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Foreword

Agriculture has been essentially a spatial subject as it is influenced by physical, cconomic
and institutional factors. Yet, the theme has not acquired adequate attention and hence spatial
dimension unlike sectoral and temporal aspects has remained clusive both in fundamientai sl
applied studies. In the context of agricultural development in India, the Planning Commession
while accepting the fact that agro-climatic regions would be more realistic than the use of e
as “regions™ has adopted belatedly a scheme of agro-climatic regions and zones as the bax st
the formulation of the agricultural development strategy. Various studies have attempted
regional interpretation of the cropping pattern, productivity and its growth-ratc over time. What
is needed is the integration of studies in regional dimensions of agriculture with the formulanon
of regional development policy and its effective implementation by preparing regional agric il
tural landuse plans and formulation of area specific development programmes. Sustainabifils
factor which ensures integration of environment with development is another challenging are.
of work that needs priority in the research programmes related to planning.

In this study, Dr. Surendra Singh has focussed attention on regional dimension in a holistic
spatial perspective using district as the areal unit of analysis. There is proper blending ot
quantitative and cartographic techniques in the delineation of planning regions for agriculture.
One may not agree with the interpretation of the observed spatial patterns of agriculture
particularly the role of metropolitan centres as catalysts in modernisation of agriculturc and its
spatial spread to the periphery. This is where intensive regional studies would serve 1o reveal the
myth and reality of Indian agriculture in its regional dimension. The study is an important
contribution to methodology and some new findings in understanding the regional personality
of Indian agriculture.

L. S. Bhat (retd.)

New Delhi Professor, Regional Planning Unit
2nd January, 1994 Indian Statistical Institute
Sansanwal Marg,

New Delhi
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Preface

Numerous studies have appeared in recent years presenting r(\clhndnlngical and empirical
issues of the agricultural growth and developmeni of India. Undoubtedly, agriculture is the major
sector of Indian ecconomy and preparation of agricultural investment strategics and its proper
implementation are the main problems which confront the planners for the last forty years of its
planned economy. Various models and approaches of agricultural growth and developmenthave
been suggested by the agricultural scicntists, but there are many unresolved problems and issuces
untouched by comprehensive planning which are equally important and nceds o be resolved.
These aspects would be helpful foroptimising the integrated agricultural characteristics. In a vast
country like India, there is a wide range of regional and sectoral variations of agricultural
characteristics because of comp'sx nature of agricultural production systems resulting in
complex structural forms. They arc too diversified to be interpreted as they arce the parts of
comprehensive and implicit facts of different agro- ecological and bio- physical conditions of
agricultural systems.

The main purpose of this monograph is to present these aspects of agricultural growth and
development anu also to highlight regional analysis of well-validated facts of the above
parameters rather than a definitive work on the subject. Nevertheless, knowledgeable readers
will certainly feel that there must be more claborations on decision - making processes in
agricultural development which are parts of the preparation of regional investment strategy.
Indeed, I thought of this point at the time of preparing the final draft. But this lcads to other
aspects of the decision which are not necessary to describe here. A good researcher may give a
better analysis and posc the important issucs in a scientific way and arrive at a logical solution.

For instance, I emphasized on topics of agricultural development largely associated with
the regional structure of agricultural attributes in order to test the validity of facts generated by
green revolution technology leading to a concentrated regional patiern of agricultural develop-
ment. The primacy in the distribution of developmental attributes creates regional imbalances in
the growth and productivity patterns. These problems can be detected through the analysis of the
regional processes of trilateral components of agricultural development and planning. They arce
(i) the existing agro-ecological, bio-pi:vsical and techno- cconomic conditions of agricultural
activities, (ii) the agricultural growth potential structure which is solely responsible for structural
transformation and setf-sustained growth, and (iii) the devised/predicted structure for regional
balance of agricultural activities. The established relations among these components of Indian
agriculture for different sets of agro-ecological phenomena are interpreted in order to delincate
the agricultural planning regions which differ from the given schemes of the Planning Commis-
sion, New Delhi and the traditional classification of region-formation.

v}



So Liar as coherence of the matier presented in the present volume is concerned, the
pertormance of Indian agriculiure, methdological aspects and design of the study are discussed
m Chapter 1, while the regional analysis of the attributes of agricultural development, viz.,
the growth and agricultural productivity is dealt in detail in Chapters 2 and 2. The regional
processes of agricultulral growth potential, its logical reasoning and empirical specifications for
the tndinn agricultural conditions are arranged in coherent manner in Chapter-4. Lastly, the
synthesis of regional tacts of agricultural characteristics is discussed in Chapter-5 by considering
the region- formations and their assimilation processes by which the priorities of cropping
pattern and agricultural extension services can be fixed and the areas of optimal use of local
apnicubtural resources can be identitied. In the end, the feasible solution and its nature are also
dealt with in the samre Chapter. The duatity of themes seems to occur in this Chapter. But
agnicnltural regionalisation, regional characteristics and theiroptimisation as interpreted here are
mutuaily interrelated and interdependent and, therefore, they are arranged in the same Chapter.
Just as the table of contents tetlects the coherence of the material, itustrations in the form of
raps and diagrams have been designed insuch a way so that the readers would be able to pick
up the comprehensive and fogieal arguments casily.

Intact, the presentpicee ot rescarch would be helptul for preparing the regional investment
strategy and determining the priorities of agricultural activities as well as of areas wher¢ more
stress may be given in future. 1t would open new dimensions of the facts of Indian agriculture
to agricultural cconomists, agronomists, regional analysts, agricultural planners and various
povernment and non-government agencies, which are engaged in framing the agricultural
policies of the country or developing new models and theories on Tndian agriculture.

Shittong - 793014 Surendra Singh
January 1994,
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Chapter - 1

Performance of Indian Agriculture

?

Agriculture is the main occupation in India. It shares nearly one-third of the total national
income with a noticeable decrease because of fast development in the other sectors of the
econnmy. However, economic conditions, standard of living and socio-cultural setup of rural
masses are solely based on agriculture and its allied activities. The country is facing two major
problems of agricultural growth and development. First is related to the increasing demand for
food and the back- wash effects of agricultural growth on the socio-economic development.
Second problem of Indian agriculture is associated with the assessment of optimal agricultural
growth and its regional variations, so that the correct picture of required agricultural infra-
structure may be depicted and the proper regional investment policies for self-sustained growth
of agriculture may be prepared. These problems have been looked into and tackled for the last
forty years of planned economy of the country by the agricultural scientists especially by
economists, agronomists and geographers. Obviously, the problems of increasing food demand
and the contribution of agriculture to the overall economic development canbe better understood
by giving the answer to two major questions related to the performance of Indian agriculture:
firstly, how does agricultural sector contribute to the rate of economic growth in the country and
secondly, what will be the consequences when the share of agricultural sector of Net Domestic
Product (NDP) declines with a slow increase in its absolute size? Answers to these questions
would be given by discussing the transformation processes of agricultural growth.

Role of Agriculture in Overall Economic Development

It is widely recognised that the share of agriculture in the structure of total output tends to
decline when the economic growth of a region or country proceeds and, at advanced stage of
development, the labour force employed in agriculture sector also tends to diminish absolutely
(World Development Report 1982, pp. 40). Therefore, the role of agriculture in the acceleration
of economic growth processes and the causes of the sectoral shift of the economic structure can
be understood by describing its contribution to the national economic growth. It can be
interpreted in the following manner.

(i) The Produc® Contribution- which makes the major contribution to survival of the
economy, people and other related sectors like industries and services,



2 Agricultural Devetopment in India

(ii) The Factors’ Contribution- Agricultural sector contributes to shift the surplus capital
and labour force from agricultural sector to the non-agricultural sectors of the economy because
of higher degree of income elasticity of non- agricultural products (due to their higher demand),
higher incremental demand for capital specially in non-agricultural sectors of the economy, and
lower Incremental Capital- Output Ratio (ICOR) in agriculture than industries; it means that
farmers tend to invest surplus money in the non- agricultural activities (Ghatak and Ingersent
1984, pp. 43-46),

(iii) The Market Contribution - under which surplus agricultural production moves from
rural areas to urban centres and to other countries through market facilities. Therefore, the
advanced agricultural areas of the country have more mandi towns which act as the collection
centres of surplus agricultural products, and

(iv) The Foreign Exchange Contribution - The marketable agricultural surplus provides the
facilities of imports, substitutes and helps to boost up the overall economy of the country in the
international market.

In general, agricultural product contribution to the economic growth and development is
the function of two main attributes of agriculture: share and growth rate of the net product of
agriculture. Kuznets (1964) formula, which establishes the relationship between agricultural
share of Net Domestic Product (NDP) growth and ratio of sectoral shares (or the ratio of sectoral
growth rates), expresses inverse relationship between them. But the simplified form of the same
formula as given in Appendix-I states a direct and positive relationship of non-linear nature
between the agriculture’s share of Gross Domestic Product (GDP) growth and the share and/or
rate of agriculture’s net product. This relationship follows the reciprocity law of agriculture
contribution to the rate of economic growth (Appendix -1). The empirical evidences on the
agriculture sector’s share of the growthrate in Indian economy is inbroad agreementwitha priori
expression. The evidences given in Table-1.1 confirm that

(a) Agriculture share declines over titne. It decreases by 6.0 per cent (from 40.0 to 34.0
percent) in the eighties. It is inversely related to the level of NDP of the country over the same
period.

(b) The agricultural contribution to the NDP growth has been fluctuating during 1980-90
(Table-1.1) because of very high temporal fluctuations in the growth rate of agriculture sector of
the economy, especiaily in the alternative years during early eighties (1982-3,1984-5 &1986-7).
Another attribute of agriculture sector, i.e., agriculture’s share to NDP, has a gradual and smooth
decrease over time. The product of both of these attributes was fluctuating very high in the year
1983-4 and in 1988-9. Consequently, the agricultural contribution to NDP growth (Pa.ra/NDP)
has been recorded appreciably high during the same periods.

(c) There is a positive relationship between growth rate of agriculture sector, contribution
of agriculture sector to NDP growth and proportional increase in NDP. It signifies the validity
of the Kuznets model which generalises the related growth phenomena in the logical form.

Further, per capita income is the real indicator of economic development. It is the function
of two important attributes of development: NDP and total population. The dynamics of these
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attributes have been interpreted by many economists for solving the problem of poverty, income
and employment. The empirical evidences confirm an inverse relationship between poverty and
agricultural performance (Ahluwalia 1978), population below poverty line and per capita income
(Bhalla 1980) and poverty index and per capita NDP (Singhal and Gill 1991). Infact, total NDP
(at factor costs) is heavily dominated by the agriculture sector of the economy, although its
percentage share is declining at an average annual rate of .66 percent during 1980-1 to 1989-90.
There seems, contrary to claims, that the absolute size of NDP in agriculture sector has been
recorded to have increased at an annual rate of 4.03 percent in the same period, which is slower
than the average annual increasing rate of the total NDP of the country (Table- 1.2). On the other
hand, an average annual rate of population growth of 2.32 percent has been registered in the
cighties, from 685.2 million (1981) to 843.9 million (1991). As a result, the slow increase in per
capita income (i.e., 3.02 percent annually in the eighties for Rs. 2097 in 1989-90) and in per
capita Net National Product at factor costs (NNP) (i.e., 3.49 percent per annum from Rs. 1630
to Rs. 2142 during 1980-1 to 1989-90) have been recorded.

Table-1.1: Agriculture’s Contribution ‘o the Rate of Economic Growth in India.

Years Total Magnitude+ (in Rs 00 crores)

TPa TPn NDP Pa Pn ra m Para Pa.ra/dNDP
1980-81 441 663 1104 .3996 6004 - - - 3996
1981-82 467 704 1171 .3992 .6008 0602  .0620 .0240 .3921
1982-83 460 743 1203 .3825 6175 -0155 0560 -.0059 -.2069
1983-84 512 792 1304 .3926 6074 1125 .0659 0442 .5246
1984-85 512 839 1351 .3786 6214 -0015  .0594 -.0006 -.0156
1985-86 512 891 1403 .3650 6350 0013 0616 .0005 0120
1986-87 503 952 1455 3455 6545 -0184  .0687 -.0063 -.1647
1987-88 504 1013 1517 3323 6677 0037 .0644 .0012 .0278
1988-89* 587 1097 1684 .3483 6517 .1628 0832 0567 5112
1989-90** 601 1169 1770 .3396 6604 .0249 0650 .0084 .1651

N.B: . Provisional figures,
**  Quick Estimates,
+ at 1980-81 prices.

Abbreviations:
TPa = agricultural net product, TPn = non- agricultural net product, NDP = Total Net Domestic Product,
Pa = agriculture sector (agriculture, forestry & fishing ) share of NDP, Pn = non-agriculture sector share of NDP,
ra = annual growth rate of agriculture sector product, rn = annual growth rate of non-agriculture sector product,

Pa.ra/dNDP = ratio of agricultire sector growth to GDP growth using Kuznets (1964) formufa.

Source : Central Statistical Organisation, Ministry of Planning, Government of India, New Delhi.
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Table-1.2: Average Annual Increase in the National Income according to Major Heads of Economy:
1980-81 and 1989-90 (at 1980-81 prices).

(total in Rs. crores)

Heads 1980-81 . 1989-90* Average annual
Total % Total % increase (%)
1. Agriculture 44,091 39.96 60,103 33.96 4.03
2. Mining and Quarrying 1,474 1.33 2,224 1.25 5.€5
3. Manufacturing 18,698 16.95 35,460 20.03 9.96
4. Electric,Gass & water supply 912 .83 2,092 1.18 14.37
5. Construction 5,771 523 7,639 432 3.60
6. Trade, Hostel & Restaurant 14,322 12.98 i4,763 13.99 8.10
7. Transport, Storage & Communication 3,724 3.37 7,036 3.97 9.88
8. Financing, Insurence, Banking,
Real Estates & Business Services 9,264 8.39 17,398 9.83 9.75
9. Community, Social & Personal services 12,084 10.95 20,265 11.45 7.52

10. Total Net Domestic

Product at Factor costs 110,340 100.00 176,980 100.00 6.71
11. Net Factor Income from Abroad 345 - -2,182 - -
12. Net National Product at Factor costs 110,685 - 174,798 - 6.43
13. Per Capita NNP 1,630 - 2,142 - 3.49
N.B.: . Figures are quick estimates.
Source : Central Statistical Organisation, Ministry of Planning, Government of India, New Delhi.

It js interesting to note that the areas where intensive agriculture is being practiced have
higher per capita State Domestic Product (SDP) with its higher growth rate and vice-versa.
Exemplifying the case of green revolution areas of the country, per capita SDP of the states of
Punjab, Haryana and Gujrat are marked very high with the high rate of its increase even before
greenrevolution period (Table-1.3). Therefore, there seems a concentration of economic growth
of the country in its regional patterns. dut the {ast growth of SDP in the states of Punjab and
Haryana indicates higher NDP level of agriculture worker, per capita agricultural income and
more opportunities of employment which can be achieved either by shifting the agricultural
labour force to the non-agricultural sectors of the economy or by accelerating the agriculiural
output growth at faster rate. There are two main forces which operate simultaneously and produce
the major transformation in the structure of economic development.

(a) The shift in the relative demand is, indeed, an important force. The pace of agricultural
growth is determined by the growth of the demand of its output, which is controlled by the
tendency and likings of consumers that is directly related to the income of the family. According
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to Engel’s law, as incomes rise, they demand products, that are more and more processed than
unprocessed grain food (Hagen 1975, pp. 89-100). Thus, the high income families spend less
proportionof their income on food and vice-versa. For example, in India, witha per capita income
of $240, households spend 60 to 70 percent of their income on food, while on the other hand, in
a § 10,000 per capita income countries such as Canada, they spend less then 20 percent on food
and are able to enjoy varieties and qualities of processed food (World Development Report
1982, p.43).

(b) The second main force of structural transformation in agriculture is increased agricul-
tural productivity per unit of land as well as per person of agricultural work force. In low-income
countries of the world, specially the South Asian countries, where overall development is tased
onagricultural growth, the increase in agricultural productivity is made possible by technological
innovations that came in the South Asian countries through green revolution effects specially in
the early seventies. Due io increasing demand of modern agricultural inputs like chemical
fertilizers, tractors and other machines, irrigation tools purchased from non-agricuitural sectors
of the economy, the elasticities of demand of these sectors increase faster than the agricultural
products at farm-gate (Ghatak and Ingersent 1984, pp.43-59). The aggravation of rural-urban
income inequalities conflicting with broader objectives of income distribution also encourages
the rural people (agriculture sector) to move towards the nearby cities and urban centres (non-
agricultural sectors).

Table- 1.3: State-Wise Per Capita State Domestic Product (at 1960-1 prices) and ltS Growth Rate.

Sl.  State Per Capita State Domestic Product(in Rs) Average Annual

No. Growth rate(%)
1960-1 1970-1 1977-78 1961-71 1971-78
1. Andhra Pradesh 275 310 322 1.27 0.55
2. Assam* 251 270 303 .80 1.74
"3.  Bihar 215 - - - -
4.  Gujrat 362 439 408 2.13 -1.01
5. Haryana 327 441 508 3.48 2.17
6. Jammu & Kashmir 269 292 355 0.85 3.08
7.  Karnataka ** 238 306 343 2.85 1.73
8. Kerala 259 298 - 1.50 -
9.  Madhya Pradesh 260 261 - 0.03 -
10. Mabharastra 409 427 - ‘ 0.44 -
11. Orissa 217 265 287 221 1.18
12.  Punjab 347 471 567 357 2.91
13. Rajasthan 284 353 308 2.43 -1.82
14. Tamilnadu 334 349 382 0.45 1.35
15.  Uttar Pradesh 252 269 284 0.67 0.79
16. West Bengal 390 282 410 -2.77 6.48

NB.: = at 1948-9 prices, ** at 1956-7 prices.
Source: Reserve Bank of India Bulletin, April 1978 & June 1979, data quoted from Singhal and Gill (1991).
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In spite of all these forces and factors which are working behind the agricultural structure
for its transformation, the increase in agriculture and food-output per capita in these low-income
countries are recorded as modest at 0.3 and 0.4 percent a year in the 1960s and 1970s. To study
the stagnant conditions of agriculture, the performance of Indian agriculture would be described
in detail.

Performance of Indian Agriculture

Comparing main indicators of economic growth and development of five South-Asianlow-
income countries, it can be concluded that the socio-economic conditions of Sri Lanka is better
than the other countries (Table- 1.4). Inspite of high density of population (223 persons/sq. km)
in Sri Lanka, the per capita GNP($240 in 1980) and its average annual growth (2.4 percent in
1960-80) have been recorded higher than that of India and the other countries. In India,
agriculture and services are major sectors of the economy which contribute nearly three-fourth
share of GDP, but the average annual growth rate of GDP in agriculture sector recorded lowest
(only 1.9 percent in the 1970s) not only among the other sectors of Indian economy but the
agriculture sector of the other countries also. The latest figures of agricultural growth indicate
that there is a stagnant growth of agricultural preduction (i.e., 2.6 percent annual growth rate in
1991-92) because it is equal to the growth rate of GDP in the same period as Reserve Bank of
India stated (The Times of India 1992). In India, the share of Gross Domestic Savings (GDS) to
GDP is appreciable and highest (20.0 percent) among the South-Asian countries. It reflects the
faster rate of investments for future economic development. It is pertinent to note here thatsaving
shares in the economy of Pakistan and Bangladesh are very small for further investmentalthough
the differences between investment and saving shares of GDP in these countries are extremely
high (Table- 1.4). It indicates the loan-based economy of these countries which is surviving on
tue external help of International Monetary Funds (IMF) and other loans.

The agricultural performance of India may be evaluated in a better way by taking into
account the NDP and its distribution among different sectors of economy. The share of
agriculture in NDP has declined by 18.73 percent (at an average annual rate of .62 percent) from
58.69 percent in 1950-1 to 39.96 percent in 1980-1 as the first thirty years of planned
development of the country. The decline was recorded marginally higher (at an average annual
rate of .66 percent) in the eighties (Table-1.2). But the share of work force dependent on
agriculture (which includes two major categories of primary sector: cultivators and agricultural
labourers) has not decline in the same proportion. The share of agricultural work force to total
size of working population declined only 2.9 percent from 69.42 percent (1951) to 66.42 percent
(1981) (Table-1.5). Onaccount of rapid decrease in the agriculture share of NDP and the stagnant
conditions of agricultural workforce, the quantity of NDP per agricultural worker will decrease
proportionately. It declined by Rs. 110 during 1970s from Rs 1305 (1971) to Rs 1195 (1981).
Dandekar and Rath (1971) and Dantwala (1971) suggested an appreciable shift in the occupa-
tional structure from primary sector to the other sectors of the economy for eliminating the
situation of a ‘pause’ in agricultural growth which has been observed especially during seventh
five year plan period in spite of constantly inter-shifting agricultural technology. The problems
of disguised unemployment and stagnant conditions of agricylture sector may be tackled by
following the same criteria of occupational shift.
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Table-1.4 : Socio-Economic Development in South Low-Income Countries.
Development C o unt ries
Indicators Bangladesh Nepal India  Sri Lanka Pakistan
(A) Basic Indicators:
1. Density of population in 1981 (persons/km?) 614 103 208 223 102
2. Adult literacy in 1977(%) 26 19 36 85 2
3. Life Expectance at birth 1980 (in years) 46 44 52 66 50
4. Gross National Product 1980 (us$ per capita) 130 140 240 270 306
5. Average Annual Growth of GNP(1960-80)(in %) NA 0.2 14 24 2.8
6. Average Index of Food production per capita 94 88 101 121 {4
(1967-70=100) for 1978-80 (%)
“(B) Structure & Growth of production:
7. Percentage share of Gross Domestic Product (1980) in:
(a) Agriculture 54 57 37 28 31
(b) Industry 13 13 26 30 25
(c) Manufacturing 7 4 18 18 16
(d) Services 33 30 37 42 44
8. Average annual growth rate (%) in total GDP (1970-80) .9 25 3.6 4.1 4.7
9. Average annual growth rate in GDP for 1970-80 (in%) in:
(a) Agriculture 2.2 0.5 1.9 2.8 2.3
(b) Industry 9.5 - 45 4.0 52
(c) Manufacturing 11.8 - 5.0 1.9 4.0
(d) Services 49 - 52 4.8 6.2
(C) Structure and Growth of Demand:
10. Percentage distribution of GDP for 1980 in:
(2) Public consumption 7 NA 10 8 11
(b) Private consumption 91 93 70 78 83
(c) Gross Domestic savings 2 7 20 14 6
(d Gross Domestic Investment 17 14 23 36 18
11. Annual aQerage growth rate of consumption & Investment in 1970-80 (in%)
(a) Public consumption NA - 4.2 NA 4.3
(b) Private consumption 4.0 - 3.2 2.7 4.9
(c) Gross Domestic Investment 1.8 11.7 4.8 9.8 2.4

N.B. NA = Not Available.
Source: World Development Report (1982), Oxford University Press, Table 110 5.
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Table -1.5: Shifting Sectoral Shares and Relative Growth Rates in India.

Year Total Annual Werking Annual Size of Average %Distribu-
Population Compound Population  Compound labour Annual tion of
(millions)  Growth (millions)  Growth force Growth labour

rate + {%) rate+ (%) (millions) rate #(%) force
1 2 1 2 1 2

1951  361.1 1.25 140.0 - 97.2 428 - - 694 306

1961 439.2 1.96 188.7 3.02 131.1 57.6 348 345 695 305

1971 5489 2.20 180.5 -0.50 1258 547 -040 051 697 303

1981 6582 2.25 222.5** 2.11 148.0 74.5 1.76 362 665 335

1991  836.6* 2.00 285.4** 2.50 1852 100.2 2.51 345 649 351

i = Agricultural sector, 2 = non-Agricultural sector
NB.: * Provisional figures compiled from Provisional Population Table, paper-3, Census of India, 1991
(series 1)
**  Figures related to main workers only.
Compound growth rate, r, is computed by simplifying the following formula p1 = po(1+r)'; and
Average annual growth rate as r = (pl- po)/pot,

where p1 and po are the population figures of current and base years respectively, r is annual rate,
and t is the number of years.

Source: Census of India, Office of the Registrar General of India, Government of India, New Delhi.

