 4 farms which represented the highest technological cate-
gory. This is mainly due to the fact that on category 4 farms major
-attention is on irrigated land,






:CHAPTER IV
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EFFECT ., CN: FARM ,:‘onamx__zdm:;on -AND.-INCOME OF -«
 RESOURCE EXPANSION

‘Seven Alternative Resource Restraints

> In order to find the most feasible program for increasing income
seven situations will be examined, as follows: (1) no change in re-
sources from the bench-mark situation presented in Chapter III; (2) a
10 percent increase each in cropping, cash expenses and irrigated area;
(3) a 25 percent increase in cropping and irrigated land plus cash ex-
pense increase of 10 percent; (4) 10 percent increase in eropping and -
irrigated land plus 25 percent increase in cash expenses; (5) a 25 per-
cent inerease in cropping and irrigated area plus 25 percent increase
in cash expenses; (6) a 25 percent increase in cropping irrigated land
and 50 percent increase in cash expenses; (7) a 50 percent increase
in irrigated area and cropping plus 50 percent increase in cash expenses,

- In all seven situations increase in irrigated area by a certain
percentage is accompanied by increase in the number of irrigations by
the same percentage. The above situations can be viewed either as an
.average for the sample over a period of time for the purpose of planning
or may be viewed as individual applications for a particular farm or
group of farms at a point of time. For unirrigated farm situvations 6
and 7 may not apply. The above situations allow the total holdings to
remain the same, but permits the cropped area to increase either by more
irrigated area or more cropping or both.

Programmed Income (cateéory 4)

_ The programmed incomes for various situations deseribed above are
shown in Table 30 for the advanced irrigated farms in category 4. As
shown in Table 30 there was not much difference between situations 2
and 3, which have cash expenses 10 percent above the present use as com=
mon, but in situation 3 the cropping and irrigated area is 15 percent
more than situation 2, The income gain difference between the two is.
only one percent, -

In situations 4 and 5 the cash expenses were equal at 25 peéercent -
above the present use and the difference again lies in cropping and ir-
rigated land. In situation 4 eropping and irrigated area was 10 percent
above the present use while in situation S5 it was 25 percent above the
present use. Once again the difference in net income gain was only two
perdent, o '

H
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. " Net Income: Actual and Programmed With
:Resource Expansion on Advanced Irrigated Farms

5 Category ¥ Farms; Jabalpur Distriet (M.P.);+’
PR India, 1967-68

- Actual P¥ogrammed

“Situations ettt iaast eniamen LROOHE . Income . Gain
T e T e o ARV RO SOl VPR s Ly T . o
| Rupees Percent

1'Nocchange ‘in.ressurces = i o [irmnnt 1958038 tot MbhBine o1 22
2 10% more- eropping, 10 @more " .- ,Laniuars o8 Lo g iisedie savon
cash, 10% more irrigated area - .:i L 5,H390 0 anr
3:25% more eropping, 10% more - R
~ocash, 25% more irrigated area. ~ '
10% more cropping, 25% more ' @ °

~:cash, 10% more irripgated area =
5 25% more cropping, 25% more - e e
cash, 25% more irrigated area =i .iv.v A
6 25% more cropping, 50% more - B R G R SRS S S IR AR SR I S A TeT S
cash, 25§% more irrigated area ' i urfugnc Line 184880 . 01600
T 50% more cropping, 50% more o
cash, 50% more irrigated area. . -~ ri.0 e troetlo 19,305! .7 =" 63

" Between situations 6 and 7.which have common ekpensés of 50percent
above present use and call for 25 percent more.cropping and .'irrigatedf
area, the gain in income difference between the two_was only three per-

gent, ’ | o

There 1s immense scope on these farms to make big income increases
‘not only by optimal allocation of the existing resources but also by
expanding the present resources as shown in the above table. In com-
paring situations 2 and 3 or 4 and 5 it was found that when cash expense
was common the difference in net income was not gignificant, which indi-
cates that the real contributing factor to raising net income was the
cash expense. This is supported by the marginal value product of cash
_expense which remains above Rs. 4 for all. situations except 6 where cash
expense was expanded by 50 percent as is shown in Table 31 of marginal .
value products of limited resources under different situations, In
situation 6 the crop intensity is raised only by 25 percent whereas.. .
cash is raised by 50 pereent and hence the M.V.P. of cash expenses drops
considerably. , . ‘ D e e

‘Programmed Tneome (category 3) .
. . . o R < ~ . L ,". 1')»' o
As indicated earlier the present allocation of resources by, the.. .
average farm though not optimal is quite near optimal, because the pro-
grammed inccne is only 13 percent above the actual income. Since the

financial position of the advanced unirrigated farmers is good, the
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Table 31. - Mhrginal Value: Products With:Resource: xv
R R muEkpansion on' Advanced Irrigated: Farms -
55 Cetegory 4: Farms, Jabalpur District (M.P ),
India, 1967-68

i TR Land
Qﬂmm'”r ‘.; -+ Cash ma-"’:_"_ﬁ Rabi B Rabi
~Situations soosmeeess o - Expense - -Irrigated - Unirrigated Irrigated
ey ’ - Marginal Value Product in Rupees
1:, No change in resources - M.65 157 210 172
2“ 10% more eropping and ’

i 10% cash %65 157 210
«~ 10% more irrigated area S ' -
3.-25% more cropping and PR L : .
.. 10% cash - 4,65 157 210 -T2

... 25% more irrigated area e ‘ .
4 10% more cropping and

25% cash 4,30 168 203 170
10% more irrigated aresa ik B R o !
5 25% more cropping'and - . v S

- . 25% cash o Be65- v 1857 ¢ ¢ 210 <172

- '25% more irrigated area . . v vt L : e

6 25% more cropping and N o S ‘
50% cash 1.9 - 259 - S

25% more irrigated area
7T 50% more eropping end @ ¢ ST :
50% cash o b5 157 . 2100 172
" 50% more irrigated area ' . L A

possibility of increase in cash expenses together with increase in in-
Ateneity of cropping may offer substantial gains in net income. Tbble 32
.shows the changes of net income under various situations descrlbed before.

.., As indicated in Table 32, the big potential for increase in income
hlies in increasing the intensity of cropping whereas cash expense in-
. erease does not seem to be sufficiently remunerative. For example,
.eituations 2 and 3 which differ in cash expenses by 15 percent have a
difference of net income of only 1 percent. On the other hand, situations
2 and 4 differ only in cropping intensity of 15 percent with a net in-
-come difference of about 5 percent, which also does not seem to be very
‘attractive. Situations 2 and 5 differ by 15 percent both in crop in-
tensity and cash expenses with a corresponding net income increase of 9
percent from the programmed income of situation 2 and a total gain of
27 percent from the present actual income. Thus it would be logical to
expect that the feasible expansion would be either situation 2 which
“increases net income by 18 percent or if the intensity of cropping can
be raised by 25 percent, then it would be prudent to go directly to
situation 5 which increases the present income by 27 percent. :
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Thble 32. ~ Net Inocome: ‘Actual and Programmed With:::
o Resource :Expansion-on Advanced Unirrigated Farms
21 Category 3 Farms, Jabalpur District (M.P«);:
India, 1967-68 .

- Aetual.  Programmed . Percent’
. Income - Income Change
B il oen O P - e - ; -mA_.wI...,};.--u,.M.Rugees e )
h1 Nb change in resources ) . 19,135 11,000
2''10% more cropping and 10% cash L, 568‘  co
'3.-25% more cropping and 10% cash . .~ V11,675
‘4"'10% more cropping and 25¢ cash ' “11,914 o
‘5 25% more cropping and 25% cash : ST g
6. 25% more cropping and 50% cash . - ; T 2,676 0
T 50% more cropping and 50% cash '~ . _139806

-

, On unirrigated farms it may not be possible to raise the 1ntensity
~of cropping by more than 25 percent and hence.the only situation which
cén be reached is situation 6 which gives about 3 percent more net in-
come than situation 5., In other words, the income increasing possibil-
ities on category 3 farms are very limited, primarily because these
‘farms are operating at near optimal allocation of resources,

The above inference is supported by the marginal productivities of
land and cash expenses. In most of the situations stated above the
marginal productivity of either rabi land or total land remains above
"Rg, 200, In situations 3 and 6 cash expenses are shown in slack and-
their marginal value product is zero. Even in situation 5 where in-
_tensity of cropping has been raised by 25 percent the rabi land had a
marginal value product of Rs. 93.75. The restriction of total erop
~acres is most acutely felt when cash expenses are in slack activity such
‘as in situations 3 and 6 when its marginal value product was Rs, 230,21,

. Thus the real potential change in income for this category lies in
its change in cropping intensity. The other possibility lies in further
technological change such as use of higher rates of fertilizer. per crop
acre or introdaction of dwarf varieties of wheat and paddy, which is the
‘logical direction for this category of farm., This possibility has not
been considered because none of the farmers li2ve grown dwarf wheat or
paddy. Thus for the present, this category can raise its income by 13
percent by optimal allocation and another 14 percent by raising its
intensity of cropping and cash expenses by 25 percent. In case some
farmers feel that they are willing to taite more risk and are prepared to
raise the intensity of present cropping by 50 percent, situation 7 indi-
cates that net income could be increased by #1 percent it oaéh expenses
‘are also raised by 50 percent., :
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;¢ The 'programmed:-allocation in .category: 1. farms resulted in ‘a net
income inerease of only 10 percent which shows that this category of -
farms: is:-nearest to: optimal allocation. The possibility of increasing-
the net-income in the present technology .are extremely limited. - As it
is, its intensity of cropping is. high, and the cash expensea in the e
program ‘have been ehown in slack. .. s

However when its resources both caah expenses and: crop acres are’
increased by 10 percent the programmed income indicated 17 percent: more
income than the present actual. The cash expenses once again appear in
slack indicating zero marginal value product. That is the best that can
be expected in category 1 farms. - P ' : :

Any further expansion of crop acres may not be feasible., In case
the farmers are willing to take that much risk and are prepared to raise
the intensity of cropping by 25 percent, then with ohly 10 percent addi-
tional cash the present income can be raised by 23 percent or if the
cash expenses are also raised by 25 percent, then the net income could
rise by 28 perecent. However with 25 percent more cropping and 50 per-
cent more cash expenses the net income increased by 29 percent, a rise.
of only one percent at the cost of 25 percent incresse in cash expenses.
Hence the most likely change that could be brought about is situation 2
in which net income is raised by 17 percent from the actual with only
10 percent more cash and cropping. In Table 33 the gain in income for
different situations is reported.

Thble 33.Net Income: Actual and Programmed With Resource

A Expansion on Unirrigated Traditional Farms
69 Category 1 Farms, Jabalpur District (M.P )s
By AN India, 1967-68 )
e Actual 'i Prosrammed | Percent
§§EHE§19“B ... .Income Tncome ~~ . _Change..
: Rupees,
“No ehange in resources 5,080 . 5,603
;“10% more -cropping and 10% cash . 5,99%%
' 25% more cropping and 104 cash . R v5,994
10% more cropping and 25% cash e 6,266
©25% more cropping and 25% cash LT 6,516
' 25% more cropping and 50% cach  ~ .~ 6,582

;~4Chhn4%\1h§fﬁ

50% more cropping and 504 cash U ; 71; . 14299,




Programmed Tncome (category 2)

The gain in net income by programmed allocation was found to be 12
percent in the case of. traditional irrigated farms. The above increase
in income does not show much promise in programmed allocation within the
existing resources. Looking to the present intensity of cropping, this
category of farms shows that there is- sufficient room for enlarging the
cropped acres. Cash expenses can also be easily increased. Thus it -
would be appropriate to examine the programmed allocations and the re-
sultant gain in net income under various situations described earlier.

In Table 34 the changes in net income in the above situation are reporjbed.

‘Table 34.Net Income: Aotﬁal and Programmed With Resource.-
Expansion on Traditional Irrigated Farms L
27 Category 2 Farms, Jabalpur Dn.strict, (M.P.),:

T SIS STIT ©:.oo . India, 1967-68
Sy s owne D Actusl  Programmed | . Percent
Situation’s o Income . . . Income o e
- - . . _@Ee_e_ﬂ; . L T
i No. change in resources - L 7,169 8 092 . 122
2..10% more cropping and 10% cash | S
10% more irrigated area T To ~8 717 S B
3 25% more cropping and 10% cash
25¢% more irrigated area 91577 . 2D
4 104 more cropping end 25% eash ¢ o foumnd aecf delle ¥ alide
104 more irrigated area conln £ ,9!*9 e 2k
5 25% more cropping and 25% cash - i Lo oyurpods! *‘.‘
25% more irrigated area TR A 9,555 34
6 25% more cropping and 50% cash
~ 25% more irrigated area 90 T8Y e 36,
7 504 more cropping and 50%. cash.

