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Preface

"One of the major controversies of a decade ago concerning the eco

nomios 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
 
b~ 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 combinations 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 applyi.ng
 
it to the existing resource and technological situation facing farmers
 
in a specific area of Central India. He then uses this refined model
 
for analysis of the effr.ct of new agricultural technologies, new resource
 
possibilities and weather on resource and crop combinations and the
 
level 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 District, Madhya Pradesh, India. He interviewed a
 
substantial sample of farmers to obtain detailed information concerning
 
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 relationships vary from
 
farm to farm. Thus he divides his sample into groups of farms which
 
differ significantly in these respects. His study also helps 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 throligh
 
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
 

iii
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model provide a basis for future testing of the effects of various changes
 
in input-output relationships arising from new technologies and from
 
iew price relationships. Thus the model which V. P. Shukla has developed
 
will have considerable value into the fature as well as for this specific
 
study.
 

V. P. Shukla's study of choice of practices and enterprises 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
search 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, Norman Ward 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 factors 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 basic 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.
 

John W. Mellor 

Ithaca, New York
 
January, 1970
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,ITRODUOTION 

This, study analyzes. the organization of medium ,size farms in the
 
'JabaIpur District, Madhya Pradesh, to assess the. economics of present

%resource 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
cal categories of farms were studied; namely, traditional unirrigated,
 

wtraditional irrigated, advanced unirrigated and advanced irrigated.
 

Linear programming was the basic analytical 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 required was determined.
 

Salient Characteristics of Sample Area 

Jabalptur is one of the 43 districts of the central Indian 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 state with 86 percent of the people living in 
Srural areas. More than half of the state's income is derived from agri
culture. The per capita income of the state in 1965-66 was Rs. 357
 
whereas the national average was Rs. 430.
 

Although the yield levels of most of the crops are quite low com
i.pared 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 .1967was 87 centimeters 
of which monsoon accounted for 77 centimeters. The number of rainy days

,,,in this district were 45. The rainfall in the.agricultural year of 
f.1967-68 was extremely favorable to rabi crops due. to winter showers. 

A1
 



2 

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 44 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
 
1.95 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 states like 
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 inputs and intensive farming., 

* The all-India figure for commercial crops is+ 21 percent of the 
;total cropped area. Madhya Pradesh has only 15 ;percent area ,underx' 
commercial crops. 

Features of the: Sample 

The data were collected in three sampling units to incorporate 
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 nearby 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, 
etc., are reported in Table 1. 

',",The sample farms were mainly analyzed on the basis of technological 
categories and the allocation of resources for increasing returns to 
fixed resources was derived by linear programming. Since decision
making may also be influenced by such variables as caste, education, age 



Table I Salient Features of the Farms in Three Sampling Units
172 Farms, Jabalpuzr'_District (M.P.), India, 1967-6-* 

Jabalpur Unit Sehora Unit Sh.u ni All 

Features. 30 Farms 22 Farms 30 Farms 30 Farms 30 Farms 30 Farms 172 
unirrigated irriated unirrigated irrigated unirrigated irrigated Farms 

Land Use " 
Acres 0wned J 7 20.3 19.5 23.1 301. - 21.7 22.5 : 23.0 

Number of plots' 2.1 2 2,0 2.1 .0 3.5 - -

Investment in ljand,buildings, machinery(Rs.) 12257- 16121 -1855L5 ....1--.-6 


Labor Inputs 2~ 

Members in family - 5.7 .72 6*.... "6 - 5- - 8 
Working man equivalent 3.5 3.8 -. 41 5.1" " 2.7, : - .8 - "'
 

Casual man days hired 31 .. 8 - -35J! 7.6 3757 41.41.
 
Casual wcmanddfthi -ed i 84 6 ,- 79 107 3 ,.
 *1 . .- 90 

Livestock Numbers , .- -- . - ..
 
Cows 2.3 -16 ~ 11.2.2 z22. 22;3. 


Buffaloes 0.6 1.9, 1.0 " 1.7 1.2 - 1..4 -
Bullocks -3- -5638 221 ..
 

Fertilizer Inputs -

Value of fertilizer (Rs.) 79 132 432 5 -243-132 
 1.6. 53, 
Value of Food and Fodder 1- .":" - - i. "--


Home.produced food con-:- 8; 1370 '-
 186 17"5
 
sumed (Rs.) - 188 1 92 " 154o0 15 186 -75
 

Home produced fodder - --J - ,--.'

used (Rs.) - ' 106554 1040 1149 10 0o--


Total fodder used (Rs.) i058 1138 1113 1257 1035 1190 1166
 



of operator and level of leadership in the c6mmunity, the sample was
'classified accordingly. The irrigated farms were classified on the
basis of mode of irrigationt. Their variability was studied by employing analysis of variance on the basis of gross income per acre. 
The
basis of gross income was chosen because in a traditional agriculture
the purchased inputs are relatively small.
 

The age of operator and level of leadership of the farmer in the
community did not significantly affect 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 interaction
between caste and education. The third caste group (Vaish) has the highest 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 education.
 

Table 2. 
 Analysis of Variance of Gross Income
172 Farms,..Jaba1pur Distriot. (M.P.), India, 1%967-68
 

Caste Educational Age of Leadership '" Mode of
Caste Level Operator Level Irrigation 

--. Brah in
,'Per cire (309) 

Collee Tenties Cooperative Electric Pump3) (360) (3A6) (429) 
_sth HiA--Mean gross (339) 
a Shool Thirties Panchavat Oil Pup(359) (272) 
 (305) (334) 

--jhnome in Vi Primary Forties- School(336)-. (333)(3) Tube Well
(4o1)


Shudra None 
 Fifties 
 None Charas
 
Rupees in (29-2) (292) (310) (309)(3) 

Sixties
 

O6bserved Fratio 
 2.79 11.. 2.28o0.50 4 
reglion 2.6
' 2.6 . 2.37, -2.6 p76 

Hypothesis of 
 '. :equal:means-Rejeoted 
 Rejected, 
 Acbepted ",Accepted 
 Rejected
 

The rest of the analysis, assessment and projections are carried
in terms of the 4 technological categories. 
In Chapter II the presentresource use, cropping pattern, yields, cost and income are analyzed.
In Chapter III the effect of reorganization of the existing resources
is examined to 
see its possible effect on income. 
 In Chapter IV certain
 

http:2.28o0.50


5 
limited resources are moderately increased to see the changes in income
and production. 
The effect of differonooe 
 in weather is also exam.ned
in this chapter. Finally, in Chapter V, the impact of technological
change on production and income together with retturzis to .iL'i gated
advanced technology are examined. 





ANITS OF SAMPLE FARM BY TECHNOLOGICAL CATEGORIES' 

Technoloical- Cate gories 

, -Unirrigated.farms with. fertilizer used on less than 25 percent of

the acreage were defined as "unirrigated traditional far s.; Irrigated
farms with fertilizer used on less than 25 percent of the acreage were
defined as "irrigated traditional farms." Unirrigated farms with at 
'least25 percent of the area receiving fertilizer were defined as "un
'irrigated advanced farms,", and similarly, irrigated farms with over..

25 percent of the acreage receiving fertilizer were,defined as "irrigated

-advanced farms."
 

The number of farms in each category were:
 

Cateor -.-....... . . Description- -Number-of Farms
 

I Unirrigated traditional 
 69
 
2 Irrigated traditional 27
 
.3 ',,,
.Unirrigated advanced 
, . .21 , -

I*-rri~gated iadvanced- 59 
172
 

Resource Use
 

:Latd-Use, 

The 19.1 acres owned .perfarm in category I (traditional unirri
gated) 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 category3 were about 50 percent larger than in :category 1. 

By definition categories 1 and 3 had no irrigation while 2 end 4 did.
 
.The irrigated crop acres;for categories 2 and 4 were similar with 7.5
 
and 8.0 acres, respectively. For both the traditional farms (categories


_.1. and 2) and .the advanced ,technologyfarms (categories 3:and 4) the farms

with irrigation had more total crop acres than the unirrigated farmswith
 

,.:32.0 versus 24.1 and 32.8 ,versus 29.0.
 

The advanced technology farms incategories 3 and 4khad fewer plots
2.0 and 1.9 than did the traditional farms with an average of 2.5 and
 
",267 plots per farm (Table 3). 
 This in,turn means that the advanced
 
technology farms had -larger plots-than the traditional farms..
 

' 

£; 

mPeranent Labor Force 
? 
-

' . .. . " . : , ' - . .- ... . . . . - .~ , ; ' ' - I:.' ' ' ' . 'J , 
 , : ' 

More than half of the permanent labor force was provided by the 
family (Table 4). The irrigated farms had larger families than the un
irrigated farms. The total permanent labor use on irrigated farms as, 

6 



7 
Table 3. Land Use by Technoldgical Categories 

-172 Parms, Jabalpur District (M.P.), India, 1967-68 

Category 
Traditional: 3Advanced 

'Item 12 .34 
7 > ',Unfrrigated Irrigated 'Unirriae-rriga d 

per farm
 
Acres owned 19.1 25.2 28.5 -:f24.7Acres cultivated 18.1 24.6 24.3 23.0
Irrigated crop acres- -" 7.5 - -8.0
Unirrigated crop acres , 24;'1 '.6 29.0 -24.9 
Total crop acres 24.1 32.1 29.0 32-917.2 19.7 13.1Acres current fallow 12.1 
Number of plots 7' 2Ov 13.0Acres owrmd per plot 7.6 9.3 14.2 1.9 

Table 4. 'Labor Force ,br7.Tehnological:Categories Q 
172 ars, JabaJ.puz>District.,(M.P:.),,, India, 1967-68. 

Category 
... Taditional Advanced

Item1 2 3 4 
Unirrigated Irrigated Unirrigated Irrigated
 

.......... !, . Average per farm 
Members in family .5.6 6.1 .. 5.3 6.2 
Men in family working .5 -- .7 -- 1.4- .1:.6 
Women in family working -.- 1.0 "1.1 .... : . 0.8. 
Hired men working 0.7 1.5 1.0 1.4
Hired women working %0.2 , 0.4 , .;0,5 0.6 
Man equivalenta m3"0 .:' ' r4.3 .73 42 
Man equivalent per '_ '
 

cultivated acre " - ... 16.1.:: .17 > ',, 
 -,. I.14:, T18 
Man equivalent per - .... ; . : . 

crop acre .12 . 13' ,. . .12 . .1 
Crop ac'es per man
 

equivalent , ' 78.o;5'J;,<; '8,8. 7.8 
Cultivated acres per. mahn ... - ;n' .. ,i: . '- <.equivalent . 3 r~ti , :5.7' . ,. . .::7.1 , 

aFor computing man equivalents one woman was treated as equal to 0.75 
man equivalent and a boy equal to 0.50, ratios..i.lar .ttho of the 
wage rate. 



measured 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
 
irrigated farm required 0.13 man equivalent per crop acre while unirri
gated farms in advanced and traditional technologies required 0.12 man
 
equivalent. This shows advanced technology did-not use a permanent labor
 
force, but irrigated farms did use somewhat 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

0.18 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 man 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.
 

Casual Labor
 

In additionto permanent labor 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 season for which em
ployment of casuallabor in man equivalent days is presented in Tables
 

Table 5. Seasonal Distribution of Casual labor in 
Man Equivalent . 

172 Farms, Jabalpur District (M.P.), India, 1967-68
 

,Category July-Aug. Oct.-Nov. March-April 
Man equivalent days 

1:,-Traditional unirrigated 23.07 .37.33 35.10 
STraditional irrigated 43.9228.90 43.94 

3 ,Advanced unirrigated 30.29 37.27 :38.41 

1,, Advanced irrigated o37.67 50,31 46.82 

Table 6. Man Equivalent of Casual Labor Per Crop 
S ..Acre by Seasons 

. 7Fazrm's,-JAbalur: District (M.P.), India,' _1967-'68 

Category July-Aug. Oct.-Nov. March-April
 
'Man equivalent days
 

l Traditional unirrigated .95 . .5. 1.,5
2 Traditional irrigated .90 .37 1.37 
3 Advanced unirrigated 10W 1,29 1.32 
4, Advanced irrigated 10i4 :1,53 1.,42 



Ivestment-:and Suppleies
 

The category i farms had the lowest investment in land, buildings,
andmachinery averaging Rs. 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 farz.s.
 

!able 7. Value ' of Investment* by Technological*Categbries
 
':172 Farms, Jabalpur -District In(M.p).india, 1967-68
 

Category Average Investment per.acre
 
Investment Owned Cultivated
 

Rupees

:!l,-Tpaditional unirrigated.-,.:,;-.-. 12,A31. -_, ,.-,." 651': 6872 ',Traditional irrigated 
., 19,158 - 760 '7793 Advanced unirrigated 1,40530 " 510- 5984.,: Advanced irrigated .28,085 
 ,137;1 ' 1'221 

Investment in land, buildings and machinery.
 