If agricultural performance is viewed in per capita term, all these figures of NDP and the
production achievements look insignificant because of the effect of demographic pressure
on the economy. In spite of significant increase in food grains production of about 120 million
tones from 50.82 to 170.47 million tones during the period of last forty years (1950-1 to 1989-
90), the rapid increase in the population of the country which has been recorded 483.2 million
persons (361.1 million in 1951 to 844.3 million in 1991) declines marginally the food availability
per capita. According to the data of per capita net availability of food grains available in the
Ministry of Agriculture, Governmentof India, New Delhi, there seems a fluctuating trend of food
grains availability during the planned period of economic growth of the country. It confirms that
net availability of foodgrains was slightly improved during 1950s from 394.9 gms/day in 1951
to 468.7 grm/day in 1961. While it was constant at the same level of 468.7 grm/day in the 1960s,
and recorded a decline to 15.1 grm/day during 1970s from 468.8 grm/day and is still constant
at this lower level. Note here that the per capita net availability of foodgrains was sufficiently
higher (548.0 grm/day) in the early period of the century (1905-6) which significatly declined to
132.0 grm/day in 1945-6. This rate of decline was very slow during pre-independence period of
British India because of very slow process of production increase and the decline rate continued
even in the first phase of planned development of independent India (in the 1950s). However, the
starvation conditions were prevailing during British regime due to bulk export of foodgrains to
England and other countries and inefficient management of foodgrains distribution system. But
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the stabilisation of the netavailability of foodgrains after independence specially during the sixth
and seventh five-year plan periods was recorded uae to demographic expansion and widening
gaps between geometric growth of population and arithmatic increase in foodgrains production
(Fig.-1.1). Note that, comparatively, the net foodgrains availability was slightly improved in
cereals from 334.2 grm/day in 1951 to 416.2 grm/day :a 1981, but a rapid decline of 23.2 grm/
day has been observed in the pulses (excluding gram). It was 60.7 grm/day in early 1950s and
came down to 37.5 grm/day in early 1980s. These trends of foodgrains availability denote the
impactof green revolution only on cereals (and especially on wheat nroduction) noton the pulscs.
Therefore, per capita net availability of pulses are far lower (38.1 grm/day) than the balanced dict
recommended for adults for vegetarian society (65.0 grm/day) by Indian Council of Medical
Research, Hyderabad. There is still deficiency of pulses of about 28.0 grm/day per person in the
production structure of foodgrains.

In another fifteen years, by the end of this century (year 2001), the population ol India
would touch the 1,090 million mark. It means it is expected to add nearly 160 million persons
in the population of 1991. For fulfilling the food requirements of ever increasing population and
the deficiency of pulses which already exists, the additional foodgrains production of about 100
million tones is required for upto the end of this century. During the next ten years of time (1991 -
2001), the agricultural production processes must be accelerated in such a manner so that they
may produce at least six percent of annual rate of increase instead of three - and - half percent
which has been observed during seventh five-year plan period. To achieve the target growth of
agriculture, its regional dimensions should also be elaborated.

Regional Dimensions of Indian Agriculture

Most of the agricultural scientists interpreted the agricultural growth processes and its
regional structure for solving the problems of optimisation of agricultural phenomena applying
factorial-ecologic approach in the regional frame of agricultural growth characteristics. With the
help of statistical techniques of correlation coefficient for the regional analysis of agricultural
growth and development in the fifteen years period of planned development (specially first three-
five years plan periods), it is concluded by Nath (1969) that there is a weak regional structure of
agricultural growth components because of their insignificant relations with the infra-structural
variables of agricultural development. It is observed further that there are no effects of moisture
index (which is the most significant agro-climatic adribut-) and irrigation (agro-technological
attribute of modern agricultural practices) on the output growth and productivity increase
especially in the fifties. It may be because of regional variations in the agro-ecological conditions
and lack of policy implementation for agricultural development. No doubt, the diversified
patterns are emerging in the regional frame of agricultural phenomena while, framing regional
agricultural policies, the states have been considered as regions for evaluating the agricultural
performance and preparing regional investment strategy. Indeed, state formations in India are on
‘language-based" rather than ‘based on economic parameters” . State boundaries do not have the
agro-ecological identity. Therefore, the results of Nath’s study might not be giving the true
picture of agricultural growth phenomena. A very good deal of agricultural growth was dqgw by
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Bhat and Learmonth (1968) by following the physiographic base of agricultural patterns by
collecting district-wise data of agricultural output growth (1951-4 t0 1958-61) and the land
productivity for 1950-4 for establishing their areal relationships on the basis of physiographic
regions of India. They concluded that the areas of high productivity have low growth rates
particularly in the fertile great plains of India. It secms, contrary to claims, that the arcas of
Western Madhya Pradesh and parts of the black- soil plateau of Maharashtra characterise low
agricultural productivity level with its high growth rate (Bhat and Learmonth 1968) while cotton,
a commercial crop, is grown in these areas.

Many empirical studies on the changing regional patterns of agricultural growth between
the pre-and post-green revolution periods conclude the interesting findings that the impact of
green revolution had been confined in certain pockets of ypper parts of the noithern great plains
of India, while major parts of the country markeda netdeclinc in the per capita agricultural output
with an increasing intra-regional inequalities (Mahapatra 1982, pp.217-18). Increasing intra-
regional inequalities indicate the diversified patterns of agriculture because the main effect of
green revolution technology is marked on the area and yield of wheat crop, while its pattern was
emerging in a specific area (Mahapatra 1982, pp.241-3; Bhalla and Alagh 1979). Therefore, the
effects of green revolution have failed to boost agricultural production and to accelerate the
production processes in its optimal manner. It is being realised now that decision making
processes and fund aliocations for seif-sustained growth of agriculture should have followed the
criterion of ‘optimal level of production’ instead of ‘production maximisation’ that is adopted
for the last three five- year plans (for fifth to seventh plan periods). No doubt, overall foodgrain
production has increased rapidly to meet out the demand of the increasing population of the
country. But there seems a fundamental fallacy in the decision-making process which creates
regional duality and imbalances in the agricultural development patterns specially after the
introduction of green revolution technology. Obviously, it is a well known fact that the country
has plenty of agricultural resources and their potentials to use them in the future, however, crop-
yields are recorded very low in India compared to other developing countries of the world. The
Indian farmers rarely achieve the record crop-yields which have been assessed on the basis of
local agro-ecological conditions and ‘on-farm experiments’ by the agricultural scientists of
Indian Council of Agricultural Research (ICAR), New Dethi (Prasad and others 1987). There are
varied type of constraints and barriers which determine the farming efficiency and limit 10 the
crop-yield increase. They are:

(a) The lack of knowledge of modern agricultural te. hnology among the farming commu-
nity and its proper implementation without understanding the local agro-ecological conditions
is the major constraintat national level, while the Department of Agriculture Extension Services,
Ministry of Agriculture is trying its best to introduce the agricultural technology programmes of
the government to the village-level farmers. In this connection, it can be said that self-sustained
agricultural growth processes must follow “optima-limit concept’ propounded by McCarty and
Lindburg (1967) rather than ‘equilibrium theory of profit maximisation’ . The former concept of
agricultural growth follows the agro-ecological criterion of agricultural production efficiency,
while the latter optimises the agricultural growth processes on the basis of income elasticity of
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production demand. To eliminate the effects of these constraints, the regional study of
agricultural growth processes must be done on the basis of delimiting homogeneous agro-
ccological regions of the country vither than considering states as the agro-ecological homoge-
neous regions which cannot give the real picture of agricultural growth.

(b) The mostsignificant growth constraints are related to the demand of the most rational
distribution and location of infra-structural facilities and agricultural productive forces from the
point of view of national agro-economic efficiency. These constraints can be envisaged by
understanding the regional patterns of agricultural growth potential and ‘yield-gaps’ of various
crops in the different agro-ecological conditions of the country.

(c) Socio-economic barriers always play the significant role and destabilise the crop-yields
at micro-economic processes of agriculture growth. Land tenancy, size of operational land-
holdings, price mechanism (agricultural production prices and input costs) and the social
changes (which influence the food habits, domestic food requirements, and consumption
patterns, etc) are the constraints which never allow the peasants to alter their cropping patterns,
crop-intensity and to take the firm decisions on farm-operations and its proper management.
Thus, growth processes of Indian agriculture seem slow and regionally unbalanced.

In fact, factorial ecological integrated approach of agriculture which may relax the
conditions and constraints of crop-yield as discussed above should provide the sound base
through identifying suitable areas of the fast growth rate of agricultural output for the purpose
of proper expansion and intensification of green revolution technology. Thus, the ‘region-
specific approach’ of agricultural growth is better than ‘sectoral-priority criterion’.

The Objectives

Therefore, the attention is focused here on the detailed examination of region forming
processes of agricultural growth and developmen' by considering districts as the Operational
Taxonomic Units (OTUs). District is considered as the homogeneous areal unit for interpreting
the results of agricultural characteristics at micro, meso and macro-areal levels. Accordingly,
the main objectives of the present study are :

(a) to estimate the growth of agricultural output, levels of agricultural productivity and its
changing patterns over time specially the post-green revolution period (1970-1 to 1989-90), so
that the effects of modemn technology can be visualised in its regional perspective,

(b) to assess the agricultural growth potential at district level so that its rate of absorption
can be calculated for analysing its role in agricuiture growth and development, and

(c) to generate the relevant variables for agricultural regionalisation and to analyse the
regional characteristics of agriculture in view of proper utilisation of agricultural growth
potential for preparing regional investment strategy.

It may be noted here that we have been able to give the general picture of agricultural
performance in its descriptive account rather than analytical evidences because the main
emphasis is given on the regional aspects for preparing proper investment strategy. The growth
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performance of area, yield a~1 nroduction of crops is not described separately. Only the
aggregated picture is shown in its regional frame because the cropping - patterns, crop -
combination regions and crop-wise yield patterns have already been described in detail by many
geographers and economists (Agricultural Commission 1964, Bhat and Learmonth 1968, Bhalla
and Alagh 1979, Sen Gupta 1968, Mahapatra 1982, Dayal 1984, 1985).

In the present study, the area! patterns of growth processes and the regional characteristics
of agriculture are shown by taking district as an areal unit into account. The states of Arunachal
Pradesh, Nagaland, Meghalaya, Mizoram and Manipur of the North-Eastern part of the country
are not included in the present study because of non-availability of comparable data of all the
variables taking into account for agricultural regionalisation. On account of same problems of
data availability the smaller states, namely, Goa, Daman and Diu, Sikkim and the Union
Territories of Chandigarh, Dadra and Nagar Haveli, Pondichheri, Lakshadweep, Andaman and
Nicobar Islands have also been excluded. Out of a total 14 districts of the J» nmu and Kashmir
state, only 6 districts of the foot-hills of Himalayas have been considered for describing the
regional characterists. The districts which have urban characteristics (as follow urban population
more than 90.0 percent to total population of the district) or those which have very low
agricultural activities have also been excluded for the functional analysis. The name of thesc
districts are Greater Bombay(Maharastra), Madras (Tamilnadu), Calcatta(West Bengal),
Hydrabad(Andhra Pradesh), Delhi State, The Dangs(Gujrat), Lahaul & Spiti(Himachal Pradesh)
and Nilgiris (Tamil Nadu). They are excluded primarily because they may have fluctuating
effects on the results of areal variations of agricultural phenomena. Thus, total OTUSs that are 348
in number of the seventeen states of India, have been considered for regional analysis of
performance of Indian agriculture. Due to boundary changes over the period of study, the district
boundaries at the time of 1981 have been considered as OTUs and the newly formed districts have
been clubbed together according to 1981 district boundaries (Appendix- II).

Metheds and Data Base

Three major issues which are closely related to the methodological aspects of agricultural
growth and development are highlighted here for applying the appropriate methods in under-
standing the real-world situation of agricultural characteristics. They are to measure the growth
of agricultural output and level of agricultural production, the role of labour and technology in
the growth processes, and the demarcation of regional boundaries to understand the real regional
picture of Indian agriculture.

(@) Methods Used for Measurement of Agricultural Growth

Itis basically related to the analysis of changes occurred in the growth components, that are,
area under cultivation, crop-yield and the cropping patterns of a particular area. Reviewing the
concerned literature, it is obvious that the methods which have been used for measuring the
agricultural growth of India, are based on:

(i) the additive decomposition scheme of the analysis of agricultural growth components
used by Minhas and Vaidyanathan (1965),
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(ii) the multiplicative decomposition scheme of growth component elements which
predicts annual exponential rate of agricultural output growth, used by Bhalla and Alagh (1979
pp-40-61),

(iii)the compound ratc of aggregated agricultural output used by many scientists (Mahapatra
1982, pp. 220-43) and the Department of Agricuiture and Cooperation, Government of India,
New Dethi for estimating the growth rates of area, productionand yield of principal crops in India
(Ministry of Agriculture 1991, Table- 14.2), and

(iv) the linear growth rate which is based on linear-trend equation.

According to the additive growth model of Minhas and Vaidyanathan, the observed
increase in aggregate output has been decomposed into four component elements, that is the
contribution of the changes in: (a) cultivated area, (b) crop-yield, (¢) cropping patterns and (d)
the interaction between latter two elements. Indeed, this model is based on the * arithmetic law’

~of agricultural production growth rather than ‘geometric law’ by which production follows
exponential or compound trend of production increasc. Exponential and compound trends are
based on semi-logarithmic distribution of agricultural production increasc over time. Exponen-
tial trend follows the form:

P, = pe)" (1.1
where, p, = production of current year, p, = production of base year, r = annual rate per unit and
t = number of ycars.

Its linearised form is :

log, p,=log, p, + 1t (1.2)
On the other hand, compound growth is based on formula:

P, = po(1+0)',
It follows log p, = log p, + log (1+1).t form of the distribution.
Note that the linear form of production increase follows as

P, =P, + (PG (1.3)

where 1 = [(p,- P,)/P,t}, and (p,r) = annual absolute increase in the total size of production.

It has been confirmed from various empirical evidences that agricultural production follows the
law of diminishing return (Miller 1966); it means production increases with decreasing rate due
to various factors like land capability limitations of agricultural production, changes in the agro-
ecological conditions,various levels of substitution rate of input factors operating in agricultura)
production processes, local food requirements and so on.

Thus, agricultural production increase follows arithmetic progression rather than geomelt-
ric one; it means linear trend shows real- world situation rather than concave curve (which
increases with increasing rate) of production increase. The same facts have also been tested by
the Departmem of Agriculture and Cooperation, Ministry of Agriculture, New Delhi by fitting
the straight lines in the distribution of production of various crops as well as cf total foodgrains
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of India drawn for the last fortv years of production data (Ministry of Agriculturc 1991).
Therefore, compound as well as exponential trends appear unsuitable to show the real picture of
the growth of agriculture output. The inherent characteristics and weaknesses of these scheme
of decomposition have also been shown by Bhalla and Alagh (1979, pp. 40-1 & Table-11),
although they used the geometric progression method (exponential growth rate formula) for
measuring district-wise growth of agricultural output. So, Minhas and Vaidyanathan’s modcl has
betterexpression of agricultural growth. Butthe average annual growth (i.e., based onlincar trend
equation 1.3) is used for the aggregated value-added agricultural output for each of the district
of the country.

(b) Methods for Assessing Agricultural Productivity

The assessment of agricultural productivity per unit of cultivated tand as well as per
agricultural worker (as called land as well as labour productivitics respectively, although they
are not appropriate terms for agricultural productivity) is also one of the major issues of
methodological consideration. The conversion of crop-production (i.c., the product of two main
elements of production components: arca and yield) and its aggregation to form a single index
of agricultural production, are the main aspects of present discussion®. A number of techniques
have been used to assess agricultural output with some of their virtues and shortcomings.
Ranking coefficient which is the simplest method of showing the importance of crop-yicld of
various crops in different areal units was applied by Kendall(1939) for assessing the agricultural
output of England and later on it was followed in the study of 20 countries of the world by Stamp
(1960) and of Utar Pradesh ir. India by Shafi (1960). in this method, crop-yield is merely the
index without considering the areal performance of the crops which is also an important clement
ofagricultural output. Further, the Bhatian conceptofagriculture productivity (as he has used the
term efficiency instead of productivity) index is slightly extended form of Ganguli’s agricultural
efficiency index who prepared agricultural efficicncy index for Ganga valley in India by
muitiplying the percentage share of crop area with percentages of crop-yields in an areal unit
and, later on, averaging them into one (Ganguli 1938). The yicld of creps was considercd merely
in relation to crop-land share by Bhatia (1967) which has been termed as ‘standardized yield
Index by Singh and Chauhan (1977). But the relative importance of crops in a particular areal
unit is the principal aspect of converting crop yield into a single unit. The crop-equivalent
coefficients are calculated on the basis of crop-prices, caloric significancc of crops and the
relative importance of crop-production at national, state and local levels. Thirdly, the cropping
intensity index is also important to evaluate productivity results on per unit of Net Sown Area
instead of Gross Cropped Arca. Thus, the composite index of agricultural productivity is the
product of all these three indices (Singh and Chauhan 1977). It is noted here that, on account of
calculating relativity of the areal patterns of agricultural productivity by ‘coefficient method’, the
comparison of agricultural productivity is only possible among the arcal units. The comparison
over time is not possible because of unit mean of agricultural components. To solve the problem

* The detail discussion on the technigues to form the composite index of agricultural output has been published elsewh-re

(Singh and Chauhan 1977). The modified version of the usefui part of the paper is reproduced here.
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of comparability of agricultural productivity (on regional as well as on temporal bases),
Dayal(1948) prepared the agricultural productivity index in value added term by converting crop
production into its money value. In fact, production price is the most important factor which
directly controls the cropping patterns, crop-intensity and the quantity of crop-production
specially in the area of green-revolution when agriculture is also recognised as industriai
occupation.

Thus, the agricultural productionand productivity levels are assessed here by following tie
same criterion of ‘value added agricultural production’ rather than its physical output. Produc-
tivity maps for 1969-72, 1979-82 and 1988-90 and the maps of average annual growth of
agricultural output for 1970s and 1980s are prepared by aggregating the output of sixteen
principal crops in terms of money value by using constant farm harvest prices of crop production
considering 1969-72 as base ycar. Itis done because of comparability of agricultural autput and
productivity over time. Thus, Agricultural total output,O, is calculated as:

n
G= X A.Y.P, e (1.40)
i=1

wherei=1,2,3,...,nas numberofcrops; A,Y P are thearea, yield and prices of a particular
crop of & district; and O is total agricultural output in value term.

Agricultural productivity has been defined in relation to land as well as labour because they
are the major agricultural inputs. Thus, land productivity refers to the agricultural output per unit
of cultivated land as

Y = (O/A), (1.4b)
and labour productivity ,Y , refers to the agricultural output per agricultural worker as
Y, = (O/L). (1.4¢)

The physical output of agriculture is the product of three component elements: area, yield
and intensity of crop, while production prices are the major determinant of value output O. If total
work force engaging in agriculture is denoted by L, the labour productivity (O/L)* must be the
product of two main components of agriculture: value output per unit of cultivated area (i.e., land
productivity, O/A, as noted in the present context by eqn. 1.4b) and agricultural land per worker
(A/L). Besides these compo:r.znts, the other agricultural attributes, namely, production effi-
ciency, growth potential and its absorption rates for production increase are also taken in to
account for preparing the bases of regional investment strategy. These attributes of agriculture
are discussed in detail in the concerned Chapters of the present study. Now, present discussion
should be proceeded towards the methods used for delineating agricultural regions of the country.

* It is mathematicaily formuiated as:
O/L = (O/A.A/L), (1.5)
Note that rate of increase in labour productivity, must to a close approximate be the sum of the rates of increase in O/A
and in A/L as

d(O/L)/dt = [d(O/AYd1) + [d A/LY/dt). y (1.6)
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(c) Methods Used to Delimit Regions*

Briefly, the concept of regionrefers to the areal properties and their interacting nature, while
region provides a framework of time and space that binds sectors and areas together and relates
the effects of one point of time to the other point of time impelling us as contrary to greater
cooperative environment. By strengthening the economic fabric of the country as a whole or its
parts, region makes a powerful force and shown the real-world situation for self-sustained
growth and integrated development of the sectors of the economy of the country because it has
three particular kinds of synthesis of the forms and features of areal geographical phenomena;
it shows existing reality, determines the degree of space-relations, and systematises areal
hierarchy (spatial ordering) of given phenomenal properties/characteristics. Therefore, spatial
interactions can be/ have been interpreted in order to consider them as a systematic description
and/or areal analysis. The work of Troll (1950, pp.163-8), Berry (1961, pp.273-4 and 1964,
pp.2-11), Berry and Rao (1968), Dickenson (1969, pp.179-80), Pal (1961, 1975) and so on are
appreciable and noticeable on the systematic description of spatial characteristics of develop-
mental phenomena. On the other hand, the interpretation of regional resource structure produced
by Soviet geographers and regional planners through developing the planning concept of
“Territorial Production Complexes (TPCs)’ is important to note on the areal analysis of spatial
interactions (Kolosovsky 1958, Bandman 1978). The same concept was iater on followed by Sen
Gupta (1968, pp.101-16) for economic regionalisation in India.

The major issues are indicative to the regionalisation (that refers to the processes of region-
formation) especially for preparing Regional Investment Strategy for which the process of
segregating areal features has to be evolved. There are two fundamental processes for
regionalisation: division and classification. Division follows the partitioning procedure of the
whole space into its constituent parts on the basis of some norms or laws of the areal properties,
while classification follows the grouping procedure of areal units into classes on the basis of
homogeneity of interacted phenomenal facts (Grigg 1967, pp.461-63, Amedeo and Golledge
1975, p.168). Thus, ordering of spatial variance of the interact areal characteristics is the main
tool by which homogeneous characteristics of the whole of the universe may regionally be
demarcated with the help of cartographic and/or statistical techniques.

Various multivariate techniques like factor analysis, functional distance analysis, super-
imposition method of cartographic techniques can be applied for finding out the hierarchical
regional gradationby classifying OTUs on the basis of agricultural characteristics of the country.
Having been tested the validity of these techniques, the suitable method would be chosen and
applied for agricultural regionalisation. The scientific reasoning of the procedures for region-
formation is discussed in detail in the concerned Chapter of the present study.

This part is the out come of the material prepared after discussing with Professor LS. Bhat, Professor of Regional
Planning, Indian Statistical Institute, New Delhi at the time of his visit at our department in the month of August-
September 1991. The valuabie suggestions regarding the metaphysics of regions and regional economy of the country are
gratefully acknowledged.
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{d) Data Collection

So far as data collection and mapping are concerned, the present research has utilised varied
sources of informations at secondary levels. The district-wise crop-statistics, area, yield and
production of the principal crops for early 1970s, 1980s and late-1980s have been collected from
the Journals published by the Ministry of Agriculture, Government of India, New Delhi. The
main sources of the data used in the present study are given in Table- 1.6.

Data-tabulation and generation of variables for agricultural regionalisation are done
manually by calculators and the complex nature of data precessing and formulations are
successfully proceeded with the help of electronic computer. The district-wise authentic map of
India is uscd as base-map for showing the regional patterns of agricultural attributes.

Conclusion

In the above discussion on the major issues and problems of Indian agriculture, it is
concluded that the agricultural sector is facing a problem of its low growth as the GNP of
agricultural sector at 1980-1 prices grew by 169 percent between 1951-2 and 1991-2, whereas
for the other sectors of the economy by 610 percent. Per capita GNP, using the same base, of
agricultural sector grew only by 28 percent while that of other sectors by 154 percent. Therefore,
the study requires a different angle of self- sustained growth, that is ‘region-specific approach’
to synthesize the natural factors and to analyse the agricultural characteristics for the optimal use
of agro-ecologicai conditions of landuse and production proceses in relation to open-market
economic system where agricultural production, productivity, cropping patterns, crop intensity
and the other rclated attributes of agriculture are highly price-related. From what has been said,
it follows that the regional investment strategy may only be prepared by following this approach
of regional dimensions of agricultural phenomena. It would provide the sound basc for
productivity enhancement and optimal utilisation of agricultural resources. The areal patterns of
agricultural incremental output will now be examined in the light of the regional growth
characteristics of Indian agriculture separately in the next Chapter.
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Tabie-1.6: Source of Data.
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Items Source Years Used
1 Normal Annual Rainfall Indian Meteorological Deptt., Pune 1901-1950
2 Soil Fertility Rating Some & Raychaudhary 1960

3  Landuse Statistics

4  Total Cropped & Net Sown Area

5  Total Cropped Area and
Net Sown Area

6 Net & Gross Irrigated Areas

7  Production &
Acreage of Crops

8  Farm Harvest Prices of Crops
9 Maximum Expected

Crop Yield

10 Use of Fertiliser

11 Machine Tools

12 Agricultural Wages

13 Agricultural workers, Litercery

Rate, Rural Urban Population

c.f. R.B.I. Bulletin, Bombay 1969.

D.O.E.&S., Ministry of
Agriculture, N. Delhi

Indian Statistics, Vol. II, 1978

D.OE. & S., Ministry of
Agriculture, N. Delhi

—do—

Agricultural Situation
in India

—do—

Annual Reports of All
India Coordinated Report on National
Demonstration, ICAR, N. Delhi

Fertilizer Statistics, F.A I, N. Delhi

Indian Livestock Census,
D.O.E.& S. Publications

Agricultural Wages in India,
D.E.O. & S. Pubtications

Census of India,
P.C.A. 1971, 1981 &1991
Provisional Population Tables

1950-1 to 1986-7

1969-70 to 1971-2

1979-80 to 1981-2
1988-9 & 1989-90

1979-80 to 1981-2
1988-9 & 1989-90

1969-70 to 1971-2
1979-80 to 1981-2
1988-9 & 1989-90

1970-71

1981-2 &
1985-6

1980-1 & 1988-9

1972 &
1988-9

1970-1,1980-1 &
1988-9

1971, 1981 &
1991

Abbreviations:

D.O.E. & S.= Directcrate of Economics & Statistics,
F.I.A. = Fertilizer Assciation of India,

R.B.I. = Reserve Bank of India,

ICAR = Indian Council of Agricultural Research, New Delhi.
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Agricultural Growth and Its
Regional Patterns

The general performance of Indian agriculture as described in Chapter-1 shows significant
changes in agricultural attributes with a slow agricultural growth. A detailed description of
growtih compornents and their changing patierns in relation to various physical as well as techno-
ceonomic factors would be able o give clear cut reasons of slow growth. Keeping in view the
physical factors (specially soils and climatic conditions) and modern agricultural technology
which have directimpactonagriculture, the present chapter is devoted to three importantaspects
of agricultural growth,viz., (a) the anatomy of agricultural growth in order to describe its
decomposed elements, (b) the general growth trends with its factors and (c) the concentration
of growth in its regional frame for understanding the proper applicability of seed-tertilizer
technology and optimal acceleration of regional processes of sustainable growth patterns.