50% more irrigated area o 11,217 NN T

It can be seen from Table 34 that situation 3 which requires only
10 percent rise in cash expenses end 25 percent rise in cropping and ir-
rigated acres raises the net income of the category by 33 percent more
than the present incomes. Even situation 2 which requires only 10 percent
more cash, cropping and irrigated aercs raises income substantially by
21 percent, As indicated earlier these farms are at a relatively low
intensity of farming and hence a 10 percent or even 25 percent more
cropping and irrigated acres is within the possible range of expansion,
with corresponding substantial increase in net income,

For this category of farms situations 4 and 5 are not relevant in
that they call for higher level of resource allocation without com-
mensurate returns, For example, situation 5 requires 15 percent more .



oaah expenses ‘but caueee;net ‘income to: vrise -hy onlyﬂ peroent more than
<gituation. 3." Similarly,~situation 4.requires-15.percent more cash . .than
s:l.tuation 2 but the net :l.ncome r:l.eee only 2 percent more than eituation
s In caee the cropping and irrigated area can be increaeed to 50 per-
;-cent more, then it would be worthwhile to go to situation 7 which: raises
net income by 56 percent more than the present net income. Since such
a large increase of cropping may not be possible, situation 3 may repre-
sent the logical goal for expansion which increases net . .income by 33 per-
cent.
&e Moe'b F‘eaeible Resgurce Exgneion |
r.a".h : .
Having examined the effeot of expansion of resources under various
situatione on production and income, the most feasible situation of ex=
pansion was determined for each category of farms. A comparison of the
potential of income increase in different categories according to the

‘most . feagible situation of expansion along with the net gain due to re=
eource expansion is reported in Table 35. . k

Table 35. Gain in Income From the Most Feasible
© s Situation to Expand
172 Farme, Jabalpur Distriet (M.P. ),

st §EAN nettne ety 4 Tnoome by Programming  Net Gain by
Category and .. . With Expanded With Same = Resource
“Sftugtion ' "+~ Resources ~ Resources -~ Expansion
et - o Percent ‘
o Tradit:l.onal unirrigated L
.- 10% more eropping . -  17... .. . 10 . . T
~1.- 108 more cash- expenses e e B R S L
2' Traditfonal drrigated =~ 7 T cEealo s
.". 5% more cropping and e AT
:lrrigated area , ;33':‘.; PRI S : : 12.‘ i 1 , A o d
_25% more cash expenses o STHLE DRGIOID % 0 hine
»3...10% more oropping. ot D Leptton per vegtag b g B
10% more cash GXPenBeB o83 e ag ogonn IBs 01000
4 25% more cropping and ’ '
irrigated area : 6o
25% more cash expenses SRR L 0k

L2 L : : B Y AR T I IR IT IO T
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41 onTr Table 35 it 'is shownthat a substantial'net gain-on rescurce
expéneion occurs only on irrigated farms,- On(irrigated farms aleo, -the
largest net gain was found on advanced farms which was more thar double
the gain on traditional farms and is more than six times that of tradi-
tional unirrigated farms. On unirrigated farms the net gain on resource
expaneion was T and 10 percent only. ‘This gain was calculated on the

baeie of ‘an extremely favorable rabi season in - |967-68 _
- : : oy _ Corendd T

SRR : U A

P"z-agggmed Cropping Pattern for the Sample =~ . o0t

The cropping puttern of the sample is represented by the sum of
the average acres grown by each category, so it can be compared with
the sum of the programs derived for each cateégory. Thias will indicate
the change in cropping pattern which may be brought about by programming
for  the sample as a whole., Table. 36 compares the programmed. cropping
pattern with the same resources, with 10 percent more" resources, and
with the actual cropplng pattern. : S : ;
‘ *” The program with the same resources used less crop acres than the
actual (Table 36). The same-was true for the program with 10 percent
more resources which could use 128.34 acres (116.68 plus 10 percent)
but had used only 185.98 acres. The crops that were found noncompetitive;
namely, dwarf wheat, masoor, gram, jowar, and arhar were not-grown in
the programs. These crops were grown on 26,57 acres in the actual crop
plan, i.e, 22 percent of the area was under crops which were noncompeti-
tive, In the competitive crops, wheat had 56.78 acres in the actual
erop plan which was increased to 75.25 acres in the programmed crop plan
with..the .same resources. When the resources were.enlarged by 10.percent,
wheat acreage was not expanded but was slightly reduced to 73.17 acres.
b
- -The acreage of oaddy in the actual plan was 31,92 acree, which was
reduced to 22.39.acres in the progranmed crop. plan with the same re-.
sources and was raised to 29.18 acres under program with 10 percent more
resources. The reduction of acres under paddy is mostly confined to
unirrigated local paddy. The dwarf paddy a¢res have'been expanded under
irrigated and unirrigated conditions in both the programs. - The local
irrigated paddy has been between four to five acres in actual and pro-
grammed, In other words, 16.53 acres of unirrigated paddy was under
nonoptimal use together with 26.57 acres under noncompetitive crops.
Thus, the total area under nonoptimal use comes to a little over 37
percent of the cropped acres,

sy - . .- N . R
R R AL T AN

The cropping pattern in actual and programmed:in terms of percent-

age area under each crop is shown if Table 37 a1t iwl
, . T T B I AT S
' . :v(\"lf. a "‘,I‘""":‘ri .'S;.
Production With Em ansion of Resources T L wend 0%

In addition to changes in cropping pattern, it would be appropriate
to see the effects of programming on the nature of production of various
commodities and compare it with the existing production. In this respect,
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Cropping.Patbern: Actual and Programmed

'+ ;1 172 Farms, Jabalpur District’ (MiP.); i
b B Inddd, 196768 1 el
] Jn ey T LY ot TR IR T S AT e s !
R IR I B e U o O PHE
N BRI R O N R L - - Programmed -

o ’ Same - 10 Percent .
Crops- - Actual Resources. | More Resources .
g ', RN gt .. Aores . - o
Wheat dwarf irrigated 3,03 . o
Wheat ‘local:irrigated” « | « ; : 5,0 . ; '9.76; - 1073
Wheat local unirrigated ' ' ' "MBi34' ' ' 65.M9° g4}

iTotal Wheat 56.78 75.25 . L T3e1T
Paddy dwarf irrigated - . . . : L5k: . 6,02, < 6.62
Paddy, dwarf unirrigated ' 7435 - 1,98 3475
Paddy local irrigated 4,43 4,32 - k.56
Pdddy local unirrigated 26,60 10.07 = k25 .
Total Paddy by 392 2239 L 129,18
Masoor. irrigated .26 - -
Masoor unirrigated _ 8.68 - e B
Gram irrigated [ A RN SRR e e :
Gram unirrigated ' ' ' 42,29 .° - R g
Pea irrigated .10 C 111 o 1.23
Pea unirrigated R, 1Y & © 139 15,77
S S T 23453 15,02 - 117,00
Vegetable irrigated 1,17 T .Th P 1,0
Jowar unirrigated .87 -— _—
Arhar unirrigated =~ . 97, ., e 0 lem
Urid-Moong unirrigated: ' « + 1 ;82: 1 o7 i 4,15
Lesser millets unirrigated .62 1.84 R N
Total - 116,68 T 11531 - T 125,98
|

i : .
the sum of the average farms of each category produced 23,596 kilograms
of wheat, 13,029 kilograms of ‘paddy, 6,013 kilograms of pulses, 395"
kilograms of millets, and 904 Iilograms of vegotables during the yeaxr
of inquiry. The change in production is shown in the following tables
for each category. : :

| :
¢+ As indicated in Table 37, the percentage increase in production
by, programming is relatively small even after inorease of resources by
10 percent except in the case of advanced irrigated category, where it
ranges from 22 to 24 percent.. fo S : :

1



Table 37. ‘ : Production: Actual and Optimum
172 Farms, Jabalpur Dlstrict (M.P.), India, 1967-68

o

Tradition Unirrigat'ed | Tradition Irrﬁ' gated Advanced Unirrigated Advaﬁced Irrigated o

Actual Exist- Actual Exist- Actual Exist- Actual Exist- -
: Existing ing 10¢ Existing ing 104 Existing ing 10% Existing ing 104
Crcps ‘ ‘ Resources Res, more Rescurces Res,  more Resources Res. more Regources Res. more
o Kilot:rams _
Wheat (dwarf) irrigated — —_ - — -— -~ -f_ - 2453 -— —_—
Wheat (local) irrigated - — T ee 74396 1550, 1703 R - —_— 1067 3150 346k

2at (local) unirrigated 2907 1898 - 1223 : - 3015 - 5348 '5216. Tk 10741 10880 5614 7733 Thk2
Total Wheat . 1898 + 12235 M1~ 6898 6919°  71kk 107M4 10880 . 9143 10883 10906

Paddy (dwarf) irrigated - 598 6676  T3h1
Paddy (dwarf) unirrigated _, - —_— 208 1178 2231
Paddy (lccal) irrigated st 1177 } 2035 1226 T2
Paddy (local) unirrigated 18:)7 ; 171;7 2499 1843 .: 2898 — o am
Total Paddy 18073 17247 2499 13020, 4930 7854 | 9572 &

o -—J ——— —; e

2148

Masoor irrigated

Masoor unirrigated ,”3
Gram irrigated i)
Gram unirrigated 480
Pea irri;ated 05
Pea unirrigated 200"
Arhar unirrigated . -~ ‘15‘
Urid-Moong umrrlgated~

Total Pulses 2 1180‘ :
Vegetsble irriga'bed R 236
Jowar unirrigated : 58

Less millets T

GRAND TOTAL L 1558 19028-,20769

Percent increase
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Effect.of Variable weather oanarm Organization
. - p'}i( ‘,

The above estimates of income increases with programming for re-
source expansion are based on the data of a.very good rabi rainfall
Year. The eropping pattern suggested by the program shows a distinet
SWing of acreage to wheat with a corresponding reduction in pulses and
Paddy The existing cropping pattern in general and that of traditional .
farms in particular shows substantial acreage under pulse crops which
generally glve good yields in bad rainfall years. It would, therefore,
be’ 8Ppropriate to view the results of this programming for resource ex—
pansion with caution and examine the possible effect of different weather
on cropping patterns ‘and incomes.

.Sinee: ‘the monsoons are known for their vagaries rather than normal~
itY and no two yedrs.are alike, three different weather situations were
defined below for. the purpose of examining the likely effects of differ-
ences .in weather on the programs studied,

i .-
S|
L

W. I' The net incomes per acre of irrigated wheat 1ower
than 1967-68 by 10 percent and that of unirrigated-
wheat lower by 25 percent The net income per acre
of irrigated raddy higher by 25 percent and that of’
unirrigated paddy higher by 50 percent. All other‘ﬁ

. .orops remain unaffected, This would be likely ir

'»distribution of rainfall was normal.

The net incomes in wheat reduced as defined above ,
s - but the irrigated paddy incomes higher by 10 percent
e riveisiime 80A- that  of  univrigated paddy higher by 25 percent. .
. . All other crops remasin unaffected. This would be
likely if distribution of rainfall was favorable
V_in kharif and normal in rabi. :

. WJIII: The net incomes in wheat reduced as defined above
Uk '+ but no change in paddy and all other crops remain

, - unaffected, This would be likely if rainfall -
mactmsus o o WES NOTMAL for rabl and some moisture stress. in. ...