Fertilizer, Seed and Feed Inputs.-

There was no significant difference in the use of inputs in different 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 pe0 
acre was highest on advanced irrigatedfarms, but also was sizeable on the advanced unirrigated farms (Table 8).The use of fertilizer on traditional unirrigated and irrigated farms wasnegligible. Technological change did not require much change in the,
value of seed and feed inputs. 
However, the value of fertilizer represented a-cash expense whereas other inputs did not because they wore
produced mostly on the farm.
 

Livestock
 

There were three kinda of iivestock on the sample farms, namelycows, buffaloes and bullocks. The smalest number" was observed on unirrigated traditional farms. 
It appears the quality and number was
ighest on traditional-irrigated farms 
 (Table 9)--. 

For feeding the cattle,: all the farms indicated that they would.like to produce crops that would provide sufficient .strawfor fodder., 
.,. 
 4e
.oweVer, many farms .purlchase oil cakes andoterand .t..er,c.....ndent'"'aco.nrae,... t-.' .."
 



Tae8, " FertilzerSe'ed, and Feed Inputs by,
 
Technolbgidal Categdries


"172 Farms, 'JabalpurDistrict (MP.), India, 1967-68 

Category 
Traditional Advanced 

InlPlt, 1 2 3 4 
-Unirrigated Irrigated Unirrigated Irrigated 

Rupees
 
.Value offerilizer 
-Per...farm. . .9 7 334 582 
......P'adre of crops .4137'_,,_- 14.7- 11.52., 17.74 
'Valueof seed:
 

Per farm .: 835 1,012017 . ....
1,110 
Per acre of crops 35 32 35 :.34;,:
 

Value of feed.
 
Per farm :708 974 893 1,036
 

Table 9. ri Number ana Value of Livestock by
 
STechnological Categories
 

172 Farms, Jabalpur District (M.P.), India, 1967-68-


Cato o-

Traditional .Advanced
 

Item 1 3 tl
2 4 
Unirrigated Irrigated Unirrigated Irrigated 

Colws:
 
...
Number per farm 1.9 2.3
- 2.0 2.0 
,Value in rupees .428 .630 445' 464
 
Value per animal 225 '274 !222 232
 

Buffalo: 
Number per farm .9 2.3 $1.1 . 3 
Value in rupees 

. 

320 1,031 379 434 
Value per animal 356 '448 345 -334z 

Bullocks: 
Number per farm 3.8 5.s 2 4.7 . 4.4 
Value in rupees 1,007 1,74.4 1,278 "' 1,201!
Value per animal 265 .'335 272 '2731)' 

Cropping Pattern ...

.- The most important, rop. in,.e,t-districit was- wheat. -. The, sample, had 
48 percont crop area under wheat folowed by 27 percent under paddy. In 

5 
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pulses, the grain crop had the largest area with 11 percent followed by 
masoor crop with 7 percent 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 specialization and hence less diversification of crop

'ping. 

Table ,10i , 'Cropping Pattern by Categories 
172 Farms, Jabalpur District (MP.), India, 1967-68. 

Category 

CrOps 
Traditional 

1 2 3 
Advanced 

4 
U Unirrigated rirgated 

Percent 
Wheat (dwarf) 
irrigated "-9 

heat (local) 
"irrigated 11 .. 6 
Wheat (local) 
unirrigated, .. 35 53 

Paddy (dwarf)irrigated , .:, " . , .-; :.,. -: - -.. :;., ;:: , . 2 

Paddy (dwarf)
unirrigated . .. ........... ............ ...... . ... . .. .. ... .....
 

Paddy (local) "........ 
irrigated . .. . - -

Paddy (local). "  -... -,.---" 

unirrigated 24 19 
 26 23, 
Masoor irrigated '- -'- , -

Masoor unirrigated ;; 8 8 9. " .. 5 
Gram irrigated .. Negligible 
Gram unirrigated J8 8 

Pea irrigated - Negligible .:- Negligible 
Pea unirrigated 1 2 1 3 
Vegetables 31
 
Jowar . :2 Negligible ;

krh.aa....... . .. .. ... .... ........ ... .. ..-2......... .... " .....- ..... 
 1:I 

Moong-urid 3 -  -

Lesser millets 
 - 2 
Total 100 " 100: 100 . 10" 
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Crop Yields
 

-,.The"year of inquiry 
was a,good crop year."and the annual rainfall
 
was favorable. The winter rains in particular were more than normal
 
iwhich favors the rabi crops, especially wheat.• The winter rains or
 
precisely the cloudy weather is not particularly favorable to some',rabi
 
crops 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
 
crop. 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 4). However, this relationship does not
 
'hold true uniformly for other crops.
 

Table 11. Yield of Crops by Categories
 
172 Farms, Jabalpur District (M.P.), Indiat,1967-68
 

Category 
- T'aditional Advanced 
Crp~2 3 4 

Unirrigated Irrigated Unirrigated Irrigated 
Kilograms per acre 

Irrigated dwarf wheat 
Irrigated local wheat 
UPirrigated local wheat 

...... 
--

286 
415 
270 

-

462 

810 
523 
A86 

Irrigated dwarf paddy 
Unirrigated dwarf paddy 
Irrigated local paddy 

.Unirrigated local paddy 

--

--

319. 

. 

. 
.. 

-. 

--

-

.313,. 

. . 
--

--

52. 

1,109 
_--595 

625 
378 

Irrigated masoor" .300 --

Unirrigated masoor 221 .231- 216 253 
Irrigated gram <- 394 -" . 300 
Unirrigated gram 209 257 273 210 

Irrigated pea 
Unirrigated pea 

--

263 " 
350 ' 
108 -. 293 

225 
:263 

Unirrigated Jowar 
Unirrigated Arhar 
Unirrigated moong-urid 
Unirrigated lesser millets:. 

264 
174 
-107. 

--

219 
, 97, 
340 

,. 

- * - 14,
-

, --

Vegetables - 728 ,,9 -, 4 



Cost and Income
 

- For calculating gross income the actual price, 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 avcrage of actual gross income, cash cost and net income
 
obtained in different categories.
 

Table 12. Gross. Income,. C.ash, Cost,- and Net Income. 
by Categories 

S,172. Farms, Jabalpur, Diptriot (M.P.), India, 1967-68 

Category
 

raditional Advanced
 

1 2 	 .4.f 
Unirrigated 	 Irrigated Unirrigated Irrigated 

Rupees 

Gross income per farm 
Cash cost per farm 
Net income per farm, 

5,816 
727 

5,089 

8,508 
1,339 
7,169 . 

11,200 
I,465 
9I735 " 

13,725 
1,922 

11,803 
Gross income per acre 
Caib cost per acre 
Net income per acr 

. 
320 
40 

_,80  ": 

345 
5. 

291. 
.. 

459 
60 
399 

595 
83 

512 

The difference in net income between the traditional unirrigated
 
(category 1)-and irrigated farms (category 2) was small, only Rs. 11 
per cultivated acre. This may have been due to the fact that in a good 
rainfall year like 1967-63, 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 irrigated 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
Rs. 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. 

When 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
 
ydar 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 irrigation. The per cropped acre gross income, cash
 
cost, and net income in different categories is shown in Table 13. It
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can be seen that the :differencein 7inomeper;:aore on advanced .. rrigated
and unirrigated farmasis .aaoounted for, largely:by ,higher ,.popping inten
sity on the irrigated farms (Table 14).
 

Table,13. Average Gross Income, Cash Cost, Net Income 
... Per Crop Acre....
 ... 
 . 

172 Farms, Jabalpur District (M.P),V.India, .1967-,68 

.Category,..._..2 'dross Income Cash Cost. Net Icome, 

Rupees per acre cropped
 

1 Traditional unirrigated 240 30 210
2 Traditional-irriga'ted . 265; 41 224 
3 Advanied.ufiirrigated:-. . . 385 . 50 i 335 
4 Advanced irrigated 417 58 358
 

Table14. .... .Intensity of Cropping by Categories 
172 Farms, Jabalpur District (M.P.), -IiL--f967-68 

.. - -. .. .. pp d nt n tS' 

Cultivated -Cropped Intes of 
Category Area Area Cropping 

.... Percent
 

I Traditional unirrigated 18.14 24.14 133 
2 Traditional irrigated 24.66 32.10 130 
3 Advanced unirrigated . 24.35 29.05 1.15 
4 Advanced irrigated 23.05 32.92 142 

Net Income Per Man
 

The highest return to labor was on the advanced unirrigated farms
 
(Table 15). It was Rs. 2,854 per man equivalent which was higher by

Rs.i 64,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 of Operating Cspital 

In this study only cash costs were obtained and hence cash expenses 
a'tually incurred were treated as operating capital. This resource had 
a wide range. The traditional unirrigated farms on an average used only
Rs. '127 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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Po -"Net -Income-Per .Man Equivalent 

L .17 2 Far'ms "Jabalpur District (M.P.), Indiai,, 1967 

Net Income per

Category Man Equivalent Man Equivalent 

I Traditional unirrigated 2.96 1,719 
2 Traditional irrigated 4.26 1,682 

-3 Advanced unirrigated 3.1 2,454 
-1Advanced irrigated 4.3279 

Table 16. Average Net Income Per Rupee of Cash .Expenses. J-;.
 
.172 Farms,, Jabalpur Dilstriot (M.P.), fIndYJ
a967-68., 

Net ,ncome per
 
Cash Net Rupee of
 

category .. ' Expenses .Income Expense
 

-I Traditional unirrigatod 727 5,089 6.99 
2raditional irrigated- 1,339- 7,169 5.35... .... 

' Advanced unirrigated . I ,67 9,735 6.64 
11 Advanced irrigated . 1,92? 11,803 6.14-. 

.FertilizerCost and ReturnrPer-Crop Acre
 

The irrigated farms used fertilizer in greater quantity than-the
 
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 relationship.
 

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

2. The unirrigated farms had used fertilizers moderately but the
 
,,landmay have a backlog of unused fertility from the previous years
 
especially during the drought years when the moisture was so ah6rt that,
 
the crops could not use the plant food available in the soil.
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.3. 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. 

Table 17. Fertilizer Cost and Net Income Per Acre
 
.76 Advanced Farms, Jabalpur District (M.P.), India, 1967-68
 

B Ailizer Cost Net,-InOme 
Category per Crop Acre per Crop Acre 

-Rupees 

3 Advanced unirrigated 11.54 335 

Advanced irrigated, o>~~ 358769 

'Cost of Irrigation
 

The irrigation cost figures 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.
 

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 Re. 15 per acre and the farmers could
 

Table 18. Average Cost of Irrigations in Wheat
 
and ,Paddy,by Mode of Irrigation
 

82 Farms, Jabalpur District (M.P.), India, 1967-68
 

. - Avorago Cost per ,Acre,'perfIrrigation 
Wheat. Paddy 

Rupees' 

,,Oilpump 8.03 5.684.71 , 3.20
 
'Electric pump 4 3.2o 
Charas ' 25.71 21.73 
State tube well 3.96 - " " 7.50 
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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 seasons of bad harvest, as many as four ir
rigations were reported to be given for rabi 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
 
subsidy by the state. The irrigation cost of state tube well and

electricity charges do not recover the full cost borne by the govern
ment. 

The next in rank in cost was the oil pump. The costliest when labor 
was included was the traditional method of irrigation by charas.
 

During the kharif season the average cost per irrigation of paddy

was 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 rabi 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. 3,444 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 situation 
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

82 Irrigated Darms 'Jabalpur District (M.P.), India, 1967-68 

Crop and Yield Per Acre
Mode of .. Irrigation Cost_ . Traditional.... Advanced 

Irrigation "...Per Acre Technology Technology
Local eat .. :Rupees kilogram 
Electric Pump 12.91 552 549
 
State tube well 
 15.00 -- 546
Oil pump 17.69 399.,. 592 
Charas 
 - , 41.58 426 '507
 

Local Paddy. .;. •.
Electric pump . 3.58. ..,. . .33 .. 680 
State tube well 
 15.00 -- 525
Oil pump 6.02 487 515 
Chars 
 21.73 --409 400
 



CHAPTER III 

~ ORGNIZATON .44kSTd RE'SOURCES. 

For the purpose of this study, the resources of farms in each ofthe 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 programed to maximize income
 ..
under the assumed conditions to 
see if there was any scope for increasing net income under existing conditions, to compare the differences,
between categories and to check the reasonableness of the assumptions.
 

Restrictions Used in Programming
 

- .Under the conditions of the sample area, the most limiting farm
resburces are land, irrigated area, and operating capital. 
Both perm-
Sanent hired and casual labor are not found limiting in the sample, 
so

*-they are not treated as a resource limitation.
 

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 . 

,:Afterthe abolition of Zamindari and othertypes 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, alternatives for increasing the area of land under operation are not in
cluded in the model.
 

J;r The land classification for data enumeration is for light and heavy
,:soils. 
Since very few farmers have light soils and the area is negligible,
it is 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):Unirrigated kharif,

X27TIrrigated kharif, (3) Unirrigated rabi, (4) Irrigated rabi, (5T=I
rigated sumner.
 