So far as the required statistics of agricultural production is concerned, the growth patterns
are described here by collecting district - level statistics of area and yield of sixteen principal
crops* for three points of time, viz., 1969-72 (threc years average) as base year, 1979-82 as
middle yearand 1988-90 (two years average ) as current year. The total volume of agricultural
output is assessed by changing physical quantity ot various crop production into its money
terms with the help of state -level statistics of production - prices of harvesting period. For the
calculation of value added output of agricultural products for various points of time, the
production prices of 1970-1 are considered as base year’s prices, so that comparability among
the agricultural growth patterns may be maintained and interpreted.

Infact, there are three mainaspects for interpreting the growth trends and its inter-regional
variations. They are directly related to three major methodotogical questions of the aggregation
of various crop yield, decomposition of growth components and the regional variations of
concentration of growthareas. The conceptual and methodological insights of these aspects have
already been described in the previous Chapter, however, the workable solutions are also given
sidc by side in the present text.

* The crops included in the present analysis are as: (a) cereal crops - Paddy, Wheat, Jowar, Bajra.and Maize: (b) Pulses-
Gram and Tur (Arhar); (¢) Oilseeds - Groundnut . Rapeseed & Mustard and other six oilseeds : (d) Fiber Sugarcane.
Cotton, Jute & Mesta: (¢) Vegetables - Potato.
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Anatomy of Agricultural Growth

Anatomy of an organism refers to the cross sectional study of its inter-related compoenesis
and their inherent characteristics. The agricultural growth basically depends upon the vt
of incremental growth output which is the resuit of changes occurring in the agricultural
production components. Incremental agricultural output refers to the absolute size of output
increase within a specific span of time, while agricultural growth rate refers to a proportion:.
change in the total volume of agricultural output over time. Therefore, the trends of agricuituial
production components would be described here before detailed study of agrivuicuwal v 0
processes.

(a) Trends of Agricultural Production Components

There are two important aspects to be highlighted here for the trend analysis of agricultural
components: the break-up of the period for a comparative study of growth trends of productiog
components and its measurements with its statistical significance and, sccondiy, e meis o
ment of the fluctuating nature of the actual trends oi agricultural components . Se far as
measurement of the gradient values of the tendencies of production components is concerned,
the constants and coefficient values of the bestfitted straight line equations are calculated to
show the rate of change (indicated by b) and the degree of fluctuation of the actual trends of
production components over time (shown by the degree of determinant value R?) (for detail, sce
foot notes of Table- 2.1).

In fact, green revolution of the mid sixties has altered the entire trend of agricultural
structure in India with fast acceleration of agricultural growth processes. Asa result, the general
trend of production components can be visualised by dividing the entire span of time of planncd
agricultural development into two broad phases of production increase : pre-green revoiution
period (1950-1 to 1969-70) and post-green revolution period (1970 -1 and onwards). The
comparative study undertaken to interpret the results of average annual increase in the absoluic
size of agricultural production as given in Table -2.1 reveals the following salient features.

(i) If the actual trends of agricultural production and its infra-structural variables arc shown
on the graph , it is found that linear equations represent the best fitted trend iines at their 1.0
percent significant levels for most of the agricultural variables (Fig.-2.1). It means that average
annual rate of change (i.c., based on linear expression of agricultural components ) is the best
expression for describing the real world situation of growth phénomena rather than log-normal
or semi-logarithmic expressions. This fact has already been discussed conceptually in the
previous Chapter.

(i) The value of trend-determinant, R2, which determines the degree of temporal fluctuation
of the trend, indicates that higher the value lesser is the degree of its temporal fluctuation and vice-
versa. The evidences given in Table-2.1 confirm that the infrastructural variables of agricultural
growth trends have the higher values of R2. It means they have lesser temporal fluctuations than
the agricultural production variables. Specifically, the Net Irrigated Area fluctuates significantly
less during the pre- and post- green revolution periods. Comparing the degree of temporal
fluctuations of agricultural growth variables for pre- and post- green revolution periods, it is
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evident that there is asmoothness in the trends of agricultural infra-structural variables especially
during post- greenrevolution period. But the production variables have higher degree of temporal
fluctuations during the same period of time because of many reasons like, poor responses of
farmers towards adoption of modern technology, changes in the climatic and farmers’ socio-

economic conditions.

Table-2.1: Increasing Trends of Agricultural Production Components and Input during Pre- and Post-

Green Revolution Periods.

Agricultural Annual rate of Linear Increase Annual Increase
Components 1950-1t01969-70 1970-1t01984-5 (in Thousand
(20 Years) (15 Years) units)
5 R(%) B R(%)
(A) Agricultural Land
1. Net Area Sown 9.964** 88.74 2.825* 23.89 ha.
2. Area Sown more than once 4.760** 85.09 8.333*¢ 90.21 ha.
(B) Crop-Patterns
3. Total Coarse cereals
i. Area 11.374** 82.52 4.381** 38.14 ha.
ii. Production 20.010** 78.37 26.394** 68.01 tonnes
4. Tztal Pulses
i. Area 1.310* 19.84 661 11.22 ha.
ii. Production 0.812+ 10.88 0.758 7.67 tonnes
5. Total QOilseeds
i. Area 2.539%* 85.15 1.595%* 62.39 ha.
i1. Production 1.380** 61.44 2.448** 47.40 tonnes
(C) Agriculture Infracture
6. Netlrrigated Area 4.447** 96.41 8.450** 98.84 ha.
7. [Irrigated Area more than once 2.300%* 88.74 4.247** 96.88 ha.
8. Use of Fertilizers 6.364** 77.50 20.818** 93.20 kg /ha
9. Areaunder HY.Vs. — — 19.011** 98.70 times
**  significant at .01 level,
. significant at .05 level, and
+ significant at .10 level.
gt 3 I Lincar increase is calculated by fitting straight line equation in given data of time series. lis equation is as

Y = a+ bi, whereY = agricultural components’ value, t =time (years), b = rate of increase.

9

R? indicates the degree of determinant of temporal fluctuations.



Agricultural Growth and Its Regional Fatterns

Iresiy

SYV3IA
$5-p8 ~ BN V=04 95-69 19 S -
. i o e A PR | " - ~ L " ek, " A1 R S Y i ww- 't " ~wv-mm- -LL_mme_
“RYIVALLTAZ TR 4
3159
.w)m.a.s/lf i
gl z
SHRAT™
~\\ h .o _.ﬁ
A i 8
o S~ Ve DB Z
SIONVHO 3SN-ANV1 S NN
e \.e"
~ ow
N | =4
/./.l l.\.\
201=CL-6561 ON'CNI WIINNT ML 13SvE
$8-v8 18-C8 9L-GL ©-0L 39-59 19-09 - -
L " PR S | A A i i N i i A + i S 4 N 1 P I .Oﬂpﬂﬂ P _wOO_
!
F
R
x
o
m
z
=

SIONVHD IVANLONYLS -V INI oﬁ




24 Agricultural Development in India

(iii) Inspite of diminishing trend of crop-area of coarse-cereals from 11.3 thousand hectare
per annum (1950-1 to 1969-70 ) to 4.4 thousand hectare (1970-1 to 1984-5), an overall
significant increase in the level and rate of the total production of its absolute size (i.e.,
incremental crop-production) has been marked from 20 thousand tonnes to 26.4 thousand tonnes
per annum in the same period of pre-and post-green revolution. It is owing, no doubt , to rapid
increase in the crop-yield specially after green revolution. On the other hand, the annual rate of
absolute increase in the area under pulses and oilseeds crops seems declining specially in the post-
revolution period. However, annual rate of production of these crops is recorded increasing.
Thus, there is an ample demand of oilseeds and pulses production in the country.

(iv) Onaccount of slow down the acceleration of expansion processes of agricultural land
use ( i.e., increase in Net Area Sown), the rate of incremental area under agricultural crops
declines from 10.0 thousand hectare per annum ( pre - revolution period) to 2.8 thousand hectare
per annum in the post-revolution period. However, total agricultural production increases widh
its diminishing rate that is observed proportional to the declining rate of incremental area under
agricultural practices specially in the post-green revolution period. Like-wise, trends of
irrigation intensity, fertilizer consumptionand area under High Yielding Varieties (HY Vs) have
also been observed increasing fast with the least temporal fluctuations (Fig.-2.1). Higher degrees
of temporal fluctuations are marked specially for the areas and production of coarse cereals,
pulses and oilseeds crops specially in the pre-revolution period when cropping patterns are solely
governed by the physical factors. Their R? values seem to decrease in the post-revolution period,
because of their more security from the natural calamities through modern means of farming
methods. However, the production components specially the coarse-cereals, pulses and oilseeds
production show *pause’ trends that indicate the direct effects of changing climatic conditions
and pricing policies (for input costs and production prices) of the government announced during
sixth and seventh five-year plan periods. Obviously, the fast increase in the absolute rate of
agricultural production has been recorded during these plan periods because of fastacceleration
of agricultural intensification processes. Thus, very high increase in the annual rate of absolute
_size of Double Cropped Area (4.8 to 8.3 thousand hectares), Net Irrigated Area (4.4 to 8.4
thousand hectares), Irrigation Intensity (2.3 to 4.2 thousand hectares) and the use of chemical
fertilizers (from 6.3 kg to 29.8 kg per hectare) have been marked in the post-green revolution
period. Finally, the statements made above justify the facts of agricultural growth which is
interpreted in the folluwing heads.

(b) Agricultural Growth - A General Trend

Comparing compound growth rates of the production of principal crops for pre- and post-
green revolution periods, it is found that compound annual rate of agricultural production (for
all crops) decreases from 3.13 percent (1949-50 to 1964-5) to 2.74 percent (1967-8 to 1989-
90) (Table - 2.2). During the post -green revolution period, the-production of food grains rose
from 50.82 million tonnes to 89.36 million tonnes with the compound growth rate of 2.93
percent per annum ; nine major oil-seeds from 5.16 million tonnes to 8.56 million tonnes with
3.11 percent per annum; cotton from 3.04 million bales (of 170 kg each) to 6.01 million bales
with 4.56 percent growth per annum ; jute and mesta from 3.31 million bales (of 180 kg each)
t047.66 million bales with an annual growth rate of 4.20 percent; and sugarcane from 57.05
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million tonnes to 121.91 million tonnes with 4.26 pereent annual growth . But the growth rate
of each and every crop production has been recorded lower (except the production of wheat)
during the post-green revolution period because »f very slow growth in its arcas (Table - 2.2).
Although there is a significant increase in the total quantity of agricultural production, however
decline its growth rate specially in the post-green revolution period is not a healthy symbol of
balanced agricultural development and self sustained growth. Therefore, the growth of agricul-
tural production must be examined in rclation o the size of resource allocations in the plan
periods and the agricultural technological advahcements adopted specially in the post-green
revolution period.

The relative performance of agricultural growthcanbe obscrved by caleulating Incremental
Input - Output Ratio ( HIOR, which is a proportion between the rate of increase of input in
agriculture and growth rate of agricultural production) for two points of time. It should give real
picture of the increase of investment with respect to agricultural growth. The statistics collected
and compiled by the Central statistical Organisation (CSO)and the Ministry of Agriculture show
an increase in agricultural inputs (in its real terms) of 5.72 pereent per annum and increasc in
real output (for all crops) of 3.13 percent during the 20 years of per-revolution period (1950-1
to 1969-70) . Note that the decline in the IIOR has been marked little lesser (33.0 percent per
annum) during the post - revolution period (1970 -1 to 1989-90) becduse of slow increase in
inputs (4.42 percent per annum) in this duration rather than before green -revolution period
(Table- 2.3). The worsening IIOR in the pre-revolution period was, owing 1o, fast increase in the
consumption of chemical fertilizers in agricultural practices (146.0 percent per annum), though
itstotalamountof consumption during that period was farless compared to thatof its total amount
consumed during post-green revolution period. Infact, during first three five-years plan periods,
more weightage was given to multipurpose projects and industrial development of the country
and, therefore, the production increase of fiber crops(jute, mesta and cotton) and cash crop
(sugarcane) was recorded higher to meet out the raw material demands for agro-industries. It had
to become most of the jute and mesta cultivation arcas of Bengal state which had been given to
the East Pakistan (now Bangladesh) after partition of the country . As a result, there was a great
demand for the agricultural production of these industrial crops.

It appears that there was an overall gradual decline in [IOR during the 20 years of post-
green revolution period. The value of IIOR has been recorded 1.65 for post-green revolution
period as against 1.83 for pre-revolution period (Tabic-2.3) .It might be because of intensification
of agricultural system through seed-fertilizer technology. In spitc of intensive application of
green revolution technology, the annual rate of production growth has been marked 2.68
percent, lesser than thatofannual rate of inputincrease which was recorded as 4.42percentduring
the post-revolution period in the country(Table-2.3). Very high rate of input investments which
exceeds the rate of agricultural growth is indicative of the failure of green revolution. The causes
are obvious. Inputs in agriculture are not corresponding to agro-ecological conditions of the
country although green-revolution was started from the tracts of the mos! suitablc agro-
ecological conditions of the Punjab plains but it was confined in a few patches of the Greatplains
(the Punjab, Haryana, Western Uttar Pradesh and the major parts of west Bengal). Itdistorts the
regional picture of agricultural growth, although the value of IIOR is seen to have diminished
marginally during post green revolution period.
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Table- 2.2: Compound Growth Rate of Area, Production, and Yield of Principal Crops in India for Pre-
and Post-Green Revolution Periods.

(in per cent per annum)

Crops 1949-50 to 1964-5 1967-8 to 1989-90
A P Y A P Y

1. Rice 1.33 3.49 2.13 0.57 2.74 292
2. Wheat 2.68 399 1.27 1.91 5.14 3.15
3. Jowar 0.99 250 1.50 -0.68 1.31 2.00
4. Bajra 1.08 2.34 1.24 -0.81 0.26 1.08
5 Maize 2.66 3.87 1.18 -0.10 1.15 1.26
6. Ragi 0.84 3.08 2.22 0.07 1.52 1.59
7. Small Miilet -0.30 -0.20 0.09 -2.78 -2.37 0.41
8. Barly -0.64 -0.28 0.36 -5.03 -3.07 2.05
Total Cereals 1.30 324 1.68 0.18 295 2.35
9. Gram -1.64 2.66 0.54 -0.75 -0.51 021
10.  Tur(Archar) 0.57 -1.34 -1.90 1.52 2.08 0.55
11.  Other Pulses 2.07 1.28 0.77 059 1.44 0.85
Total Pulses 1.90 1.39 -0.22 0.28 0.78 0.57
Total Foodgrains 1.41 2.93 143 0.20 2.74 2.20
12.  Sugar Cane 327 .26 112 1.34 2.78 1.43
13.  Groundnut 4.01 4.33 0.31 0.29 1.45 1.16
14.  Sesamum 0.14 -0.32 -0.36 -0.35 1.53 1.89
15. Rapeseeds & Mustard 2.97 3.36 0.37 1.63 427 2.60
16. Seven Oilseeds 2.64 3.34 0.13 0.44 2.31 1.76
Total Oilseeds 2.69 3.11 0.20 0.16 2.15 1.51
17.  Cotton 2.47 4.56 2.04 -0.34 2.18 2.54
18.  Jute & Mesta 3.86 420 0.73 0.05 1.89 1.57
Total Fibers 257 4.45 1.68 -0.31 2.07 2.28
19. Patato 4.37 427 -0.11 3.56 6.64 2.97
20.  Tobacco 1.66 2713 0.96 -0.32 1.59 1.92
Total Non-Foodgrains 2.582 3.54 0.93 0.48 2.7 1.69,
All crops 313 1.30 0.26 2.74 2.02

1.61

Abbreviations: A = Area, P= Production and Y = Yield

N.B.:

Source

1. Seven oilseeds include Groundnut, Sesamum, Rapeseed & Mustard, Linseed, Castorseed, Niggerseed & Sunflower.

2. Total oilseeds include seven oilseeds, coconut & Cotton seed.

Agricultural Statistics At A Glance (1991), Directorate of Economics & Statistics, Dept. of Agriculture &

Cooperation, Ministry of Agriculture, New Delhi, Table-14.2, p.101.
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Table- 2.3: Growth of Production Components and Incremental Input-Output Ratioin the Pre- and Post-

Green Revolution Periods.

(Production in million tonnes)

Items Pre-Revolution Period (20 Years) Post-Revolution Period (20 years)
1950-1 196970 Ann. Growth 19701 1989-90 Ann.Growth
(P,) ®) rate+(%) (P (P) rate+ (%)
(A) Agrlcultural Ovutput
1. Total Foodgrains 50.82 99.50 4.79 108.42 170.63 2.87
2. Total Oilseeds* 5.16 7.73 2.49 9.63 16.75 3.70
3.  Groundnut 348 5.13 2.37 6.11 8.00 1.62
4.  Sugarcane 57.05 135.02 6.83 126.37 222.63 3.81
5. Fiber crops** 6.35 12.35 4.72 10.95 19.76 4.02
Total output - - 3.13 - — 2.68
(B) Agricultursal Inputs
1. Net Irrigated Area( mill. ha.) 20.85 30.20 2.24 31.10 42.00 2.33
2. Fertilizer Consumption
( in ,000 tonnes) 6.56 198.24 146.10 198.24 873.74 17.03
Total input (in real terms) —_ 5.72 —_ —_ 4.42
Incremental Input-Output Ratio (10R) ++ 1.83 — — 1.65

N.B.:

¢ It includes nine oilseeds crops.

**  Itincludes coton, jute and mesta crops, for which the production unit million bales of 170 kg each for cotton and

180 kg cach for jute and mesta.

+ Annual growth rate has been calculated by simple growth rate formula as given in Eqn. - 1.3.

++ [IOR is the ratio between the rate of input increase and the rate of agricultural growth of a specific period.

(c¢) Conditions Created for Agricultural Growth in the Early Phases of Development

The major share of annual budgetary allocations had been given to the multi-purpose
projects and industrial development for creating infra-structural facilities for agricultural
development during first three-five year plan periods. The investment on heavy industries was
also noticeable during the same plan periods. For fulfilling the demand of raw materials for
textile industries, the production of fibers and commercial crops like cotton, jute, mesta and
sugarcane had increased at a faster rate than foodgrains and, therefore, India had to import
cereals and pulses during the first phase of planned development. The organisational aspects of
agriculture Jand were strengthened for its proper management and productivity enhancement.
Effective land management system was implemented through land reforms. Four major
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dimensions of land management which were implemented during second and third five-year
planpericds were: abolition of intermediatory interests, land distribution through imposing land
ceilings, abolition of absentee landlordism, and consolidation of land holdings (Bhalla 1988).
These institutional factors created tempo of encouragement and free-working of the farmers on
their farms, and later on, they became the causes of the increase in both production and
productivity. Cn the other hand, studies on water and soil resources as physical factors of
agricultural growth were conducted specially by Indian Council of Agricultural Research (IARI),
Pusa, New Dclhi in relation to moisture availability for agricultural growth which is a major
attribute of the climatic conditions specially dependent on the quantity of rainfall and degree of
mecan temperature. In the carly phases of agricultural development, the environmental condi-
tions, particularly availability of water and soil fertility for ptant growth, were the dominating
factors of agriculture growth and entire agricultural activities like sowing crop seasons, crop
mixing, rotation of crops, etc. were governed by the conditions and intensity of monsoons.
Therefore, Indian agriculture was called ‘monsoon dependent agriculture’ at that time and
monsoon had been the deciding factor of farmers® fate in the early period of agricultural
development (specially till third {ive-year plan periods). The irrigation was insufficient and its
effect on production growth was insignificant at that time as Nath (1969) undertook to interpret
these facts, by establishing statistically the correlation between the share of irrigated area and
agricultural land productivity. The relationship was observed very weak asr = .0931 duriag pre-
greenrevolution period. He asserted that it might be due to regional imbalances in the distribution
of irrigation facilities. However, irrigation had become the ‘root- factor’ and major cause of
agricultural growth and development through which the other attributes of agricultural technol-
ogy (HYVs seed-fertilizer technology) came into existence at the time of starting of green
revolution (during late sixties).

Thus, there had been two inajor comnnnents of production growth operative in the pre-
green revolution period: (a) the expansion of Net Area Sown (NAS) and (b) the changes in
cropping patterns. The expansion of cultivation towards new lands, it means changes in the
general landuse patterns, refers to the conversion of cultivable waste land into the other
categories of landuse specially into the cultivated land . The geographical factors and the
causes of the fast acceleration of expansion processes of agricultural landuse before introduction
of green revolution have been interpreted carefully and examined logically by Singh (1971) by
analysing the areal variations and the changing nature of the share of cultivable waste land
specially for carly period of planned development. He concluded that the percentage share of
waste land is positively related to its rate of conversion specially during 1950s. In his analysis,
it is clear that in most parts of Rajasthan, Madhya Pradesh and the central and northern boatder
lands of Uttar Pradesh, which had a significantshare of cultivable wasteland asabout 16.0 percent
(i.e., far higher than the national average which was recorded only 8.07 percent in 1950-51), it
has been reduced to 10.0 percent inthe 15 years of pre-green revolution period (1950-1 to 1965-
6). It is interesting to note that the processes of agricultural expansion had been accelerated
specially in the fertile tracts of these states, where irrigation and small-scale machine tool
technology were available . For example, the terai areas of Uttar Pradesh extending from
Saﬁaranpur to Gorakhpur along with the hills of Sivalik ranges of the Himalayas which
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were full of marshy lands and bushes before independence, had been cleared and made arable by
the refugees who immigrated from Punjab and Sindh provinces (now in Pakistan) at the time of
paitition. They used tractor as a machu. tool for irrigation purpose and land cultivation. With
the result, production and productivity increased fast and its level has become very high in these
areas of Uttar Pradesh. But the agricultural land expansion processes in the Chambal ravine lands
of Madhya Pradesh and Rajasthan were operated by smail hand-operated traditional farming
tools during the second five year plan period and , therefore, this land could not yield much
production. Socio-economic conditions of the farmers at that time were also responsible for the
areal variations in the productivity patterns.

The second major component of increasing production during pre-green revolution period
had been the significant changes in cropping patterns. During first two decades of agricultural
development (1950-1 to 1970-1), an increase of about 34.0 million hectare in the total cropped
area of the country had been recorded owing, undoubtedly, to the rapid increase in two
fundamental attributes of landuse : NAS and farming intensity . It has already been discussed
that NAS was increasing at a constant rate of 10.0 thousand hectare per annum and area sown
more than once (which refers to farming intensity) had increascd atan annual rate of 4.8 thousand
hectare in the 20 years of pre-green revolution period. The agricultural statistics reveal that
the increage in farming intensity is positively related to the increase in the arca under irrigation
and its imensity (Table- 2.3) . Irrigation intensity rose 14.65 percent from 108.20 to 122.85
percent in the successive period of time. Another important factor of change in cropping pattern
was production price mechanism. The substitution of more remunerative crops for remunerative
ones was the additional factor for production increase. Inspite of rapid increase in the areas of
foodgrains crops and quick requiruments of their production which had to undertake imports
during first three-five year plan periods, the marginal increase had been recorded in the areas
under cash crops specially sugarcane and cotton (nearly half percent ) because of more
remunerative crops and basic raw materials of textile and sugar industries which was put in the
priority list of development by the Planning Commission, New Delhi.

The details regarding the changes occurring in the cropping pattern and the influence of
agricultural pricing policies on the changing agriculture structure would be discussed
separately in the next chapter. But, the salient features and the trends of agricultural attributes
came up after an introduction of modern input packages for agriculture is proposed to be analysed
now in a systematic manner.