' ~ ~,gkharif as was the case in 1967-68. -

o e e met i e b

Uhder the above defined assumptions of weather new coefficients were
assumed and-a program was drawn for each category- of- farma, . 1. o

) .
PR . I SRS o . s o dx

2 . . ‘ I T o S R LT TR VL]
Pt A S SR L S I S IR VI

Sropping: Pattern snd: Income (category U) - .. Lo e

Tables’ 38 and 39 show the new programs for advanced: irrigated fanns~;
(category 4) based on the differént assumed weather conditions. B

The optimal programs for advanced irrigated farms had little varia-,
tion in the 4 different weather situations, both in respect to ecrop =
patterns and incomes (Table 38). In Weather I the programmed income L
was closest to actual income with a difference of cnly 12 percent. It
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*'I‘able:38. Cropping Pattern:

42

Actual and Programmed With .:

_Different Weather on Advanced Irrigated Farms
““55 Category - Farms, Jabalpur District (M.P ), :

I L LS T

Pr Qgr'anméd l Crop Plar}

Vegetable irrigated

; - Actual
o ~ Crop Plan = e T
i .19_67-768 ._1967-68 W, I W.II. e I
, TR A - . Acree Sy o
Mﬁéaﬁ"dwarf'irﬁgated 3.03; 2 3.91 2 38 1,81
Wheat local irrigated SR04 "’2'74 3,07 4.20 :
Wheat local unirrigated 11.55 17 03 _ 1}.63_}1,5,9 15.91
“Paddy dwarf irrigated i ..51}3 : 2, 0Bl i"~.-‘;51¥‘§ LU SRR
“Paddy dwarf unirrigated e 35 _"-‘.’35 T35 35 T W35
"Paddy local irrigated : 45937 5,48 5,48 5,48 5,48
Paddy local unirrigated 7.66 ‘3.48 5.60 4 06 33T
Masoor irrigated Do AU o
Masoor unirrigated ; AR
Gram irrigated 09T
. Gram unirrigated e
Pea irrigated
Pea unirrigated - 1,11‘

a2

Ne® Income: Weather I
Net Income: Weather II . If«iniufti st
" ~Net Income: Weather III .. .. ., ‘.,y,._-,;-'l

11 ,805 12,1}11
'/‘,'10‘,432. ERBE & ,801?.,,,
?9v780 g 1,1 137_5.'

Jowar unirrigated : SN

Arhar unirrigated -

’l‘able 39. Tnoome: Actual and Programmed With Different
- ..;~ Weather on Advanced Irrigated Farms L

55 Category 4 Farms, Jabalpur District (M.P Yy

A 'Ihcome Actual = Programmed Change
Sk P RO .-~ .. BRupeos . . - Percent
- Net Inoome° 1967-68 R .:"11,18‘03" 13,552 e 14

+12 .
e 130

+ 16
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“appears that’ the farmers may have planned the cropping*with the'expecta~
. tion of this weather. This is supported by the optimal eropping pattern
‘also inasmuch as it allocates greater acres to pulse crops with this
‘weather situation, while in all other weather a minimum of acres needed

~to meet the pulse requirement was allocated. SR

e Ihe cropping pattern on these farms. shows very.little. aensitivity
“to variations in weather and the profitability of erops shows a distinet
dominance for cereals as against pulse crops. The fact that a number.

of pulse crops are grown by these farms may be because of diversification
to insure against unexpected bad weather since these crops yield equally
well under various weather situations. For instance, the weather of

the 1967-68 programming led to only 14 percent increase in net income,
Out of this 14 percent increase about half of the increase was attained
by reorganization of cereal crops mostly by diverting unirrigated paddy
to irrigated and the other half of the increase was by diverting pulse
crops to wheat. In other words, the element of error in allocation was
‘only 7 percent and the other 7 percent may be the cost of insurance for
keeping more acreage under pulse crops than was provided in the optimized
‘allocation. Thus the allocation of resources on these farms was not

only optimal but can withstand great variations of weather.

. rogging Pattern and Income gcategg;x 22

Ihe existing and programmed cropping patterms and incomes in differ-
ent:weather situations for traditional irrigated farms (oategory 2) are
;reported in Tablen 40 and #1.

;ﬂhble 40. Cropping Pattern: Actual and Programmed
With Different Weather on Traditional Irrigated Farms
- 27 Categpry 2 Farms, Jabalpur District (M.P.), - .
xw:ﬁ.n 2 . . India, 1967-68

* Actual o e
Crop Plan Programmed Crop Plan

Crop 0 1967-68 _ 1967-68 W. I W, II W, IIT
Wheat irrigated R I i 374 374 3.7 . 3.TH
Wheat unirrigated 1T 1981 - . L '
Paddy irrigated . - . . 2,5 . ' 432 . 4,85 3,47 .. 3112
Paddy unirrigated ‘ 5.89 10,00 1,84 .
Masoor irrigated 26 ;
Masoor unirrigated i 2052 et na 108 448400 1,84
Gram irrigated R ) ' S
Gram unirrigated . . .. i, 254 LRI R ST R LSRR BT I
Pea irrigated .. ;o iooee 6080 TR 01911t i 1344 w1 11 1, 11{ff‘
Pea unirrigated - - T4 WO Dot G H)fiui nx S
Vege'bables ' .92 071" . 022 ) o o 1 9"'»
Jowar 5 .Og . o e
Arhar e ‘ S 9 8 17097 17097
. 1,84

Lesser millets 62 .84



L‘th.eLM.; Income. A&,!tual and Programmed With, Different
brphe e Weather on Tpraditional Irrigated Farms ..

FATON 27 Category 2 Farms, Jabalpur. District (M P, ),

e e w4 5o, India, 1967-68 o

',V.

Ihpome o Actual Progfamned_v Change
h— -‘ — .ﬁ;;;_,;; ;:, Mgi _ Rugees T L..;;_U Peroent
-Net Income° 1967-68 St J'f-:;r; 7,169 g 092w.~ i 12
Net Income: Weather I‘ v 3 T2 8126 13
Net Incomez Weather IT - :fﬂti‘ 6,768 . x7 911 a;«+ 16
_Net Income: Veather III . . \° ' 6, 415‘ 7 796 420

In Table 40 it is seen that in Weather I the programmingfcould have
increased incomes by Rs. 34 only over 1967-68, However;:it would have
required a considerable change in cropping pattern. For ingtance, un~
irrigated wheat was completely dropped to bring an expansion of unirri-
gated paddy and arhar crops. The pulse erop acreage was raised to about
12 acres as compared to 1.11 acres in the program of 1967-68 or 7 acres
in the existing plan. In the other two weather situations, the pulse
crops assume a major importance as both wheat and paddy crops do not
fare well.

. It appears the farmers have correcm;J anticipated the weather of
1967-68 to be favorable to wheat, but.4s a caution Mave grown sufficient
pulses to insure against the error in expectation. Since the weather
proved to be extremely favorable to wheat, the existing allocation of
11 acres in unirrigated wheat fell short of the program which allocates
the entire unirrijated area of 19.81 acres to wheat, The existing alloca-
tion is such that even if Weather I prevailed, the differcnce in either
the existing or optimal income would not have made a big difference.

Perhaps these farms have allocated acres as an optimist for good
weather, because they were closest to 1967-68 weather, inasmuch as they
are only short of 12 percent from program. If the adverse weather of
Weather IT and Vieather III had occurred, these farms would have been
shorter by 16 percent and 20 percent respectively from programmed in-
comes. In other words, it shows the traditional irrigated farms' de-
pendence on good weather as against the advanced irrigated fhrms which
would have been more optimal in Weathers I and II, :

2iunine Patitern and Income (category 1) f:n*;'

-The existing and programmed cropping patterns and incomea in 'dif-
ferent weather for traditional wnirrigated farms (category-1)'are:shown
in Tables 42 and 43. . R ST ‘
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'"';Table 42. - Cropping Pattern: Adtual and Programmed Withi s ©i sl
- :Different Weather on Traditional Unirrigated Farms

.,», lb 1:‘969 Categoryﬂ ‘Farms, - Jabalpur. Distriet (M P. ), S B B
mwodh ot {8 wtoyeios) oIndla, 1967-68 - e

Actual
Crop Plan - Pro ammed Cro Plan

. 1967-68 1967-68 W I WS IDT W IIn

e ;;.‘i\ ; MN:N R Aorcs RN ,

007 eles 5.47 6,64 6.64

P et »‘5;'67-»\'-—». - 5; !"8 e an 6;6u -‘«~5;l‘8"'~-"'~~—-5748'

L 14960 ,

: n - 4.16: t‘:","”; : Be1AN
" .26 M8 1149 11,49 11.149

L AR ot A g s A ML S Gl R R S . R GO T A AP

Ur:Ld-Moong Frou G822 j;q;i}_z

Lesger millera EAREH A S &
- . ' v, ke
) 5T L)

L (S R L USSR P e, £
: ‘ J ' e TSN
Table 43, Income: Actual and Programmed With Different e
Weather on Traditional Unirrigated Farms R Al

'69 Category 1_Farms, Jabalpur District (MePe), ... .....
India, 1967-68

Income moemryr s feen, .. Actual o Prograx‘qugg_,;- . Changa -
| l‘ A RuEe et o Percent
Net Tncome: 1967-68" ~* . 5,089 ' 5,68 410
Net Incomes Weather I 488 _  560%  +16. .

o e

Net- Incomet Weatner II fend 4,669 5,1,&47 +116

Net.Indome: Weather ITL =i .~ B39 5.231 T

R [ 2N

" It is clearly shown in Table 42 that the programs in all kinds of
weather are more or less the same, Eleven acres in pulse were maintairid
with marginal adjustments in wheat and paddy. The traditional unirri-
gated farms like the traditional irrigated farms were closest in opti- .
mizatlon in a very good weather year only. As the weather became ad-
virse, the nonoptimality increased and reached 18 percent in weather
condition IIXI., This shows that traditional farms are very vulnerable to
bad weather., The unirrigated farms usually allocate large acreage to e
pulse crops and this was also.suggested by the programs. e
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' Cropping Pattern and Income (esbegory.3) . :winttsi sebaqers . S ofdyT
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The existing, and programmed cropping patterns-and:inéoniés in dif=
ferent weather for advanced unirrigated farms (category 3) are shown .
in Tables 4k and 45, ..

o gt g whee o 444 s st e
Sresein s m el Gme et i e e bvemeneg] ) i e I et -

.
IR

Table 44,  Cropping Pattern: Actual and Programmed With S qorl
D070 Different Weather on Advancdd Unirrigated Farms e
STTTTRLS721 Category 3 Farms, Jabalpur District (M.P.);
":;!3}'.“1 foy g E =In.d'ia’ 1967*’68

. ;
Lo e

FEa

v or o

: h Actuai‘w: P ’(»",:'x.-';s}i
V'C:"ops Crop Plan .- . Programmed Crop Plan Fuat

€T el it bng67-68". T967-68  W. I W, II W, TOI
' o Acres o

/Wheat - o 15.45 . 23,13 23,00 23,00
‘Paddy T 7.38 4,59  18.84 BT b6l
‘Masoor st 2e5T . ; ‘

Gram S — 3.5 ,

Pea , L 33 121 10,17 134 1,34
Jowar L - '

Arhar ] SRS ATET b Domesonn ©oDitg LEoFon dovearl o3 opluad
Urid-Moong anye® boh ‘

.
et -
,4.‘1‘1'\ Tt

A

¥

P ROT ne radyne]
Lo nants Povamontal 09

R R R T

. v g v B o M et e e e e e A bt B hnchoe
EYTS. o a-e -

et

o L bt st gt o

Tabls' 45, Inooties ‘Aotial and’Programmed With Different
Fnong Weather on Advanced Unirrigated Farms =~ - .
21 Category 3 Farms, Jabalpur District (M.P.),;.‘.’ -

: India, 1967-68 : ol Eok
A i)"‘"‘g".‘l - .

. oyt \ e e '
Chienl remontl 2all

Income, - 1Y ...+ Actusl  Programmed:: _:::Change"
NS £ i ‘,%"‘ Ve Rupees . .~ et T Pexcent
Net ~Tiisomes 1967268 T TS i1 600 e
Net»mcometweather Iw’- y | IR A _s§’978;'! Ll 9'578

e mm e Ceen, e b4 v sevrer

+ 13
oo ¥ 6

Net~Incomet Wea'bhef ;‘Iil RIS ;"s”a‘v:“);il-? 8,542’; £t 8,883 S '*'mu)
Neb Income: Weather ITT -\ "1 7 8,106 "= ' 8,613 4.6

.+ The advanced unirrigated farms as shown in Table 4l were closest.
to optimal in Weather II in which the programmed income would have been ’
only U4 percent above their existing income. It appears that advanced '
farms tend to follow a cropping program with a view to being closer to
bad weather rather than good weather. This may he due to the fact that
the cash evpenses on advanced farms are high and hence they may be try-
ing to hedge against losses in bad weather,

e

G e ima  ARNB RS b S A € R AR A N AR et e e


http:Pea3-.29

b7
...+ Thus on the whole the traditional farms in the weather of 1967-68
‘were found to be closer to programmed incomes than the advanced farms,
However the advanced farms had probably allocated resources in such a
manner that if the weather turned out to be adverse, their losses would
have been minimum. From the point of view of variable weather, the best
allocation was made by the irrigated advanced farms which gain or lose
at most by only 2 percent in any of the U4 weather situations, The un-
irrigated advanced farms are on the other extreme where if the weather
becomes adverse, they stand to gain only as compared to traditional
farms which stand to lose only for any other weather than that of 1967-~68,






- CHAPTER V
Ce

TMPACT O IRRTGATION AND TECHNOLOGICAL GIANGES

xens ooIn India-it is difficult to:increase the area of land: holdings in
farms. Operating capitalahas‘some'possibilitiesffbr‘expansion in the
near future. The most promising possibilities for increasing production
and incomes seem to be in the areas of irrigation and changes in tech-~
nology. . T L '? S

., .- 'The potentials for improving Indian agriculture through moderate
-expansion of resources were examined in Chapter IV, In this chapter
-the likely impact of changes in irrigation and technology will be in-
.vestigated in detail, . o

~ Returné to Irrigation and Teéhnologx

The returns of the 172 sample farms in 1967-68 provide information
on the existing situation as related to irrigation and technology. The
linear programming for the four categories of farms, based on the sample
farms, gives an indication of the poasibilities with various changes in
resource use. The comparative detailel study should provide gujidelines
for use in determining future change: in agricultural policy and in the

organization of individual farms.