Irrigation Restrictions
 

The major source of irrigationin the sample is surface wells.Only seven farms receive water from state tube wells. The irrigatedarea is measured by the physical location of a certain plot 
on the farmwhich has the well. 
Since wells have a limited supply of water, the
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'total possible irrigations per acre is estimated 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 irrigations that are possible in each
 
season.
 

Cash Expense Restrictions (Operating Capital)
 

Generally, operating capital is a limiting factor in Indian agrio
culture and is said to be inhibiting many inexpensive improvements-. In
 
this study, the cash expenses were used as an indication of the amount
 
of operating capital.
 

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
'striaction on funds available 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
ficient for cash expenses included all expenses made by the farmer,

hamely (1) Hired labor charges, (2) Value of seed purchased, (3) Value
 
of fertilizer or manure purchased, (4) Other cash expense.
 

Prices Used in Programming 

The prices used in the programming were those that had been actuall'
 
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

the liquiry was asked'to quote the price that he would receive if he 

were6to sell hib'produce'on that day. 

Net Income Definition' . ' 

The net income has been defined as the gross income less the actual
 
dash expenses incurred in raising an-acre of crop. 
The cost of cultiva
tion does not include the value of any inputs not purchased. The gross

income per acre*is the total yield (sold and home consumed) multiplied.

by'the price received. The net income is relatively higher than what
 
it would have been if 
noncash inputs were also included "in the cost."
 

Resources and Activities For Model Farms
 

.,The resources of the model farms in each technological category,
andk the erop-activities considered for pr'ogramiing are,.shown',ii Tables 
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Table 20. Resources Available and Essential SUpplies'.
 

by.Technological Categories
 
172 Farms, Jabalpur District (M.P.), 'India, 1967-68
 

- Category; 
,Resources,and -' . Traditional Advanced 

'Supplies ..... ....1 2 3 
Unirrigated Irrigated- :Unirrigated .,Irrigated 

""Resources . . ' 

'Land,unirrigated (acres) 18.14 19.81 24.35 17.03 
Landfirrigated (acres) -- - 4.85 - - 6.02 

Total Acres of Crop 23.62 31.57 2902 ,3. 92 
-Irrigations Rharif"...+ , ,o; II126'. .,:,--.. 21 00 
'Irrigations Rabi ) ... ,-'."' 8 59M'( 15,67 

Irrigations Summer( " ) -- 0.66 - - 0.60 
Cash Expenses (Rs.) 727.05 1,339.10 1,464.6o 1,922.10 

Supplies

Cereals (Kg)' 1,236.29 1,129.46'1,187.5 A'',08i",00 
Pulses (Kg.) 372.60 387.03 '!362.50' 292.81
 
Straw (Kg.) 48.,50 53.70 55.4o 5,o28.oo
 

Table 21. Net Income from Activities Considered,
 
.. " - -- for Each Technology,
 
.172 Farms, Jabalpur District (M.P.), India, 1967-68
 

- " ' - Catekory.. 
Traditional Advanced 

tii i i 2 '3 4 
Unirrigated Irrigated Unirrigated Irrigated 

Net Income (Rs.) 
Wheat(dwarf) irrigated .... -- .693 
kleat(local) irrigated'-' - 369 -63 

Wheat(local) unirrigated 255 240, 414 437 
Paddy(dwarf) irrigated -- 77- , .630 
Paddy(dwarf) unirrigated -- - ...323 
Padcy(local) irrigated -- 247 38 
Paddy(local) unirrigated 156 152 230.'9 
Masoor irrigated 288- 288 
Aiasoor unirrigated 211 221 035 24 
Gram irrigated
Gram unirrigated 

-- 278 
177 186 .46 

0--23
1_4141 

Pea irrigated -- 322 , 204 
Pea unirrigated 266 103 ..302 261 
Vegetable irrigated -- 334 ,.-- ... '. 
Jowar..unirrigated j.7 . 14,..:!20.... J" .'60 
krhar unirrigated 174 222 222 55 -
Jrid Moong unirrigated 97 -- 97 -
.esser millets 
unirrigated -- ' 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 Response Coefficients
 

The validity of a linear programming solution for profit maximiza'.tiQondepends on realistic coefficients and activities. These should bein conformity to real life. 
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 

The program obtained by the above, procedure is shown.for the cate
.gory,4 farms in Table 22. '
 

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

55 Category 4 Farms, Jabalpur District (M.P.), India
 

Actual
.Cro"§,- ..... ... 
 .. Programmed 1967-68
 

Acres " 
Wheat (airf) irrigated 303Wheat(local) irrigated 
 .6.02 3.03
Wheat(local) unirrigated 

- ... 15.91- 110 55,Paddy(dwarf) irrigated 


-" 6.02 54Paddy(dwarf) unirrigated 

- " 1.98 "" .35

Paddy(local) irrigated 
 -
Paddy(local) unirrigated
..
 166
Masoor irr~.gated 
 .
 .

Masoor unirrigated 163
Grain irrigated 77.
 
Grain unirrigated-


2. 3. 
Pea irrigated

Pea unirrigated 
Vegetables irrigated 


.2
Jowar unirrigated 

40Arhar unirrigated 
 Y 

, ..' . ... 25, " • -.,, ".-... "' i. . ;
 



The total' net.%-income .byprogr'a i dome's- to, Rs.' 14473 as 'against ' 
Re. 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 crops 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
132.'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 use 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
 
,areawhich 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.
 

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 crop 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.
 

Category3
 

SFour crops .are growrn as againstfive ,in the 'aotual set of farms in 
the category for unirrigated advanced technlogy farms in 1967-68 (Table',, 
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Table C23.-rop Plan:;Act;4 1967-O and :Pograzmed' .% 
i.. ~ UnderIrgtd2ai~~.
.7 Category2 Fams,. Jabalpur District 

ehoo
(M.P.), -Indiai 

. P or'"mmid. '"Adtual 

Whneat local irrigated ".. . . 3.7". . .SWheat local unirrigated .7.. . 19.81 , ; :. 1117 
Paddy local irrigated 
 .. * . 1.32.,., *.., 2'i.5.,2.5Paddy local unirrigated "5- :.....-...

Masoor irrigated ; .... 

, 
5.89

89
 
., . .......


Masoor unirrigated
 
Gram irrigated .2 
Gram unirrigated .' .. j,:,r. 2.5133 
Pea irrigated .. .1.'1 . . ::. ! . 4..,.,-,8Pea unirrigated 
 , , - .. , --.1,7lVegetables irrigated 
 .  , . .74  ,, ,92

Jowar unirrigated 
 ......

Arhar unirrigated "- " , . . -, .. 54Lesser millets unirrigated '..... . .- 1..84 i', ...' 6:2 

Table 24. Crop Plan: Actual 1967-68 and Programmed Under
 
UnLrrigated Advanced Technology
21 Category 3 Farms, Jabalpur District (M.P.), India 

.C. . ,.. Programmed Actual 
i"Aores
 

Wheat local unirrigated 
 23.13 
 15.45
Paddy local unirrigated ,. , . .9 : ' 7.38)9asoor unirrigated 
. " " 257

Gram unirr lgated . .. . 
'Pea unirrigated 
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Jowar unirrigated , .- ,Arhar unirrigated 
 -.. . *.,.
Urid-Moong unirrigated. . .. ." 07... ...... "- . 

.,The total net income from -the program comes to Rs' 1001" whereasthe actual average income in this category was Rs. 9735 or a gain of 
Rs. 1266 which is 13 percent above the acbual. The gain was mainly because the programmed plan diverts land to wheat and completely eliminates masoor and gram crops. The requirement of pulses was met by increasing the pea crop from .33 acres to 1.21 acres plus .07 acres of
 
urid-moong crop.
 



Cate.gory 1 

The :rogramed crop' plan for unirrigated traditional technology 

farms.inoludes onlythree. crops, as against eight actually grown on the 

sam!ple-okf -these farms in 1967-68 .(Table 5.---

hb:e-25..Crop..Plan: Actual 1967-68 and Programmed Under'. 
unirrigated Traditional .Technology, 

69 dategory I Farms, Jabalpur District (M.P.), India 

Crop ,,. Programmed . Actual 

Acres 

Wheat local unirrigated . .... . ,.., 6.64 .10.17 

Paddy local unirrigated " *', 

.Masoor unirrigated 
Gram unirrigated 
Pea unirrigated 

5.48 

11.49 
.6 

. 

5.67 
1.96 
4..,1 
.26 

Jowar unirrigated .38 

Arhar unIrrigated 
Urid-moong unirrigated 

" ,, , - ,. . . 18 
.8 

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, whereas
 

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 was Rs. 1.05 pe:. kilogram, and hence gave a net 

income better than the wheat crop which is usually the most profitable 
.. Net income was increased in the programmed solution by only 10crop. 

percant. .
 

Changes, in.Crop Pattern 

in allOn exaamiation of the crop plans suggested by the programs 
the categories, it is evident that the programming procedure has selected 

fewer crops than were actually grown in that category of farms in 1967-63 

(Table.26). For all four technological categorieo, the programmed crop 

plan comiletely eliminates the three pulse crops, i.e., masoor, gram 
and arhar.
 

In respect to wheat the four categories allocate 57.78 acres in
 

the actual crop plan which had 3.03 acres of dwarf wheat. The pro

grammed crop plan does not find dwarf wheat competitive and allocates
 

9.76 irrigated acres to local wheat as against 6.41 in the aotual pla .:. 
The unirrigated and total area under whoat in .in cxeased.. 

http:Table.26
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Table 26. Crop Pattern: Actual 1967-68 and Programmed 
172 Farms, Jabalpur District (M.P.), India 

Actual" -Proa, ed>"

Crops Acres Percent Acres Percent
 

Ifheat(dwarf) irrigated. 3.03. ,.. : 
Wheat(local) irrigated , 96I-65..
 
Wheat (local) 'iniirrigated 48-.34 ._,__-_,_ '4k..-

Total Wheat 457.8 75.259.0 66.0 

' Paddy,(dwarf) irrigated .54 6.02 

Paddy(dwarf) unirrigated 5 ... 1798........ 
.,Paddy(local) irrigated, 4.43 ,::' • ,.,.,2 ,. ., -, 

Paddy(local) unirrigated26.6o ., ., 

Total Paddy 31192 27 0 - 22.34 19.5 
Masoor irrigated " 26 " , 

Masoor unirrigated 8.68 .. 

-.Total-Masoor ..... .... -.9 . : " 

Gram irrigated .47 

Gram unirrigated 12,29 

Total, Gram . , .i.61 f 1 
Pea irrigated . .0- . 1,11-

Pea unirrigated -1o7 13.91' ' 

o a. . - 15.02 , 13.0 
Total Vegetables . 1.17 ) 
-Total Jowar 
Total Arhar 

.87 )

.97 ) 4.0- -

Total Urid-Moong .82 ) .07 1.5 
Total Lesser Millets .62 ) 1.84 

In respect to paddy the actual plan had only .89'aores 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. 

Thus in aggregate the existing cropping had 76 percent area for
 
wheat and paddy. The program increased it to 85.5 percent indicating n
 
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 faa-'r
able weather of 1967/68. The farmers generally included a variety o)

pulse crops to meet the uncertainty of weather and variability of PJ;cce.0
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Sie these' risk6 and uncertainties -wee-not aucounte~dfornpo-.". -. 
gramming the solution, the above shift was indicated, ,A greater shift 
to new paddy varieties was not possible in.actual practi0e'beause6f
 
the unavailabilitv of ramda in lQ66-67,. .. - , . 

SIncome Increase
 

The totl net income increase by prograred allocai0n.of resources 
, inthe four categories of, farms ranges from 10 to 22 percent (Table, 27). 