(d) Impact of Green Revolution Technology

Undoubtedly, the agricultural production has been enhanced fast du:ing the 20 years of post
green revolution period (1970-1 to 1989-90). The production growth of various crops vary in
order to the application of modern inputs. For example, the production of total cereals rose from
96.60 million tonnes (1970-71) to 158.02 million tonnes (1989-90) at an annual compound rate
of 2.97 percent . The record increase of cereal crops has been registered due to rapid increase in
wheat production of 15.82 miilion tonnes, from 23.83 to 49.65 million tonnes at an annual rate
of 5.64 percent in the two decades time of post-green revolution period. The wheat progduction
increased by increasing its both components of production : area as well as yield. Area under
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wheat cultivation increased at a compound rate of 2.41 percent per annum and yield at an
annual rate of 3.15 percent. But the moderate increase in the production of other foodgrains and
commercial crops has also been recorded. For example , the productionof oil seed has increased
nearly three - fourth times from 9.63 million tonnes to 16.75 million tonnes at an annual
compound rate of 1.56 per cent . The lowest rate of annual compound growth (i.e. , only .65
percent ) was recorded in the pulses in the successive time of post revolution period. Sugarcare
production has followed very high growth rate (2.70 per cent per annum) being the constant
expansion of iis area at 1.58 percent annually and compound growth of yield at 1.11 percent per
annum during the successive period of time . While the other commercial crops, specially fibers,
increased at the moderate rates of their growth (Table-2.4). The growth structure of the post-
green revolution period specifies its two important features. First feature is related to the overall
growth of crop production which is influenced by the rapid increase of the production of two
crops, namely, (a) wheat - a staple foodgrain. which had to undertake import during pre-green
revolution period at its higher prices. Maximum efforts have beecn made to increase the yield of
wheat by inducing green-revolution technology during fifth and sixth five year plan periods.
Even the area under wheat cultivation increased by 2.41 percent annually. And (b) Sugarcane -
a commercial crop and the backbone of rural industralisation by which the farmers’ economy
is directly influenced and , therefore, area under sugarcane cuitivation has been increasing atan
annual rate of 1.58 percent . Itis interesting to note here that increasing production prices of wheat
and sugarcane during fifth five-year plan period has been the sound bases to the farmers for
intensifying yield and expanding area under these crops. Thus, the farmers of wheat and
sugarcane belt dispersed from Punjab to Western Uttar Pradesh ( the area of Upper Ganga plains
and Sivalik foot hills of terai and swamps ) have started the use of the modern package of HY Vs
seed-fertilizer in the irrigated fields and farmers. Even during seventh plan period, wheat has
been considered as a commercial crop instead of foodgrains and the surplus wheat was
transported in the country through the markets and mandies for which Food Corporationof India
have been playing a significant role . Note that the higher production and productivity of wheat
crop are achieved by introducing modern technology ateachstage of its growthand working for
which medium size tractor (15HP) has become an essential and multipurpose tool for marginal
and medium size land holders (2.0 to 5.0 hectares) who have mostly been using it for irrigation
purposes sowing crops by seed drills, wheat threshing, leveling the fields/farms and even
spraying weedicides and pesticides. Consequently, India has now sufficient stock of wheat and
other foodgrains (as 13.20 millic n tonnes of wheat 6.94 million tonnes of rice and 1.05 million
tonnes coarse grains as on July, 1,1990). Enough availability of wheat cereal at cheaper rate Las
altered the food consumption patterns of even rural masses. The poor people, who used to
consume jowar and maize (cheaper food) specially in winter and rainy seasons since longer
period of pre-revolution, have now started consuming wheat instead of these millet cereals.
Expanding and intensifying cheap irrigation facilities (by regular canal system and private
tubewell facilities), availability of HY Vs of wheat seed and low-priced or subsidised chemical
fertilizers (specially NPK) and better loan facilities for small and medium size tractors during
the 20 years of post-green revolution period of agricultural modernisation have brought out
fast increase in the production and productivity of agriculture specially of cereals and oil seed
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crops. Therefore, input costs and production prices have become the major ingredients of
changing the production trends. They altered the entire ecologically oriented crop-combinations
and cropping -patterns of Indian a,::culture. As a result , increasing regional disparities may be
observed in the areal patterns of productivity distribution. But note here that, on account of
increasing input costs and stable agricultural production prices, there seems frustration among
the farmers because of less profitability. Secondly, because of intensification and expansion of
more remunerative crops like wheat and sugarcane of the upper Ganga plains, gram of the central
Peninsular India and cotton of the Gujarat and Maharashtra states, the cropping patterns which
had been evolved earlier inits diversified form, have been changing towards crop-concentration.
Consequently, an over all annual growth of all crops have been recorded at 2.74 percent during
post green revolution period which is far lower than the growth rate of 20 years of pre-green
revolution period (Table-2.2). There seems a failure of green revolution which is hampering the
self-sustained growth of agriculture. Keeping in mind the general performance of agricultural
growth in order to implement of appropriate technology and the required policy measures for
self-sustained growth of agriculture, Union Minister of Agriculture Mr. Sir ;h, Buta (1985)
reminded the agriculture scientists in his convocation address delivered in Indian Agriculturc
Research Institute, New Delhi and added that inspite of increasing the inputs in its real terms at
arate of 4.1 percent per annum in the seven years of post-greenrevolution period (1976-7to 1982-
3 when gross irrigated area had increased at an annual rate of 5.6 per cent, irrigation pump sets
(diesel and electric ) atannual rate of 8.0to 9.0 percent, the area under HY Vs at 7.0 per centannual
rate and the consumption of chemical fertilizers (specially NPK) at 11.0 percent annum, the
annual rate of real agricuiture output had been brought out only 2.0 percent increase (i.c., about
half of the input increase) during the successive period of time.

Table - 2.4 Growth of Agricultural Production in the Post- Green Revolution Period

(Productien in million tonnes)

Items Total Production Average Growth Annual Compound
1970-71 1989-90 1970-1 to 1989-90 Growth (%)
(P) (P) (TG) + (r) ++
1. Total Cereals 96.60 158.02 63.58 2.96
2. Total Pulises 11.82 12.61 6.68 0.65
3. Oil Seeds (Nine) 5.63 16.75 73.95 1.65
4. Groundnut 6.11 8.09 32.40 0.96
S. Sugarcane 126.37 222.63 76.17 2.70
6. Cotton* 4.76 11.4] 139.70 2.35
7. Jute & Mesta* 6.19 8.35 34.89 2.68

NB.: + TG (Average Total grwoth) = {(P, - P).100/ P.}

++  Annual compound growth figures are based on 18 years data (1967-8 to 1985-6) compiled by the Director of
Economics and Statistics, Ministry of Agriculture, New Delhi.

Cotton Production figures are in million bales of 170 kg each and Jute & Mesta figures in million bales of 150 kg
each.
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The emerging recent growth trends of Indian agriculture show the imbalances in the yield
increase of various crops and their optimal regional patterns. For instance, the virtual stagnation
in the increase of pulses and oilseeds production has been obscrved in spite of increasing their
production prices and demands in the country. The validity of these facis of agricultural growth
has also been tested by Mohapatra (1982, pp.210-18) and Bhatia (1988, p.17-18) by stating the
shortcomings of green revolutiongrowthstrategy which provided seed-fertilizer technology only
to wheatand sugarcanc thatare the dominating crops only of a specific area of the country. Bhatia
(1988, pp.17-18)argued that price mechanism had been the important factor for adopting modern
inputtechnology. He exemplified that prices of crop production and fertilizer costs persuaded the
growth of wheat production in the early seventies when 3.00 kg of wheat was required for 1.00
kg of nitrogen and 1.00 kilo of NPK fertilizer would add about 10.00 kg of wheat grain to the
output (Bhatia 1988, p.25). Therefore, NPK fertilizer was used-substantially for wheat produc-
tion with introducing HY Vs of Mexican wheat seeds particularly in the irrigated areas of the
states of Punjab, Haryana and Uttar Pradesh in the early seventies. Noie that the quantity of wheat
required to buy 1.00 kg of NPK has been decreasing from 3.00 kg (1970-1) to 2.27 kg (1991-2)
because of faster rate of increase in wheat price than the fertilizer costs which was available at
subsidised rate of constant costs till July 1991. Therefore, the doses of NPK fertilizer may further
be increased for wheat production instead of the production of other crops specially pulses and
oilseeds.

The second important feature of slow growth persisting in the post-green revolution period
is the imbalances and distortion brought out in the ideal cropping patterns with breaking up the
norms of agro-ecological criteria of agricultural growth. These distortions are creating regional
diversities in the growth patterns as Dogra (1981) concluded that the concentrated growth
patterns have beenemerged during greenrevolution period (1962-5to 1972-5). Being diversified
nature of agro-ecological conditions in the country, the regional approach of agricultural growth
is cssential to understand its inter-state as well as inter-district variations for self sustained
growth. It should be studied in detail under the proceeding heads.

Agricultural Growth Components and their Areal Patterns

Infact, the agricultural growth patterns and their processes have three major methodologi-
cal considerations, that are related to the aggregation of total agricultural output for different
points of time, the absolute increase inagricultural production (incremental output) for assessing
the regional variations of the volume of production increase, and the inter-district variations in
the growth rate of agricultural output. The average annual growth rate of each district for the last
two decades (1970-1 to 1980-1 and 1980-1 to 1988-9) is calculated separately on the basis of
applying ‘simple - growth rate method® which is based on linear trend of agricultural output
increase.

Componental relationship of agricultural growth can be established by understanding the
logical reasoning of production elements of the growth equation. The logical explanation of the
aggregation of agricultural output, which has already been given in the previous Chapter (eqn.-
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1.4a), produces to predict that the agricultural output is the product of three production
elements : area, yield, and production-prices of the various crops as considered under the domain
of calculations. Since production-prices are considered constant for calculating production
growth (because itis consideredas conversion factor only), cropping patterns and crop-yield have
become the major elements (that may be called determinants) which have direct effects on the
changes in the agricultural output over time . On definitional part, it may be referred to that the
incremental output is simply the difference of total output between two points of time as
considered for the study of agricultural output increase (P -P ), while the growth of agricultural
output refers to the proportionate change of production differentials of various crops over time
because of the linear trend of crop-production increase*. Thus, the equation of agricultural
growthrate, R, which is R= (P, - P )/ P, as Eqn. 1.3 given in the previous Chapter, is the result
of the growth rates of various crop production. The production growth of a particular crop, r, is
expressed as :

L= (ail'yil'pio - aio'yio'pm)/ a5YioPio»
= [{(a“/am).(y”/ym)} — 1.0), (2.1

where a, and a are areas under ith crop for the current and the base years, y, and y g refer
the crop-yield for the current and the base year respectively, and p , denotes prices per unit of
production of ith crop. The equation of the growth of crop production (eqn. 2.1) expresses to
establish an important relationship among growth components that the growth rate of crop output
is the result of the product of two growth ratios the growth ratio of crop-area (a /a ) and of the
crop-yield (y,/y,) With the subtraction of unit constant to determine the actual figures of
crop-growth.

Thus, the agricultural growth components, namely, the changing crop patterns as area
component, the changes in crop-yield, the growth ratios of crop-area and crop-yield and the
concentration of the volume of agricultural output in its areal perspective, are described in detail.
For the same, state-wise statistics of area, yield, and total production of the principal crops have
been compiled and used for three points of time (1969-72, 1979-82 and 1988-90) for finding the
empirical evidences of the regional concentration of agricultural growth. The evidences that are
in broad agreements with a priori expectations confirm some important facts which have been
interpreted in the following heads.

(@) Changes in Cropping Patterns (An Area Component)

Obviously, Indian agriculture is foodgrains dominated because more than 80.0 per cent
share of Gross Cropped Area (GCA) as 126.50 million hectare out of total 159.13 million hectare
(1989-90) is under foodgrains crops(which include cereals and pulses). There seems a gradual
increase specially in the areas of paddy and wheat crops (which are the staple foodgrains) during
the last 20 years after green revolution (1970-1 to 1989-90) (Table-2.5). Infact, the inter-district
variations and regional characteristics of the cropping patterns have been examined first by the

* Note here that decomposition of growth components is not based on interaction factors as described by Minhas and *

Vaidyanathao (1965) and Bhalla and Alagh (1979, pp.40-1). It follows linear growth equation in which additive rule of
growth is app'icable rather than multiplicative one.
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Agriculture Commission, ICAR (1964) and Professor Bhat and Learmonth (1968) for the late
fifties, and later on by Professor Bhalla and Alagh (1979, pp.57-139) for showing the regional
patterns of the growth of foodgrains production for the late sixties. It may be generalised from
these studies that the regional variations in the cropping patterns and changes therein are the
results of physical factors like soils, rainfall, temperature, length of seasons, etc. rather than the
application of moderr. technology . As a result, in the areas of humid climatic conditions (annual
rainfall more than 100cm with a high range of annual temperature , 20 °“to 40 °° ) with the fertile
alluvial soils, namely, the middle and lower Ganga valley (mostly the areas of Bihar and West
Bengal), the Brahmaputra valley (the Assam state), the coastal regions of the deltas and the costal
plains (the costal parts of Orissa, Andhra Pradesh, Tamilnadu, Kerala and Maharashtra states) ,
monoculture is the dominating feature of the cropping patterns in which paddy enjoys as
‘monopolised crop’. On the other hand, wheat cuiltivation is remarkable in the semi-arid
conditions of the Punjab, Haryana, Western parts of Uttar Pradesh states where it is grown with
the help of extensive irrigation-based modern seed-fertilizer technology. While, in the arid zones
of the country which include the state of the Rajasthan, and the central parts of Peninsular India,
jowar and bajra have become the major crops but with conciderable decline its area after green
revolution (1970-1 to 1989-90).

Table- 2.5: Changing Crop-Patterns in India (1970-1 to 1989-90).
(Area in millien hectare)

Corps 1970-71 1980.90 Changes

Area % Area % Area %
1. Rice 37.59 22.67 42.17 26.50 458 383
2. Wheat 18.24 11.00 23.46 14.74 5.22 3.74
3. Jowar 17.37 1048 14.95 9.40 -2.42 -1.08
4. Bajra 12.91 7.79 10.89 '6.84 -2.02 -0.95
5. Maize 5.85 353 5.86 3.68 0.01 0.15
6. Ragi 2.15 1.30 237 1.49 0.22 0.19
7. Small millets 282 1.70 2.60 1.63. -0.22 -0.07
8. Barley 0.92 0.59 0.99 0.62 0.07 0.03
9. Gram - 7.84 4.73 6.50 4.08 -1.34 -0.65
10.  Tur 2.66 1.60 3.58 2.2 0.92 0.65
11.  Other pulses* 12.04 7.26 13.14 825 1.10 0.99
12.  Sugarcane 262 1.58 3.41 2.14 0.79 0.56
13.  Groundnut 7.33 442 81 5.47 1.38 1.05
14.  Cotton 7.61 459 7.33 451 -0.28 -0.08
15.  Jute & Mesta 1.08 0.65 0.91 0.57 -0.17 -0.08
16.  Potato 0.48 0.29 0.96 0.60 0.48 0.31
17.  Tobacco 045 0.27 0.45 027 — —
Total Cropped Area 165.79 99.99 159.13 99.99 —_ —

N.B.: . It includes Peas, Mung, Masoor, and Lobia pulses.

Source : Agricultural Statistics At AGlance, Ministry of Agriculture, New Delhi for 1970-71 data. The data for 1989-90 is
compiled from the Directorate of Economics & Statistics, Ministry of Agriculture, New Delhi.
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The changes in the share of crop-areas specially after green revolution (1970-1 till now) are,
in my opinion, influenced highly by the remunerative prices of crop-production. Inseveral states,
substitution of more productive crops for less productive ones appears to be a major ingredient
of agricultural output growth. For example, jowar and bajra have been replaced by groundnutand
cotton in Andhra Pradesh in the last 20 ycars (1970-1 to 1989-90); oil seeds have marginally been
substituted for paddy and stood up on second rank in Assam despite an increase in area under
paddy cultivation (Table-2.6). Inspite of favourable conditions in the interior parts of Gujarat for
bajra crop, its area has declined nearly by 6.0 percent and replaced by rapeseeds and mustard
oilseeds because of more remunerative crops. Likewise, bajra has beenreplace by wheatand gram
in Haryana, by gram (more remunerative pulse)inMadhya Pradeshand by sugarcane (cashcrop)
in Mahaiashtra during the same period (Table-2.6). It is also interesting to note that, inspite of
unfavourable conditions for paddy cultivation in Punjab and Haryana states, the area under paddy
cultivationseems to be increasing by 20.0 percent (from 9.20 in 1970-1 to 29.08 percent in 1989-
90) with a negligible increase under wheat area in Punjab and by 6.3 percent (from 6.46 percent
in 1970-1 to 12.72 percent in 1989-90) with the gradual increase of 11.0 percent in the wheat area
in Haryana. It might be because paddy is being considered as a commercial crop rather than food
grain for local consumption in these areas . With the help of modem technology, the export
quality rice (for international market) is being produced by Punjabi farmers. It has occupied
second place in the changing pattern of Punjab’s agriculture (Table -2.6).

There seems an over all gradual shift in the cropping pattern from diversification (which
are considered better for fulfilling local needs of the n~eople) towards unification ( based on
commercialisation rather than local feeding) which breaks down the geographical boundaries of
ideal crop-combination regions (Fig.- 2.2) with the requirements of more infra- structural
facilities for properly regulating the surplus production from local level to the national and to
international levels. The ideal crop- combination regions which are proposed by Husain (1979,
pp.125) for the whole country, have been distorted by the effects of cost-price mechanism of
agricultural production (because of intensification of seed-fertilizer technology and the produc-
tion-prices which alter cropping patterns by influencing farmer’s profit). Farmers always wish
to achieve the maximum profit from their partials of cuitivated land with maximising the
marginal returns of their products through changing their crop-combinations and cropping
patterns accordingly.

(b) Changes in Crop - Yields

Crop-Yield is the major component of agricuitural production. Its changes have the direct
impact on the changing patterns of output growth. There has been a significant increase
appreciated incrop-yields specially after greenrevolution, although yield levels are still very low.
For example, fiber crops, jute and mesta are noticeable for the record increase in their yields of
95.03 and 155.17 percents respectively, while appreciable increase in the foodgrains crop-yield
ranging from 15.3 per cent in bajra to 70.86 per cent in jowar crop-yield in the last 20 years have
also been recorded. But the striking features of crop-yield which have been depicted in Table-
2.7 reveals a rapid decline of 32.63 percent in the yield of the pulses specially of moong, moth,

"urad, and lobia. Since pulses play the major role in the vegetarian food for Indian society and
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are the main sources of protein for sound health, there scems a deficiency of the pulses-items in
the food, decrease in its production and rapid hike in its production prices specially during the
last 20 years. The gram and tur (arhar) have crop-yield increase only to the tune of 5.0 per cent
(Table - 2.7). As a result the market price of chana (i.c., famous pulses of Punjab and Haryana
and delicious dish for punjabi-food ) had gone upto Rs. 20.0 per kg in 1988-89. It is intcresting
to note that the gram cultivation requires least application of seed-fertilizer technology but the
most natural conditions of clayey loamsoils. Therefore, its yield recorded fastincrease in Andhra
Pradesh and Maharastra and marginal in the state of Madhya Pradesh.

Table- 2.7: Changes in Crop-yields in India (1962-5 to 1988-90)

(yield in kg/ha)
Crops 1962-65 1970-73 1988-90 Changes(carly 70s to 90s)
Ahﬁnlute Y
1. Rice 1015 1106 1637 531 48.01
2. Wheat 811 1322 2121 799 60.44
3. Jowar 522 453 774 321 70.86
4. Bajra 365 472 544 72 15.29
S. Maize 996 1085 1343 258 23.78
6. Ra gi 803 865 1080 215 24.85
7. Barly 824 1033 1485 452 43.76
8. Gram 569 645 678 33 5.11
9. Tur 643 712 741 29 4.07
10.  OtherPulses* 585 661 445 -216 -32.68
11, Groundnut 760 734 929 195 26.57
12, Rapeseed & Mustard 418 507 826 319 63.04
13, Sesamum 187 212 303 9] 42.92
14, Linseed 227 260 290 30 11.54
15.  Castersed 224 332 727 395 118.97
16.  Sugarcane+ 456 497 621 124 24.95
17.  Cotton 119 129 203 74 57.36
18.  Jute 1237 1227 2393 1166 95.03
19, Mesta 751 687 1753 1066 155.17
20.  Tobacco 845 852 N.A. — —

N.B.: N.A. = Not Available:

* It includes Moongh, Moth, Masoor, Lobia, etc. pulses. + Sugercane figures are in qu./ha.

Source: 1. Three years average figures for triennum ending1964-5 and 1972-73 have been traced out from Bhalla and Alagh
(1979), Table-2, pp. 12-13.

2. Yield data for 1988-89 and 1989-90 have been compiled from the Tables provided by the Deptt. of Economics &
Statistics, Ministry of Agriculture, New Delhi.
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The state-wise patterns of crop-yield increase reveal that, in the core areas of green
revolution ( Punjab, Haryana and western Uttar Pradesh ), the level (1988-90) and increase
(1970-3 to 1988-90) in the wheatand paddy crop-yield have been recorded appreciably high.
But it is pertinent to note thata remarkable increase of 615 kg/ha in wheat yield has also been
recorded in Maharashtra and Tamilnadu where favourabie conditions do not permit for its
sustainable growth (Table-2.8). The yield of jowar, a fodder crop of Maharashtra and Uttar
Pradesh, has also increased significantly although it is not significant in its areal extent in these
areas. The yield of bajra seems to have decreased in most of the states except in Orissa and
Maharashtra where it does not have significant place in its areal extent. Gujarat and Maharasktra
covering the major industrial areas of the country, are marked record increase in the crop-yields
of oilseeds (specially groundnut) and cash crop (cotton and sugarcane) because of local demands
of industrial raw materials . Thus, the emerging features of crop-yield patterns may be
generalised by relating them to the cropping patterns of the country which should be helpful
for understanding the undergoing processes of agricultural growth of the country. They are:

(i) Inspite of remarkable changes in the cropping patterns of the country observed during
the last 20 years (1970-1 to 1989-90), they are still following the physiographic basis of their
changes. But the regional patterns of crop-yield are breaking the criterion of agro-ecologically
based yield increase.

(ii) There must be positive relationship between the increase in crop-yield and crop-land
occupancy in relation to its agro-ecological conditions for self-sustained growth of agricultural
output. But the crop-yield patterns show negative relationship of these components of growth.
For example, paddy is a dominating crop grown in the middle and lower parts of the Ganga and
Brahamputra valleys including the costal areas of the couniry, but the level as well as increase
in its yield have been recorded significantly high in the states of Punjab and Haryana. Likewise,
gram (an important pulse) is having high land-occupancy share in the Madhya Pradesh, but its
yield increase is recorded high in the Maharashtra and Andhra pradesh (Table- 2.8).

(iii) Agro- ecologically, jowar and bajra are the crops grown in the arid areas of the country
and, therefore, area and yield under these crops must be increased in Rajasthan, Maharashtra, and
Karnataka, but their yield have been increasing in Orissa and Tamilnadu (during 1970-1 to 1989-
90) with losing the foot ground in their crop-land occupancy shares.

(iv) There seems a regional shift in the cotton belt of India from Gujarat - Maharashira -
Kamataka region to Punjab-Rajasthan-Gujarat region because Gujarat, Maharashtra and
Kamataka have recorded decline in the share of its crop-land occupancy as 11.0, 3.0 and 6.0
percent respectively after the introduction of green revolution-technology (see Table- 2.6).

(v) The regional trends of yield increase follow the centre-based agricultural intensification
hypothesis proposed by Thuenen (cf. Dunn 1954, p .6, Hall 1966). The four biggest metropolitan
centres of the country (Delhi, Calcutta, Bombay and Madras) from where the agricultural
innovations (specially seed-fertilizer technology) are deffused outward in its surrounding
hinterlands, have become the core areas of very high increase of crop-yield and become the main
centres of concentration of agricultural output growth. The validity of these facts should be tested
to study the micro-economic processes of agricultural growth under separate head.
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" Table - 2.8: State-wise Average Yield of the Various Crops (1969 -73 to 1988-90).
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table 2.8

= absolute change in crop-yield.

1988-90, and c

Abbreviations: 2 = 1970-3, b



Agricultural Growth and Its Regional Patterns 41

{c) Patterns of Production Growth- Ratios

The changes in the erop-area and crop-yield as studied above denote the absolute picture
of production increase, while its proportionate increases which are expressed by production
growth-ratios (by eqn.- 2.1) are also important to find the causes of growth. The study of state-
wise variations of production growth-ratios of the principal crops show a different picture of the
componental distribution. Note that they are the major components of agricultural growth.
According to Table-2.9, the striking features of growth of the production of various crops reveal
that Orissa emerges as the most dynamic state of the country where the values of the
growth-ratios* for crop-area have been recorded extremely high for all the crops except paddy
and jowar. In this state, the area under cotton has increased 9.69 times, groundnut 4.75 times,
Sesamum 3.19 times, gram and maize areas 2.25 and 2.27 times respectively during the last two
decades of green revolution effects. The crop-ratios are also very high for Sesamum crop (5.92),
groundnut (3.89) and rapeseeds and mustard crops (3.66). The high values of rapesceds and
mustard crop growth ratios are also remarkable for Rajasthan and Andhra Pradesh states of the
arid areas of the country. The marginal areal expansion of wheat crop and fastexpansion of paddy
have been recorded in the Punjab and Haryana (the core area of green revolution). On the other
hand, Maharashtra has a record growth of crop-yield of all crops except paddy (Table - 2.9). It
may be because of the impact of agro-based industries on agricultural growth. The growth ratios
for wheat yield have been recorded very high in Tamilnadu (2.60), Maharashtra (2.31) and
Andhra Pradesh (2.22), while high ratio for paddy-yield (Z.24) is marked only in Uttar Pradesh
instead of west Bengal,although it has more favourable conditions for its growth. Gujarat and
Maharashtra are noticeable for the proportional increase of groundnut crop-yield.

An overall performance of the regional variations of growth-ratio generalises the facts that
there is a negative areal relationship between the growth ratios of crop-area and crop-yield. It
means that the states of the rapid acceleration of areal expansion processes crop-production
increase have very low growth of crop-yield specially after green revolution period and vice-
versa. It reflects a diverse nature of agricultural components operating the agricultural growth
processes in its regional frame. Thus, there might be diversified areal patterns of agricultural
output and its growth which have been interpreted in the following heads.