Irrigation Potentialities -

The marginal value product, as determined by linear programming, of
rabi land on irrigated traditional farms was Rs. 97.93 and on irrigated
advanced farms it was Rs, 172.71. This would indicate that traditional
farmers could afford to spend up to Rs., 97.93 for an acre of rabj, irri-
gation water. In like manner, the advanced farmers could spend up to
Rs. 172.71. This indicates that the marginal returns from irrigation
on the advanced farms are 76 percent higher than on the traditional farms,

In considering the marginal value product for irrigation it would
be an error to treat kharif and rabi irrigated land separately. Vhen a
farmer adds an irrigated rabi acre an irrigated kharif acre is auto-
matically addea, hence the marginal value producta should be considered
Jointly. Thus an irrigated acre of traditional irrigated (category 2)
land has a combined marginal.value product of Rs, 167.62 and on advanced
irrigated (category 4) the combined marginal value product of irrigated
land is Rs. 330,62 and expansion of every acre under irrigatior can be
expected to increase net income by the above amownt. In view of this
Joint censideration returns on the advanced irrigated (category 4)
farms with an additional capacity of one acre of irrigation would be 97
percent higher than on the traditional irrigated (category 2) farms.

48
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Since the returns to irrigation in traditional agriculture are only
about half that of agriculture with advanced technology, investment in
expansion of irrigated area may be slow and may not be possible if the
~dmual ‘¢cost of the expansion is higher than Rs. 167.62 per acre. How=
- ever, in.the case of advanced technolog ", more rapid expansion of ir-
-rigation capacity can be anticipated. ’ B

The above estimates were based on the marginal value product of ir-
rigated land and applies to additional expansion only. If, however, a
‘larger expansion of irrigated area were considered, it would be appro-
~priate to estimate the returns on the basis of average value product of
‘drrigated land over unirrigated land. Such an estimate would be rele-
vant to the farms in the unirrigated categories also. A comparison of
the average net returns per acre from irrigated and unirrigated areas
on the basis of programming within the constraints of existing cash
expenses are shown in Table 46, .= - = .

‘Table 46, - Net Returns Per Acre of Irrigated And' ~* i =
Loptooa L L0 Undrrdmated Land . v
i oon - B2 Irrigated:Farms, Jabalpur Distriect (M.P,), . %
ey owihocay ooy who v Indda, 1967-68 , IR A

N T S P SN
ARSI KA A IS A A

‘Irrigated ‘Cafégory" :Peroent
Category 2 Category 4 Income Difference
Traditional Advanced Difference in Income

Rupeos

'Verage net income per - '
‘irrigated acre . . _'_ffl6297,

N : ' { N 1’1’30 ‘
‘Average -net income per . - - on ool
unirrigated acre . - c2Ug. oo M52 03 it
Difference in net income . . U7 I UL Lo it
due to irrigation ' 380 678
‘Percent difference in = .o friglowir ndd ool palei 20 ‘
income due to irrigation '.-152%:. 't . -1508 0 me 0 e

On the basis of average returns both categories of farms (2 and 4)
had per acre incomes with irrigation about 150 percent higher than unir-
rigated acres. Thus irithin respective technologies the relative returns
to irrigation were about equal even though the actual returns in advanced
category 4 farms were much greater (Rs, 678 per acre versus 380). When
returns are compared between technologies, the advanced category U4 farms
gave 80 percent higher net returns per irrigated acre than the tradi-
tional category 2 rarms (Table 46).

It is of inter¢st to observe the difference in net return per acre
for unirrigated traditional and irrigated advanced. The irrigated ad-
vanced sategory 4 net income per acre was Rs. 1,130 while the unirrigated
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'traditional~category 2.vag: only Rs. 249 or the .one:was 354 percent more
‘than the other. ::This shows the extent of scope for raising income if
bqth the. advanced technology and irrigation. are 1ntroduced.

. The average value of a well and pump reported by the sample farms
was Rs. 3,554, Considering the depreciation and the rise of prices,
-an’ investment in She neighborhood of Rs. 6,000 may be required now for
a well and electric pump (Rs, 4,500 for well and Rs. 1,500 for electric
pump). The cost of oil pump is much higher and estlmated to be about
Rs. 4,500, The im ¢stment required for oil pump farmers may be about
Rs. 9,000 ineluding well. The average irrigated area on category 2
farms was 4,85 acres and hence returns were calculated on the basis of
4,85 acres of irrigated land. Given the above investment and using a
20 year life span for a well and 10 year life span for a pump, the esti-
mated annual cost of irrigation per farm for two different modes of ir-
rigation are shown in Table 47.

: As indicated in Table 47 the annual cost of an oil pump is almost
double that of an electric pump. The returns to irrigation differed
greatly depending upon the mode of irrigation. The returns to irrigation
also will be affected by the technology. The returns to irrigation in
traditional and advanced technologies by the two modes of irrigation

are reported in Table 48,

The rate of return on investment to provide irrigation with tradi-
tional technology was low compared to advanced technology. A 9 percent
return from irrigation with an oil pump is not attractive enough to cause
rapid expansion of irrigation. If electricity were made available to the
farm, it would be more attractive with a 22 percent rate of return.

Table 47,  Estimated Annual Cost of Irrigation by
Electric Pump and 0il Pump

pookiet o Jebalpur Distriet (M.P,), India
Eleoctric 011
i i ,Pump Pump
o | o  Bupees
Depreciation on a well costing Rs. 4,500 S
with a 20 year life span e 225 225

Depreoiation on pump with 10 year life’ span
" (Cost of electric pump, Rs. 1,500; oil
pump, Rs. 4,500)

Apﬁual cost of servicing and ruming "

TR TN WP S )
bt : P

S ARTO

Total arnual dbét“
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Table 1&8 ‘Rates of Return From Irrigation Investment
“’ L7 With Traditional and Advanced Technologies .
** 82 Farms, Jabalpur District (M.P.), India, 1967-68 °

Traditional Advanced
y Technology Technology
0il Electric oil Electric
Purp Pump - Pump Pump =
gien - v 7 o ~ Rupees
Addi'bional net income from 4 85 L Lo : o
acree of irrigation RECAER 81#3 ‘ 1,843 - 3,288 . 3,288
ER ST A TR R - : .
‘Cost of irrigation . . . . 975" ' " M5 915 475 -
Net gai- due to irrigation U868 1,368 2,313 10 2,813
sInvestment required. :.... 0299000 - 5,000 .. 9,000 6 OOO“
el T R e pereent U
‘Rate of met return = . it o0 U9 b s2200 1125 k7

- .
RS 27 L T DU, I “ . o S J O T . eov i

‘- The returns to irrigation are higher with advanced technology.
The oil pump gives a 25 percent return and an electric pump shows a g
‘percent return. The application of advanced technology appears to be
closely related to the creation of irrigation facilities. It would
gseem that they are dependent on each other -— and hence the question of.
technological change may be examined under irrigated and unirrigated
conditions on these farms.

Shift from Traditional to Advanced Methods

' Changes iri Tnecome

- . Computations were made to determine what the gain in net income
.might be if category 1 and 2 farme were to operate with the advanced

‘technology of category 3 and 4 farms. These results are reported in
Table )‘l'9o

The largest calculated potential gain in income was for category
2 farms, with a gain of 60 percent (Table 49)., This gain was due %o
two factors, name’ rrogremring with existing resources and a change in
technology. 1% ~upranmieng goln wvas only 12 percent, thus the net
gain from a chrnae of technology was 48 percent, This ascessment of
gain by prograimring and technological change has an implicit assumption
that the farmesrs have the neceanary management skill to handle the
interaction of change in resources and technology.
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Table ll9.. rrrr Net Incomes . Actual 1967-68 and Programned
i) e - Under Traditional and Advanced Technologies .
o 172 Farme, Jabalpur District (M.P. ), India’

Category
Traditional Advanged
R Pagyh e 1 2 3 4
“iTtem SR Uhirﬂigated Irrigated Unirrigated . Irrigated
: ) ﬁﬁéees T
Actual Income 1967-68 - .5,089 7,169 ,735 : 11'803
Progranmed Income: v ; _--‘
Traditional Technology 5,603 8 092 ‘;-i. o -—
Advanced Technology tf 7,234 11 478 ‘ 11 0017 14,473
Gain in Income Ky V4, Peroent wghzfjk
Traditional Technology 10 2o ST
Advanced Technology b2 60 .., 43" 22
Gain by Technologibél IR
| Change 32 W8 e
o 1S S NS ST ST B S SN SR

Technology offers substantial scope for traditional unirrigated
*farms in years of gcod rainfall, - However, the element ‘of risk due to
“adverse weather is more, For instance, the advanced unirrigated farms

¢~vld have obtained an income of Rs. 11,001 during this favorable year,
but if the rahi weather would have been adverse, i.e, Weather III, the
programmed income would have gone down to Rs, 8,613 or a drop of about
"Re, 2,400, It appears that these farms are aware of this risk and henec:
have followed a cropping pattern which ig near programmed income in
adverse weather. In other words, in order to remain in advanced tech-
nology, these farms have to plan for adverse weather and refrain from
full returns of advanced technology. It is mainly because of this risk
element that farmers are reluctant to adopt advanced technology on
unirrigated farms,

- Changes in Production

In years of good rainfall the unirrigated traditional farms (cate-
gory 1) can register an increase of 24 percent (Table 50) in aggregate
production if they come to the level of technology attained by the
advanced unirrigated farms of the sample.

Under traditional technology, programming brought about gains in
income by doubling the produotion of a pulse crop (peas), wherecas when
the tedhnology was changed, two pulse crops and wheat production were
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Table 50. Production Potential of Programs in- Traditional _
and ‘Advanced Technologies Compared With Actual on 69.-
Traditional Unirrigated Farms in Jabalpur District \M. P. )
India With Existing Resources

Tr:*ﬂ;ﬁ‘~'~~77"i"---2~ e . _Programmed Production
SR S T Existing Resource

~ Actual Traditional Advanced
"ggppp Tl Lt Pooduetion Technology Technology -

: kg,

Wheat local unirrigated LEUe2907 Tt 1898 L . 5326
Paddy local unirrigated At
Masoor unirrigated A S
Grain unirrigated R R s
Peas unirrigated 2031, 1885 -
Jowar unirrigated o "'l“'fff 'C."f
Urid-Moong Unirrigated REEA I G S ‘ 585"
Total pulses : ot 3031 - .;‘2421
Jowar unirrigated » , B
Leaser millets e "ﬁ::wf¢~eb SR
Tctal millets et s L
Grand Total 'f e ©6eT6 T T797 -
% change in production 6% 2hg

oy ity e e

increased. The paddy erop became uncompetitive and was dropped from
the program, while in traditional technology it was reduced only by 3
percent in production, but the wheat production was reduced by 35 per-
cent.

' Under the existing resources a technological change on irrigated
‘traditional farms (category 2) can bring about a 41 percent increase in -
aggregate production as shown in Table 51,

The extent of gain in aggregate production by programming under
traditional technology was only 3 percent which calls for heavy re-
duction in pulses and paddy production. The increase in production is
confined to only wheat and lesser millets which were not considered im-
pcrtant crops. However, tedhnological change brings about a general
expansion except that vegetables and lesser millets were dropped. More
than 50 percent increase in wheat, paddy and pulses were brought about,

Shift From Unirrigated_to Irrigated Technology

Irrigation requires considerable fixed investment in digging a well
and installation of a water 1ift. The average investment in wells with
pump by the irrigated farms was Rs. 3,554 znd the average expenditure for
water 1ift was Rs. 2,712, Thus the total of Rs. 6,266 was reported.
However, for future projection a greater investmnnt would be required
for two modes of irrigaticn and is reported in Table 49,
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ble 51. Production Potential of Programs in. Traditional e
.and Advanced Technologies Compared Witk Actual on 27"
. Traditional Irrigated Faims in Jabalpur District (M.P. )
' India Within Exlsting and Expanded- Resources

ST S . _optimal Production

L AR S E L Existing Resources
SR - Actual =~ Traditional Advanced
., Crops Production Technology Technology .