Table 27. Net Income: Actual 1967-68 and Programmed
 
.,172 Farms, Jabalpur District (MP.), India
 

Actual Programmed Net' Percent
 

Category Income Income Gain Change
 

1,.Traditional unirrigated 5089 5603 514 10 

2 Traditional irrigated 7169 8092 923 12 

3 ,'Advanced unirrigated 9735 11001 1266 13 
4f'Advanced irrigated 11 8 Q3 2670 '2214473 : 

The most important variation in circumstance between actual farm
 
decision-making conditions and that of the program is with respect to 
knowledge of weather. The program coefficients reflect the weather which 
actually occurred whereas farmers must have felt considerable uncertainty 
with respect to weather. With these assumptions, the maximum income 
increase 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 respectively. 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
 
comparison 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 programed 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 requires 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 
seed, but all the farmers did not buy it. Some had it from previous 
years and others had to buy. Roughly half 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 cost
 
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 noninclusion of dwarf wheat, the inclusion of 6.02 acres
 
of irrigated dwarf 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 seed available for all
 
farmers to enable them to grow this crop at the desired level and hence
 
this restriction should have been imposed on the program to determine a
 
realistic program. Accordirgly 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 dqarf 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 programmed income was only

'1. percent higher than the existing income. This increase of 14 percent 
in income was also due to withdrawal of acreage from pulse crops to 
wheat and increase in irrigated paddy which had shown better performance
 
due to less 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 dwarf 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
creased by 12 percent and most of this increase would be confined to-the
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Table 28., Crop Plang,lAotualP 19q67,68 'idProgrammed'

.Wi~hott, :and:W.th Dwarf-'y-P ad Restri0dtion
55 Category 4 Farms, Jabalpur District (IlP), India
 

. , .,
 • . , 

* I~.................. . . . . . . . .
 . . . Pro rammed,withut. 

with
 

.Aotuai restriction"rp".. restriction

plan .. idwarf paddy on &arf paddy 

Wheat(dwarf) irrigated''
Wheat(local) irrigated 3.03 

2.0 ! 6.02
Wheat(local) unirrigated 
 115 . 15- .
Paddy(dwarf) irrigated 
 - 6.02
Paddy(dwarf) unirrigated 

.55 05..35 7- 1.98':: ;,
Paddy(local) irrigated 93 
 5048

Paddy(local) unirrigated 
 7.66 ""
 Masoor irrigated 
 " 
 ,

Masoor unirrigated o
' 1.63 
Gram irrigated 
 ' .1 
Gram unirrigated............ 
 ,

Pea irrigated 


Pea uflirrigated .02
 

Vegetables irrigated 25,. 
;1.4
 

Jowar unirrigated 
 .-

Arhar unirrigated .25 

..
 

Net-,Income. (R) 
 .11,863' -73 
 13,552
 
,Increase in Inc22,e.
 

advanced irrigated farms which are in a state of disequilibrium due tothe 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 their allocation 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 conclusionis
that the farms in the sample on an average are allocating their resources
close to the optimum and the extent of gain by a sophisticated programmed allocation is insignificant under the pattern of existing resources&.:
 

-Table 29 shows.the comparative marginal values of limited resources
on these four categories of farms under the basic assumptions set forw,
above. 
 ., . , 

...-
The cash expenses in category"1 are not a limitation as shown by
zero marginal value product (Table 29), 
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 aperiod of experienc-e. longOn category 3 farms every additional rupoe brings
 

http:and:W.th
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Table 29. 1!arg~nal.Value, Pr~ot f R~uo 
172 Farms, Jabalpur. District (M.P.), India, .1967-68 

.....Categories ...... 
Traditional 
 Advanced
 
12 
 3Item Unirrigated Irrigated Unirrigated Irrigated 

-Rupees-a.-V 

Cash Expenses 0 0.38 '2.01 -4.65 
Irrigated rabi land 
Irrigated kharif land 
Irrigated sumer land 

-" 
-

--

97.93 
69.69. 

0 

. 
, 

" 
. 

<.72.71 
15799i 

6 
Unirrigated rabi land 99.70 ' 74.68 2.03 ' 1 15 
Unirrigated kharif,land 
Total crop acre 
Rabi irrigations 
Summer irrigations 

0 
165.87 

-
, 

00 
153.05 
50.72 
23.23 

0 
93.75t-!'-t', 

-
- . 

:0 
0. 
0 

;00 

back a net income of Rs. 2.01 and here cash expansion id, clearly indi
cated. These farms have moved from, traditional technology and are in 
the process of adjustment,
 

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 thia 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 these-farms. Since the present cr.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.
 

The second important limitation is the restriction of total crop

acres. On category 1 the marginal value product of total crop acres
 
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 keep.'ng low intensity of cropping. 
The total crop acres had marginal

value prodiuct of Rs. 93.75 on category 3 farms suggesting expansion of

cropping irtensity as the logical course for these farms. 
The cropping
 



in4inisity, on category .4 farms was already 142 percent. Ehe marginal 
value product of total land acres is zero. 

A very important resource is rabi and kharif land, but is not con
sidered for expansion because of the difficulty of increasing 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 IT. 

EPPECTVC AA.I!ORGANIZATION -ANDICOME OF
 

RESOURCE EMANSION
 

Seven Alternati've Resource Restraints
 

In order to find the most feasible program for increasing income
 seven situations will be examined, as follows: 
 (1)no ohange 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 cropping and

irrigated land plus 25 percent increase in cash expenses; (5) a 25 percent increase 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 situations 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.
 

Pr6granmed Income (category 4) 

The programmed incomes for various situations described 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 situationas 4 and 5 the cash expenses were equal at 25 percent

above the preseut use and the difference again lies in cropping and irrigated land. In situation 4 cropping and irrigated area was 10 percent

above the present use while in situation 5 it was 25 percent above the
 
present use.•Once again the difference in net income gain was only two
 
percent.
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Table 30. Net Income: Actual and Programmed With
 
Resource Expansion on Advanced Irrigated Farms
 
55 Categoy Paim-as Jabalpur District, (M.P.) .'i,
 

India, 1967-68 

Actual Pbogrammed
Stuations . . ~ . Income -Income Gain 

Rupees Percent
 

1 Nochang in.resources:,,.: ,,803-;-- 1-.1 14,'73, • ;, 22
 
2 	10: more cropping, 10 %!more .. - . ,,., . <r::K:,,f.' 

cash, 10% more irrigated area" ". -150451 	 AI 
3 2 % more cropping, 10% more .'" .2 : . .:,' '"" - 2 .. ,. , 2,
 

-.cash, 25% more irrigated area.-- 9 .. 2':' 
 "> ,16,7 31.)
4 	10% more cropping, 25% more - , . - ,K. ' "
 

cash, 10% more irrigated area . - ":> 
 . 16,78"7: 
5 25% more cropping, 25% more .. .. , 
cash, 25% more irrigated area :.", .16,888 . 

6 25% more cropping, 50% more 
cash, 25% more irrigated area. " 18,880 60 

7 50% more cropping, 50% more
cash, 50% more irrigated area.' 63.930
 

Between situations 6 and 7 .which have coImmon expenses of 50" percent
above present use and call for 25 percent more cropping and irrigated. 
area, the gain in income difference between the two was only three per
cent. 

There is 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 wasand 5 it found that when cash expense
was common the difference in net income was not significant, 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 percent and hence the M.V.P. of cash expenses drops

considerably. 

Progranmed Income (category 3) 
 . ,. 

As indicated earlieir the present allocation of resources by,"te". 
average farm though not optimal is quite near optimal, because the pro
grammed inccee is only 13 percent above the actual income. Since the
financial position of the advanced unirrigated farners is good, the
 



Table 13 Margi l Value ,Products.With Resource.
 
S..&pansion on' Advanced Irrigated.Farms,
 

55 Ca(teg'y 4,.Farms, Jabalpur District (MiP.),
 
India, 1967-68
 

Land 
01) Cash IUharif Rabi Rabi"Situations'-, Ejxpense Irrigated Unirrigated Irrigated 

Marginal Value Product in Rupees
 

1;? No change in resources' 4.65 157, 210 172
 
2, 10% more cropping and
 

10% cash 	 4.65 157. 210 172
 
10% more irrigated area
 

,
3>25% more cropping and
 
10% cash 4.65 157 210 172,
 
25% more irrigated area
 

1410%more cropping and
 
25%cash 4.30 168 203 170
 
10% more irrigated area ,
 

5 25% more cropping and 
 -

25% cash 	 4.65 210
157 	 172
 
'25% more irrigated area
 

6 	25% more cropping and
 
50% cash 1.A9 259% 144
 
25% more irrigated area
 

7 	50% more cropping and
 

50% cash 4.65 210.
157 172
 
50% more irrigated area.
 

possibility of increase in cash expenses together with increase in in
tensity of cropping may offer substantial gains in net income. Table 32
 
shows'the changes of net income under various situations described before.
 

As indicated in Table 32, the big potential for increase in income
 
lies in increasing the intensity of cropping whereas cash expense in
crease does not seem to be sufficiently remunerative. For example,
 
'situations 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 piogrammed 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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Table'32,. 'Net Income: 'Aotual and Programmed:With,:
 
Resource ;Expansion'on Advanced Unirrigated Farms
 
21 Ca'tegory 3 Farms, Jabalpur District (M.P.),


India, 1967-68.

" " Actual Programmed Percent 
itation .,Income Income Change 

-Rupees -

I No change in .resources 9,735 . 11,001 13
2"10%more cropping and 10% cash '. 11,568 18,
3,_ 25%more cropping and 10% cash 167 .19.
k '10% more cropping and 25% cash 

, 

'' 11,914 23 
5 25% more cropping and 25% cash 12,1419 .. 27. 
6-,25% more cropping and 50% cash 12,676 ,30 
7 50% more cropping and 50% cash ' 41,806kI 

On unirrigated farms it may not be possible to raise the intensity

of cropping by more than 25 percent and hence the only situation which
 
dan 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 
Bs. 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 crop
 
acres is most acutely felt when cash expenses are in slack activity such
 
as in situations 3 and 6 when its marginal value procbct 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 introdction 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 1.Lave 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 take 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 41 percent if cash expenses
 
are also raised by 50 percent.
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Programed Income (catejry1) 
i;The !programned~alalocation incategoryl 1 farms resulted in a net 

income increase of only.10 porcent which shows that this category of
 
farms is nearest to- ptimal allocation. The possibility of increasing
the nett income in the present technology are,extremely limited. As 'it 
is, its intensity of cropping is high, and the cash expenses in the 
program have been shown in slack...,
 

However when its resources both cash expenses and crop acres are,
 
increased by 10 percent the programned 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 I farms.
 

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 percent. 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 increase in cash expenses.
 
Rence 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.
 

Table 33.Net Income: Actual and Programmed With Resource
 
Expansion on Unirrigated Traditional Farms
 
69 Category I Farms, Jabalpur District (M.P.),
 

India, 1967-68
 

. . Actual Programed Percent 
Siuations Income Income- C nge 

Rupees 

I"No change in resources 5,089: ' 5,6030 
2',10% more-cropping and 10% cash .. 5,99f .17 

.3 25% more cropping and 10% cash 5,994 17, 
. 10% more cropping and 25% cash - 6,266 , 23,, 
5 :25% more cropping and 25% cash . 6,516 28 
6 25% more cropping and 50% cash 6,582' 
7 50% more cropping and 50% cash .. 7,299 
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Programned Income (category 2) 

The gain in net income by progranmed 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 reported. 

Table 34.Net Income: Actual and Programed With Resource 
Expansion on Traditional Irrigated Farms 

27 Category'2'Farms- Jabalpur District, (M.P.), 
- India, 1967-68 

Actual Programmed Percent 
Sittuations Income 'Income 

1 No change in resources 7,169 8,092_ 12 
2,A 0% more cropping and 10% cash 

10% more irrigated area . 8,717 " 2I 
3 25% more cropping and 10% cash 

25% more irrigated area 
10O more cropping end 25% cash 

9,577 
- -. , 

33 

10% more irrigated area 899!24 
5 25% more cropping and 25% cash 

25% more irrigated area 
. 

9,655 34 
6 25% more cropping and 50% cash 

25% more irrigated area 36
7 50' more cropping and 50,;. cash 

50%more irrigated area .11,217 §... 

It can be seen from Table 34 that situation 3 which requires only 
10 percent rise in cash expenses and 25 percent rise in cropping and ir
rigated acres raises the net income of the category by 33 percent more 
than the present income. Even situation 2 which requires only 10 percent 
more cash, cropping and irrigated acros 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 
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cash.expenses ,but causepineAinoome to:,;rise-.,y only;i 1..percent more than 
~s~uation'3." Siilarlyt!situation k, requires 5,pcent morecash .than"Situation 2 but, the net-.income rises-only,2 percent. -more than situation 

. In.case the cropping and irrigated-area can be increased 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 3.3per
cent, 

,The-Most- Fasible Resource Exnansion 

;Having examined the effect of expansion of resources under various 
situations on produotion 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 ifeasible situation of expansion along with the net gain due to re
source expansion is reported in Table 35. 

Table 35. Gain in Income From the Most Feasible 
'Situation to Expand


.172 Fams, 'Jabalpur District (M.P.), 
inoia, 1967-68 

Gain in Income by Prokramming Net Gain'by
.Category, and With Expanded With Same Resource 
Situaion " Resources Resources Expansion 

Percent 

- Traditional uniarigated
10%more cropping 17 . 10 , 7 

... 10 more cash exp nses ... 

2 Traditional irrigated. .. : . , 
25% iiore .cropping and 

irrigated area , 33 12' 21" 
25%more cash expenses 

3. 10% more oropping 
10% more cash expenses 

. -... 

, 123;, 13 
.. , 

1 
4 25%more cropping and 

irrigated area 60 146 
25% more cash expenses - ... - ... '.. 
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cf nTabld'35it:is shown!that a substantial'nlet gainon iresure
 

*p~nsion occurs only or irrigated farms.'- On,iirigated farms also ,':the
 
iirgest net gain was found on advanced farms which was more thanh 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
 
expansion was 7 and 10 percent only. This gain was calculated on the
 
basisI'of an extremely favorable rabi season in ;1967-68.,
 

ProbFammed Cropping Pattern for the Sample 

The cropping pattern 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 cat~gory. This 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 
kith the actual cropping pattern.
 