(d) Concentration of the Volume of Agricultural Output

Calculating total amount of agricultural output in its value term at constant (1969-72) price
(with the help of out put aggregation method as discussed in the previous Chapter) for each and
every district of the country for three points of time as specified earlier and arranging the districts
in their descending order according to their total output strength, the number of the districts
having one-fourth share of the total agricultural output of the country have been identified for
eachpointoftime (Table-2.10). The magnitude and change in the cultivated lana of these districts
mustexplain the tendency of concentration of agricultural output in its absolute degree**. There

. Note that the values above 2.00 indicate 100 percent increase (means two times) between two points of time. Only the

values of growth-ratios above 2.00 have been interpreted for the proportional increase in crop-area and crop-yield.

s In the present explanation of concentration, the districts are selected according to their size of total output rather than
output per unit of land or labour because district is the uait of agricultural production which may be bigger or smaller in
its areal extent.
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Table-2.9: State-wise Growth-Ratios of Crops-Yield and Crop-Areas of the Principal Crops (1970-73 to

1988-90)
State P w J B M G Gn Rp Sc C Ju In
1. AP. y 165 2.22 1.42 1.56 1.63 1.74 1.26 1.59 0.83 1.86 — 1.58
a 139 071 064 055 1.22 0.85 1.61 5.25 1.33 206 088 1.22
2 Ass 'y 1.14 074 — — 1.16 0.98 —_ 1.03 1.15 1.21 1.06 1.06
a 1.22 1.62 — — 1.71 1.32 -— 2.42 1.16 048 8.28 1.33
3. Bih y 1.41 117 1.00 096 229 1.22 1.07 1.59 1.52 — 1.74 1.40
a 1.06 1.50 068 072 0.80 N 68 1.11 1.02 0.85 004 483 1.16
4. Guj y 147 1.14 1.48 1.33 1.03 1.29 2.24 0.39 1.73 1.97 — 1.41
a 1.32 122 096 076 1.22 2.29 1.03 3.7 2.84 048 — 1.03
A Har y 1.61 1.63 0.93 097 1.24 1.11 0.87 1.79 1.19 1.37 — 1.27
a 220 1.57 080 070 0.34 0.50 034 228 0.96 202 — 1.12
6 HP. y 099 153 — — 1.34 — 0.25 0.75 0.88 195 — 1.10
a 091 121 — — 1.24 0.23 0.20 1.93 078 040 — 1.16
7. J&K y 1.31 119 — 064 113 — —_ 0.67 381 — — 1.46
a 1.19 132 — 0.75 1.06 0.44 — 2.23 028 — — 1.29
8 Kar y 114 124 097 138 078 1.02 1.16  0.90 0.96 213 — 1.23
a 108 078 1.44 190 288 1.50 1.58 1.41 2.14 069 0.71 1.29
9 Ker y 120 — — — — — 1.00 — 1.30 111 — 1.15
a 066 — — — — — 097 — 1.05 0.66 — 1.08
10. MP. y 119 1.57 1.48 130  1.81 1.08 1.69 2.13 1.29 1.54 — 1.51
a 1.13 095 084 077 147 1.29 074 230 0.92 083 — 1.23
11. Mah y 1.60 231 367 282 133 2.04 2.11 2.15 1.20 399 — 232
a [.15 0.98 1.00 1.32  3.14 1.80 112 1.14 1.98 1.02 — 1.30
12. O y 168 1.00 1.37 204  1.51 1.13 1.03 1.02 1.16 0.66 1.31 1.26
a 0.99 .43 0.78 208 227 2.25 4.7 2.26 1.56 1.69  1.49 1.56
13. Pun y 1.80 1.57 172 084 1.21 0.86 1.20 1.48 1.48 1.55 — 1.37
a 435 1.39 042 007 038 0.16 0.11 0.88 0.92 1.60 — 1.38
14. Raj y 1.36 1.62 1.08 1.17 1.38 0.97 1.27 1.35 1.20 213 — 1.35
a 0.89 1.13 082 095 121 0.76 099 4.9 0.47 144 — 1.19
15. TN y 154 260 141 183 133 1.08 1.18 093 1.94 1.53 — 1.54
a 076 0.06 1.12 057 293 1.28 1.05 1.20 1.88 087 — 1.08
16. UP. y 224 1.63  1.36 1.57 154 0.98 1.29 1.63 1.34 1.27 — 1.49
a 1.18 1.44 084 078 0.75 0.68 040  4.05 1.34 033 — 1.19
17. WB. y 158 080 — — 2.40 0.90 — 245 130 — 1.33 1.54
a 112 085 — — 1.17 0.23 389  3.66 041 — 1.44 113

Abbreviations: y= crop-yields, a= crop-area.
P=Paddy, W= Wheat, J= Jowar, B= Bajra, M= Maize,G= Gram, Go=Groundnut,

Rp= Rapeseeds & Mustard, Sc= Sugarcane, C= Cotton, Ju=Jute and In= Composite Yield Index for crop-yield
and Total GCA Index for crop-area.
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Table -2.10 : Name of the Districts according to the Ranks of their Agricultural Output.
Rank Triennum 1969-72 Teinnum 1979-82 Teinnum 1988-90
N (0] A N 0 A N (0] A

1. Midnapur(WB) 195552 14081 Gaziapur(UF) 197692 377 Midnapur(WR) 273321 14081
2 Birbbum(WB) 164030 4544 Burdhwan(WB) 171128 7024 Murskidebad(WB) 268198 5324
3. MurshidabsdWB) 161109 5324 Nadia(WB) 164030 3927 Faridkot(Ptn) 265397 5710
4 Sirsa(Har) 151707 Q2% W.Dirmpu{WB) 154924 5358 Nadia(WB) 257627 3927
5. WDinaguWB) 150575 5358 24 Parganas(WB) 144000 4094 Jaunpur(UP) 244803 20634
6. 24Pwgmas(WB) 138012 4049 Thanjavur(TN) 143951 8280 N Arkoy(TN) 243226 6077
7. Nadia(WB) 105820 3927 Murshidabad(WB) 139025 5324 Parganas{ WB) 222288 4004
8. Pumia(Bir) 100947 3229 Azsmgarb(UP) 138161 5740 Burdwan(WB) 219302 7024
9. Ganganagar(Rsj) 88970 20674 Ganganagar(Raj) 137557 20674 S.Arkot(TN) 205264 10805
10.  Bakura(WB) 87925 6882 Sangrur(Pun) 129219 5107 Thanjavur(TN) 204333 8280
11.  Kumool(AP) 87472 17658 Bbatinda(Pun) 123706 5551 Sangrur(Pun) 200630 5104
12 Bhatinda(Pun) 87188 5551 Hisar{Har) 118650 6279 Bhatinda(Pun) 194549 5551
13. CoochBibar(WB) 86590 3387 Firzpur(Pun) 118230 5874 Hissar{ Har) 193290 6279
14, Bhiwani(Har) 85248 5140 Guntur(AP) 114685 11391 W Godawari(AP) 170519 7747
15.  Faridkot(Punj) 84835 740 Cooch Bibar(WB) 109259 3387 Belgaon(Kar) 16117 13415
16.  Raipur(MP) 84323 21258 Champran(Bih) 107045 3968 Moradabad(UP) 160085 5967
17.  Jalpaiguri(WB) 83934 60 W Godawari(AP) 105220 7742 Purnia(Bih) 152275 3229
18.  W.Godavari(AP) 79385 1742 Midnapur(WB) 130709 14081 Guntur{ AP) 148536 11394
19.  Guatur(AP) 77256 11391 Jainpur(UP) 101412 4038 Birbhum(WB) 148219 4544
20.  Ferozepur(Punj) 71952 5874 Patiala(Pun) 99063 4581 Patiala( Pun) 146967 4585
21, Burdwan(WB) 70852 7024 Ludhiana(Pun) 98570 3857 Saharanpur(UP) 146551 3860
2. Chitor(AP) 0716 15152 Jalpsiguri (WB) 95839 6227 W Dinajpur(WB) 145018 5358
23.  Rothas {Bih) 69255 7213 Birbhum(WB) 85727 4544 Amritsar(Pun) 144274 5874
24.  Ludhiana (Pun) 68864 3857 Bhawnagar(Guj) 84650 11155 Meerut(UP) 137087 3911
25, Madurai(YN) 64782 6565 W .Godabari(AP) 83532 10807 Hoogli(WB) 136152 3149
2. Kunkshetra(Har) 64320 1217 Krishna (AP) 82814 8724 Kheri(UP) 134260 7680
27, Rohtak{Har) 62976 4411 Junagarh(Guj) 80730 10607 Krishna{ AP) 132072 8724
28 Meerut(UP) 62472 3911 Anmritsar{Pun) 80280 5087 - .
29.  Rajkot(Guj) 61097 11203 " Kurukshetra(Har) 79740 1217
30.  Raishur{Kar) 60900 14017 Hoogli(WB) 17322 3149 - R
31.  Mahasana(Guj) 60171 9025 Sirsa(Har) 72770 4276 -
32 Bilaspur(MP) 59349 19897 Mehsana(Gu)) 71184 9024
33, Khelda(Guj) 58968 7194 Karmal(Har) 70770 1967
34, Goalpara(Ass) 58713 1838 S.Arkoi(TN) 7019 10895
35, Karmal(Har) 58692 1967 Tirunelvali(TN) 69530 6810
36.  Hardoi(UP) 58435 5986 Malda(WB) 68907 3733
37, Aligarh(UP) 57916 5019 Sabarkantha(Guj) 67747 7399
8. Tiruchirapalli(TN) 57015 110% - - -

Total 3292023 300948 4033578 235320 S055969 192438

Abbreviations: N = The name of the districts. O = Total agricultural output(in 0000Rs} A = Total Area of the district (in Sq.km.).



Agricultural Development in India

44

250 1

223

75 1

50 1

RANK-SIZE REGULARITIES
AGRICULTURAL OUTPUT

N

DISTRICTS

RANKS

100



Agricultural Growth and Its Regional Patterns 45

seems, contrary to claims of the areal expansion of green revolution eftects, that 13.34 percent
of the country’s cultivated land (i.e., covered by 38 districts) had produced one-fourth share of
the total volume of agricuitural output of the country in the early seventies, while the share of
cultivated land had been reduced marginally to produce the same share of agricultural output in
the early ’eighties. But during the early ’nineties, less than one-tenth part of the country’s
cultivated land (9.77 percent) had produced the same share of total agricultural output(Table-
2.11). The decline in the share of cultivated area at decadal rate of about 2.0 percent and reduction
in the number of the districts from 38 to 27 to produce the same share of agricultural outputduring
the last 20 years indicate the concentration of agricultural output in the country. It is pertinent to
note that 9.77 percent cultivated land of the country has nearly 21.0 percent share of total
country’s irrigated land and 27.6 percent of total use of chemical fertilezers of the country. This
area of very high concentration aiso has appreciably higher degrec of crop-intensity (148.75
percent) than the national average (i.e.,126.94 percent), but irrigation intensity is recorded
marginally lower (156.55) than that of the national average (165.11 percent) (Table- 2.11).

The inter-district variations of the areas of high concentration of agricultural output have
been examined by preparing ‘rank-size’ graphs for 1969-72,1979-82,and 1988-90. These graphs
show the primacy of the spatial patterns of output distribution*. Concavity trends of distribution
curve show the degree of its concentration. Greater concavity of the curve refers to higher degree
of concentration in the output distributional patterns of agricultural output, and vice-versa. Thuse
are confirmed evidences of increasing inter-district variations in the spatial patterns of output
distribution because rank-size graph for different points of time depict that there is a higher dcgree
of concavity in the output distribution curve drawn for the early ‘nineties (1988-90), while the
distribution curves for early ’seventies and "eighties show lower degree of its concavities (Fig.-
2.3)**. Further, the differences among these curves generalise the trend and quantity of
incremental output between two points of time. The curve-trends visualise that there is larger
quantity of incremental output during the eighties (1979-82 to 1988-90) because of larger gaps
between the curves of early ‘eighties and "nineties. The fact can also be confirmed by comparing
the total quantity of output of the whole country over time. During, the ‘seventies, the total
incremental output had been recorded as Rs.30224 million (increase from Rs. 131100 in 1969
- 72 to Rs. 161324 million in 1979 - 82), which was increased to Rs. 39116 miilion during
*eighties (1979 - 82 to 1988 - 90) by touching a record output level of Rs. 200440 million in
1988-90 (Table - 2.11). It confirms that rapid increase in the total volume of incremental output
is owing, no doubt , to the increase of the etfects of green revolution technology, although the
areal patterns of agricultural output have been concentrating fast.

The measurement of primacy of the distribution is also one of the important aspects to show the data concentration
patterns. The single - dimension data is required for the purpose. Zipf (1949) propounded ‘Rank- Size Rule’ for showing
diversification of the spatial patterns on the basis of single - featured statistics of size of the atiribute , while ranks are
considered simply according to descending order of the individual size of the attribute. The concentration patierns for
two-dimensional data can be presented by drawing the Lorenz Curve on cumuiative frequency basis by calculating Gini
Coefficient for the same purpose.

The districts having agricultural output values more than or equal to Rs. 5000 million have been considered for
preparing rank-size graphs because these districts have high degree of inter-districi variations and obliterale primate
patterns in the distribution. The districts having the output volume below this level are more or less uniform in size
distribution.

e
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Table- 2.11: Percentage Share of Cultivated Land, Number of Districts and the strength of other Infra-
Structural Variables by 1/4th share of total Agricultural Output.

Items 1969-72 1979-82 1988-90
1. Totai Agricultural output (in million Rs.) 131100.00 161324.00 200446.00
2. 1/4th Share of the output (in million Rs.) 32775.00 40331.00 50110.00
3. Number of district sharing 1/4th output® 38.00 37.00 27.00
4. NSA covered by district having
’ 1/4th share of the futput (in million ha.) 18.715 16.454 13.305
5. All India NSA (in million ha.) 140.271 142.122 136.185
6. %age share of NSA coveredby districts having
1/4th share of output to total NSA 13.342 11.581 9.773
7. Crop intensity in the areas ‘
having 1/4th share of output(in %) — — 148.750

8. %age share of Net Irrigarated Area of the aiea
having 1/4th share of output to total irrigated

Area of the country — — 20.981
9. Ierigation lntensity in the Areas having
1/4th share of output (in %) —- — 156.552

10.  %age share of the Fertilizer consumtion in
the area having 1/4th share of total output — — 27.640

N.B.: * For name of the districts having more than 1/4th share of the total agricultural output, see Table -2.10.

Patterns of Agricultural Growth

Calculating average annual growth rate of agricultural output with the help of equation(1.3)
foreachdistrict of the country for the last two decades (1969-72t0 1979-82 and 1979-82to 1988-
90), the total areal units (dwstricts) have been classified into several categories for a detailed
analysis of the regional growth processes. This categorization is preferred because of very high
degree of inter-district variation in the output growth, though the national average of the annual
growth of output have been recorded 2.30 percent for the seventies (1969-72 to 1979-82) and
3.03 percent for eighties (1979-82 to 1988-90). Its annual rate varies from the highest rate of
116.36 percent (Pithoragarh district, U.P.) to the lowest -9.15 percent (Sehore district, M.P.) for
the seventies. It has been marginally reduced in the eighties by ranging from 75.87 (North Arcot
district, Tamilnadu) to -11.73 percent (Palgarh, Kerala). But the regional patterns are generalised
by clubbing these categories of growth into four classes as they are the areas of :(i) high growth
rate exceeding 8.0 percent of annual growth rate, (ii) medium growth rate (between 4.0 and 8.0
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percent), (iii) low growth rate (0.00 to 4.0 percent, and (iv) decelerating growth (negative). The
emerging features of agricultural growth patterns obliterated specially after green revolution
impact are described as the foilowing:

(1) Stating regional imbalances in agricultural growth, Dogra (1981) described its areal
patterns for the duration often years of pre-green revolution period (1962-5 to 1972-5) and
contended that the rapid agricultural growth was confined to one-fifth of the country ‘s area (19.0
percent area covered by 48 districts only) recorded a growth of exceeding 4.5 percent per
annum. Obviously, the acceleration rate of growth was very slow at that time and, therefore, the
4.5 percent level of growth acceleration was considered as high acceleration of agricultural
growth during pre-green revolution period. But, the growth rates ranging between 4.0 to 8.0 per
cents per annum are considered under the category of medium growth-rate during post-green
revolution period because of upward shift of its national averages. However, the results drawn
by Dogra (1981) for pre-green revolution period are comparabie with the results inferred here for
the post-green revolution period. Infact, the areas under the medium and high growth rate
categories (above 4.0 percent) which recorded only 19.0 percent during pre-revolution period has
been extended upto 36.4 percent during the seventies and increased further upto 64.4 pereent
during the eighties (Table - 2.12). The areal changes under these categories of high growth rate
which have beenshown in Table-2.12, confirm the facts of the regional expansion of agricultural
growth processes. Declining percentage share of negative growth over time also confirms the
validity of the same fact. For example, the marginal decline of 2.33 percent in the arca of negative
growt: has been recorded from 27.0 percent (1962-5 to 1972-5 during pre-green revolution
period) as Dogra (1981) contended, to 24.66 percent (1969-72 to 1979-82 as first phase of post-
green revolution period) and again an appreciable decline of 12.05 percent bas been observed
during the last 20 years of post-green revolution period ( Table -2.12). It is pertinent to note that
agricultural growth processes are operative in the most of the agricultural tracts of country
through intensifying seed-fertilizer technology and changing general landusc pattern specially
decrease the waste land and increase to cultivated area of the country (Table - 2.13).

(2) The regionad pattern of concentration of agricultural growth examine the validity of
‘centre-based proceeded growth” specially during the post-green revolution period in the
history of planned agricultural development. For example, the areas of high and vary high
agricultural growth rates (exceeding 8.0 percent per annum) recorded 14.84 percent for the ten
years growth average (1969-72 to 1979-82) dispersed in the peripheral areas of Delhi and
Bombay metropolitan centres including coastal areas of the Andhra Pradesh state. The Punjab,
Haryana and Western Uttar Pradesh areas of high growth are the peripheral areas of Delhi
metropolitan centre. These concentrated patterns of agriculturz| growth have been expanded in
the outer peripheries of these centres including Madras centre of the south-eastern coastal
region where the high growth rates have been visualized during the eighties. The longitudinal
beltof the terai areas of Uttar Pradesh and Bihar and dry areas of Rajasthan desertare also marked
for high and very high growth rates during the eighties (See Fig.-2.5 Inset). In fact, land
improvement, new farming methods and improved infra-structural facilities are afl necessary
requirements for agricultural growth. These centres are the diffusion ceatres of these agricultural
innovations to the surrounding areas. As a result, growth have been recorded higher in these areas.
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Table- 2.12: Agricultural Output and Area by Agricultural Growth  Categories (1969-72 to 1979-82 and

1979-82 to 1988-90).

Average Output (1988-90)* Area (in sq.k.m) during Growth Periods of Areal Changes
Annual —_— e
growth Total o 1969-72 to 1979-82 1079-82 to 1988-89

rate (in share

(in %)  0000Rs) N A A(%) N A A(%) A A(%)
> -12 5559171 27.73 41 431326 14.84 69 774975  26.67 343649 11.83
12-10 1643558 8.20 S 26534 91 16 94567 3.25 68033 2.34
10-8 2391338 11.93 22 141330 4.86 36 262954 9.05 121624 4.19
8-6 4090290 2041 17 136871 4.71 48 375919 1293 239048 8.22
6-4 1748278 8.72 43 458914 15.79 45 355311 12.24 -103603 -3.44
4-2 1799008 8.97 68 489360 16.84 40 410647 14.13 - 78713 -2.71
2-0 1296727 6.47 74 505444 17.39 32 265103 9.12 -240341 -8.27
-(0-2) neg neg 39 311316 10.72 35 194993 6.71 -116323 -4.01
-(2-4) 1515629 7.56 23 218032 7.51 13 60122 2.07 -157910 -5.44
-(>4) neg neg 18 186866 6.43 16 111402 3.83 - 75464 -2.60
Total 20044000 99.99 350 2905593+ 999 350 2905993+ 999 - -
N.B: . Agricultural output figures are compited on the basis of growth categories 1979-82 to 1988-90.

+ The figures of the total area excludes the areas of Arunachal Pradesh, Manipur, Meghalaya, Tripura, Mizoram,
Nagaland, Sikkim States of the North-Eastern Region and Goa, Pandicherry, Andaman & Nicobar, Daman& Deu,

Dadar & Nagar Havelli Union Territories.

Abbreviations: N = Number of districts, A = Total Areas, A(%)= Percentage share of area to total area. neg = negligible.

Table- 2.13: P.-centage Change in General Landuse (1950 - 51 to 1987 - 88).

(Figures in percent)

Landuse categories 1950-1  1960-1 1970-1 1980-1* 1987-8*
1. Forest 14.24 18.11 21.04 22.16 21.90
2. Not available for cultivation:
a. Area under non-agricultural uses 3.37 4.97 542 6.40 6.79
b. Barren and unculiivable land 13.52 12.03 9.27 6.63 6.71
3. Other cultivated land excluding Fallow land:
a. Permanent pastures and grazing lands 2.35 4.68 4.36 3.95 3.94
b. Land under miscellaneous tree crops & groves 6.79 1.49 1.41 1.15 1.24
c. Cultivable waste 8.07 6.44 5.76 5.49 5.08
4. Fallow lands :
a. Fallow other than current fallow 6.13 3.74 2.88 3.22 3.62
b. Current fallow 3.76 3.91 3.49 4.87 6.00
5. Net Area Sown 41.77 44.63 46.34 46.12 44.72
Total Reporting Area (million ha.) 28432 29846  303.76 304.17 30485
Total Geographical Area (million ha.) 328.73 32873  328.73 328.73  328.73
N.B.: Percentages of landuse categories are calculaied from total reporting area. * Provisional data
Source : Department of Agriculture and Cooperation, Ministryof Agricutture, Government of India. New Delhi.
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(3) Two-dimensional features of growth patterns must give more detailed description of the
growth process operations in India for the last 20 years of fast agricultural development. For the
same, the concentration of agricultural growth patterns have been visualized by preparing the
table of cross-classification of the districts by output growth rate categories (that are ten in
number) for eachdecade (for the 1970s and 1980s). Arca specific approach has been adopted for
growth interpretation. Thus, the percent share of total area and number of district for each cell
of growth-rate matrix containing dimensions ten (total 100 cells) have been prepared (Table-
2.14). Note that for homogeneous distribution of agricultural growth, the each cell of the matrix
must identically contain 1.0 percent share of the area. But there seems areal variations in the
matrix. It means we will have to choose high frequency cell for generalizing our growth
processes results. Those cells which have areal share of more than 2.0 percent (means more than
double than that of average share) are considered for highlighting the emerging features of
agricultural growth. Having identified these cells from the frequency matrix, that are 17 in
number and account for nearly half of the country’s total area (49.1 percent), the undergoing
processes of agricultural growth are described in relation to its regional frame. Further, thesc
identified 17 cells are classified into four broad categories on the basis of differentiations of
annual growth rates occurring between the nineteen severties and eighties. However, the values
of growth rate differences indicate fast concentration of agricultural growth and vice -versa.
These categories generalize the growth concentration patterns which have beenshown by the
block diagram (Fig. - 2.4). There are :

(a) The areas of marginal concentration of agricultural growth where rate-differences are
less than 3.0 percent.:- They have two sub-categories as (i) Marginal concentration of growth
shifting from negative (0-2%) to low growth rate (0 - 4) in the ’eighties: 1t accounts for nearly
one-tenth part of the total area (11.2 percent, 37 districts) which is dispersed largely in the hilly
parts of Gujarat including the parts of Malwa plateau of Madhya Pradesh and the interior paris
of Rayalseema areas of Andhra Pradesh (Fig.-2.5). Raipur and Bilaspur districts of Madhya
Pradesh are also included in this category. Inspite of dry climatic conditions and undulating
topographic features which badly affect the agriculture of these areas as a record of negative
growth rate in the seventies, there has been little improvement in the agricultural growth in
eighties. It may be because of extension of irrigation facilities specially in the valley parts of
these areas. (ii) The areas of second sub-category of marginal growth concentration where
growth rate differences are recorded very low (1.0 percent) with the extremely high rate of
agricultural growth (above 8.0 percent) during both the decades of post green revolution
periods: There is constant increase in the higher order growth rate since 1970-1. Such areas of
marginal concentration by extremely high growth rates account for only 13 districts (3.9 percent
of the total area) of the Upper Ganga - Jamuna doab including a few districts of hilly Karnataka.
A constant increasing trend of agricultural growth rate, though the degree of growth concentra-
tion is very low, is observed in these areas because of high values of the growth ratios of
production components. It has been discussed earlier in the present Chapler that, in Karnataka,
the values of growth ratios of crop-areas specially of sugarcane, rapeseeds and mustard crops and
crop-yield ratios of cotton crop have been observed very high and, in Uttar Pradesh also, the
growth-ratios of crop-aieas of oil seeds and yield-ratios of rice and sugarcane are marked
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appreciably higher (see Table-2.9). Therefore, unification in the cropping patterns towards cash
crops and increasing crop-yields are the main reasons behind rapid agricultural growth in these
areas from the very beginning.

(b) The areas of high concentration of growth shifting from low (0-4%) to high (4-8%)
growth rate in the eighties:- They occupy nearly one-fifth part of the total area (19.3 percent)
and include 60 districts dispersed largely in two important physiographic units of the country,
viz., the entire chambal basin area of the ravine topography and the Chotanagpur plateau area of
Southern Bihar (the fore lands of the Deccan). These borderlands of the great northern plains of
India incorporate Arawalies hill areas, Bundelkhand, Benghelkhand and the southern Chotanagpur
plateau where topography restricts the agricultural growth but muitipurpose projects of these
areas have given the good impetus to rapid growth specially during the sixties.