JfWheat dwarf irrigated

Wheat local irrigated 1957
Wheat local unirrigated 4816
Wheat total 6773
Paddy dwarf irrigated 4569
~Paddy dwarf unirrigated e
Paddy local irrigated

" Paddy local unirrigated .
Total paddy 569

" Masoor irrigated
* Masoor unirrigated
Gram irrigated
Gram unirrigated o
Peas irrigated - EE N
" Peas unirrigated T
Tuar unirrigated
Urid~Moong
Total pulses .
. Vegetables irrigated .
Jowar unirrigated R
Lesser millets
Total millets
Grand Total e
& Change in Production . . .

How much area will be irrigated will depend or the individual
situation., There were two categories of irrigated farms with average.
drrigated area of 4.85 and 6.02 acres. For a safe and conservative
estimate the lower figure can be assumed to hold true on an average for
_the above investment. Hence 4,85 acres of land can be irrigated by
making the above investment. It was assumed that the farmers would be -
willing to increase their cash expenses by 25 percent on becoming ir=-
rigated farmers., Although the farms in the size group are in a position
to increase their cash expenses by larger percentages, a conservative
increase of 25 percent will hold good for the average. In respect to
total crop acres an intensity of 142 percent of total cultivated area
will be assumed because this intensity was attained by category U4 farme,
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A similar investment would enable the category 3 farms to transform
themselves to category 4 technology with 4.85 acres of irrigated land,

25 percent more of cash expenses and 142 percent of cropping. According-
ly, with this new resource structure the category 1 and 3 farms were pro-
grammed with the technological matrix of category 4 farms and the pro-
_grems obtained are presented in the following pages to see the possible
changes in income, crop pattern, and production which were open to

these categories (Table 52), :

Changes in Income

Table 52, Income: Actual and Programmed in Technological ™" &0
o Change. to Advanced Irrigated Technology (Category 4) '
PR 90 Category 1 and 3 Farms, Jabalpur Distriet -
v | (M.P.), India, 1967-68

i
o

R et
Y pon el I

e | .. 7. ‘Percent.
: i Actual - Programmed . . Gain From
%7 Income Income f,'~rActual’
| ~Traditional unirrigated >, 5,089 7,81Q:fi *f;ﬂif;§fjj
3 Advanced unirrigated 11,0001 14,115 . U5 .

W

and organizing according to the optimal program the category 1 farm
could increase income by 51 percent. However only 9 percentage points
of this was due to irrigation alone, which is not impressive, However,
the low percentage rise attributed to irrigation is due to the year
1967—68 being a good rainfall yexr and also because the 25 percent rige
in cash expenses may not be sufficient to meet the cost of irrigation
and advanced technology as was suggested by the marginal value product
of cash expenses which was found to be Rs, 6.24%. The present level of
268h expenses in this category was Rs, 725 and was raised to Rs, 906

vhich was falling very short of requirement as indicated by high marginal
value product.

4o - By creating irrigated area of 4.85 acres, using advanced technology

In the case of category 3 farms the present level of cash expenses
vas high, an addition of 25 percent was considerable and hence a rise of
Income from actual was. by 45 percent. Since category 3 farms were al-
ready in advanced category and programing had increased income by
|3 percent, the remainder of 33 percent rise in income was due to ir-
rigation.

Although cash expenses were found limited and had a marginal value
>f 4,65 the limitation was not as acute as was the case in category 1.
fhe acute shortage of cash expenses in category 1 was also evident from
the fact that irrigated land and total crop land were being shown in the
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nslack activity, ‘in -gpite .of the fact that there was. .an. option 10 take

' dwarf: paddy both as irrigated’ and unirrigated- crop., In fact, the pro=:
Jgram:took only 1,13 acres of irrigated dwarf paddy in irrigated kharif
1and and left the reat as unsued as shown in Table 53. N

Table 53, Programmed Resource Use of Unirrigated
Traditional Farms Under Advanced Irrigated
Technology (Category 4)
69 Category 1 Fanns, Jabalpur Distriet (M P ),

al!‘l {,:‘»;;‘,‘,.’:; i India, 1967-68 N T RS
‘Resotrces” .~ ' Ugear Unuged ' - ~Tota1'j S MR
T | | STt hores -
Land kharif unirrigated L0 L4329 1329
Land kharif irrigated o113 a3 B85
‘Land rebi unirrigated 13,29 . .40 ;- 43,290
Land rabi irrigated - - 4.85v Coin 0o B85
Land summer irrigated- ’ 0. 485 .. ;4,85
Total exr-p acres s 9 27 C BT 28075
B o Ty Bupees e
Cash Expenses o 906;31 | 0o u»905-31 - 6.24

S ey

[ PN

Income Gain in Shift to Advanced Irripated Teohnolozz

The income increase possibilities of unirrigated farms if con- .
verted to irrigated advanced technology are shown in Table 54. In
order to allow these farms to operate under irrigated conditions their
existing cash expenses were increased 25 percent, Since irrigated
traditional farms already had irrigation their cash expenses were not
increased. Thus the extent of gain by each lower category snd tach~
nology on transformation tu the highest technology in irrigated advanced
technology has been determined under the cash restraints specified above
and are shown in Table 54 with the marginal value produots of cash expen

'réble; Sk, . Tncome Gain by Programming in Shift te
' Advanced Irrigated Technology (Category 4)

Yoo 117 Farms, Jabalpur District (H P.), India, 1967-68

L , ‘ Gains from M.V,P. of
Category _ Existing Income Cash Expense
A ' Percent Rupees

1 Unirrigated traditional 51 6,24

2 Irrigated %4raditicnal o o 60 o o 6.2k

3 Uhirrigaced advanoced
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In Table ‘54 by changing the lower technology farms to advanced':
irrigated ‘technology (category 4) farms, incomes can be increased .sub-
stantially. Although cash expenses were increased by 25 percent for the
unirrigated farms, the marginal value product of cash expenses remains
high. This suggests that greater incomes can be obtained by raising

the level of cash expenses,
AR

Cash Needs of Technological Change

In the study all the categories were close to optimal resource al=~
Jdocation in Jabalpur District. A similar finding wag found by Raj
Krishma in the case of Punjab (India)., He observed, '"Many recent studies
seem to support the hypothesis that even in traditional agriculture,
peasants make highly rational or near optimal use of limited resources
(including knowledge) they have, considering all the effective constrsints.
To the extent that resource allocation by peasants is rriional, policy
makers can concentrate on resource expansion." Anotr .- inquiry by T.P.S.
Choudhari, et al2 found in the case of Delhi farmerz that their alloca-
tion was also near optimum. Mellor staiesd "The logic for believing
that farms are relatively efficiently organized i. low income countries
is strong and is based on the relatively static nature of conditions.
With static level of technology, physical conditions and factor costs,
farmers gradually evolve efficient organizations."

However while studying the cropping pattern of Gujarat State, Desai4
found that on the principle of comparative advantage, the crops could be
shifted from one area to another and the resultant cropping pattern
could increase the gross income by 39.25 percent. Similarly, Kapur and
Kahlon® found in Ludhiana District (Punjab) that with optimization and
technological change incomes could be raised by 77 percent, But this
was possible because it was assumed that as muchcash as was needed could
be borrowed for higher technology and better cropping patterns. Desai

1. RaJj Krishma, Indian Jovrnal of Agricultural FEoonomies, Jan.-Mar.,
Vol., XVIII, no. 1, p. 181,

2, T, P, S, Choudhari, et al,, "Optimum combination of competitive orops
in the intensive cultivation scheme area Delhi," Indian Journal of
Agricultural Economics, Jan.-Mar,, 1963, Vol., XVIII, no. 1, pp. 143=153,

3¢ John W, Mellor, The Economics of *esricultural Development. Cornell
University Press, 1966, p. 135.

4, D. K. Desai, "Economics of Cropping Pattern in Gujarat State," Indian
Journal of Agrionltural Economics, Jan.-Mar. 1963, Vol., XVIII, no. 1,
p. 111.

5. T. R. Kapur and A. S, Kahlon, "Optimum Cropping Pattern for upper
Dhaia Region of I.A.D.F. District Ludhiqna (Pur:jab), Indian Journal
of Agriocultumal Econcmics, Jan.-Mar. 1963, Vol. XVIII, no. 1, pp, 49=
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_ had ‘worked with state production figures and, hence, cash expense. was
“hot considered. In many other studies, it has been found that changing
cropping patterns lead to greater incomes or production., It appears '
‘that in all such macro projections of changing cropping patterns, the
assumption of resource expansion is implicit. In other words, although
there is optimal allocation at the micro level, yet on the basis of
technological change or comparative advantages, the macro cropping
pattern may offer greater incomes, provided the relevant constraints

‘at the micro level are removed,

It would, therefore, be appropriate to examine what income ;aising
potential exists for Jabalpur District farmers if their cash expense re-
strictions were relaxed and they were able to invest for ccnstruction
of wells, etc., to become irrigated farms, In Jabalpur, the average
rainfall is nearly fifty-five inches per year giving surface wells -
capacity for four to five acres of irrigation. However, only 4.55 acres
of irrigated land has been assumed for these farms as this figure was
-the average for category 2 farms. In cash expenses, different levels
were tried. '

Casl expenditure was raised successively by twenty-five percent
t1ll cash was shown in slack., Crop intendity was kept at 142 percent,
the same as that reached for category 4 technology. The increase in
income and the marginal value products of cash expenses are shown in -
‘Table 55, o IR

Table 55. Income Gains on Resource Expansion (25§ Cash) _;,i}
In Technological Change to Advanced Irrigated Technology
s 172 Farms, Jabalpur District (M.P,), India, 1967-68

RN : Increase Percent " M.V.P.
- Cash Expense Net Change From “of Cash
,Category 25 Percent Income  Existing Income  Expense
S 906 7,810 5% 6.2k
R R q, 678 13,406, 87% ... 5.6
3 1,831 14,115 C45g. k65
'S - R LK - N - S

.. As shown in Table 55, a twenty-five percent increase in cash ~v-
penses in category 4 farms increased the income by 42 percent and t.
marginal value product of cash expenses becomes zerc. The program did
not require this much cash evpense and Rs. 87.88 remained unused. In
the program operated with the existing cash expenses, dwarf wheat was
not found competit:ve, but in this program dwarf wheat came at the level
of 3,91 acres and no irrigated local wheat was taken. In fact remaining
irrigated rabl land was shown in slack, Formerly, the emphasis was on
rabi land which now switched to kharif land. This only shows how
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;@@ﬁbbtant”it ia‘ﬁoxmeet?the'full“ogah expense requirement of the tech-
Jﬁolqsical‘change and how great the changes in cropping pattern: can become,
Tt appears that although the category 4 farms have changed technology,
they were the full extent of cash expense requirement for full advantage

was not realized, This may simply reflect a gradual shift to meet the
new potentials in order to reduce risk.

" For category 4 farms, the program required cash expenses »f Rs,
2,314.61. For other categories, a mere twenty-five percent increase in
their present cash expenses was not enough as is shown by their high
’ﬁmrsinal value products. The cash expenses for other categories were
"increased until they were shown in slack activity (Table 56).