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, macoor, 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
 
crop plan which was increased to 75.25 acres in the programmed crop plan
 
ith.the same resources. When the resources were enlarged by 10 percent,
 
wheet acreage was not expanded but was slightly reduced to 73.17 acres.
 

,..The acreage of paddy in the actual plan was 31.92 acres, which was
 
reduced to 22,39acres in the programmed 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 adres'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
gramed. 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. . . . 

The cropping pattern in actual and programmed in termd''ofpercent
age'area under each crop is shown iii.Table 37.... '.: 

Production With Expansion of Resources
 

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 produotion. In this respect,
 



Table6. Cropping Pattern: Actual and Programed 
1:
,72 Farms, Jabalpurfistridot(M .'';" ::' ' ' I dia, .1067-68,' ,,.
 

. .. . " ' .3" 	 ' " "
 

, . ... 	 -'..'..,: Programmed' 


Same 10 Percent
C ops. Actual Resources More Resources
 

Hi i.-' tIAcres 

W1eat dwarf irrigated 3.03

Wheatlocalirrigated' 5.1 M9.7,6 10.73Wheat local unirrigaied 4%.34 65.1!2 ;62.44

Total Wheat 	 65. 25 :73.17 

Paddy dwarf irrigated 	 .54 6.02 
Paddyi dwarf unirrigated '.35 1.98 -3.75Paddy local irrigated 4.43 
 4.32 , .56
Paddy local unirrigated 26.60 
 10.07 14.25

Total Paddy 
 !:31.92 22.39 
 29.18,
 

Masoor. irrigated 
 ,26 -
Masoor unirrigated 8.68 -

- .
 

Gram irrigated ' .47 ,. 
._i
 

Gram unirrigated' 
 12.29  '
 Pea 	irrigated 
 .10 1.11 1.23

Pea 	unirrigated 
 1.73 	 13.91 - .77 

23.:53 1.5.02 17.00,.
Vegetable irrigated 
 1.17 .74 
 1.01

Jowar unirrigated 
 .87 

Arhar unirrigated 
 .97	 



Urid-Moong unirrigated; 
 .,82 , .07' 115Lesser millets unirrigated 	 1.84 
 4.47
 
'Total 
 ' 	 116.68 115.31 125,98
 

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 kilograms of vegetables during the year

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 increase of resources by

10 percent except in the case of advanced irrigated category, where it
 
ranges from 22 to 24 percent.,
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Table 37, Production: Actual and Optimum
172 Farms, Jabalpur District (M.P.), India, 1967-68-


Tradition Unirrigated Tcadition Ixr gated Advanced Unirrigated Advanced Irrigated
Actual Exist- Actual Exist- Actual Exist- Actual Exist-

Existing ing 10% Existing ing 10% Existing ing 10% Existing ing 10% 
Crcps Resource3 Res. more Rescures Res. 
 more Resources Res. more Resources Res. more
 

Kiloams
 
Wheat (dwarf) irrigated - 2453 -
Wheat (local) irrigated --  - - 1396 1550 1703 -- 67 3150341.645-Wheat (local) unirrigated 297 1898 1223 3015. 5348 5216,.144 10741 10880 5614 7733 7412Total Wheat 2907,. 1898 1225 4411 6898 6919 712 10741 10880 9113 10883 10906 
Paddy (dwarf) irrigated -7 --

- - --.-- 598 6676 73411-
Paddy (iarf) unirrigated -8 - - - -6208 

Paddy (local) irrigated - 1177 2035 2148 2 1178 2231
 
Paddy (local) unirrigated 18C07. 1747 ',2499 - -27
1843. 333 84'-29Total Paddy 180 1747 24992 
 218 3 2- iv - "282Masoor irrigated - -3- 78 0" 
 O_2 .29 4 7 957? 
Masoor unirrigated 432 -- 589 -- - 552 -- " 41,
Gram irrigated 
 ' - -. 130--

-

-
Gram unirrigated 867 - 782 -- 896- -- ....Pea irriLated 88- 38 43-- 0- 896 '- 8

PauirgtdO A3653 7996Pea unirrigated 68 317 t3541 237 291-0*_. 9.22' 291Arhar unrrigated 31--  -- 17 -- - .' ' - o, 2
Urid-Moong unirrigated- ."88 ".. -

1 
-8 -* ! 0 1 3 - -Total Pulses .14&76 ~' 3031 "3653. 10 38 oiil4 62 40 18 29?291 

Vegetable irrigated -. - - -. 668'' 53 733  . - . 
Jowar unirrigated -' - 23 - .. -- ."- "-" 

Lessinmillets 
-, 2123 %9

GRAIM TIOTAL -"6294 6676~ 77 10135- 112
6W43 ~ 2020 :-13175 1424 153Percent increase -
19M28 20769 

-, 7% ' 224C1553- -r. 6 -_ ., , , - - ; .. ":": .-- -: 18- : .2 i i? 
17 '. 0** ' -. ' .. 22--..-

-



Effect ,3of Variable; eather- onParm!,0rganization: 

The above. estimates of income increases with programming for re
source expansion are based on the data of a.very good rabi rainfall
 
year, .Thecropping pattern suggested by the program shows a distinct
 
swing of acreage to wheat with a corresponding reduction in pulses and
 
paddy. 
The existing cropping pattern in general and that of traditional
 
fadsli particular shows substantial acreage under pulse crops which
 
generally give good yields in bad rainfall years. 
It would, therefore,
 
be appropriate 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.
 

''Since the monsoons are known for their vagaries rather than normal-
ity and notwo years are alike, three different weather situations were 
definQd below for,the purpose of examining the likely effects of differ
ences.in Weather on the programs studied. 

W. I: The net incomes per acre of irrigated wheat lower
 
than 1967-68 by 10 percent and that of unirrigated'

wheat lower by 25 percent. The net income per acre 
of irrigated paddy higher by 25 percent and that of' 

* unirrigated paddy higher by 50 percent. 
All other
 

crops remain unaffected. This would be likely if

distribution of rainfall was normal. 

W. II: 	 The net incomes in wheat reduced as defined above 
but the irrigated, paddy incomes higher by 10 percent
and that of unirrigated -paddy higher by'25 percent., 
All other crops remain unaffected. This would be
 
likely if distribution of rainfall was favorable
 
in kharif and normal in rabi.
 

W.III: 	The net incomes in wheat reduced as defined above
 
b change in paddy and all other cropo remain
but no 

unaffected. This would be likely if rainfall
 

__-.was normal. for rabi and some moisture stress in,.
 
- ,. kharif as was the case in 1967-68.
 

Under the above defined assumptions of weather new coefficients wero
 
assumed, and- a program was drawn for each category of. farms., ,' 

Zroping'Pattern and Income (category 4) -

Tables 38 and 39 show the new programs 'for advanced: irrigated farms 
(6tegory 4) based on the different assumed weather conditions, 

The optimal programs for advanced irrigated farms had little varia
tion in the 4 different weather situations, both in respect to crop

patterns and incomes (Table 38). 
 InWeather I the programmed income
 
was closest to actual income with a difference of only 12 percent. It
 

http:ences.in


Table ; dropping Pattern: . Actual and Programned With 
Different Weather on Advanced Irrigated Farms 

-- 55 Category 1 Farms, Jabalpur District (M.P, 
India, 1967-68 

Actjal Programmed crop Plan 

Crop . 

Crop Plan 
1967-68 

' 

1967-68 W, 

Acres 

I W.II . I1 

3.03 2.30 3.91. .. 81Wheat dwarf irrigated 

Wheat local irrigated o4'2.0 2.74. 3.07 2,20
 

-Wheat local unirrigated 11.55 ,. 17.03 13.6j.l5,9 15.91
 
-

Paddy dwarf irrigated *.54' ,*5 4 5 5 ,54 
.35 035 .35.35 .35-Paddy dwarf unirrigated 

,.8 5.28 5.18 5,,8935.28'Paddy local irrigated 
Paddy local unirrigated 7,66 3.48 5.60 4.06 3.37 

Masoor irrigated ,,6
masoor unirrigated
 
Gram irrigated . . 97,
 
Gram unirrigated . 2,3 .... 


Pea irrigated .-02
 
.83 3.211 1.11 1..1 

.,Pea unirrigated 


.01
Vegetable irrigated .25 012
 
;Jowar unirrigated .1 


Arhar unirrigated .25'
 

Table 39. Income: Actual and Programmed With Different
 
Weather on Advanced Irrigated Farms 

55Category f4Farms, Jabalpur District (M.P.), 

India, 1967-68 

Actual Programed Change
Income 
.Rupeos Percent 

Net Income: 1967-68: 11,1803 13,552 + 14 

Nel Income: Weather I 11,805 12,411 + 12 

Net Income: Weather II ' .. o'. 4'."10,432 11,801-. + 13 

Net Income: Weather III ,..- ... r . 9,780 11375,- + 16 
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'appears that the farmers may have pianned' h e cropt6pi withi thelbxpeota
tion of this weather. This is supported by. theoptimal cropping 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.
 

The cropping pattern on these farms shows very little sensitivity 
to variations in weather and the profitability of crops shows a distinct 
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.
 

Cropping Pattern and Income (category 2) 

The existing and programmed cropping patterns and incomes in differ
entVweather situations for traditional irrigated farms (category 2) are 
:reportedin.Tablen 40 and 41. 

Table 4+0, Cropping Pattern: Actual and Programned 
. " on Traditional Irrigated!With:Different Weather Farms 

' 27 Category 2 Farms, Jabalpur District (M.P.), 
India, 1967-68 

Actual
 Crop Plan. 
1rop1967-68 1.i9678 W.II W.lI 

Acres 

CropCrop PlanPlan *•:Programned 

Wheat irrigated 3.37 3.74 3.74 3.74 3.74 
Wheat unirrigated 11.17 19.81 
Paddy irrigated :2.5, 4.32 4.85 ,3, . 3:12, 
Paddy unirrigated 5.89 I0.00 1.84 
Masoor irrigated .26 
Masoor unirrigated '2,52 1.84 4,84..?..1.84 
Gram irrigated 
Gram unirrigated 2: 5. 
Pea irrigated .08 .11 . l 1.11. 1.11 
Pea unirrigated .74 . . 

Vegetables .92 .74 .22 ,1.59 i44 
Jowar 
Arhar :: . 17.97 17.97 
Lesser millets 62 1.84 " 1.8 

- - i ,i"" ii 
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1 In.ome;, A~tual, and Programmed With. Different. 
. ather ,on Traditional Irrigated Farma ...... 

27 Category 2Farms, Jabalpur District (M.P.)... 
India, 1967-68 

Income Actual Programmed Change 

Rupees Percent 

Net Income: 1967-68 - . 7,169 8,o92 "+ 12 

Net Income: Weather I , , 7,112 8,126 + 13 
Net Income: Weather II - - 6,768 7,911" . . . 16 

Net Income: Weather 131 6415 7,7...20 

In Table 40 it is seen that in Weather I the programming could have 
increased incomes by Re. 34 only over 1967-68. However; it would have 
required a considerable change in cropping pattern. For instance, un
irrigated wheat was completely dropped to bring an expansion of unirri
gated paddy and arhar crops." The pulse crop 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 correctly anticipated the weather of 
1967-68 to be favorable to wheat, but. s a caution have 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 unirrigated area of 19.81 acres to wheat. The existing alloca
tion is such that even if Weather I prevailed, the difference 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 II and Weather 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 farms which
 
would have been more optimal in Weathers I and II.
 

ninv PAttern and Income(categorh 1) 

The existing and programmed cropping patterns and incomes 'in 'dif
ferent weather for traditinal. irxnrvgated farms (category 1) are 'shown 
in Tables 42 and 43. 
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Table'42.:' Cropping Patterns Actual and Programmed With L 
-Different Weather on Traditional Unfrrigated Farms 

, iJ, -T69OCategory.t1!Farms, Jabalpur District (M.P.). 
t) India, 1967-68 

Actual Programmed Crop Plan 
Crop Plan. 

Crop 1p67-6 1,9676 W W"IV . III 

Wheat lo1.7' 5.47 6.64 6.64 

Masoor 1.96;. 
. , ".. .26 /1 . 8 11.49 11.49 1 

Jowar.----. - . .. . . . 38 .... 
•Arhar .18 
Ur:Lj4-Mong 82 

esser millers 4'-' 

Table 3. Incomes Actual and Programmed With Different 
Weather on Traditional Unirrigated Farms 69.Category 1 FarS, Jabalpur Distriot .(MP.),................. 

India, 1967-68 

Income .. ActAal. Prograamed Change. 