(c) The areas of very high concentration of growth shifting from low-medium (0-8%) to
very high (above 12%).growth rate during the eighties:-They include 18.0 percent part of the
country (36 districts) which are largely dispersed in : (a) the terai parts of Uttar Pradesh and Bihar
where the favourable agro-ecological conditions prevail for high growth, (b) the entire dry parts
of the Rajasthan desert areas where Indira Gandhi canal irrigation recently started has the direct
impact on high growth, (c) the hinterland areas of the Bombay metropolitan (Cotton belt of
Maharashtra) where groundnut and cotton yields are increased rapidly (as described earlier in
detail) because of local demand for industrial production, and (d) the peripheral areas of Madras
city (coastal belt of Tamilnadu state) where rapid agricultural growth has been proceeded by the
diffusion processes of agricultural innovations through Madras city specially during the
‘eighties (Fig. - 2.5).

(d) The areas of Extremely high concentration: - It is pertinent to note that the few patches
covering an area of about 8.0 percent which is scattered in the outer periphery of Madras city
in the Tamilnadu state ( the districts of Northand South Arcot, Tirucherapalliand Ramanathpuram)
the coastal areas of Karnataka (Uttari and Dakshine Kannada and Shimoga districts) and the
boarder areas of Gujarat and South-western Rajasthan (Jamnagar, Rajkot, Sundarnagar, Banas
Kantha, Gandhinagar and Mehasana of Gujarat and Barmer and Jalore districts of Rajasthan)
have extremely high concentration of growth (above 12 percent annual growth rate) in eighties
shifting growth range from extremely negative growth rate categories of the seventies (Fig.- 2.5).

On the other hand, the number of districts recording growth rate during both the periods
considered for growth concentration are recorded in 10 districts (nearly 2.0 percent of the total
area) which are scattered in the upper part of Assam valley and in the southern Bihar state where
local political disturbances might be the reasons for negative growth. Note that in the middle
fertile valley of Assam state, the grow:h rate had been recorded very low (1.05 percent per
annum) during the *seventies vhich has declined to negative growth (-2.5 percent ) during the
later period of growth (1980s).
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Table- 2.14: Bivariate Frequency Matrix of the Percentage Share of Area and Number of Districts hy Qutput
Growth Rate categories during 1969-72 to 1979-82 and 1979-82 tno 1988-90.

Output Annual Growth Rate (in percent) (1979-82 10 {988-90)

Growth rate >-12 12-10 10-8 8-6 6-4 4-2 2-0 -{0-2) -(2-¢) +(4-<) Total
Categories(%)
1969-72 to
1979-82
> 12 2.83 — 1.94 0.78 1.17 4.22 1.64 1.28 —- 047 rea.
) — (4) 3y (5 (6) (6) (6 — (2}
12-10 — 0.15 — 020 0.07 0.36 0.13 — — — 0.91
e T ) B €D B ) B €0 B G
10- 8 0.50 0.22 0.98 1.11 — 062 0.63 0.76 —_ 0.02 4.86
() (2) (%) (5) - @ (2) {3) - n @
8-6 1.16 — 0.17 034 039 0.74 0385 0.20 — 0.84 4.71
(5) — (N (M (2) (2) (2) (1) - (3) amn
6-4 6.88 0.50 1.96 1.62 261 1.35 0.26 0136 0.26 — 15.79
(10) 3 (6) @) (8) (5) (1) (2) (1) — 43
4-2 343 0.84 1.51 2.16 3.03 2.45 1.05 0.68 0.96 073 16.84
(12) 3) (6) (8 (11 (10 3 (6 (3) 4y (68)
2-0 3.58 1.13 1.70 2.46 2.13 0.90 1.98 2.08 0.58 083 17.39
9 4) (10) (11 (8) (4) (8 (1) (4) (5) (49
+(0-2) 1.32 0.41 0.49 1.66 1.12 2.19 2.18 1.32 —_ — 10.72
&) (3) (3) {6) (4) (5% M (6) ~ — (39
~(2+4) 3.88 — 028 175 085 019 029 —_ 0.26 — 151
(10) —_— (1) (3) (3) (2) (1) — ) — (23)
~(4->) 3.07 — — 084 086 1.10 0.12 — — 044 643
o — — (3) (3) (3) (1) — — (1 as
Tota) 26.67 3.25 9.05 1293 1224 14.13 9.12 6.71 2.07 383 9999
(69) (16) 36) 8 @5 @O (32 35 3 (16)  (350)
N.B.: Figures in parenthesses depict the number of the districts and other figures are percentage share of Area of 1otal area

of the country.
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Concluding Remarks

By describing agricultural output growth trends and patterns in detail, an attempt was
made to highlight the inherent characteristics of growth structure. The salient features of growth
processes which have been described here bring out a few but important generalizations as given
below.

It is logically proved from the empirical evidences that the linear trend of agricultural
output/production growth is more significant for predicting .proper growth results than the
logarithmic or semi-logarithmic ones because of constant rate of production increase of various
crops, A second major conclusion of this Chapter is that there seems a gradual shift in the
processes and resulted forms of agricultural growth from ‘demand-led growth’ of pre-green
revolution period o ‘technology-based growth’ of the post-green revolution period. In the initial
stage of planned agricultural development, the diversified cropping patterns were being brought
out in the frame of agro-ccological setup with accelerating expansion processes of agricultvral
landuse. The growth processes were operated by the local demand conditions of the areas.
For example, the results of the agricultural growth study done by Bhatand Learmonth (1968) for
the late fifties explain clearly that Delhi - Bombay areas as emerging industrial axel of the country
were recorded very high agricultural growth because of raw material demand for the agro-based
industries at that time. The growth was proceeded slowly in other areas of the country because
these areas of high population concentration (specially the northern great plains and costal plains)
required foodgrains for local feed, although they have intensive amount of agricultural growth
potential and favourable agro-ecological conditions for self-sustained growth. Consequently,
during post-revolution period (particularly after “sixties), the agricultural growth proceeded fast
as it v.as recorded 2.03 percent in the “seventies and 3.03 percent in “eighties. The big growth
poles of country that are four metropolitan cities namely Delhi, Bombay, Calcutta and Madras,
ten‘d to concentrate the regional patterns of agricultural growth by diffusing agricultural new
.innovations to their hinterlands specially in the eighties. Therefore, high growthareas are located
near by the centres and growth rate decreases towards the hinterlands of these growth poles of
the nation. It confirms the fact of growth centers approach of development as proposed by
Perroux (1955, 1964) and Boudavilla (1966) . It is pertinent to note here that the growth has been
proceeding through input shifts from labour dominated to capital (technology) enhancement. In
Indian conditions of agriculturc, technology may not be substitution of labour input, although it
is complementary to enhance :abour productivity which is marked very low in India. These
productivity patterns in relation to agricultural output growth and their input-factors should be
described separately in detail, so the significance of capital contribution and the choice of
methods for transferring technology to agricultural development may be described for under-
standing the critical policy decisions.



Chapter - 2

Productivity Patterns and Agricultural
Transformation in India

Agricultural output growth, its regional patterns and the growin facte i e bocs
described in the preceding Chapter, are the result of its two major componenis: (a) the icved vl
agricultural productivity and (b) the changes occurring therein over time. Therefore, an analysis
of agricultural productivity at the disaggregated district level is essential for finding out the
causes of self- sustained growth and regional balanced agricultural development. The changing
patterns of agricultural productivity are also important to study because it should be helpful in
understanding the optimal conditions of the regional processes of agricultural production. Thus,
the main attention is focussed in this Chapter to study the structural changes in the regional
patterns of agricultural development in order to change agricultural productivity and its input
factors namely land conditions, labour as well as technological inputs, and to examine thaarintes
regional variations, so that the optimal pattern of productivity may be suggested.in reiation w s
agro-ecological setting.

Since agricultural productivity is the major component of agricultural development, the
study of structural transformation in the spatial patterns of agricultural development may be
made in order to elaborate three ‘main aspects of agricultural productivity. They are: (&) the
<hanges in the regional patterns of agricultural productivity, (b)spatial features of agricultural
growth in relation to agricultural productivity levels, and (c)the factors influencing the proguc-
tivity patterns and their changing nature. In the present context, the productivity patierns and
changes thereinare interpreted by considering three points of time as early 1970s(1969-72}, 1%20x
(1979-82) and 1990s (1988-90). But the results of structural transformation of agricuitural
attributes are interpreted to consider a period of 10 years, the early 1980s (1979-82) as base year
and early 1990s (1988-90) as current year.

Agricultural Productivity

(A) Definition and Measurements

On the definitional parts, agricultural productivity which is a relative term, refers to
agricultural output in relation to land, labour and capital inputs. Infact, capital input which
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reflccts the application of modern technology is still being used at very low level. However, it
is essential to intensify the productivity patterns and it is complementary to labour input. Only
large size of landholders are benefited by the modern technology. But, in the present study, I
shall consider technological application as a main factor of agricultural productivity instead of
its important components. Therefore, agricultural productivity is defined here in two ways: (a)
‘land productivity’ which refers to the agricultural output per unit of cultivated area (eqn. 1.4b)
which is the result of physical characteristics, socio-economic set up and application of modern
agricultural technological attributes of the area/region; and (b) ‘labour productivity’ whichrefers
to the agricultural output per agricultural worker (eqn. 1.4¢) reflects the standard of living of
agricultural workers, the effect of absolute rise of agricultural force and the degree of labour
absorption capacity of agricultural sector (Bhalla and Alagh 1983, Thakur 1987). On the other
hand, land productivity indicates the impact of physiographic conditions of land with human
responses to increase agricultural production. Itindicates how the production processes are being
accelerated within the specific limits imposed by physiographic conditions of land. It is
important to note that this component of agricultural productivity is very much relevant to
interpret agricultural production patterns in relation to its agro-ecological setup. Labour
productivity, which is equaily important to study, is the main determinant of socio-economic set
up of the rural population. Infact, rural migration problems, wage-rates of rural landless
agricultural labourers, income earnings and purchasing capacity of rural families, which are
indicators of rural development, are directly or indirectly determined by agricultural labour
productivity. Of course, it is also useful for labour policy formulations because its trend may
suggest labour absorbing capacity in agriculture cector (Thankur 1987).

So far as measurement of labour productivity is concerned, it is clear that the concept of
laboar productivity is based on the rate of marginal return of agricultural production. It means
that additional agricultural production produced by the application of additional labour unit in
the agricultural production processes while other inputs of agricultural production are assumed
constant (Lewis 1954). Thus, the assessment of labour productivity is closely related to the
mathematical theory of differentiation. But, on account of non-availability of district level data
of production share produced by agricultural labour in agricultural systems in India, the correct
assessment of labour productivity is not possible specially for macro-spatial analysis. The
aggregated agricultural output index is infact the result of various agricuftural inputs and
geographical factors (e.g., physiographical conditions of land, labour and capital inputs).
However, the few economic studies have made important contributions to understand the issues
related to labour productivity of industrial sectors at micro-economic levels.

The second view of assessing labour productivity is to deduct the amount of capital and
other inputs except labour from total agricultural output for calculating labour productivity.
Since land and capital (capital includes technology and other capital factors) are also productive
inputs and they are equally important in the agricultural systems, the amount of these inputs is
not equal to their productivity amount. Therefore, it would not give the accurate figure for the
assessment of labour productivity. But, it is a fact that these inputs have very weak share of total
input strength of the system because of two reasons :(a) unlimited supply of labour in agricultural
sector, and (b) very léss applicabililty of modern agricultural technology due to poor socio-
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economic conditions and unequal distribution of land resources {size of land holdings). Thus,
they are not considered for measuring labour productivity, and hence, it refers simply to
agricultural output per agricuitural worker (eqn. 1.4¢’. Thus, land productivity is one of the
attributes of labour productivity. Now, it is obvious that land productivily patterns are more
concerned with the physiographic conditions of land and technological factors while labour
productivity is indicative to the.real gains of agricultural productivity in relation © ever
increasing population pressure on land. As a result, the inter-regional variations of these two
indices of agricultural productivity should be evaluated under separate heads.

(B) Land Productivity- Regional Patterns and changes therein

Of course, agricultural production per hectare of land in India is low relative to the world
average because of several reasons. However, the shift from traditional incans oi agsicuituiai
production to modern ones may be seen specially after green revolution effects. An
unimpressive change in land productivity in India is due to0 unequal diffusion of the new
agricultural technology from one area and crop to the others. The changes in the land productivity
patterns have been examined here by distinguishing the total district units into seven semi-
internal classes for three points of time. They show the areas of (i) Extremely High land
productivity (above Rs. 1750), (ii) Very High productivity (Rs. 1750-1500), (iii) High produc-
tivity (Rs.1500-1250), (iv) Medium productivity (Rs.1250-1000), (v) Low (Rs.1000-750), (vi)
Very Low (Rs.750-500), and (vii) Extremely Low productivity levels (below Rs.500). For
interpretation purpose, the extreme ends of high productivity and low productivity categories
have been clubbed together.

Comparing the distributional patterns of land productivity (agricultural output per hectare
of cultivated land) for early 1970s, 1980s and 1990s, it is visualised that physiographic features
and agro-climatic conditions had been the major determining factors for the area variations of
land productivity specially during early 1970s when green revolution technology had some
impactona few pockets of agricultural growth (see Fig.- 2.5in Ch. 2). The physiographic regions
of India perfectly coincide with the boundaries with land productivity patterns. There were only
61 districts of extremely high and very high land productivity classes which incorporated only
13.1 percent (404.6 thousand sq.km.) area with nearly one-third share of total agricultural output
(4374 crores of rupees) in 1969-72 (Tables- 3.1 & 3.2). These high productivity areas had
emerged as the core areas of concentration of agricultural p-oduction. The areas of entire Punjab
and Haryana including Meerut and Agra divisions of Western Uttar Pradesh (Punjab plains and
upper parts of the Ganga-Jamuna doab), entire West Bengal including lower parts of Assam and
North-Eastern terai parts of Bihar states, and the state of Kerala and Coastal Tamilnadu that are
situated in the extreme southern parts of the country have been emerging as high productivity
areas (Figs.- 3.1,3.2 & 3.3). Itis interesting to note that these areas of very high productivity have
three matropolitan cities of India, namely, Delhi, Calcutta and Madras. Thus, the development
of agriculture in the early 1970s had been centre-based and because of diffusion of various
innovations and modern technology of agriculture through these growth-centres, its hinterland
developed to enhance land productivity. But later on during the 1980s , the hinterlands of these
core productivity areas have been extended to cover the entire parts of the Ganga valley incl uding
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ihe coastal plain areas of Eastern as well as Western coastal plains of the Peninsular India
(Fig.-3.3). For exaiaple, the areas of very high and extremely high productivity have been
extended from 13.0 percent (1969-72) to 33.15 percent (1988-90) with an increasing share of
about 30.00 percent of the total agricultural output during the last two decades (Table- 3.2). It
means that there is an areal shift with a transformation of lower productivity areas to higher
productivity ones. The decadal changes in the share of total output, area and average productivity
levels for various land productivity classes show the degree of areal transformation of produc-
tivity patterns. Table- 3.2 reveals that fast growth of agricultural output (14.67 percent annual)
has been recorded in the extremely high productivity areas during the last two decades(1969-72
to 1988-90). It is comparatively much higher than the annual average rate of its areal expansion
whichis recorded only 10.08 percent during the same period of time. Very high productivity areas
also have the same tendency of agricultural growth (Table- 3.3). ltmeans that there is a tendency
of the concentration of agricultural output towards the areas of higher land productivity, while
the productivity patterns have been already diversified with breaking their real boundaries of
agricultural growth particularly in the last two decades of green revolution period. These factors
can be elaborated separately in the coming discussion by establishing relationship between
agricultural growth and productivity levels in its spatial frame. But, the changing productivity
patterns in relation to its level must be discussed here for explaining the reasons of productivity
intensification and its inter-regional variations.

Table-3.1: Number of Dkﬁicts, Output and Area in Various Land Productivity Categories.

Productivity Number of Total output Total area

Classes districts (in crore Rs.) {in 000 sq.km)
(Rs./ha) 7 80 90 70 80 90 70 80 90
1750- < 42 61 106 31883 61803 11609.5 2612 3123 7353
1750-1500 19 21 24 1186.4 16923 2269.0 143.4 142.8 228.2
1500-1250 25 37 29 1876.1  1519.7 1032.3 190.3 189.6 236.5
1250-1000 42 50 41 13149 19923 14652 356.8 3229 356.8
1000- 750 53 50 49 17541 16213 10202 4109 4074 4362
750- 500 69 85 60 19547 19214 8879 637.3 903.3 526.8
500- > 100 46 41 18355 12051 17799 906.1 627.7 386.2
Total 350 350 350 13110 16132 20044 2906 2906 2906
Abbreviations:

70= 1969-72, 80=1979-82, 90= 1988-90.
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Table- 3.2: Productivity Levels and Percentage Share of Output and Area In Various Land Productivity

Catigories.
Produc- Average Percentage Share in
tivity Productivity e
Classes (Rs./ha) Tota! Output Total Area
(Rs./ha) 70 80 90 70 80 90 70 80 90
1750- < 1811 1848 1852 24.32 38.31 57.92 8.99 1074 25.30
1750-1500 1611 1632 1638 9.05 10.49 11.32 4.93 4.9) 7.85
1500-1250 1315 1319 1323 1431 9.42 5.15 6.55 6.52 814
1250-1000 1159 1169 1171 10.03 12.35 7.31 12.28 11.11 12.28
1000- 750 829 811 802 13.38 10.05 5.09 14.14 14.03 15.01
750- 500 592 442 421 14.91 1191 443 2193 31.08 18.13
500- > 343 238 223 14.00 7.47 8.88 31.18 21.60 13.29
Total 936 1135 1439 99.99 9999 999 99.99 99.99 99.99

Abbreviations: 70 = 1969-72, 80 = 1979-82, 90 = 1988-90.

N.B.: Average productivity for each category is calculated dividing its absolute share of total output by the total GCA
for different points of time.

Table- 3.3: Annual Average Change of Land Productivity, Total Output and Area in Various Productivity

Categories.
Produc- Average Annual Change in Percent in
tivity
Classes Average Productivity Total Output ) Total Area
(Rs./ha) 70s 80s 90s 70s 80s 70-90 70s 80s 70-90
1750- < 0.20 03 0.12 9.38 10.98 14.67 1.95 16.94 10.08
1750-1500 0.13 .04 0.09 426 4.26 5.07 -0.04 7.48 3.28
1500-1250 0.03 04 0.03 -1.90 -4.01 -2.50 -0.04 309 1.35
1250-1000 0.08 02 0.06 5.15 -3.31 0.63 -0.95 1.31 0.00
1000- 750 -0.22 -.14 -0.18 -0.76 -4.63 -2.32 -0.08 0.88 0.34
750- 500 -2.53 -.59 -1.60 -0.17 -6.72 -3.03 4.17 -5.21 -0.96
500- > -3.06 -.79 -1.94 -343 5.96 -0.17 -3.07 -4.81 -3.19
Total 212 3.35 298 2.30 3.03 2.94 - —_ —_

Abbrevistions: 70s= 1969-72 ta 1979-82 (10 years averages), 80s= 1979-82 1o 1988=90 ( 8 years averages), and 70-90 = 1969-72
to 1988-90 (18 years averages).

N.B.: Annual Averagé Change is calculated by applying simple growth rate formula as given by Equation- 1.3 in Ch. 1)



60 Agricultural Development in India

INDIA

AGRICULTURAL PRODUCTIVITY

in Rs. per hectare
(Average for three years 1969 — 72)

1750 - <

417501500
1500~ 1250
N1250-1000
1000~ 750
NN 750-500 ‘
. "'IZ~.;.~ I 500> .d:'

106 0 200 400 lan.
N.A.= DATA NOT = = s —— o]
AVAILABLE

Fig: - 3.1



Productivity Patterns and Agricultural Transformation in India 6l

N. (_./');..;".""“\\.
- ]
Y N S, INDIA
- r o !
- ¢ N-A. &
T T S AGRICULTURAL PRODUCTIVITY
re N O L in Rs. per hectare
/ RIS ?
.~“'-~j v ad (Average for three years 1979 -gp)
/.‘\.J""}
~ &
. ~ N.A. -}
R ~ %
Q (BHUTAN sz o

1750- <
81750-1506
1500 - 1250 .
Y12 50-1000
1000~ 750
750- 500
500~ > 4

ey

XXX

160 200 400km
N-A.= DATA NOT : R A SN
AVAILABLE ?

a¥




62 Agricultural Development in India

~ \,
N INDIA
poowe ) AGRICULTURAL PRODUCTIVITY
{ o
d - e 1988-1990
A 4 4 - g)
. .

Rupees per Hectare

1750 <

1730 — 1500

15 1500 — 1250

1250 — 1000

1 1000 — 750

£ B 750 — 500

P 500 >

100 0 100 200 300 KM. "
oo

N.A. = Not AvGilabie

Fig. .33



Productivity Pazterns and Agricu ltural Transformation in India

4

63

Pl ianY
(\ ~ AVERAGE ANNUAL CHANGE IN
" 2 N}/'“\.AGRIEULTURAL PROBUCTIVITY
e.fP'.‘- I (1979-82T701988-90)
v ‘L— ::i‘-i
", - —_v._
* ‘:5:
< aRa
Q
5 ‘-(
AR
"__1:1,.1:.‘
T =~ ; c o= 200 0 200
g Sag e Lt
8 T LERE A T LY
_—;" -anoy d IN PER CENT
= Saaies
28—
-_ .-o.L:
ST CRELE 96
e 6—3
E=RN
-:' »_—i—} Negative

N.A.= Not Avaiiable

400 KM.

Fig. - 3.4




64 Agricultural Development in India

Comparing the distribution map of land productivity for early 1980s and the map of its
change over a decade 1979-82 to 1988-90 (Fig.-3.2 & 3.4), the following salient features of land
productivity increase emerge:

(a) Itappears that the regional gaps in the land productivity have been widening and hence,
increasing degree of diversification in land productivity patterns can be observed over time. For
example, the areas of high and very high levels of land productivity (above Rs.1500) have
extremely high rate of productivity increase(above 9.0 percent annually) because of their centre-
based development. Note that the areas of (i) Punjab-Haryana-Western Uttar Pradesh (Dethi-
based agricultural development), (ii) the southern parts of West Bengal (Calcutta-based
development)and (iii) the Cauvery delta (Madras-based development) which had the higher level
of land productivity, are having faster increase in their productivity levels. While, on the other
hand, the entire parts of peninsular India, where productivity levels were very low inearly 1980s,
are still weak and backward in agriculture because they have negligible annua' rate of
productivity increase (even somewhere it is recorded decreascd).

(b) The areas of entire Rajasthan, the arid zone of the country, and the most parts of Cauvery
basin (Karnataka and Tamilnadu highlands) where the level of land productivity was low inearly
1980s have emerged fast with the higher rate of increase of productivity. It may be due to
expansion of irrigaticn facilities.

(¢) The validity of the fact of the concentration of agricultural growth persisting in the higher
productivity areas (where land productivity level is above Rs.1500) can also be tested by
observing inter-district variations of productivity levels within these areas of higher productivity.
By arranging the districts of higher productivity(above Rs.1500) in descending order according
to their ranks, the primacy in the vertical distribution of productivity levels may be visualized.
The Rank-Productivity curves prepared for three points of time (1969-72,1979-82 and 1988-
90), reveal increasing degree of primacy in the areal patterns (Fig.- 3.5). It means more concavity
inthe curve indicat>s higher degree of inter-district variations and vice-versa. These curves depict
that the few districts (mostly situated in the West Bengal and Punjab States) are observed at the
extreme top of the ranks. As a resuit, the degree of inter-district variations within the areal
patterns of high productivity can be observed very high in the early1990s (1988-90).

On account of multi-dimensional effects of centre-based growth of agriculture in India,
there seems a poly-cyclic evolutian of productivity patterns in which the changes are occurring
because of varied and diversificd nature of modern technological factors. In the areal patterns of
productivity, the diversification is noted only on account of technological changes but because
of larger variations in the agro-ecological conditions also. For instance, the areas of Westernand
central parts of India (most of the parts of Madhya Pradesh, Telangana and Rayalseema of the
Andhra Pradesh, Widharva of Maharastra and the entire parts of Rajasthan) where arid and
semi-arid agro-climatic conditions prevail, are still under very low and extremely low categories
of land productivity. They are diversifying the areal patterns of land productivity through creating
its regional imbalances. Of course, there will always be the higher degree of inter-regional
variations in productivity patterns. Now, question is how to minimize or optimize the inter
regional variations of agricultural productivity for which its main attributes and major causes will
have to be found out.
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(C) Land Productivity Patterns- Causes of its change

There are several reasons behind the changes in productivity patterns. They may system-
atically be described in order to understand the major attributes of land productivity. Of course,
land productivity (that is defined as Y= O/A by Equation 1.4b) is directly proportional to the total
quantity of agricultural output and inversely proportional to total cultivated land. For instance,
in the area/district where larger quantity of agricultural output is being produced by the smaller
piece of agricultural land, the land productivity of the area will be higher than the areas of its
inverse conditions. The level of high productivity of land can nnly be achieved by operating
properly the intensification processes of agricultural landuse. Thus, farming intensity (which
refers to the areal extent of agricultural output) and crop-yield increase(i.e., related to
agricultural production enhancement) arc two major attributes of land productivity. Remember
here that first attribute of land productivity is directly related to the agro-ecological conditions
of agricultural land, while the second attribute is inherently controlled by the application of
modern technological factors/forces for the enhancement of agricultural output. These two
attributes affect together to intensify production processes.