Table 56. Total Cash Needs anu Programmed Income in 4
|’ Technological Change to Advanced Irrigated Technology
“*""" 172 Farms, Jabalpur District (M.P.), India, 1967-68

Categories ; :
Lo L Traditional 3 Advanced
\“m? ol ngere ke 1, _Unirrigated Irrigated Unirriggted .-Irr;gated
E&ih%ihELCaéﬁ ﬁigéﬁaéé o e o il
~ (Rs.) 727 1,339 1,464 - 1,922
Cash Expenses Required E
(Rs.) o ~71f7681*3mﬂ 142,036 . gxi‘52,254¢€,,ﬁﬁ d?y?lu '
Rupee increase in . 5 o P' ﬂ' S
~ oash expense om0 s 27P90 ™ 292
Percent incre.aae in —e .,..‘ S A . ,‘._M..*;um..;.- ..A..-.';...‘.,QLA..‘T.,.‘,.‘,“" .
cash expense .. 143 . BN B4 204
Existing Net Inocome .. 'f ~ awwsgil - y  7%;§35§nﬁﬂ*,;
. (RS.) . ‘ ; e ras’,olggﬁ,‘,a7’16.?“ ('-‘H“;Hw"9y735".‘e m""“1’1"8°3 )
Optimal Net Income = of' o S oo no b
- (Rs, ) P ‘i~'Li1,9Q}&t}W s 14@518}3g1.3,‘15,469:r 3 ﬂ5,712;]; 
“Percent Inorease in R TR I o o o Sl
. Income 13{; y 103 59 .3
. Vith no cash restraint, the maximum percentage gain in net income

of 134 percent above their existing incomes, is possible for traditional
unirrigated farms., Of the unirrigated farm of the sample, 77 percent

are traditional farms and, hence, about three-fourths of the unirrigated
farms have the potential of raising their existing incomes by 134 per=
‘eent, provided their technolojzies were changed and irrigation to 4.85
acres is provided. The remainder of the unirrigated farms are already in
advanced technology and need only the above fixed investment in wells

and pumps. Their cash needs will rise by fifty-four pereent with a cor-
responding income increase of fifty~nine percent,
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~ The quickest opportunity to make a large income rise is available
to category 2 ferms which have only to increase their cash expenses by
52 percent and the advanced technology offers them the possibility to
inerease their income by 103 percent. The category U farms were already
“in advanced technology but have also shown substantial income gain which
may be due to the fact that the dwarf varieties of crops have been in-
“troduced lately and the seed was in short supply. These farms were also
operating with lower cash expenc2s than are required for maximum income
.and, hence, whern their cash expenses are raised by 20 percent, their
.rige in income is 33 percent above the existing level.

Changes-in Cropping Pattern and Production I I

Apart from income changes, the change-over to advanced technology
brings about a specialization of production.for this distriet by con-
“eentrating on cereal production (Tables 57 and 58) The programs in-
“elude the minimum of pulse production dictated by the restriction of
self-sufficiency. The growing of paddy assumes a place of importance.
The growing of vegetables is reserved for the summuer season when other
alternatives are 1ackiﬁg.

It is seen from Table 58 that the programs under existing re-
.sources increases acreage under wheat and reduces it from paddy, pulses,
-and other crops. However, when advanced technology is applied to all

category farms with adequate cash expenses, specialization in cereal
production results and 95 percent of the area is devoted to cereal pro-
duetion. The four percent of the area in pulses had to be maintained
for the restriction of pulse self-sufficiency. The vegetable area of
less than one percent remained competitive for summer crops of vege-
tables., As a result of technological change, backed with necessary
change in fixed resources and annual cash expenses, the total production
registered an increase of 34,678 kilograms, The gain in production was
confined to only wheat and paddy; the productic: of all other crops was
reduced or abandoned. In Table 59 the changes in production in percentage
terms are shown.’ : : ' ‘

It is seen from Table 59 that technological ehange and irrigation
~had the potential for increasing the total production ra these farms by
iT9 percent as against only 12 percent by programming under existing
technologies and resources. .Thus, technological change and irrigation
ocoupled xith adequate finances holds the key of agricultural development.

" ‘Pechnological Crange and Small Farms

“'The’ present sample of farms ranged between ten to fifty-five aores
“in eize. The state has fifty-five percent cultivated area in farms in
this size range. But twenty-six percent of the area consists of small
farmers of under ten acres. They include aeventy-eight percent of the
farming population (Table 60).
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~g@b;e«57.- Cropping Pattern and Production:. Aotualr{~;wg-fvy?

}. L . and Programmed. aF L 6
> ;_172 Farms, Jabalpur Distriet (M.P. ), Indla, 1967-68 &
e , - Tl .
¥ Actual Programmed Under"
A Under Expanded
; Existing Existing Resources

L © .+ - Resources ' Resources & Advanced
Cropg e-ribwiier ot i g Existing & Existing Irrigated
T PSR Bl U0 Pechniologies  Technologies - Techinology
- Acres

Wheat (dwarf) irrigated i 03,03 . 0 7 40,33
Wheat . (local) irrigated,,w_;pv~ 6,41 )5,;, 9,76 . . gim

Wheat (1o~a1) unirrigated : ~48.3n Iy 65.44 s '64 23'”“

'Total Wheat ... .- 3;17f;1”‘ BT, 78 75,25 79.56
Paddy (dwarf) irrigated - '}-}“.54 »' 6 02 "7 ﬁ*“‘”l ’
Paddy (dwarf) unirrigated “"*:SB“{ - 1,98 ;

Paddy (local) irrigated b3 ﬁ" o 4 32 e T
Paddy (local) unirrigated iiwﬁfé6i363 F 10 07.... AWQ: R

Total Paddy 22.34 o 43095
Masoor irrigated Y o~
Masoor unirrigated
.. Total Masoor |
Gram irrigated
Gram unirrigated

Total Gram
Péa irrigated

veve ot ey

Pea unirrigated

13,91 5,36

| Total Pea ST L 50, L (536
Total Vegetable irrigated jch“ft,j7 e e e ety ge
Total Jowar unirrigated L8 fi{‘g;;ﬁ,f;;’f'“ o
Total Arhar unirrigated | 97
Total Urid-moong umirrigated . W82 < ome07
Total Lesser millets B 62 1, gl

117.68 s T g2k,
Total cereal produced (kg.) 36,685 © 43,428 76 348
Total pulses produced (kg.) 6,003 4,07 1,413
Other production 1,299 1,862 904
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Table~58-. mPeroentage Area: of Two Programs Compared . . . .
b e touts With Existing Crop Plan L v Do
196"-58 f'*‘jf

: 5:;:;:'3? U ALY Actual Under o Prograumed Undeyr -
cityil oy g - Existing  Existing . * Expanded
Resources Resources Hesources
oeci oo o-and - . and & Advanced
s e, ,Existing Exicting TIrrigated
. SN S Technologies TechnologieS' __Technology
oA e _ Percent of area o
I - NS N ST -
ard ;»,: “‘ : %7 . 1“ > 19, S '35
W L2 1

v Wt h e
LR S

wu‘w‘wnqw e ot e

'I‘able 59.Peroentage Change 4n . Production by Progranming
_Irrigated Advanced Technology and Resource Expansion
<472 Farms," Jabalpur Distriet (M.P.), India, 1967-68 -

s
ﬂ., N

Y L S Percent Change Percent Change
ST ' in Program in Program
o With With Resource

Lo Actual Existing Expangion and
L . Production Resources and Advanced Irrigated
Crops_- % ‘" 1967-68 Techn ologies Technology

kilogeame Percent
Céreala,; wonms sene o 36,685 L . ) 108
Pulses S0 6,003 -2 '“ - 76

Detal Produotion 43,087 ¢ w2 Jff:.;af-,i}ls +: 79M
B T T S S AR TR AP SN \Op

Table 60.  Size and Distribution of Small Fariis L
2 in Madhya Pradesh, India, According to 195‘*755.Cengqa

Size Number % of Total ~Area in & of Total. Average
in in Farms .Million . .Cultivated . Size
Acres Millions _ in State Acres Area - _in Aores

0~ 5 2.65 59 5,07 11 1,91
5401 = 10 oS4 19 6.72 15 7415
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It is apparent from Table 60 that 59 percent of the farming’ popu-
lation had an average of 1.91 acres of land. Another 19 percent of
the farms had an 'average of 7.15 acres of land, The first group of
farmers is almost like a landless labor. group and works most of the time
“on larger farms as permanent or temporary hired labor. The second g
.group is likely to be independent but makes a bare living.

. On the basis of per cultivated acre net incomes obtained by the
sampled farms in this study, incomes and cash expenses for the three
sizes of small farms and the four technological categories (Table 61)
have been estimated. The two acre farms even in category 4 obtain an
estimated net income of only Rs. 1,127 which is below the income which
could be obtained if the operator and his wife had worked as daily .
wage earners rather than operating their farm business, prov1ded of
course that they could get jobs off the farm.

3 o omgtan

‘Pable 61, ~Estimated Present Farm Net Incomes and Cash. . _ .-
‘ Expenses in Different Categories for Small Farms
Jebalpur District (M.P.), India

v chn2-Acre Farm . o .5 Acre Farm . ... 10, Acreéghrm
v moizesto Net . Cach . Neb . Caen ., . -Net  Cash
Categorvﬁfw w: _Income . Expense. . Income AEBEBQSQ 'Income Expense
i 1'M“wwk Tweesseee oo ee o Rupees .
bl 61";1& J. 8\) 1 603 200 3'206 koo
STy oy
59050 109 1,725 272 3450 543

Y120 Zj2d9r 300 4,599 601
2edn67 2,818 . W7 5,636, . 83

y R alty o2t

S e i a2 st

ROTER N

"It was found that the allocation of resources was near optimum for
category 1, 2, and 3 farms and, hence, there may be very limited scope
for. improving income through reorganization of these farms. Accordingly,
the necessary additional fixed investment must be made on unirrigated
farms to convert them to irrigated farms and the technology on all small
farms should be brought to the level of category 4 farms.

To study the potentials for small farms, increased irrlgation and
thres alternative levels of cash restrictions are assumed (Table 62).

.« ... When these fafms were programmed with the technological matrix
"of advanced irrigated technology (category. h), the following insomes
were obtained (Table 63).
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-;'Ifdﬁlé?%62’“"'ﬁi? Hy-pothetibal Re8ources:of: Small; Farmsr

b = "Jabalpur Diatriot (M.P ), India
"’1“\3" NGk
”:‘Ti.‘i.r’«".i‘;{ e n‘ ’ ok Farms SRR '
Resources ’ ‘“2 Acres ' 5 Acres - 10 ‘Acres -
Irrigated land acres e ;‘,,h"_mf‘al :_;w”,:;5 v for >
Unirrigated land acres _ - T e '75
_Total Acres of Crobé': '"”tﬁ'ih'"y“’"' 11 17
Cash_expense. (1) Rupees 625 1,251
Cash expense (2) Rupees .. B34 ,ﬁ?33§68
Cash expense'(3) Rupees 1,042 2,085
Table 63, Hypothetical Programmed Income of ‘Small Farms = .4/
o When Operated by Technology of Category 4 Farms v
e - Jabalpur District (M.P.), Ind:!a '
vl RN AN Net Income i
:caish‘w;,mpense.,mvelwm...._«‘w,.w,q.,«. e e "'2"A0r3 R 5 J".Gre . Lo 10 Acre
S : Farm Farm Farm
S " Rupees
v A i ’702 S h,216 8,264
o wd . AR S ;,VK} i "2’212 ‘ 5’2)."2 . | 8,}&25

. 2,570 5,242 - 8,425

... It is shown in Table 63 that two acre farms make an income of

Re. 2,570 when they are allowed Rs. 417 as cash expenses. The program
includes dwarf irrigated wheat at 1,66 acres and dwarf irrigated paddy
at two acres. When full cash requirements of Rs, 42 are met, the
program takes two acres each of dwarf paddy and wheat and .22 acres of
sumrer vegetable, The net income rises to Rs. 2,775. Assuming that the
family of this farm consists of six menbers, then the per capita in-
come would be Rs, 463, which is inore than the per capita income of India,

The five aure farm found Rs. 8%l4 as cash .expenses to be Jjust enough
to make an income of Rs. 5,242, In fact, the cash requirement is only
Rs. 834, Surprisingly, the five acre farm does not find dwarf irrigated
wheat competitive and instead takes 4.29 acres of local irrigated wheat.
This is because dwarf wheat requires twice the amount of irrigation
than local wheat. If dwarf wheat is taken or forced in the solu%ion,
net income is reduced by Rc. 232 per acre, :
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, The ten acre farm:required only Rs. 1,380 as cash expenses;and made
an income of Rs, 8,425, The program takes 2,14 acres of irrigated dwarf
wheat, five acres of irrigated dwarf paddy, and &.63 acres unirriggted
dwarf paddy. In addition, .22 acres of vegetables are taken in summer.
In Table 64 the optimal cropping pattern of these faxms is shown, _

RTRT N

Table 64, Programmed Cropping Pattern of Hypothéticai S
Small Farms Operated Under Advanced Technology With:.  grsiy

. Full Cash Expense Requirement N
,'f;y :, s.; L g e Fazim Sige L, ‘11'? S .
Crops e -~ 2 Acre | 5 Acre 10 Aore
S(KN‘ : '_"f‘{"‘:“,‘ y T TS '“.AOI'QB L Gealy e
%eat dwarf ’“i‘ir"i"gat'é'&<—l dcar en R e 2 2 T P TR ey ""’2 B e o LIPS »»,.“ EEE T “-|i¢~2‘,; 1 u ‘
Wheat local irrigated : - h,29 L

Wheat local unirrigated i syornl hemredsori fanive egul L8 615000

3 [ PSR A ! .,."