Rupees- Percent 

Net Income: 1967-68" 5,089 5,603' + 10 

Net Inome:_ W h,8e8I 5,694..__ +.16 . 

Net-,ncome, Weatner II ,: 4,669 5,447 + 16 

XiV-3zioo'cme: Weather_-I3:I "-4, 31- + I8 

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 meintainid 
with marginal adjustments in wheat and paddy. The traditional unirri
gated farms like the traditional irrigated farms were closest in opti
mization in a very good weather year only. As the weather became ad
virse, the nonoptimality increased and reached 18 percent in weather
 
condition III. This shows that traditional farms are very vulnerable to 
bad weather. The unirrigat,d farms usually allocate large acreage to 
pulse crops and this was also suggested by the programs. 
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CroDping Pattern and Income (cateory.3) ,::,.. :rd. jqox: ., - Idf.,T 

The' existing,and programmed cropping .patternsand-,4noobenp in dkr
ferent weather for adVan'ced unirrigated farms (category 3) are Shown
 
in Tables 44.and 45. -

le't4...Cro~pingPattens. Actual and.Programmed With 
,Different Meather on Advancir Unfrrigated Fars 

21 Cat'egory Farms, Jabalpur District (M.P.). 
India, 1967-68
 

Actual . - . Programmed Crop Plan ' 

crops Crop Plan . f'Y 
C4,o .s A. 1967-68'. 1967-68 W. I W. i W. Ix-

Acres
 
Wheat 
 15.45 23.13 23.00! 23,'00' 
Paddy 7.38 4.59 18.84 r"4 67..-: ;6q7, 
Masoor 
 .2.57
 

Pea3-.29
Pe .33 1.21 10-.7 1.34 1.34 
Jowa.
 
Arhar . A . ... ....... ,
 
Urid-Moong ~ ~ t-i .07i::'~rt:* 
 -

..... ,, ,4),. 

Ae45. Incoe: 'Aotdal and'Programmed With Different 
 -.-. 

1 Weather on Advanoed Unirrigted Frarms

21 CategorY 3 Farms, Jabalpur District (M.P.),..
Q 4. K " India, 1967-68 ") .. 

Income Actual Programmed ChangK, 
., "101es ... :Peroe 

Inoe 16-89,735 11ol+ 13 
Net Incomes W6&ther I 8,978 ._ 9,578 6 
Ne.-Incomes1Weathe' II:. . . 8,542: 8,883 
Nencome Weather III 8,106 8,613 . + 6 

The advanced unirrigated farms as shown in Table 44 were closest " 
to optimal in Weather II in which the programmed income would have been 
only 4 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 e:penses on advanced farms are high and hence they may be try
ing to hedge against losses in bad weather, 

http:Pea3-.29
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Thus on the whole the traditional farms in the weather of 1967-68 were found to be closer to progranmed 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 mi.nimum. Prom 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 4 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
 

IMPACT OF IRRIGATION AND TECHNOLOGICAL CHANGES
 

In India it is difficult to!,-increase the area of, land holdings infarms. 
Operating oapital has some possibilities.for 'expansion in the
near future. The most promising possibilities for increasing productionand incomes seem to be in the areas of irrigation and changes in tech
nology. 

-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.
 

Returns to Irrigation and Technologv 

The returns of the 172 sample farms in 1967-68 provide informationon 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 possibilities with various changes in
resource use. 
The comparative detailed study should provide guidelines
for use in determining future changeL in agricultural policy and in the

organization of individual farms.
 

Irrig6ation Potentialities
 

The marginal value product, as determined by linear programming,rabi land on irrigated traditional farms was Rs. 97.93 and on 
of 

irrigatedadvanced 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 rabi irrigation water. 
In like manner, the advanced farmers could spend up to
RD. 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. When a
farmer adds an irrigated rabi acre an irrigated kharif acre is automatically addea, hence the marginal value products 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 Re. 330.62 and expansion of every acre under irrigatio' can be
expected to increase net income by the above amotmt. 
In view of this
joint consideration 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.
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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.
 

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
 
irrigated 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 A4A' 
tjzifrrlbg Ged LAnd 

82 Irrigatod:farms, Jabalpur District (M.P.),
 
* ~*<;;IIndia, 1967-68 

Irriated Category Percent
 
Category 2 Category 4 Income Difference
 
Traditional Advanced Difference in Income
 

Rupees
 

Average net income per
 
irrigated acre'' 629 -1,130 501 80
 
'Averagenet income per
 
unirrigated acre 2491 452 203 : 82 
Difference in net income. 2 
due to irrigation 380 678 -

Percent difference in ,
 
income due to irrigation 152% 15 - -


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 ;ithin respective technologies the relative returns
 
to irrigation were about equal even though the actual returns in advanced
 
category 4 farms were much greater (Re. 678 per acre versus 380). 
When
 
returns are compared between technologies, the advanced category 4 farms 
gave 80 percent higher net returns per irrigated acre than the tradi
tional category 2 farms (Table 46). 

It is of interist to observe the difference in net return per acre
 
for unirrigated traditional and irrigated advanced. 
The irrigated ad
vanced category 4 net income per acre was Re. 1,130 while the unirrigated
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traditiona.1, category. 2. was: only Re. w249 or the.,one' was 354 -percent more 
than the other.. :This shows the extent of scope for raising income if 
both ithe advanced technology and irrigation,are introduced. 

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 'he neighborhood of Rs. 6,000 may be required now for
 
a well and electric pump (Re. 4,500 for well and Re. 1,500 for electric
 
pump). The cost of oil pump is much higher and estimated to be about 
Rs. 4,500. The inmestment required for oil pump farmers may be about 
Rs. 9,000 including 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 shon 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 
albo 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 Oil Pump
 

. Jabalpur District (M.P.), 3hdia
 

Electric Oil 
SPump Pump 

Rupees 

Depreciation on a well costing Re. 4,500
 
with a 20 year life span 225 
 225
 

Depreciation on pump with 10 year life span.
 
(Cosat of electric pump, Re. 1,500; oil
 
pump, Rs. 11,500) 150' 
 4150
 

Annual cost of servicing and running 100 - 300
 

Total annual cost, 05 975 
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.Tabie-48.-	Rates of Return From Irrigation Investment '. 
With Traditional and Advanced Technologies 

82 Parms, Jabalpur District (M.P.), India, 1967-68
 

Traditional Advanced 
Technology TechnoloK... 

Oil Electric Oil Electric 
Pump 	 Pump Pump Pump 

Rupees 

Aditional net income from 4.85 
acres of irrigation 1,813 

'Cost of irrigation .r 975... 

i,8k3 

475  

3,288 

975 
3,288 

475 

Net gaJ- due to irrigation 

.,nvestmentrequired9 

"868: .' 

,000 6•O 
1,368 2,313 

9,000 

2,813 

6,000 

Percenti. 

1ate of net return 
I C, 

9 22 25 " 
, 

7 

The returns to irrigation are higher with advanced technology.
 
The oil pump gives a 25 percent return and an electric pump shows a 47
 
percent return. The application of advanced technology appears to be
 
closely related to the creation of irrigation facilities. It would
 
seem 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 in Tncome
 

Computations were made to determine what the gain in net income
 
.might be if category I and 2 farms were to operate with the advanced
 
technology of category 3 and 4 farms. These results are reported in
 
Table 49.
 

The largest calculated potential gain in income was for category
 
2 farms, with a gain of 60 percent (Table 49). This gain was due to
 
two factors, nnrr'!y rrogrrr,-r.-g rth e-iting resources and a change in 
technology. " r' in was only 12 percent, thus the net 
gain from a chrn,, of technology was 18 percent. This assessment of 
gain by progrwai ..g and technological change has an implicit assumption 
that the fui-mon-s bays the nececsna.y managecment skill to handle the 
interaction of change in resources and technology.
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Net .Income: 
r'-,,,,.,,-Under .Traditional and Advanced Technrilogieb. 

172 Parms, Jabalpur Distriot (MP.), India 

TabJe ;e9 Actual 1967-68 aniProgrammed. 

Category 
S :,Traditional Advanced 

~ 12 34 
Item iv- ,+Unirrigated Irrigated Unirrigated Irrigated 

Actual Income 1967-68 .5,089 
Rupees 

7,169. 9,735 11,803 

Programmed Income: 

Traditional Technology"-. 5,603 8,0. -

Advanced Technology 7,2311 11,478 11,001 . 1,473 

Gain in Income .Peroent 
Traditional Technology 10 12 . -

Advanced Technology 42 60 " 1. 22 

Gain by Technological 
Change 32 48 . -, 

Technology offers substantial scope for traditional unirrigated 
':farms inyears of gcod rainfall. However, the element of risk due to 
.%adverseweather i&more. For instance, the advanced unirrigated farms
 
eP-1Id have obtained an income of Rs. 11,001 during this favorable year,
 
but if the rabi 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
 
1. 2,400. Itappears that these farms are aware of this risk and henc(
 
have followed a cropping pattern which iInear programed 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 fams (cate
gory 1) can register an incroase 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 production of a pulse crop (peas), whereas 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 69i
 

Traditional Unirrigated Farms in Jabalpur District kM.P.)
 
India With Existing Resources
 

.... .. .... Production
.Programmed 

Existing Resource
 

Actual Traditional Advanced
Crops .. Production Technology Technology 

kg. 
Wheat local unirrigated " i"*2907 1898..5326 
Paddy local unirrigated 1807 .1747 
Masoor unirrigated 432 
Grain unirrigated 1 867Z.i 
Peas unirrigated - 68 3031 1885 
Jowar unirrigated 31 
Urid-Moong Unirrigated 88 
 586
 
Total pulses t I76,. ,303, 2421
 
Jowar unirrigated 100"' 
Lesser millets • i :.-,r 
Tctal millets IQk......... : '
Grand Total 29,4ii ,"" " '667 - 7797 
% change in production 2- 6% 2 %
 

increased. The paddy crop became uneompetitive 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 technuogy 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
pc,tant 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 Teehnolop
 

Irrigation requires considerable fixed investment in digging a well
 
and installation of a water lift. The average investment in wells with
 
Pump by the irrigated farms was Rs. 3,554 ,nd the average expenditure for
 
water lift was Ra. 2,712. Thus the total of Re. 6,266 was reported.

However, for future projection a greater investment would be required
 
for two modes of irrigation and is reported in Table 49.
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Table!	51 . Production Potential of Programs in Traditional.
 
and Advanced Technologies Compared Wit-1LActual on 27'
 
Traditional Irrigated Faims in Jabalpur District (M.P.)
 

India 	Within ELridting and Expanded Resources
 

Optimal Production 
Existing Resources 

Actual Traditional Advanced 
Crops Production Techlnology Technology 

Wheat dwarf irrigated, 
Wheat local irrigated 1396' 1550 1957 
Wheat local unirrigated 53883015" 4816 
Wheat 	 total 6fi88, 6773 
Paddy dwarf irrigated " 4569
 
Paddy dwarf unirrigated .
 
Paddy local irrigated 1177 2035
 
Paddy local imirrigated " 1843
 
Total paddy 3020 2035 .4569
 
Masoor irrigated 78.. .... . .
 
Masoor unirrigated 589
 
Gram irrigated 130 33$
 
Gram unirrigated 782
 
Peas irrigated 28 ' 388 '1
 
Peas unirrigated 79 2601-

Tuar unirrigated 117
 
Urid-Moong
 
Total pulses 1803 3 . 29$
 
Vegetables irrigated 668 537
 
Jowar unirrigated 23'.
 
Lesser millets 210 625
' 

Total 	millets 233 ''625,"

Grand Total 10135 083:,* . i7I0 

% Change in Production + 3% : 

How much area will be irrigated will depend on the individual
 
situation. There were two categories of irrigated farms with average
 
irrigated 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 29 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 4 farms,
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A similar investment would enable the category3 farms to transform

themselves to category 4 technology with 4.85 acres of irrigated land,
25 percent more of cash expenses and 1I42 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
grams 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
Change to Advanced Irrigated Technology (Category 4) 

90 Category I and 3 Farms, Jabalpur District 
(M.P.), India, 1967-68 

'Percent
 
Actual Programmed Gain From

Cat.ory Income Income Actual 

Rupees;
i"-Traditional unirrigated . . 5,089 7,810 51 
3_Advanced unirrigated 11,001 10,115 45
 

By creating irrigated area of 4.85 acres, using advanced technology

and organizing according to the optimal program the category I 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 year and also because the 25 percent rise
in cash expenses may not be sufficient to meet the cost of irrigation
and advanced technology as was suggested by the marginal value productof cash expenses which was found to be Rs. 6.24. The present level of

,ash expenses in this category was Rs. 725 and was raised to Rs. 906
qhich was falling very short of requirement as indicated by high marginal 
value product. 