In the present context, the changing patterns of land productivity mst be discussed in
relation to the changing patterns of farming intensity as well as green revolution technology, so
that the suitable interpretation of regional processes of land productivity enhancement may be
made.

On account of crop dominated nature of Indian agriculture, farming intensity is termed as
cropping intensity by many geographers. Itis defined as the ratic between Net Sown Arca (NSA)
and Gross Cropped Area (GCA), which indicates the additional percentage share of the Area
Sown More than Once to NSA. It is traditional index for calculating crop intensity. But Dayal
modified it and considered that duration of crop in the field is an important attribute of crop
intensity (Dayal 1978). Here, crop intensity is measured by the traditional method. Comparing
increase in land productivity level and intensification in farming activities, it has been found that
there have been the gradual increase in the land productivity as well as crop intensity during the
last 20 years . The increase in the levels of land productivity has been recorded with its increasing
rate. [tsaverage annual rate of increase was 2.13 percent during the 1970s from Rs.936 per hectare
in 1969-72 to Rs.1135 in 1979-82 and 2.98 percent during the 1980s (Table- 3.2).

But the increase in crop intensity has been recorded 0.56 percent annuaily in the 1970s and
only 0.36 percent in the 1980s. It was 119.2 percent in 1969-72, 123.8 percent in 1979 - 82 and
127.0 percent in 1988-90 . Because of fertile soils and favorable agro-climatic conditions of land
specially of the northern great plains of India including Godavari and Cauvery delta parts, the
degree of cropping intensity is recorded extremel:- high (above 120.0 percent ) with its higher
increase of more than 1.0 percent annually during the 1970s and 1980s also (Figs - 3.6 & 3.7).
[t is pertinent to note here that, in the areas of semi-humid and semi- arid conditions of high crop
intensity, it is increased by increasing irrigation facilities and, in the areas of humid climatic
conditions, namely, the state of West Bengal, the Coastal parts of Andhra Pradesh and
Tamilnadu) though these areas follow mono-crop culture of paddy dominating, the cropping
intensity is higher due to multi-cropping system. Paddy is grown thrice in the year. As a result,
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degree of farming intensity and level of land productivity have been observed high in thesc areas,
and hence, there is significantly positive relationship between degree of crop-intensity and land
productivity (r = .489).

Of course, irrigation is the integral element of intensifying modern technology through
which crop- yields are increased. As a result, it intensifies farming processes, changes cropping
patterns and increases land productivity. On account of changing irrigation technology in India
from labour-intensive Dhekli and Charas systems to animal - drawn Rahat system of mid-20th
Century and then to engine-operated tubewell systems of the modern time, there seems a fast
increase in the irrigated areas. In India, only 17.55 percent of total NSA (20.85 million hectare)
was irrigated by various sources in 1950-51, which rose to 22.17 per cent (31.10 million
hectare) till 1970-71 and further to 31.16 percent (43.05 million hectare) till 1987-88. Atpresent
, nearly one-third part of the total NSA is irrigated by various sources. The irrigation factor in the
agricultural development has a gréat importance because more than two-third part of the country
fail under semi-arid and arid agro- climatic conditions, although the soils of these parts are
fertile and suitable for agriculture. Thus, the soils of the entire upper and middle parts of Indo-
Gangetic plains including the Thar of Rajasthan are more thirsty than hungry. It is pertinent to
note that these areas of fertile soils have significant share of irrigated land, as more than 50.0
percent land of total NSA of these areas of high land productivity have intensive irrigation
facilities (Fig.-3.8). Further, size of operational land holdings is also important factor to intensify
the modern technology. The marginal farmers who have small and very small size of land
holdings (below 2.0 percent) are not in position to establish their own agricultural infra-
structure . Land productivity may, therefore, be recorded low in Bihar, Kerala and Tamilnadu
where more than 80.0 percent of the total number of operational holding are marginal and small
(below 2.0 hectare) in size (Table- 3.4). The effects of other elements of modern agricultural
technology on land productivity will be described in detail under the separate heads after
interpreting the regional pattern of agricultural growth in relation to land productivity levels for
understanding the agricultural growth - productivity relation over space.

(D) Agricultural Growth by Land Productivity: Spatial Pattern and its causes

The spatial pattern of agricultural growth - productivity relationships are infact the result
of the intensification of output - augmenting practices (specially the increasing use of modern
technology and irrigation). The application of these input factors increases level of land
productivity and rate of agricultural output (Binswanger and Ryan 1977, Binswanger 1978). It
is consequently hypothesized that the areas of high productivity should follow fast agricultural
growth rate with strong growth - productivity relations. But, if output augmenting technology is
applied in the areas of low levels ot land productivity where magnitude and intensity of
agricultural growth potential are enough o use, the optimally balanced regional pattern of
agricultural growth - productivity relations can be achieved. Detailed description of agricultural
growth potential would although be made separately in the next Chapter, yet the existing patterns
of these attributes must be put forward here.



68 . : o Agricultural Development in India

Table- 3.4: State-wise Percentage Share of Number and Area of Operational Land holding Sizes (1985 - 86).
(Figures in percent)

Marginal Small Semi-medium Medium La?ge

States (1ha>) (1-2ha) (2-4ha) (4-10ha) (Y0ha<)

1. AP, N 54.20 20.82 15.23 7.98 1.77
A 14.50 17.33 23.95 27.30 16.19

2. Assam N 60.00 2257 13.40 3.80 0.25
A 19.00 24.07 27.65 15.22 14.08

3. Bihar N 76.65 11.33 8.12 3.45 044
A 30.31 17.15 23.79 21.04 7.70

4. Gujrat N 25.47 2343 24.79 21.56 4.46
A 4.18 10.85 2243 41.45 21.09

5. Haryana N 37.27 19.67 20.86 17.74 4.45
A 6.16 10.31 21.27 37.94 24.29

6. H.P. N 61.49 20.58 12.22 4.79 0.80
A 20.51 22.75 26.02 21.22 9.69

7. J&K N 73.84 15.78 8.27 1.94 0.08
A 32.68 24.78 25.66 12.49 4.39

8. Karnatka N 36.43 26.28 204 13.13 311
A 7.29 15.89 2423 3267 19.90

9. Kerala N 90.58 6.40 2.36 0.56 c.09
A 45.84 21.62 15.39 741 9.73

10. M.P. N 35.95 21.21 20.95 17.03 490
A 5.48 10.62 20.08 71.71 28.22

11.  Mabha. N 30.71 25.97 24.16 16.26 291
A 5.77 1.57 25.85 36.82 16.87

12.  Orissa N 52.09 25.38 16.26 5.69 0.58
A 17.47 24.20 29.78 22.18 6.35

13.  Punjab N 23.53 19.12 26.75 23.90 6.80
A 3.38 7.58 20.47 38.72 29.85

14.  Rajasthan N 28.63 19.40 20.64 20.79 10.56
A 3.11 6.44 13.55 29.88 47.01

15. TN. N 71.34 16.35 8.42 3.38 051
A 25.8% — 22.80 19.34 923

16. U.P. N 72.59 15.61 8.33 3.17 0.29
A 28.29 22.73 76.05 19.13 4.81

17. W.B. N 70.85 19.17 8.42 1.53 0.02
A 3227 31.06 87.82 8.61 3.54

Abbreviations: N = Total Number and A = Total area of the land holdings for various sizes.
Source: Agricultural Census, 1985 - 86.
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To study the growth - productivity relationship in its spatial perspective, a cross-
classification of total district units has been made on the basis of considering five categories of
average annual growth rate of agricultural output (1979-82 to 1988-90) and seven categories of
land productivity levels (1979-82). It would help in understanding the obliterated patterns of
agricultural output growth on productivity base. In this bi-variate frequency distribution, there
are total 35 cells (5x7) emerged on the basis of two ways categorization of agricultural attributes
(Table- 3.5). The statistical significance of these cells have been determined on the basis of their
areal extents. Infact, the average area under each cell must be 2.86 percent to total area because
its total extent is 100 percent for all 35 cells. The cells which have the percentage shase of its areal
extent above 2.86 percent have been chosen for the interpretation of the regional patterns. Bi-
variate frequency table (3.5) reveals that 10 cells out of total 35are significant to note. Qutof these
10 cells, 9 iall into the categories ranging from low to extremely low levels of land productivity.
The 3 cells of the bi-variate frequency distribution which are suited to extreme down ward left
corner in the Table, indicate the area of very low level of land productivity (Rs. 750 and below)
which have high and very high average annual rate of agricultural output growth (above 8.0
percent) in the eighties. It accounts for more than one-fifth (21.37 percent; 48 districts) part of
the total land of the country including entire Thar desert of Rajasthan, interior plateau of
Karnataka, most of the Telengana of Andhra Pradesh and Coastal Orissa. In addition, nearly one-
fifth of the total areal extent (17.61 percent; 46 districts) which includes the Malwa plateau and
Bundelkhand of Madhya Pradesh, Vidarbha of Maharashtra, Arawaliranges and the interior parts
of Orissa of the very high agricultural growth potential areas of the country, have low levels of
land productivity with the medium rate of agricultural growth (8-4 percent annually). Further,
the areas of terai condition situated along with the foot hills of Himalayas specially in the Uttar
Prade:} aiid Bihar, and Konkan coastal areas of Maharastra and Cauvery basin of Tamilnadu and
Karnataka which include nearly 10.11 percent areas (43 districts ) of the country also marked
fast growth (above 8.0 percent annually ) on the low productivity levels ranging from Rs. 1250
to Rs. 750 per hectare (Fig.- 3.9). In general, the areas cited above have negative relationship
between these two attributes of agricultural development. Note that the negative relationship
between them evolves diversified patterns that is a good indicator of balanced development.

On the other hand, positive relationship of these attributes of agricultural development
shows extreme conditions of its spatial distribution scale :(a) concentrated patterns of growth at
higher productivity levels on one extreme and (b) weak growth rate at very low level of
productivity attribute on the other extreme of the scale. The areas of highly concentrated growth
(4-8 percent annum) during the 1980s at extremely high productivity levels (above Rs 1250) of
early 1980s (1979-82), which are insignificant in its areal extent accounting for only 5.84
percent area (29 districts) dispersed mainly in the surroundings of three metropolitan centres of
the country (Delhi, Calcutta and Madras), have been evolving through the forces of urbanization,
increasing food demand of ever increasing population pressure, agricultural commercialisation
and productivity augmenting practices through diffusion of agricultural innovations and better
availability of transport facilities from these main centres to their peripheral areas. Thus, the
validity of growth centres approach of agricultural development is found significant in these
concentrated agricultural patterns (Hagen 1975, pp.198- 202). At the opposite epd of the positive
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growth-productivity relationships, the areas of low and cven negative growth (below 4 pereent)
with very low productivity (below Rs 750) are incorporated. It includes one- seventh part of the
total 1and (14.58 percent; 41 districts) mainly dispersed in the central Deccan plateau of the arid
conditions (Rayalseema division of Andhra Pradesh, interior Karnataka plateau and the central
longitudinal part ofMadhya Pradesh).They are still backward in connection with agricuttural
growth- productivity patterns (Fig.- 3.9).

Ithas generally been observed that a significant change has taken place in the spatial pattern
of growth- productivity relationship from its concentrated patterns of the seventies to diversified
ones evolving during the eighties. The validity of the facts can empirically be tested by
comprising the results produced by Bhalla and Tyagi (1989, pp.133-153) specialy for 1960s
and 1970s. On the basis of Tables 4.15 to 4.21 prepared by Bhalla and Tyag: in understanding,
the structural features of development of Indian agriculture and Table-3.5 of the present text, the
following salient features of evolving spatial patterns of agricultural development may be
marked.

Table- 3.5: Bi-variate Frequency of the Percentage Share of Areaand Number of Districts of Productivity
Level(1979-82) and Output Growth (1979-82 to 1988-90).

Productivity Average Annual Growth Rate (in percent)
Classes - Total
(Rsha) 12-< 12-8 8-4 4:0 0->
(VH) (H) (M) (L) (neg)
1750- < 1.98 1.26 326 2.58 1.66 10.74
(EH) (10) ©) (16) (13) (13) (61)
1750- 1500 1.30 0.08 1.52 1.08 0.94 4.92
(VH) &) (1) (5) 4) (6) (21)
1500- 1250 0.62 1.51 1.70 0.82 1.87 6.52
(H) (5) (8) (9) (4) (11) (37)
1250~ 1000 2.45 247 263 1.01 2.55 1111
(M) (1) (14) (12) (4) (9) (50)
1000- 750 2.76 2.43 3.51 253 2.80 14.02
(L) 9 (9) (12) (10) (10) (50)
7506- 500 589 5.98 9.02 7.06 312 31.08
(VL) (13) amn (24) (22) (9) (85)
500- > 9.50 1.23 4.46 4.40 2.01 21.60
(EL) (18) (2) (10) (10) (6) (46)
Total 24.50 14.96 26.09 19.48 14.96 99.99
an (60) (88) (67 (64) A50)
NB. Figures in parentheses denote number of districts in each category.

Abbreviations : EH= Extremely High, VH= Very High, H= High, M= Medium, L= Low, VL= Very Low, EL=Extremely Low,
and neg= negative growth rate.
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(1) Of course, higher degree of pesitive relationship between agricultural development
attributes indicates concentration and their inverse refationship denotes diversification its
regional patterns. The degrec of correlation between vgricultural growth and land productivity
has been recorded to be significantly high (r=.671) in the sixtics, lower (r = .325) in the seventics
and very low and insignificant (r = .109) during the cightics. Decreasing degree of relationship
over time leads to a conclusion that the concentrated regional patiern of agricultural development
has been weakening and transforming into diversified ones. Itis a healthy symptom of balanced
development. The distribution map which shows the regional patterns established on the basis
of agricultural attributes (Fig.-3.9) examines the validity of the same facts.

(2) The concentrated regional patterns of growth productivity attributes have been highly
"area-specific’ particularly during the sixties and seventies (Mohapatra 1982, pp.220-43), when
two areas of the great plains of India : (i) the peripheral areas of Delhi metropolitan (Punjab-
Haryana- Western Uttar Pradesh), and (ii) surrcunding areas of Calcutta centre (lower parts of
West Bengal), have emerged as the core-regions of strong agricultural growth-productivity
relations.

(3) The reasons behind the fast emergence of these areas of concentrated patterns are
obvious. They have been ‘crop-specific’, i.e., wheat dominated cropping pattern. During the first
phase of green revolution (the 1960s and 1970s), there has been marked substantial increase in
wheat - yield which rose nearly 60.0 percent from 8.87 quintal per hectare to 14.0 quintal per
hectare and, in wheat-area, it increased by 59.27 percent from 12.84 to 20.45 million hectare
during the successive period of ten years (1965-66 to 1975-76). Very high rate of wheat-yield and
its areal expansion might have been recorded particularly in the core-areas of concentrated
patterns (Punjab- Haryana- Western Uttar Pradesh). It happened on account of three main
reasons: use of HY'Vs of wheat seeds (e.g., Mexican and newly developed Indian varieties like
Sonalika 1553, Sona 1593, Hira, K-68), subsidised low costs of chemical fertilizers and cheaper
electricity rates for irrigation, and rise in the procurement price of wheat particularly in the states
of Punjab and Haryana; it increased by 38.16 percent from Rs. 76 per quintal to Rs. 105 per
quintal (as recommended by the Agriculture Price Commission).

(4) The evolving features of Indian agriculture have been generalised by comparing the
results produced by agricultural intensification tables (Table- 3.6 & 3.7). These tables explain the
facts that, in the first phase of agricultural development (1969-72 to 1979-82), the productivity
levels in India as a whole have been raised by 2.12 percent per annum (from Rs. 936 to Rs. 1135
per hectare) by increasing average annual rate of 13.0 percent in fertilizer consumption, 4.1
percent in the number of tractors and 4.3 percent in irrigation pump sets per areal unit of
cultivated land. Infact, the production processes have not been operated economically whern rate
of input intensification has been recorded higher than the rate of proyuctivity increase. But, in
the second phase of agricultural deveiopment after green revolution (1979-82 to 1988-90), the
average annual rate of increase of these inputs have been recorded comparatively lower as 3.4
percent for the use of chemical fertilizer intensity, 3.7 percent for number of tractors and 1.7
percent for irrigation pump sets per areal unit. However, these rates of input increase have still
been recorded higher than the rate of productivity increase (i.e., 3.35 percent per annum) during
the same period.
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[t may be concluded here that land productivity has been marked increasing with its
increasing rate in the two decades of agricultural development, while inputs are being intensified
with their diminishing rates (Tables -3.6 & 3.7). It means that the agricultural production increase
is not ouly the function of intensification of modern technological inputs but also due to its
proper utitization over space. Therefore, there seems a gradual change in the regional patterns of
land productivity. During the first phase of development (the 1970s), productivity patterns have
been observed concentrated with its fast increase (.20 percent annually) in the areas falling under
the categories of high and very high productivity levels and, on the other hand, rapid decrease
in productivity levels (about 3.0 percent per annum) especially in the areas of low and extremely
low productivity classes. Note that these patterns have marginallv diversified during the second
phase of development (in the 1980s) by shifting the rate of productivity increase from high and
very high productivity areas to the medium productivity level areas (Table- 3.2). There are three
main reasons behind the areal shift of agricultural intensification observed in the land produc-
tivity patterns: '

(a) The law of diminishing marginal return to input intensification is operative in the all
developing agricultural economies ( Miller 1966, Kata 1990, pp.5-18). As a result, in the areas
of high productivity, the farming practices become less profitable and, consequently, the
application of modern technology should shift from the areas of high productivity to fow and then
to extremely low productivity areas. The empirical evidences given in Table- 3.2 also confirm
the same facts. For instance, the marginal annual increase in the use of chemical fertilizers (2.0
to 4.0 percent) and irrigation pumpsets (1.0 to 3.0 percent) and fast decrease in the annual rate
of number of tractors per areal unit in the areas of high and very high productivity on one hand
and, the higher rate of increase of these input intensities in the areas of low and very low
productivity classes, on the other hand, have been observed during the second phase of
agricultural development in India (1979-82 to 1988-90) (Table -3.7).

(b) The second reason of diversified productivity pattern is related to the initiatives taken
by Planning Commission, New Delhi to pursue the agricultural growth especially in the
backward areas where agricultural growth potentials are sufficient to use. During the period of
last 10 years, Planning Commission has laid emphasis on regional aspects of agricultural
development through formulating and implementing the concept of agro-climatic regions for
‘area specific’ strategy of balanced development (Planning Commission 1987,1989).

(c) The poly-cyclie landscape of agricuitural development which has been pursuaded by the
diffusion processes of agricultural innovations accelerated through and ‘spread’ of these
innovations occurred from main central places and growth centres of the areas (Hagrestrand
1973/74, Carlstein 1977) are also expanding areal boundaries of high productivity patterns with
occurring the changes in the growth and productivity relationships. The centre -dependent
agricultural development patterns which are based on the Perroux (1955) hypothesis and
Myrdal’s (1957) thesis of ‘spread’ and ‘backwash effects’, expand in the concentric zones from
‘e growth points. Therefore, greater efficiency of agriculture in the hinterlands of these centres
s a striking feature of agricultural development forms (Fig.- 3.3). But changes in growth-
yroductivity relationship patterns might be breaking up the norms and patterns of labour -
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productivity with creating many and varied problems of 1abour - employment and labour wagc
differentials, which shouid be analysed separately in the following manner.

Table - 3.6 : Intensification of Agricuitural Technology in Various Land Productivity Categories.

Productivity Fertilizer Consumption No. of tractors Pumpsets
Classes (kg/ha) (per ,000 ha)) (per, 000 ha.)
(Rs./ha) 70 80 90 0 80 90 00 80 90
1750- < 68.80 116.37  143.39 6.93 6.14 6.11 6832  96.69 11132
1750-1500 47.26 89.17 103.28 4.41 3.24 3.12 65.37 7529 9331
1500-1250 32.82 55.36 73.23 2.09 230 2.35 4997 53.70  68.59
1250-1000 20.85 43.30 61.39 1.53 1.58 1.63 27.85 31.56  39.63
1000- 750 17.07 26.26 3251 1.06 1.28 1.48 14..1 2952 3252
750- 500 10.96 19.41 18.30 0.78 0.84 1.03 18.98 2265 2931
500- > 8.04 7.67 6.73 0.40 0.83 0.96 15.84 1590  16.20
Total 19.18 44.13 56.12 1.44 2.03 2.63 25.56 36.59 41.59

Abbreviations: 70 = 1969-72, 80 = 1979-82, 90 = 1988-90.
Source : Statistics for the early 1970s and 1980s are compiled from Bhalla & Tyagi (1989), Appendix 4 B & C.

Table - 3.7: Average Annual Change in Agricultural Technological Inputsin Various Land Productivity

Categories.
Annual Average Change (inpercent) in

Productivity Fertilizer Consumption No. of tractors Pumpsets

Classes (kg/ha) (per ,000 ha.) (per,000 ha.)
(Rs./ha) 70 80 90 70 80 90 70 80 90
1750- < 6.91 2.90 6.00 -1.14 -0.06 -0.65 4.15 1.89 3.49
1750-1500 8.86 2.03 6.58 -2.65 -0.46 -1.62 1.52 2.99 2.37
1500-1250 6.87 4.0 6.84 1.00 0.27 0.69 0.75 3.47 2.07
1250-1000 10.76 521 10.80 0.33 0.39 0.36 1.33 3.20 2.35
1000- 750 5.38 3.03 5.02 2.07 1.95 220 10.77 1.27 7.18
750- 500 7.71 -0.71 3.72 0.77 2.83 1.78 1.93 3.67 3.02
500- > 0.46 -1.53 -0.90 10.75 2.41 8.19 0.03 0.02 0.13
Total 13.01 343 10.70 4.10 3.69 4.59 4.31 1.72 3.48

Abbreviations: 70 = 1969-72, 80 = 1979-82, 90 = 1988-90.
Source Statistics for the early 1970s and 1980s are compiled from Bhalla & Tyagi (1989), Appendix 4 B & C.
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(E) Agricultural Labour Productivity N

Since income, daily wages and standard of living of the agricultural population are
determined by the output per agricultural worker, it is worthwhile to interpret the inter - regional
patternofagricultural labour productivity (Bhalla and Tyagi 1989, pp.38-43). Labour absorption
capacity of agricultural sector may also be assessed to study the changing patterns of agricultural
labour productivity. In a country like India where the conditions of unlimited supply of labour
prevail in the agricultural production processes, it is obvious to siudy the agricultural workforce
in relation to agricultural output. It has already been discussed that labour productivity is the
product of two major attributes of agricultural production system: land productivity and land-
labour ratio (egn. 1.5). Incrcase in output per worker will, therefore, depend not only on factors
influencing the land productivity but also on the increase in the size of farm labour. The rate and
direction of change in the size of agricuitural workferce and land holdings are obviously the
important determinants of the changes occurring in agricultural labour productivity (Jehnston
1980, p.227). Infact, various socially determined factors likc relative prices of agricultural
production and input costs are also important for determining labour productivity (Johnston and
Kilby 1975, p.391) (Fig.- 3.10).

So fay as increase in agricultural Jabour productivity is concerned, itis obvious from the data
that, inspife of 2.98 percent annual average increase in land productivity in the 1980s (from
Rs.1135 per hectare in1979-82 to Rs.1439 in 1988-90 as described in the earlier section of this
chapter) which is the main attribute of labour productivity, the annual average rate of increase
in agricultural output per worker has been recorded very low, i.e., 0.174 percent only during the
same period (see foot note of Table- 3.9). The labour productivity was marked Rs.1090 per
worker in 1981 and Rs.1109 in 1991. It means the second attribute of labour productivity (i.¢.,
land- labour ratio) directly or indirectly stabilizes its increase.

On account of very fast increase in total agricultural work force recorded at 2.52 percent
per annum from 1.4.81 million in 1981 to 18.52 million persons in 1991 (Table - 3.8) and
negligible increase in the cultivated land (NSA plus fallow land) recorded to be .05S percent
per annum from 165.14 million hectare in 1981-2 to 165.78 million hectare in 1987-8, the land
- labour ratio, 2 major attribute of Iabour productivity, diminishes and hence, the labour
productivity rises marginally. State-wise figures of the increase in agricultural labour force
(Table- 3.8) show that Rajasthan, West Bengal and Bihar are noticeable for very fast increase
of agricultural work force with ~.35, 2.82, and 2.60 percents per annum respectively. The fast
increase in these states may be attributed to fast growth of total main workers and its increasing
proportionate shares in agricultural activities (Table- 3.8).