R T IR

Paddy dwarf irrigateﬁf‘fqrfjrﬁﬁa i ‘;{mfsfﬁby1 - 5.00
Pagdy dwarf unirrigeted oo k63
Vegetables - - 22 . 22 22

Returns to Irrigation on Small Farms =

. Estimates have been made of the returns to irrigation to these
farms in the advanced technology when the full cash requirement is
net. An unirrigated 2 acre farm in traditional technology has a net
income of Rs. 641 only, whereas the net income of similar 5 acre farms
is Rs. 1,603. However when the technology is changed to advanced ir-
rigated the net incomes become Rs. 2,775 and Rs. 5,242 respectively,
Thus Rs. 2,124 and Rs. 3,639 are the likely net gains in income to 2
acre and 5 acre farms respectively due to advanced technology and ir-
rigation. The annual cost of irrigation already determined (Table 47)
ls used for these farms, In addition the additional increase in eash
axpenses for advanced technology is also added to arrive at the added
sapital cost of irrigation and technology. In Table 65 the cost and
returns to irrigation in advanced technology for 2 and 5 acre farms are
shown,

It is shown in Table 65 that returns to irrigation remain high in
advanced technology even on small farms, In fact, the returns are
slightly higher than already determined for the sampled farms, because
those were determined at less than full cash expense limits. On a 2
icre farm the returns tc irrigation are at 12 percent level for the oil
pump irrigation. This can be increased if the farm sells water or if
the farmers were given cheaper credit for production needs. Thus, even
for small farms investment in irrigation is highly profitable under
sonditions of advanced technology.
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Table 95 ‘ Eatimated Returns to Irrigation on Small
G ’ Farms in Advanced Technology
2 Acre Farm Aore Farm
R T o 0il Electrio 0il Eleotrioe
_ Pump Pump Pump  Pump
S ’ | Rupees
Additionsl net income due to | ' . |
irrigation 2,134 2,134 263 3,639
Ammuel cost of irrigation ‘ 975 hrs 975 k75
Interest on additional cash ’
expense (Rs. 412 at the .
maximum rate of 2u4%) 99 99 - -
Interest on additional cash '
expense (Rs. 634 at the .
maximum rate of 24%) - - 152 152
Net returns to oil pump irriga-
tion, i.e, on Rs, 9,000 '
investment 1,060 - 2,513 -
Net returns to electric pump
irrigation, i.e., Rs. 6,000
investment - 1,560 - 3,012
Percent return = 12% 26%

2% 508







© .The-level of agricultural productivity in Madhya Pradesh is low
and the state of agriocultural technology has. been relatively static al-
though, the state has made considerable effort to increase farm resources.
iIn'the Third Five Year Plan, 25 percent of the Plan resources were in-
‘vested in agricultural programs yet no promising increase in yield level
of orops was visible, Similarly, 39 percent of the Plan resources were
devoted to power and irrigation, yet the irrigated area remains at the
unimpressive figure of less than 6 percent of the total cropped area.
The use of chemical fertilizers per hectare in 1967-68 was about 2 kilo-
grams as against 11 for all of India, 23 for Kerala and 36 for Madras.
The yields of wheat and paddy, the two predominant crops, are only about
half of thoae obtained in other advanced states like Madras and PunJjab.
The intensity of cropping is very low, only 111 percent and the percent-
age area devoted to commercial crops is 15 percent as compared to 21

for India. Thus, the state is in the grip of a vicious circle where
backward agriculture is both the cause and effect of low income. This
study of 172 farms in Jabalpur District was undertaken to examlne the
causes of the present low income in agriculture and to seek promising
possibilities for improving conditions.,

The sample was purposefully chosen around three different sampling
units to represent three influences; namely, the effect of nearness to
A large city, the effeot of an agricultural university and its extension
work, and the effect of the absence of hoth, The sample farms were
randomly drawn from the medium-size group of 10 to 55 acres, and con-
sisted of 90 unirrigated farms and 82 irrigated farms, The sarple was
further subdivided into traditional and advanced techniques of farming,
Thus, there were four categories of farms -— traditional unirrigated,
traditional irrigated, advanced unirrigated, and advanced irrigated.
Various factors were analyzed for the purpose of diagnosing the means
of increasing farm income. Returms to fixed resources were optimized
by emploring linear programming technique. Changes such as crapping
pattern, irrigated area, cash expenses, and technological change, were
examined in relation to their feasibility.

- Analysis of variance was employed to study the variability of groas
income per acre for various groups such as educational levels, castes,
age of operators, leadership levels, and modes of irrigation. Education,
caste and mode of irrigation were significantly related to the per acre
gross income, The rest of the factors did not show any significant ef-
fect, Farmers having the highest education had the highest income and
the ranking was in order ot edunational level. Similarly, the lowest
caste group obtained the lowest income. However, in caste groups, the
ranking of income was not according to the caste status, .The higheat
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' income was obtained by -the third caste. ‘It appéars there is an inter-
action of education and castes, the educational level of the third caste -
is higher than the rest. The third caste had 42 percent farms operated
by persons with higher educational level, while the fourth caste ..o
had only 17 percent in higher education., The first and second caste

~group each had 31 percent in higher education. C

. The mode of irrigation also shows significant differences in per
acre gross income. The highest income was obtained by farms with elec-
triec pumps and the lowest by charas irrigation. The second and third
ranking income was obtained by state tube wells and oil pumps. In order

to probe the performance of mode of irrigation further the yields of
_erops were analyzed by mode of irrigation. Since the year of the study
was very favorable to rabi crops due to timely rains, no significant
effect was observed in the yields of wheat. However, the paddy yields
were significantly affected by modes of irrigation and once again the
electric pump farms had the highest yield and the lowest were obtained
by charas :rrigation. The ranking remained the same. The consistenily
poor performance of oil pumps in yield and gross income is explained
by their low percentage of farms in advanced technology. The level of
technology is measured by the extent of the use of fertilizers and im-
proved seeds. Only 57 percent of the farms with oil pumps were in ad-
vanced technology as against 87 percent with electric pumps and 100
percent in stats tube well irrigation., The oil pump farms have less
“dirrigated area and lowest intensity of farming also. However, when a
~ comparison is made only in advanced technology farms, then oil pump
farms obtain the second best yields as shown by the yield of dwarf wheat.

.+ Using linear programming techniques an assessment was made of the
income increasing possibilities for an average farm in the four techno-

- logloal categories by an optimur =1locatlion of the reeources actually
"used by the farms in the sample. r the sample as a whole only 12 per-
_eent increase in income was poss. . This is not a significant increase,
. suggesting that the existing allocation of resources was close to optimum.
- Some sub-optinal crganization or advanced irrigated farms may be due to

" the recent intrnduction of new crop varieties. Income may increase
further as farmors adjust to these new varieties which require greater
degrees of skill in crop husbandry management such as early harvest,
greater use of water and fertilizers.

In programming income on advanced irrvigated farms a restriction on

. the acreage of dwarf paddy wuas placed because the seed ot dwarf paddy
was extremely limited. When no restriction for dwarf paddy was imposed,
the programmed income was 22 percent higher than existing income asa
against only 14 percent of programmed with the above restriction. This
indicates that incomes have been reduced by 8 percent due to nonavail-
© ability of the sced of dwarf paddy. It shows how important a single in-
put becomes in advanced techmnology. As such, the requisite production
or supply of modern inputs for realization of full income raising poten=-
tials of advanced technology are extremely esecential. This has an ob~
vious policy implication for the state, not only in the sphere of seed
but all other modern inputs, which have to be supplied to millions of
farmers in remote areas,
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- HUUUTEdppears that traditional ‘farms Gsed adequate” 6z4h for tueir

“‘neeéds.” 'On unirrigated traditional farmsr(oategbry%1)#”thefmargingl

_Value product of cash expense was zero, and on ‘irrigated traditional

“*farms, it was Rs, 0.38, Since both of these categories are ‘traditional,

- these have adjusted to the requirement of cash through théAIOng périods
of experience, o

On advanced farms, the marginal value product of operating capital

- (cash erpense) was high. The advanced unirrigated farms indicated that
-income would rise by Rs, 2,01 for every additional rupee. These farms
‘have moved from traditional technology and are in the process of change,
It appears that a good response to fertilizer in a favorable rainy year
‘required more cash expenses than was actually used, This also was the
case with advanced irrigated farms where cash expenses were limiting in-
‘come, A great income raising possibilily is indicated by marginal value
Product of cash which is Rs, 4,65 for an additional rupee. In this
category, the true potential of advanced technology is seen. The dwarf
varieties require much higher level of cash expenses than what has
actually been used on these farms. These farms are clearly in need of
further adjustment %o the potentials and requirements of their tech-
nologies. ‘

In respect to irrigated land, one acre of additional irrigated land
inereased incomes by Rs. 167 on traditional farms and by Rs. 330 on ad-
vanced farms. In other words, an expansion of operating capital (cash
‘expenses), cropping intensity, and irrigated area were the three pos~
sibilities for raising income. Accordingly, these three resources were
inereased by 10 percent and all the category farms were reprogrammed to
see the extent of gain in income. The sample as a whole gained in in-
come by 8 percent more than what it would have gained by existing re-
sources, This indicated that there may be further scope for income
increase by expansion of resources, Accordingly, different levels of
cash expenses, crop intensities, and irrigated areas were examined to
find the most likely level within practical limits of expansion for
different categories in their respective technologies., That analyais
showed that a substantial net gain on resource expansion occurs only
on irrigated farms, Also, the largest net income gain on irrigated
farms is found in advanced technology which is more than double compared
%o traditional technology and is more than six-fold compared to tradi-
tlonal unirrigated farms. The net gain with resource expansion on un-
irrigated farms was 7 and 10 percent only. This being the case, a clear
policy implication emerges that unless irrigation is expended substan-
tial increase in farm incomes is not possible. The net income gain by
resource expansion (eiop intensity 25 percent, irrigated areca 25 per-
cent, and cash expenses 50 percent) for advanced irrigated farms comes
to 46 percent as against 21 percent on traditional irrigated farms.

~ Since the survey year had extremely good rainfall, the effect of
bad weather on programmed allocation was examined. In the case of unir-
rigated farms, it was found that the traditional farms' allocation was
nearest to that programmed (10 percent away) for good weather 1ike 1967~
58, but if the rabi. weather were to turn adverse by 25 percent, these
farms would have been 18 percent away from programmed optimum,



“tr:o The allecation of advanoed unirrigated farms would -have been closer
to; programmed optimum under adverse rabi weather which shows that these
farms may have )jlamed to meet the situation of unforeseen weather risk.,
Since these fa.ms had already taken the risk of using fertilizer under
unirrigated condition, plaming for good weather would have been a second
risk,

- The maximum scope for increasing income (i.e., net 22 and 46
percent) and produ 'ion was available on irrigated farms., The expansion
of irrigation is also suggested by the marginal value product of irriga-
‘tion, An acre of irrigated land in traditional technology shows Rs. 167
es its marginal value product. In advanced technology the marginal value
product rises to Rs. 330. However, returns to irrigetion were estimated
on the basis of average product, so that they could be used for unir-
rigated farms for considering creation of irrigation facilities. Returns
to irrigation greatly differ according to the mode of irrigation and
technology. In traditional technology returns to irrigation are low,

011 pump irrigation in traditional technology gives only 9 percent re-
turn on investment of Rs. 9,000 on a well and pump, whereas in advanced
technclogy the same investment gives a return of 25 percent. In this
respect, the electric pump irrigation pays very well. The returns to
electric pump irrigation in traditional technology were 22 percent, and
in advanced technology they were 47 percent or more than two-fold the
returns on traditional. '

. T™e adoption of advanced technology and mode of irrigation have a
direct relation to irrigation expansion., The returns from traditional
technol gy are low and, hence, the irrigation expansion is slow but may
expand rapidly with advanced technology and farm electrification.:

Since electric pump irrigation is very profitable, a rapid expansion

of irrigation through farm electrification would be natural. This would
eventually lead to rapid adoption of advanced technology which would
expand returns to irrigation, The sampled farms lend weight to. this
argument inasmuch as 87 percent of the eleotric pump farmers have adopted
‘advanced technology as against 57 percent of oil pump farmers, and Ly
percent of charas irrigation farmers. '

The sample had two categories of farms which were traditional and
the potential for increasing their incomes and that of the sample by a
technological change was investigated. Under the existing resou—-es,
if the traditicael unirrigated farms adopt the advanced technology, the
net gain in income over and above the programmed income would be by 32
percent, and for irrigated traditional farms, it would be 47 percent,
and the entire sample gain would be 18 percent. Thus, the possibilities
for increasing income through a technological change for the traditional
farms is large, even under unirrigated conditions. Since the above
change would not call for any increase in existing resources, it offers
an immediate opportunity for raising incomes. However, since the gains
of 32 percent in technological change on unirrigated farms were based
on data for a very good rainfall year and may be overestimated it would
take several years' data to correctly assess the true extent of gain in
a technological change on univrigated farms. The farmers consider using
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fertilizer without ir igation to be very risky and, hepoe, there ie elow
adoption of. ‘advanced. technology on theee farme, but on,traditional -
rigated farms,.no. such risk is involved. ;;v.f_::ur: R
Since techno;wgical change ie considered to be rieky without ir-
rigation and few farmers appear willing to take that risk, an attempt
was made to find the potential income that might be generated if the
-necessary investment in wells and pumps were made on the unirrigated
farms., These farms were programmed with the technological matrix of
‘advanced irrigated farms assuming that these farms have created irriga-
tlon facilities for 4,85 acres. '

, Given the necessary fixed investment in irrigat:on and the required
cash expenses, adoption of advanced technology can bring about outstand-
ing changes in present income. An increase of 134 percent income is
indicated for the traditional unirrigated farms.in category 1. The ir-
rigated traditional farms could double their income. Apart from tremen-
dous inereases in incomes, the advanced technology introduces a superior
cropping pattern leading towards a gsolution to the chronic food shortages.
Dynamic agriculturc offers an increase in production of cereals by 108
percent. The pulse production would be kept at a minimum as dictated
by the requirements of home consumption, The cropping pattern suggested
by the program with full requirement of cach, does not include local
irrigated wheat and local paddy crops. The entire irrigated area is
devoted to dwarf wheat. Similarly, in gggggg all paddy area is under
dwarf padgdy. The total production would increase by 79 percent and
specialization in cereal production is clearly indicated with 95 peroent
area under cereals,

Coe These'reeults have direct application for the medium-size farms
which account for 55 percent of the agricultural area of the state. But
26 percent of the area is in farms in the size group of less than 10
acres and these farms account for about 78 percent of the farming popula-
tion. The potential for raising incomes of these small farms was also
estimated. This was done in the context of advanced technology asaumirg
that a two-acre farm would have full two acres and a five acre farm
would have all area under irrigation, The ten acre farms would have
half the acreage under irrigation. These farms were programmed with the
necessary cash expenses required for the advanced technology. According
to the programming, a two acre farm could make a net income of Rs. 2,775,
a five acre farm could make a net income of Rs. 5,242, and a ten acre
farm could make Rs. 8,425 as net income. Thus, the use of modern tech-
nology in agriculture would meke it possible for a two acre farm with

a family of six members to make a per capita income higher than the
present national per capita income of the nation.

Finally, the estimated returns to irrigation on these farms were
caleulated for the advanced technology. On a five acre farm, the re-
turms to irrigation investment on wells and oil pumps were found to be
27 percent, whereas for electriec pumps, the returns were 50 peroent.

On a two aore farm, returns to oil pump irrigation were 12 percent, and
on eleotrio pump irrigation, these returns were 26 percent. Furthermore
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;returns can be raised by selling surplus water which these farme will
have after irrigating two acres. High returns to irrigation by elec-
tric pump, which are primarily due to low running costs and one-third
less depreciation cost than oil pumps, can enable the small farms to
invest in irrigation and reap the benefits of advanced technology.

In conzlusion, it can be said that the advance in technology,
symbolized by the dwarf wheat and paddy varieties, tremendously in-
creases the poliential returns to advanced agriculture., The increase
in crop yields was more than two-fold but a corresponding expansion
of resources in cash expenses, modern inputs and irrigation is required.
Given the neceasary expansion of resources, a dynamic agriculture would
greatly increase farm incomes, and in turn a growing rural demand for
consumer goods such as fertilizer, pesticides, small machines, tocls,
pumps, irrigation and plant protection equipment and the processing in-
dustry. In other words, strength in the farm economy would generate a
real demand for ravid industrialization. In addition, a dynamic agri-
culture would crerte a surplus in food and other agricultural products
with subsequent lowering of agricultural prices which would provide an
opportunity for industrialization to flourish in an environment of lower
agricultural prices. The enlarged agricultural incomer can then flow
to profitable investments in industrial sectors.

o The farmers have attempted to maximize income under the constraints
of uncertain weather with remarkably good judgment. Except for fuller

- use of the irrigated area during the rainy season, there appears to be

" 1little room for improving the allocation of the existing resources.

Less than full utilization of the irrigated area is primarily because
_.in Jabalpur District ‘he present yields of paddy varieties are low and
the differential returns do not excite the farmers to grow irvigated
paddy. Perhaps the extra labor and cost involved with low differential
"gains are not worth loss of leisure.

‘ The implications of modernization are many. It will require a com-
‘prehensive approach and simultaneous development of complementary in-

" fluences to bring about a rapid rise in farm incomes. The findings of
this study point out certain policy issues, indicate what resources need
to be expanded, and policies to be pursued to facilitate rapid moderniza-
tion of agrieculture.

Tre findings of this study have two broad limitations. First, the

“ programming technique employed for assessing income increasing potential.
The extent of income increase shown by a program may be overstated be-
cause a program is drawn under conditions of certain prices and yields,
whereas the actual farming has to face the conditions of risk and un-
certainty.

The second limitc: ertains to data. The year 1967/68 was an
_ extremely good year for . . crops which are dominant in Jabalpur Dis~
" triet. For this reason, the findings of this study in respect to ad-
- vanced unirrigated farms which use fertilizer may be overstated and
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should'-be'used: with' caution.:: It:may take several years' data:for |
iﬁgﬁthe?resp6h591dfrfé:tilizébfuhé%underfunirrigated;oonditions;ﬂv

Conclusions

Irrigation

. The state has an irrigation potential of nearly ten million hectares
~of which only one-tenth is under: irrigation at present. Since the suc-
‘dess of dynamic agriculture depends overwhelmingly on irrigated area,
:the state may have to mcke hard deeisions to curtail investment in other
areas, to create as much area under irrigation as possible., Irrigation
can be provided in several ways. Nearly 43 percent of the state's ir-
‘rigated area received water by canals from large projects in 1966/67.
However, large projscts require heavy investment which this poor state
has been unable to procure for a rapid increase in percentage area under
irrigation. In addition, the fate of the Narmada Valley project hangs

in the balance. Even if i!, is sottled favorably and the necessary funds
are found, it might take another ten years before irrigation becomes
avallable, For want of irrigated land, the adoption of fertilizer has
been slow for over twenty-five years and the state has lagged behind
most of the other states in modernizing agriculture. A4 delay of another

ten years would keep the state's income low and the gap will become
wider and wider., There needs to be an intense search for ways and means
¢Z quickly inereasing the irrigated area in the state.

-  Thirty-three percent of the irrigated area is irrigated by surface
‘wells. On an average, the cost of a new well is Rs. k,000 to 5,000,

In a good rainfall area of over 30 inches of rain, a well can command
an area of four to five acres. Thus, in a year it may irrigate about
ten acres of crops. The samrple of farms studied in Jabalpur District
showed the average of 4,85 acres as the area irrigated per well. Dur—
"ing the last four years over 20,000 irrigation wells have been added
annually largely with government loans. Enlarged credit and farm elec-
trification should encourage rapid expansion of well irrigation. The
returns to eleetric pump irrigation were highest in both technologies,
The sample data showed that a high percentage of farms with electric
pumps have advanced technology; thus, indirectly, electrification
leads to modernization of agriculture. In addition, farm electrifica-
tion will increase the number of tube wells which substantially increase
the irrigated area, :

Close to three-fourths of the state received moderate to high rain-
fall and several big and medium rivers flow out in all directions. These
rivers maintain a strong flow up to the end of January. Thus, pumping
water on both sides of the river even without a dam will irrigate several
thousand acres of land at a nominal cost.

- One more possibility exists for expanding irrigation. Water of-
several small and big rivers can be blocked at suitable bridges and
culverts by inexpensive blockades and then it can be pumped for irriga-
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“tfon. - In both: of:these possibilities,;irrigation pohential: van;be
‘created at - a ‘small cost; especially if, the water 1lift,dis an”eleotrio
- pump,

Role of Agricultural University
Regearch

e The pegsimism of the food-population race suddenly disappeared
»largely due to the research breakthrough of dwarf varieties, It may
‘not always be pcssible to transplant new technologies from other parts
of the world, This research finding has provided a breathing time,
The accelerated growth of a dynamic agriculture will depend on a con-
tinuous stream of new technologies adapted to local conditions. A re-
- search institution with high standards is needed to do this. Such an
institution needs a gtaff of trained persons with a thorough knowledge
of local conditions, who can constantly react and provide insights for
different aspects of local problems. Develcplng agriculture is a com~
plex process and requires scientists to make decisions based on their

- past successes and failures in those enviroprments,

For instance, returns to irrigation are low in traditional agri-
culture but the returns increase tremendously with a technological
change. This shows high interaction of water, seed, and fertilizer
with good management, The basis for technological change was provided
by the recent researrh in biological sciences which must continue,
-This in turn hae greatly expanded the need for accelerating research
in social sciences for providing insights and policies to foster and

sustain dynamism in agriculture,

Agricultural Education

The new agricultural technologies will demand a variety of technical
men for various complex needs. So far, most of the technical persons
have been employed by the state for its various departments. These
demands have been routine and required men with general training. This
has more or less determined the curriculum of the agricultural university.
However, this would not be the case in a dynamic zgriculture. A greater
degree cf specialization v'ill have to be introduced to cater to special
needs. The demsnd by the private industry sector for technical manpower
will expand. The banks will require trained persons if they begin financ-
ing agriculture. The fertiiizer, insecticide, pesticide, the engineering
industries, and commerce may soon be looking for adequately trained man-
power. The agricultural university must prepare in advance so these
n~eds can be met,

-Extansion Education

The acceptance of new technology or a bartiéhlar>inno#atibn depends
on the degree of profitability and its successful experience. Since the
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- profitability is presumably tested before the innovation is released,
the acceptance then depends on the profitability on farmers' fields,
With an extremely profitable technology, even a partially suceessful
experience may fall within the profitability limits of acceptance and
the technology may be adopted quickly as was the case with dwarf varie~
ties.

Farmers are said to be tradition-bound, but they have proved to be
extremely intelligent in refusing to accept a technology of doubtful
gains, Thus, the role of extension education is not only that of
awakening the mind, but surely in the process of providing full
technical information, which is educational. There is a great need .
for a good job of selling the genuine and distinctly superior technology
developed by the research workers. An effective educational program
can do much to shorten the time lag between the discovery of a new
practice and its adoption by all farmers.

The implications of the findings that farm incomes can rise by
70 percent are clear. With resource expansion of the type suggested
above along with continued research, manpower training and an effective
significant increase in income can be obtained through technological
change.

The requirements of a dynamic agriculture are diverse. The atti-
tudes of the agencies which will foster it should change. The govern-
ment policies should be flexible demonstrating a readiness to release
the necessary resources. The university should strive to provide a flow
of new innovations and train the technical manpower needed to service
the various needs, The Extension Service must work closely with farmers
to help them analyze their problems, request new research, and keep the
new findings moving into areas where they can be used, The agri-business
should be aggressive enough to keep pace with the demands placed on it
by a dynamic agriculture., Given the necessary conditions, the output
and income will rise rapidly, the prices of agricultural produce will
decline, and additional policy measures will be required, but these will
be the opposite of scarcity conditions, Zoning will have tc “e abolished
and a free trade policy instituted, otherwise prices will crasis,

A portion of the increased incomes of the farms will need to be
siphoned off for capital formation., This will require careful thought.,
A direect tax will not be politically feasible nor will it be possible to
collect cheaply. A better way might be a sales tax for which the state
alrzady has an efficient organization. Lower agricultural prices and
an indirect tax might be the best way of promoting the economic develop-
ment and the industrialization of this giant sleeping state,