In the case of category 3 farms the present level of cash expenses 
qas high, an addition of 25 percent was considerable and hence a rise of
Lncome from actual wasby 45 percent. Since category 3 farms were al
ready in advanced category and programming had increased income by
13 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.[he acute shortage of cash expenses in category I was also evident fromhe fact that irrigated land and total crop land were being shown in the
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sla1k: aotivity, in *pite of the fact that there~was.an option.:to rtake 
dwarf paddy both as irrigated and unirrigated 'crop. In ifact, the. pro'gram.took only 1.13 acres of irrigated dwarf paddy in irrigated kharif
land-and:left the rest as unsued as shown in Table 53.
 

Table 53. Programed Resource Use of Unirrigated 
Traditional Farms Under Advanced Irrigated 

Technology (Category 4)
69 	Category I Farms, Jabalpur District (M.P.'),

" India, 1967-68 

Resources 	 Used Unused 'Total . .M;VP. i 

Acres 
Land kharif unirrigated 0 . 29 13.29 ., 
Land kharif irrigated 
Land rabi unirrigatedLand rabi irriatd4.85 
Land rab irigated0
Land sumer irrigated
Total crp acres 

1.13 
13.29 

0 
19,27 

, 3.71 4.85 
- ,10 13.29 -. 0. ...4 85 

4.85 - .85 
6.47V25.75 

0 
1511,8.62 i 

0 
0 

Cash Expenses 	 906.31 0 906.31 6'
 

.Icome Gain in Shift to Advanced Irrigated Technology 

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 nnd tech
nology on transformation to 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 products of cash expenr
 

Tible 54. Income Gain by Programning in Shift to 
Advanced Irrigated Technology (Category 4) 

S.117 
 Farms, Jabalpur District (4.P.), India, 1967-68 

Gains from M.V.P. ofoEisting Income Cash Expense 
'Percent 	 Rupea
 

I 	 Unirrigated traditional 51 6.24 
2 Irrigated traditicnal . 60 6.24 
I- Unirrigeted advanced .45 .65 

http:there~was.an
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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. 

Cash Needs of Technological Change
 

In the study all the categories were close to optimal resource al
location in Jabalpur District. A similar finding waT 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 constrrilts.
 
To the extent that resource allocation by peasants is rr .ional, policy
 
makers can concentrate on resource expansion." Anot' .,inquiry by T.P.S.
 
Choudhari, et a12 found in the case of Delhi farmera that their alloca
tion was also near optimum. Mellor states3 "The logic for believing
 
that farms are relatively efficiently organized iL 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, Desai
4
 

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
 
Kahlon5 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
 

I. 	Raj Krishma, Indian Journal of Agricultural Eonomics, Jan.-Mar.,
 
Vol. XVIII, no. 1, p. 181.
 

2, 	T. P. S. Choudhari, et al., "Optimum combination of competitive crops
 
in the intensive cultivation scheme area Delhi," Indian Journal of
 
Ar.&cultural Economics, Jan.-Mar., 1963, Vol. XVIII, no. 1, pp. 143-1530
 

3. 	John W. Mellor, The Economicn of ^7ricultural Development. Cornell
 
University Press, 1966, p. 135.
 

4. D. K. Desai, "Economics of Cropping Pattern in Gujarat State," Indian
 
Journal of Agricultural Rconomics, 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 Ludhiana (Punjab), Indian Journal
 
Of Agricultural Econcmics, Jan.-Mar. 1963, Vol. XVIII, no. 1,pp. 49
r a 
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hadworked with state production figures and, hence, cash expense was
 
not 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 inzcomes, provided the relevant constraints
 
at the micro level are removed.
 

It would, therefore, be appropriate to examine what income raising

potential exists for Jabalpur District farmers if their cash expense re
strictio-s were relaxed and they were able to invest for construction
 
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.
 

Cash expenditure was raised successively by twenty-five percent

till cash was shown in qlack. Crop intensity 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.
 

Table 55. Income Gains on Resource Expansion (25% Cash)

In Technological Change to Advanced Irrigated Technology
 

11",. 172 Farms, Jabalpur District (M.P.), India, 1967-68
 

Increase Percent M.V.P. 

Category 
Cash Expense 
25 Percent 

Net 
Income 

Change From 
Existing Income 

'of Cash 
Expense 

906 7,810 53% 6.24 
1674K 13,4o6. 87% .5.6 

3 1,831 14,115 45% 4,65 
2,402 15,712 42% " 0 

As shown in Table 55, a twenty-five percent increase in cash ^'
penses in category 4 farms increased the income by 42 percent and t.
 
marginal value product of cash expenses becomes zero. The program did
 
not require this much cash ezpense 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 rabi 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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iuortant it is to metet the full
' ccah expense requirement of the tech

"nologiceal change and how great the changes in cropping pattern nan become.
 
It' 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 sf 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 
marginal value products. The cash expenses for other categories were 

increased until they were shown in slac-k activity (Table 56). 

Table 56. Total Cash Needs ano Programed Income in
 
.Technological Change to Advanced Irrigated Technology
 

172 Farms, Jabalpur District (M.P.), India, 1967-68
 

Categories
 
Advanced
Traditional
1 2 34 

: Unirrigated Irrigated Unirrigated Irrigated
 

E Zisting Cash Expenses
(e.) 727 1,339 1,464 1,922 

Cash Expenses Required
 

Rupee increase in 
cash expense 1,0 1 i' 67i790 ' 392 

Percent increase in 
cash expense 141.3 ' 542><511 20 

Existing Net Income 
(Es.) 

:"i, 
5097169 7 975---1,0 

Optimal Net Income 
(Rs.) '1 ,903, 1,518 15,69 ,15,712 

'Percent Increase in o 
Income 13+ 103 59 33 

With 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
cent, provided their technolo3ies were changed and irrigation to 4.85
 
acres is provided. The remainder of the unirrigated fams are already in
 
advanced technology and need only the above fixed investment in wells
 
aiid pumps. Their cash needs will rise by fifty-four percent with a cor
responding income increase of fifty-nine percent.
 

http:2,314.61
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The quickest opportunity to make a large income rise is available
 
to category 2 farms which have only to increase their caeh expenses by
 
52 percent and the advanced technology offers them the possibility to
 
increase thair income by 103 percent. The category 4 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 expenc> s than are required for maximum income
 
and, hence, when their cash expenses are raised by 20 percent, their
 
rise in income is 33 percent above the existing level.
 

Changes in Cropping Pattern and Production
 

Apart from income changes, the change-over to advanced technology
 
brings about a specialization of production for this district by con
'cntrating 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 summer season when other
 
alternatives are lacking. 

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
duction. 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 change and irrigation

'had the potential for increasing the total production r;. these farms by
 
,79 percent as against only 12 percent by programming under existing
 
technologies and resources. Thus, technological change and irrigation
 
coupled ,;ith adequate finances holds the key of agricultural development.
 

-Technological C -ange and Small Farms 

The present sample of farms ranged between ten to fifty-five acres 
Insize. The state has fifty-five percent iultivated area in farms in
 
this size range. But twenty-six percent of the area consists of small
 
farmers of under ten acres. They include seventy-eight percent of the
 
farmingDonulation (Table 60).
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,TaP.be-57. Cropping Pattern and Production: Actual r,<>I 
...... and Programmed, ,9 . 

!,_q-172 Fars Jabalpur District (M.P.), india,- 1967-6 : 

Actual Programmed Under 
Under Expanded 
Existing Existing Resources 

-I .:.,r-<: " - Resources Resources & Advanced 
Cr-ps & Existing & Existing Irrigated 

Technologies Technologies Technology 

Acres 

Wheat (dwarf) irrigated :i';:. 3.03 -10.33 " 
Wheat (local).irrigated, 6.1 - 9.76 
Wheat (looal) unirrig6ed 48.3 64.65W_. 

Total Wheat . 78 ,. 75.25 7) 56 

Paddy (dwarf) irrigated .54 " 6.02 : 2057-'.' 
Paddy (dwarf) unirrigated .35 . '1.98 

Paddy (local) irrigated 4,.43 1.3 

Paddy (local) unirrigated 26.60 * 10.07_ _ 

Total Paddy 31.92 22.34' :" 4'395 
Masoor irrigated .26 :.. ,. 

Masoor unirrigated. 8.68 " 

Total Masoor ' ,... 8.9,, 
Gram irrigated ** 4.7 . J..."' " 

Gram unirrigated . ..... . . , 

Total Gram - '. :2.76 . " , 

Pea irrigated .10 -i 1.11 , 

Pea unirrigated 1.73 13.91 5.36 

Total Pea 15001.8315.0 
Total Vegetable irrigated 1.17 ... , '86 
Total Jowar unirrigated .8. 

rotal Arhar unirrigated .97 
Total Urid-moong unirrigated .82 . , .07 

Total Lesser millets .62 1.84I• 

117.68 1i4.52 ,62,73 
Total cereal produced (kg.) 36,685 43,428 76,38 
Total pulses produced (kg.) 6,003 4,071 1,413 

Other production .I299 1.862 904 
4),987 496116936165 



62
 

,Table'>75 ,.Peroe1tage Area of Two. Programs. Compar d. 
~~ I r~.c . With Eisting.CropL Pan 

t '72 Farms Jabalpur District (M.P.), Indial,' 1967-SB 

Actual Under Progranmmed Under 
Existing Existing Expanded 

J.. 

Resources Resources Resources
 
.. . .and . and & Advanced 

,, J -'1- Existing. Exirting Irrigated 
,crops-I,, Technologigs TechnoloBLes Technologv 

... ' ' '" "Percent of area 

Wheat .:, 19 . 65 60 
Padd'> "'* '**s.' 2 19'-3 

Pulses 20 13 4 
Others 4 3 1 

Table- 59Percentage Change .in.Produotion by Programing 
Irrigated Advanced Technology and Resource Expansion

-172 Farms, Jabalpur District (M.P.), India, 1967-68 

Percent Change Percent Change 

in Program in Program 
With With Resource 

" Actual Existing Expansion and 
Production Resources and Advanced Irrigated 

Crops 1967-a Technologies Technology 

kilogw'ams Percent*...
 

rea .- -... 36,685 +,18 , + 108 

-76Pulses 6,003 -32 

Others . 1,299 +43', 36 

TOtal Prodution ~3',987 + 12' - ' + 79.'. 

Table 60. Size and Distribution of Small Parms. 

• in Madhya Pradesh, India, Aocording to 1954-55 Census 

Size Number %of Total Area in %of Total Average 
in in Farms .Million Cultivated ,Size 

Acres Millions in State Acres Area in Acres 

0- 5 2.65 59 5.07 11 1.91 

5.01 - 10 .94 19 6.72 15 7.15 
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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 gi'oup of 
farmers is almost like a landless labor group and works most o. the time 
7of larger farms as permanent or temporary hired labor. The second
 
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 6 l)
 
have been estimatcd. 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, provided of
 
course that they could get jobs off the farm.
 

"Tabe"61 -Estimated Present Farm Net Incomes and Cash_..
 
Expenses in Different Categories for Small Farms
 

Jabalpur District (M.P.), India
 

2::i, 10JAcre-Parm2Acre Farm. 5 Acre Farm 

Ix',, ,Net. Cash Net •Cash I .t Cash
 

CategorY:- Income Expense, Income Expense Income Expense
 

64"f 8, 1,603 200 3,206 4.oo
 

690.,_' 109 1,725 272 3,50 543
 

~ ,>. ~2~9' tf599 60,919120 300 

',7': ,:,. 167 2 "818 417 5,636. .,., 81 • 

it 'was found that the allocation of resources was near"optimum for 
category I, 2, and 3 farms and, hence, there may be very limited scope 
for,mproving income through reorganization of these farms. Accordingly, 
the necessary additional fixed investment must be made on unirrigted 
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 irrigation and
 
threei alternative levels of cash restrictions are assumed (Table 62).
 

When these farms were programmed with the technological matrix
 
of advanced irrigated technology (category.4), the following incomes
 
-were obtained (Table 63).
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Tabld 62.'N- "Hyp thetibal Rebouresi -oft-&nall FYarm 
~~ ~ Jab4alprDistriot4P) ni 

sources 2 Acres 5 Acres 10"Acres 

Irrigated land acres , ., 2 . 5 5 
Unirrigated land acres - 5
 

Total Acres of Crops "' '' 11 17
 

,Cashexpense, (1)Rupees__ 250 625 1,251 

.Cashexpense (2)Rupees. 334 __834_ 1',668 
Cash expense'(3) Rupees 417 1,042 2,085 

Table 63. Hypothetical Programmed Income of Small Farms
 

When Operated by Technology of Category 4 Farms
 
Jabalpur District (M.P.), India
 

Net Income
 
Cash..'Epense eel - ...............2Acre 5 .re 10 Acre
 

Farm Farm Farm
 

Rupees
 

",L .(J!.UA:' .. 1,702 "4,216 8,264 

2,212 5,242 8,425
 

3 2,570 5,242 8,425
 

-_,7It is shown in Table 63 that two acre farms make an income of
 
Rs. 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. 492 are met, the
 
program takes two acres each of dwarf paddy and wheat and .22 acres of
 
summer vegetable. The net income rises to Rs. 2,775. Assuming that the
 
family of this farm consists of six members, then the per capita in
come would be Rs. 463, which is more than the per capita income of India.
 

The five afare farm found Rs. 834 as cash expenses to be just 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
 
4heat competitive and instead takes 4.29 acres of local irrigated wheat.
 
Ihis is because dwarf wheat requires twice the amount of irrigation
 
than local wheat. If dwarf wheat is taken or forced in the solution,
 
aet income is reduced by Rc. 232 per acre.
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The ten acre farm"required only Rs. 1,380 as cash exponsesrand made 
an income of Rs. 8,425.' The program takes 2,14 acres of irrigated dwarf 
wheat, five acres of irrigated dwarf paddy, and 4.63 acres unirrigated 
dwarf paddy. In addition, .22 acres of vegetables are taken in sunmer. 
In Table 64 the optimal cropping pattern of these farms is shown. 

Table 64. Programmed Cropping Pattern of Hypothetical 
Small Farms Operated Under Advanced Technology With 

Full Cash Expense Requirement 

Farm SizeCrops Acre 5, Acre 120 Acre 

Wheat local irrigated 4,29 

Wheat local unirrigated " ... - ,' ,, . : -4.5.00 

Paddy dwarf irrigate :, .... 5,-,5.00, 

Paddy dwayf unirrigated 4..63 
Vegetables .22 .22 .22 

R'e rns-t0 Irrigationon Small........ ..................................... 

k 6xrnes-to rri:iinon'mall'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.
 
hus Rs. 2,134 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 cash
 
Bxpenses for advanced technology is also added to arrive at the added
 
3apital cost of irrigation and technology. In Table 65 the cost and
 
returns to irrigation in advanced technology for 2 and 5 acre farms are
 
3hown. 

It is shown in Tab.e 65 that returns to irrigation remain high in
 
advanced technology even on small farms. In fact, the returns are
 
lightly higher than already determined for the sampled farms, because
 
bhose were determined at less than full cash expense limits. On a 2
 
acre 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
 
bhe farmers were given cheaper credit for production needs. Thus, even
 
Cor small farms investment in irrigation is highly profitable under
 
Donditions of advanced technology.
 



Table b5. Estimated'Returns to Irrigation on Small 
Farms in Advanced Technology 

Additional net income due to
 
irrigation 


Annual cost of irrigation 


Interest on additional cash
 
expense (Re. 412 at the
 
maximum rate of 24%) 


Interest on additional cash
 
expense (Rs. 634 at the
 
maximum rate of 24%) 


Net returns to oil pump irriga
tion, i.e. on Re. 9,000
 
investment 


Net returns to electric pump
 
irrigation, i.e. Re. 6,000
 
investment 


Percent return 


2 Acre Farm 5 Acre Farm 
Oil Electric Oil Electric 
Pump Pump Pump 

Rupees
 

2,134 2,134 3,639 3,639
 
975 475 975 475
 

99 99 

152 152 

1,060 2r513 

- 1,560 - 3,012 

12% 26% 27% 50% 





CIIAVTE VII 

~UMMA~ OF MAJ INDflINPP AMD CONCLUSIONS
 

:The level of agric1ltural productivity in Madhya Pradesh is low
 
and the state of agricultural technology has been relatively static al
though the state has made considerable effort to increase farm resources.
 
,In 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 crops 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 thope obtained in other advanced states like Madras and Punjab.
 
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 examine 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 effect of an agricultural university and its extension 
work, and the effect of the absence of both. 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 sample 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. Returns to fixed resources were optimized
 
by employing linear programming technique. Changes such as cropping
 
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 gross
 
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
feet. Farmers having the highest education had the highest income and
 
the ranking was in order ot educational 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 highest
 



income was obtained by the-third caste. It appears, 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 ..'. - . 
had only 17 percent in higher education. The fizst and second caste 
group each had 31 percent in higher education.
 

The mode of irrigation also shows significant differences in per
 
acre gross income. The highest income was obtained by farms with elec
tric 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 
crops 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 yiel s 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 i.rrigation. The ranking remained the same. The consistently
 
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 state tube well irrigation. The oil pump farms have less 
irrigated 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
logical categories by an optimur -llocation of the resources actually 
used by the farms in the sample. Jr the sample as a whole only 12 per
cent increase in income was poss- .,. This is not a significant increase, 
suggesting that the existing allocation of resources was close to optimum. 
Some sub-opt:imal organization or advanced irrigated farms may be due to 
the recent intriduction of new crop varieties. Income may increase
 
further as farre.rs 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 irrigated farms a restriction on 
the acreage of dwarf paddy was placed because the seed of dwarf paddy 
was extremely limited. When no restriction for dwarf paddy was imposed, 
the programmed income was 22 percent higher than existing income as 
against only 14 percent of p'ogramed with the above restriction. This 
indicates that incomes have been reduced by 8 percent due to nonavail
ability of the seed of dwarf paddy. It shows how important a single in
put becomes in advanced technology. As such, the requisite production 
or supply of modern inputs for realization of full income raising poten
tials of advanced technology are extremely essential. 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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It' appears that traditinal 'farms hAeed adequate'd-orh for their 

-'needs. On unirrigated traditional farms (categry1),A themarginal

value product of cash expense was zero, and
f on irrigated traditional"'farSi, it was Rs. 0.38. Since both of these categories" are traditional,these have adjusted to the requirement of cash through the long periods

of experience.
 

On advanced farms, the marginal value product of operating capital(cash e7pen3e) was The advancedhigh. unirrigated farms indicated thatincome would rise by Rs. 2.01 for every additional rupee. These farms!have moved from traditional technology and are in the process of change.-Itappears that a good response to fertilizer in a favorable rainy yearrequired more cash expenses than was actually used. 
This also was the
 case with advanced irrigated farms where cash expenses were limiting income. 
A great income raising possibility 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 to the potentials and requirements of their tech
nologies.
 

In respect to irrigated land, one acre of additional irrigated landincreased incomes by Rs. 167 on traditional farms and by Rs. 330 on advanced farms. 
 In other words, an expansion of operating rapital (cash
expenses), cropping intensity, and irrigated area were the three possibilities for raising income. 
Accordingly, these three resources were
increased 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 income by 8 percent more than what it would have gained by existing resources. Tis 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 fordifferent categories in their respective technologies. That analy3is
showed that a substantial net 6ain on resource expansion occurs only
on irrigated farms. Also, the largest net income gain on irrigatedfarms is found in advanced technology which ismore than double compared
to traditional technology and is 
more than six-fold compared to traditional unirrigated farms. 
 The net gain with resource expansion on unirrigated farms was 7 and 10 percent only. This being the case, a clearpolicy implication emerges that unless irrigation is expanded substantial increase in farm incomes is not possible. The net income gain byresource expansion (crop intensity 25 percent, irrigated area 25 percent, and cash expenses 50 percent) for advanced irrigated farms comesto 46 percent as against 21 percent on traditional irrigated farms.
 

Since the survey year had extremely good rainfall, the effect of
bad weatlher on programmed allocation was examined. 
In the case of unirrigated farms, itwas found that the traditional farms' allocation was
aearest to that programmed (10 percent away) for good weather like 196758, but if the rabi weather were to turn adverse by 25 percent, thesetarms would have been 18 percent away from programmed optimum. 
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The allocation-of advanoed unirrigated farms would have been closer 
programed oT)timum under that these 

farms may have ?lanned to meet the situation of unforeseen weather risk. 
Since these fa.ms had already taken the risk of using fertilizer under 
unirrigated condition, planning for good weather would have been a second 
risk. 

0to adverse rabi weather which shows 

The maximum scope for increasing income (i.e., net 22 and 46
 
percent) and produ° -ionwas 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 Re. 167
 
as its marginal value product. In advanced technology the marginal value
 
product rises to Re. 330. However, returns to irrigation 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.
 
Oil 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
 
technology the same inveLtment 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.
 

The 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 electrifiuation 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 electric pump farmers have adopted
 
advanced technology as against 57 percent of oil pump farmers, and 44
 
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. Jnder the existing resources,
 
if the traditio.nial 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 unirrigated farms. The farmers consider using
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fertlzer .without ir igation e ver and,hene, eis slowhto .risky 

adoption of advanced technology on these farms on , aditio. l ir

ted farms, no such risk is involved. ,
 

Since teohno,igical change is considered to'be risky without ir
rigation and few farmers appear willing tD 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
tion facilities for 4.85 acres.
 

Given the necessary fixed investment in irrigation 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 uniririgated farms in category I. The ir
rigated traditional farms could double their income. 
Apart from tremen
dous increases in incomes, the advanced technology introduces a superior

cropping pattern leading towards a solution to the chronic food shortages.
 
Dynamic agricultur-c 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 cash, does not include local
 
irrigated wheat and local paddy crops. 
The entire irrigated area is
 
devoted to dwarf wheat. Similarly, in kharif all paddy area is under
 
dwarf paddy. The total production would increase by 79 percent and
 
specialization in cereal production is clearly indicated with 95 percent
 
area under cereals.
 

These results 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 assuming

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 make 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 
calculated for the advanced technology. On a five acre farm, the re
turns to irrigation investment on wells and oil pumps were found to be 
27 percent, whereas for electric pumps, the returns were 50 percent. 
On a two acre farm, returns to oil pump irrigation were 12'percent, and
 
on electric pump irrigation, these returns were 26 percent. Frthermore_
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returns can be raised by selling surplus water which these farmslwill 
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 anId reap the benefits of advanced technology.
 

In conclusion, it can be said that the advance in tedthnology,
 
symbolized by the dwarf wheat and paddy varieties, tremendously in
creases the po-Wential 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 necessary 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, tools,
 
pumps, irrigation avd plant protection equipment and the processing in
dustry. In other words, strength in the farm economy would generate a
 
real demand for rapid industrialization. In addition, a dynamic agri
culture would crente 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 incomeF can then flow
 
to profitable investments in industrial sectors.
 

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
 
little room for improving the allocation of the existing resources.
 
Less than full utilization of the irrigated area is primarily because
 
in Jabalpur District tae present yields of paddy varieties are low and
 
the differential returns do not excite the farmers to grow irr:igated
 
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 agriculture.
 

Tcz 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 limitL ertains to data. The year 1967/68 was an
 
extremely good year for __. crops which are dominant in Jabalpur Dis
trict. For this reason, the findings of this study in respect to ad
vanced unirrigated farms which use fertilizer may be overstated and
 



should be used with 'aution.- It~ iay.take several' years' data fo 
ifigihe response of fertilizer' u'se .'under: unirrigated conditions,. 

Conclusions 

Irrigation
 

anThe state has irrigation potential of nearly ten'miilion hectares 
of which only one-tenth is underlirrigation at present. Since the suc
cess of dynamic agriculture depends overwhelmingly on irrigated area,

:the state may have to make hard decisions 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 projects 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 settled favorably and the necessary funds
 
are found, it-might take another ten years before irrigation becomes
 
available. 
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. A 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
 
o, quickly increasing the irrigated area in the state.
 

I Thirty-three percent of the irrigated area is irrigated by surface
wells. On an average, the cost of a new well is Rs. 4,OO0 to 5,000.

In a good rainfall area of over 30 inches of rain, a well can comand
 
an area of four to five acres. Thus, in a year it may irrigate about
 
ten acres of crops. The saIple of farms studied in Jabalpur District
 
showed the ave-age 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 governent loans. Enlarged credit and farm elec
trification should encourage rapid expansion of well irrigation. The
 
returns to electric 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. Theoe
 
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



tion. '1n both-of-these possibilities,;,irrigation pot entoip,.1,rbe
 
created at a small cost? especially if, the water lift. is an,1 eetric
 
pump.
 

Role of Agiultural University
 

Research
 

The pessimism of the food-population race suddenly disappeared
 
largely due to the research breakthrough of dwarf varieties. It may
 
not always be possible 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 staff of trained persons with a thorough knowledge
 
of local conditions, who can constantly react and provide insights for
 
different aspects of local problems. Developing agriculture is a com
plex process and requires scientists to make decisions based on their
 
past successes and failures in those environments.
 

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 iL turn has greatly expanded the need for accqlerating research
 
in social sciences for providing insights and policies to foster and
 
sustain dynamism :in agriculture.
 

Asicultural 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 lass determined the curriculum of the agricultural university.
 
However, this would not be the case in a dynamic agriculture. A greater
 
degree of specialization %,ill have to be introduced to cater to special
 
needs. The demand by the private industry sector for technical manpower
 
will expand. The banks will require trained persons if they begin financ
ing agriculture. The fertilizer, 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
 
needs can be met.
 

Extension Education
 

The acceptance of new technology or a particular innovation 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 successful
 
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 Ectension 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 ' abolished
> 


and a free trade policy instituted, otherwise prices wil. crasl.
 

A portion of the increased incomes of the farms will need to be
 
siphoned off for capital formation. Thia ;.-'ll require careful thought.

A direct 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
 
already 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.
 