Direct effects of land- labour ratio on areal patterns of labour productivity are clearly
observed. These facts may also be examined by comparing distribution maps of land
productivity (output per hectare) and labour productivity (output per worker). Areal
classification of total disiricts into cix semi - interval productivity classes for 1981 and 1991
(Table- 3.9), which demarcates the homogeneous inter - regional patterns of labour productivity,
reveals itsstructural features. In general, labour productivity patterns are more or less similar
to the patterns of land productivity (compare Figs.-3.11 A and B). The entire peninsular India
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Table- 3.8:Totat Agricultural Work Force, its growth and Agricultural Labourer - Cultivators Ratio.
(Workers in ,000 persons,Growth 1981-91)

States Total Main Total Agricultural % Share of Agricultural
Workers Work Force® Ag.Work Force [abourers
- per 1000
Total Decadal Total Decadal  Total Decadal of
growth% growth % (%) Variation Cultivators

1. AP, 1981 22,629 15,733 69.53
1991 28,393 253 19,454 236 68.52 -1.01 1469

2. Ass 1981 NA NA NA

1991 7,068 - 4,533 - 64.13 - 252

3. Bih 1981 20,753 16,409 79.07
1991 25,653 236 20,680 '26.0 80.61 1.54 857

4. Guj 1981 10,984 6,603 60.12
1991 14,109 284 7,964 20.6 56.45 -3.67 686

S. Har 1981 3,664 2,227 60.78
1991 4,588 252 2,703 214 58.91 -1.87 496

6. H.P. 1981 1,471 1,042 70.80
1991 1,729 17.5 1,188 14.0 68.71 -2.09 54

7. J&K. 1981 1,769 1,097 -

1991 NA - NA - - - -

8. Kar 1981 13,651 8,877 65.03
1991 17,244 26.3 10,881 226 63.10 -1.93 837

9. Ker 1981 6,791 2,805 41.30
1991 8,197 207 3,117 11.1 38.03 -3.27 2074

10. M.P. 1981 20,041 15,272 76.20
1991 24,959 245 18,811 232 75.37 -0.83 453

11.  Maha 1981 24,302 15,007 6175
1991 30,887 271 18,445 229 59.72 -2.03 820

12.  Ori 1981 8,635 6,450 74.70
1991 10,306 19.3 7,530 16.7 73.06 -1.64 652

13.  Pun 1981 4,928 2,859 58.03
1991 6,036 225 3,389 185 56.15 -1.88 710

14.  Raj 1981 10,442 7,196 68.9]1
1991 13,861 327 9,608 335 69.32 0.41 171

15. TN. 1981 19,026 11,597 60.95
1991 22,972 20.7 13,575 17.1 59.09 -1.86 1369

16. U.P. 1981 32,397 24,135 74.50
1991 41,342 276 29,798 235 72.07 -2.43 364

17.  WB. 1981 15,424 8,482 54.99
1991 20,530 333 10,872 282 52.96 -2.03 863

All 1981 222,516 148,023 66.52
India+ 1991 285,423 283 185,238 252 64.90 -1.62 675
N.B.: * Itincludes cultivators and agricultural labourers. + Itexcludes).& K. for 1991 and Assam for 1981 where censuses

were not been held. NA = Data Not Available.

Source: Census of India, 1981, series 1, General Economic Tables, part 111A(i),and Census of India, 1991, seres 1,

Provisional Population Table, paper -3 of 1991.
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including Thar desert of Rajasthan, large parts of eastern Bihar and entire Brahmaputra valley
of Assam have been identified as the areas of very low and extremely low levels of labour
productivity (below Rs.1000 per worker) in the early 1980s (Fig.- 3.11 A). There has been, of
course, a gradual areal shift in the areas of low levels of agricultural labour productivity patterns
during 1981 to 1991. Low productivity areas which accounted for two - thirds of the country’s
land has been reduced by nearly 7.0 percent in the 1980s (Table -3.9). It has been on account of
increase in the labour productivity especially in the low productivity areas of entire Thar desert
of the Rajasthan (from Ganganagar district to Bikaner of the boarder district) and the longitudinal
coastal plains of Tamilnadu which incorporate the districts of North and South Arcot, Thanjavur
and Ramanathpurai. The labour productivity in these areas might have increased because of
intensification of green revolution technology rather than improvement of land - labour ratio
which has been declining over time on account of increasing burden of agricultural labour force.
Thus, the conditions of unlimited supply of labour as proposed by Lewis (1954) is applicable
in the operation of agricultural production processes in India. Of course, the age - specific

Table-3.9: Percentage Share of Area in the various Categories of Labour Productivity in Agriculture
(1981 and 1991).

(Area in sq.km )

Productivity 1981 1991 Decadal Variation
Categories - —— [
Area % Area % Area %
1. Extremely High 418,181 14.39 606,681 20.87 138,500 6.48
{Rs.1500 <) (47) (68)
2. Very High 169,780 584 329,540 11.34 159,760 5.50
(1500 -1250) (17 (29)
3. High 401,418 13.81 277,232 9.54 -1241,186 -4.27
(1250-1000) (45) 37
4. Low 372,839. 12.83 480,070 16.52 107,231 3.69
(1000-750) (45) (58)
5. Very Low 810,782 27.90 724,263 2492 - 86,519 -2.98
(750-500) (99) (91)
6. Extremely Low 732,993 25.22 488,207 16.80 -244,786 -8.42
(500- >) (98) (66)
Total 2905,993 99.99 2905,993 99.99 —_ —
(351) (351)
N.B.: (i)  The decadal increase in the national average of labour productivity which has been recorded 1.74 percent from

Rs.1090(1981) to Rs.1109 (1991), is calculated by taking into account total Agricultural work force of the country.

(ii)  The figures in parentheses show the number of the districts in each category.
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agricultural work force figures (Table -3.10) reveal that child labour as well as aged persons (0-
19 years and 60+), aithough incorporate less share of total agricultural work force, have the
noticcable percentages to its total main workers. It strongly indicates that child labour is fairly
prominent in agricultural activities. In connection with the demographic aspects of agricultural
labour, the emerging patterns of agricultural labour productivity reveal four varied conditions of
its stabilisation. They are:

(a)Very High Labour Productivity with Extremely Intensive Employment of labour force:
Inspite of very low land- labour ratio, higher growth of total agricultural work force, very
high work participation rate and agricuftural work force employment per unit of cultivated
land and high cultivator - agricultural labour ratio especially in the areas of the entire West
Bengal (except its northern hilly parts) and the coastal Tamilnadu, the labour productivity has
been marked extremely high (above Rs.1500 per worker). Obviously, the labour use has
increased proportionately with an increase in output and hence, labour productivity is recorded
high and increased alongwith output increase because of two major reasons. They are: (a) the
immediate food demand of the urban population of metropolitan cities and, consequently, high
production prices, and (b) the paddy - dominating mono - cropping patterns of its intensive
cultivation; it is grown thrice ina year, meaning thereby very high crop - intensity which requires
less technology and more labour for its output increase.

Table -3.10 : All India Agricultural Work Force by Age Group (1981).
{Workers in 000 persons)

Age Main Workers Agricultural Work force
Group

Total % to Age specitic Total % to  Age specific

total Joage* total %age**

0-14 11,195 5.03 421 8,787 593 78.49
15-19 22,911 10.30 35.72 17,157 11.60 74.88
20-24 28,074 12.65 48.96 18,154 12.26 64.66
25-29 29,077 13.07 5732 17,631 1191 60.63
30-34 25,749 11.57 60.76 15,484 10.46 60.13
35-39 24,243 10.90 62.28 14,930 10.08 61.58
40 - 49 40,142 ’ 18.04 63.29 25,844 17.46 64.38
50 - 59 24,815 11.15 59.34 17,238 11.64 69.47
60 - + 16,214 7.29 371 12,740 8.66 78.57
Total 222,516 99.99 33.40 148,022 99.99 66.52
N.B.: . Percentage of total main workeﬁ to total population ofeach specific age - group.

**  Percentage of total Agricuftural work force (cultivators plus agricultural labourers) to total main workers of pecific
age-group. :
Source : Census of India, 1981, Series 1, Part HIA(i).
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(b) Very high Labour Productivity with Intensive Use of Green Revolution technology: The
areas of the Punjab, Haryana and Western Uttar Pradesh (which incorporate the fertile tracts of
the Upper Ganga valley, especially Ganga- Jamuna doab and Rohilkhand of Uttar Pradesh and
Sutlej - Ghaghar basins of Punjab and Haryana) where percentage share of agricultural work
force is lesser than that of the national average because of significant occupational shift from
agriculture sector to non - agricultural sectors, iower value of cultivation - agricultural labourer
(agriculture labour per cultivator), less concentration of size of land holdings, better labour - wage
conditions, higher output growth with diversified cropping - patterns, the commercialisation in
agricultural practices through intensive irrigation and bio- chemical technology are the peculiar
conditions of labour productivity increase. Land - labour ratio is very high in these arcas. The
fertile desert of Rajasthan and the Kutch - Kathiawar areas of Gujarat of high labour productivity
where the same conditions of agricultural labour force prevail, may also be included in the same
category.

(c) Low and Very Low Labour Productivity with Stagnant Labour conditions: The entire
northern Bihar (middle Ganga valley of the fertile soils), coastal Orissa and Andhra Pradesh
{Koromandal arcas), the Kerala state of coconut and cardamom cuitivation (Malabar coastal
areas) and the middle and western parts of the Assam state (middle Brahmaputra valley of fertile
land) where, inspite of very high land productivity during early 1980s as agricultural output is
recorded above Rs.1500 per hectare of NSA (Fig.-3.2), the labour productivity has been assessed
very low and somewhere extremely low as below Rs.750 per agricultural worker (Fig.-3.11). It
means that the second component of agricultural labour productivity, i.e., land - labour ratio (see
eqn. 1.5) is very weak in these areas. The low value of this component may be due 10 prevailing
conditions of very high density and fast growth of population. Therefore, there is the
demographic pressure on cultivated land. High percentage share of total work force engaged in
agricultural activities (more than 75 percent in 1991) with its increasing proportions (specially
in Bihar as 1.54 percent during the 1990s), very high labour intensity (above 200 persons per
100 hectare of NSA) with high agricultural labour - cultivator ratio (above 1300 labour per 100
cultivators in 1991), and insignificant shift in the occupational structure from agriculture to non
agricuttural activities have been recorded in these areas of low labour productivity except Kerala
state where low productivity is recorded because of non - inclusion of commercial crops of the
state in calculating agricultural output (Table- 3.8 and Fig.- 3.11).

(d) Very Low Labour Productivity with Diversified Labour conditions: In entire central
parts of the Deccan plateau, the conditions of very low and even in some areas extremely low
labour productivity (below Rs.750 per worker) prevail. These areas incorporate nearly one - third
part of the country including the areas of: (i) the Vidarbha and Marathwada regions of interior
Maharastra, the most backward areas because of wide spread deforestation, heavy soil erosion
and low level of agricultural productivity (Monte 1992); (ii) the interior parts of Karnataka where
rugged topographic and arid climatic conditions stabilize the level of agricultural productivity,
diversify the cropping patterns, and compel the labour to migrate toward cities; (iii) Telengana
of the interior Andhra Pradesh ( former state of Hyderabad) where backwardness and low level
of labour productivity prevail due to concentration of all industries and infra - structure only in
and around the twin cities of Hyderabad and Secunderabad (NCAER 1962, Ramanathan
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1959); (iv) the Malwa plateau including central parts of Madhya Pradesh where crop intensity
as well as agricultural productivity is recorded low because of diversified labour structure, anu
(v) most parts of the Chotanagpur platcau (North - Eastern foreland of the Deccan) which
incorporates the areas of south Bihar, interior Orissa and eastcrn Madhya Pradesh - the tribal
dominated and backward areas with very low level of agricultural productivity (Fig.-3.11 A &
B). The diversified agricultural and demographic conditions of these arcas influence the
patterns of labour productivity and destabilise them. Inspite of low and very low intensity
of agricultural work force (below.150 persons per 100 hectare of NSA, for detail see Fig.- 3.12),
a reciprocal attribute of land- labour ratio, has a negative influence on labour productivity, and
hence, labour productivity has been recorded very low in these arcas. It may be becaus: of two
major reasons: (i) the low and very low levels of land productivity (below Rs. 1000 per hectare,
see Fig.- 3.3) because of diversified cropping patterns in these semi- arid climatic conditions and

Table-3.11:Number of Districts by the categories of Proportion of Agricultural Workers (Cultivators &
Agricultural Labourers) of Male Main Workers in Rural Areas (1991).

Total % of Agricultural Work force in Categories
States No. of
Districts <-70 70-80 80-90 >-90

1. Andhra Pradesh 22* - 20 2 -
2. Assam 23 11 6 6 -
3. Bihar 42 1 1 29 1
4, Gujrat 19 7 10 -
5. Haryana 16 5 8 3 -
6. Himachal Pradesh 12 8 1
7. Jammu & Kashmir - - - - -
8. Karnataka 20 5 2 13 -
9. Kerala 14 14 - - -
10.  Madhya Pradesh 45 - 5 36 4
11.  Maharashtra 20* 8 8 13 -
12, Orissa 13 - 6 7 -
13. Punjab 12 4 4 4
14, Rajasthan 27 2 1l 14 -
15.  Tamilnadu 20* 10 6 4 -
16.  Uttar Pradesh 63 8 16 24 15
17.  West Bengal 16* 6 8 2 -

All India** 446 122 125 169 30

N.B.: * The districts which are wholly urban have not been included. They are Hydrabad (A.P.), Greater Bombay
(Mabharastra), Madras (Tamilnadu}, and Caicutta (W.B.).

hid It excludes the 14 districis of Jammu & Kashmir state.

Source: Census of India, 1991, Provisional Population Table, Series 1, Paper-3 of 1991 (statement 5-9), p.43.
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weak diffusion processes of agricultural innovations from the city centres to the surrounding
rural areas, and (ii) stagnant conditions of agricultural labour force and static occupational shift
as more than 80.0 percent share of total main workers are engaged in agricultural activities (Fig.-
3.12 Inset). To support this fact, the districts are classified according to percentage share of
agricultural work force of male main workers of rural areas (Table -3.11). It reveals that most of
the districts of Bihar (40 out of 42), Madhya Pradesh (40 out of 45), 13 districts of interior
Maharashtra, 7 of interior Orissa and 13 of interior Karnataka (Table -3.11) carry more than 80.0
percent agricultural work force of male rural workers. On account of abundant supply of labour
force in agricultural activities, the labour wages in rural areas are very low and marginal
productivity to labour input is stagnant at its low level. As a result, rural to urban migration can
be observed everywhere in these areas of low labour productivity.

In the end, it can be said that the degree of the determinants of labour as well as fan/!
productivity indices and of agricultural growth index and their interactive nature can be studic!
with the help functional analysis for the distributive phenomena of development. It would help
to understand the focal strategic points for proper persuasion of agricultural extension services.

Functional Analysis

The discussion in the preceding sections of this Chapter has been confined to the relevant
characteristics and salient features of the patterns of land and labour productivity occurring in
the regional agricultural production processes in India. The main factors and reasons behind the
inter - regional variations of agricultural productivity are also important to interpret. But the
validity testing of these production factors is a useful task to identify their priorities in order to
search the principal determinants of the forms and patterns of agricultural production. Three
major agricultural production components: land productivity, labour productivity and agricul-
tural growth, have been considered for the purpose. The variables which are explaining spatiai
variations of these agricultural components are generated on the basis of some relevant
hypotheses and interrelationships. The present discussion is persuaded towards three major
directions of the functional analysis of agricultural production phenomena as (a) the generation
of agricultural variables, (b) the generalisation of inter - related production attributes which
would be interpreted with the help of ‘correlation coefficient method’ for finding the common
characteristics of the phenomenal attributes (Pal 1968, Rao 1968, Singh 1988, p.86-96), and (c)
the variables’ effects and the explanation of spatial variances of agricuitural components which
would be described by step- wise multiple regression analysis of these explanatory variables.

(A) Generation of Variables and Hypotheses

Over all, twenty six variables depicting various characteristics of each and every areal unn
(district) of the country were generated from the raw data provided by many and varied
published and unpublished sources. Infact, the agricultural production processes form the
complex nature of production attributes and are influenced by various geographical factors and
forces. Therefore, the explanatory variables represents the group of agro- ecological attributes,
infra-structural variables, socio - economic factors and demographic characteristics of the areal
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units. The rationale for selecting or generating these variabies for the production components are
discussed in the following manner.

So far as the explanatory variables for the spatial variations of 1and productivity component
is concerned, the total thirteen variabies are taken into account. Outof them, four variables: mean
annual rainfall, potential- evapotranspiration, moisture index and soil fertility index, which are
agro - ecological variables, were considered to show the effects of physical elements on
agricultural productivity. These variables are interrelated themselves and control the optimal
limits of agricultural productionintensification (McCarty and Lendburg 1967). It is obvious from
various studies that, in a tropical country like India, soil moisture and soil fertility are the crucial
factors affecting directly agricultural production and land productivity (Sen 1975, Singh and
Sharma 1985, pp. 5 - 200). Therefore, the positive relatjonship of land productivity is expected
with these variables of agro - ecological characteristics. Seven variables are chosen to represent
the agricultural characteristics related to intensification of agricultural production techniques.
Four explanatory variables out of seven, namely, irrigation index (percentage share of Net
Irrigated Area to NSA), irrigation intensity (Gross Irrigated Area per 100 unit of NIA),
mechanization (tractors, agricultural machine tools, and other sowing and harvesting machine in
value added term per areal unit) and the use of chemical fertilizers (the total quantity of N P,O,
and K,O in Kgs per areal unit of NSA), are related to non- land capital inputs of agricultural
productivity. In the induced agriculturai innovations hypothesis of Binswangerand Rayan (1977,
p-217) in which they asserted that, in semi- arid and semi- humid climatic conditions where soil
moisture is available in limited quantity for growth, the irrigation makes a long run significant
contribution to the expansion of agricultural productionand crop - yield increase. The conditions
of limited soil moisture availability is prevailitg in more than three- fourth part of the country
excluding Brahmaputra Valley of Assam, the lower parts of the Ganga Valley which includes
rusi of the areas in West Bengal and the coastal plains of Eastern as well as Western Ghats.
Therefore, irrigation and its intensity are the significant explanatory variables for land produc-
tivity increase. In addition, increased use of chemical fertilizer and machine tools (especially
tractors which is multi - purpose tool for farmers for the irrigation, sowing, harvesting the crops
and even for transportation of surplus production) are positively related to expansion of irrigated
areas because of modern technological package of yield- augmenting techniques (Bhalla and
Tyagi 1989, pp. 58-72). The validity of the same facts is stated by Johnston and Kilby (1975,
chs. 6 & 8) in their hypothesis of yield - increasing innovations in which they stated that growth
of farm productivity and i. come are overwhelmingly dependent on mechanical and biological-
chemical innovations togeher with complementary investments on irrigation and drainage (Fig.
3.10).Incountries suchas Japan and Taiwan, engine - powered equipment became a major source
of increase in productivity in the early stages of development and it contributed 1o realization of
the yield potentials of High Yielding Varieties of seeds and expanded use of chemical fertilizers.
In this context, it can be said that tractor has become a powerful tool for realization of the
agricultural growth potentials through which two major processes of agricultural landuse,
expansion and intensification, are accelerated for agricultural production growth and land
nroductivity increase. Thus, these explanatory variables of modern agricultural technology
mighi positively be related to land productivity index.
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On account of labour intensive characteristic of Indian agricuitural systems, agricultural
labour and draught animal force per unitof cuttivated land which are considered as labour inputs,
are also important explanatory variables for interpreting spatial variations of land productivity.
Infact, animals and agricultural workers have been engaging simultaneously in the operation of
agricultural systems from the ancient times when Indian culture was totally based on agricultural
activities and its transformation from ‘cow- culture’ to ‘plaugh- culture’ was made on the basis
of intensive use of oxen together with man to increasc agricultural production. As aresuit, density
distribution of work- animals and agricultural labour force are positively related to each other.
It is stated by Dayal (1984, p. 113) that there is no significant contribution of the density of
agricultural workers and work animals to the spatial variance of land productivity in India where
they contribute insignificantly only 3.0 and 1.0 percent of spatial variances respectively (see
Table-4 of the Dayal’s text). Therefore, density of work- animals is not considered here as an
explanatory variable. Only density of agricultural worker is taken into account for further study.

Of course, farming intensity is the result of intensification of these factors of agricultural
production. Intensity of cuitivation clearly has a significant effect on the net income and
agricultural output. It is also a reflection of intensity of labour use and farm size. Thercfore, it
has been considered as an explanatory variable by several writers (Bardhan 1973, Dayal 1984).
The comparison of the distribution maps of land productivity and crop intensity (Figs.- 3.3 &
3.7) depicts that farming intensity is positively related to land productivity.

Further, two explanatory variables of land productivity are incorporated to reflect the
economic characteristics of agricultural operations. They are : the average size of operational land
holdings and agricultural labour wages. Infact, size of operational land holdings indirectly
influences to the land productivity of an area. The degree of commercialisation in agriculture,
which is to be positively associated with land productivity, has positive relationship with the
size of land holdings especially in Indian conditions. As noticed earlier that the unit of land, if
it is large in size, would produce larger output because of greater application of modern
technology and higher level of inputs per unit area with diversifying the cropping patterns of
agricultural system. For example, the larger operational landholding size of Punjab and Haryana
is one of the reasons of green revolution. On the other hand, low levels of land productivity are
recorded in Bihar because of high population pressure, weak shifting tendencies in occupational
structure from agricultural to non - agricultural activities and smaller size of land holdings in
which the farm - technology is difficult to implement. Hence, a positive relationship is expected
between land productivity and size of operational land holdings.

The economic theories of wage and employmentsuggest that there is a positive relationship
between agricultural wages and land productivity (Hayamiand Ruttan 1970). The reasons behind
this relationship is obvious that, in the high - productivity areas, the former will get more profit
through putting out the agricultural labour. But application of apprcyriate technology requires
skill labour whose wages will be higher than the wages of unskilled labour force. The migration
of labour from one part of the country to the others may also be seen because of wage -
differentials and a real differentiations in the levels of land productivity. Obviously, these
aspects of wage - differentials are more related to labour productivity which should be described
in the next section. But it is important to note here that agricultural wages are highly correlated
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to urban population (r =.89) and hence deleted from the listof explanatory variables in the present
context.

So far as generation of variables and its related hypotheses for explaining the spatial
variations of agricultural labour productivity are concerned, the explanatory variables are chosen
on the basis of considering the major components of labour productivity. Of course, the level of
agricultural labour productivity is by definition determined by the output level and the number
of agricultural workers employed to produce that output. Further, it is the product of two major
components, namely, land productivity and land-labour ratio (eqn. 1.5). Because of limited
scope for increasing land under cultivation which has already been discussed in the previous
sections of the present Chapter, the agricultural output increase is wholly dependent on crop-
yield augmenting technology and hence, the variables explaining the spatial variations of land
productivity have much significance to explain the variability of labour productivity; it has
already been discussed that land productivity is much stronger component of labour productivity
and the patterns of land and labour productivity are more or less similar to each other (compare
Figs. 3.3 and 3.11B). As a result, all thirteen variables discussed above are taken into account for
the explanation of spatial variations of labour productivity. Inaddition, the seven variables which
are closely related to the second componeni of agricuitural labour productivity (iand-labour ratio)
have also been included in the present context. The two variables: agricultural workers per unit
of cultivated land (i.e., labour input which has already been incorporated) and cultivated land per
agricultural worker (which reflects land-labour ratio) are reciprocal to each other. However,
cultivated land per agricultural worker (A/L ineqn. 1.5) is directly related to labour productivity.
Hence it is expected that cultivated land per agricultural worker is positively related to labour
productivity. On the contrary, the variabie agricultural worker per unit of cultivated land (L/A
by definition, eqn. 1.5) is supposed to be inversely related to labour productivity as well as to the
variables related to yield-augmenting inputs (modern agricultural technology) (Thakur 1987).
The validity of this fact has been proved by establishing the componental relationship of labour
productivity in two ways: declining marginal productivity of labour and diminishing rate of
labour absorption capacity in agricultural production processes. Lewis(1954) ascerts in his
hypothesis of labour productivity with unlimited supplies of labour that, because of increasing
pressure of labour and its easy availability for production at very low (even at subsistence) level
wage rate, the marginal productivity of labour must decline to stagnate the production processes
where marginal productivity is marked negligible or even zero prevailing the conditions of
disguised unemployment. Inspite of favorable agro-ecological conditions in the central and
northern parts of Bihar and Eastern Uttar Pradesh ( fertile alluvial soils, enough soil moisture
availability, good soil-retention capacity), the labour productivity has been recorded declining
during the t980s (as discussed earlier) because of high population pressure, cheap supply of
skilled as well as unskilled agricultural labour and very low level of marginal productivity of
agricultural labour. The Fie-Ranis model of low- productivity of agricultural worker for Japan
also refers the same facts (Fie and Ranis 1961, 1964).

The factof inverse relationship of labour productivity with agricultural work force per unit
of cultivated land can also be put forward by describing the rate of labour absorption capacity in
agricultural sector over time. Considering agricultural labour per unit of cultivated land (L/A) as
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dependent variable and cutputper unit of cultivated land (i.e.land productivity, O/A) as
independent variable and calculating elasticiiy coefficient of labour absorption with respect i
agricultural output with the help of linear equation in the distribution for differcnt period of times
(see foot note of Table- 3.12), the declining trend nf labour absorption elasticity in the Indian
agricultural practices has been observed. Its declining rates were slower in the 1960s (.65
percent), fast in the 1970s (7.54 percent) and very fastinthe 1980s (10.47 percent) (Table-3.12).
Fast declining rate of labour absorption elasticity indicates substitution of agricultural technol-
ogy for labour. Thus, agricultural output growth is mainly b<cause of technology rather than
increasing labour. However, the agricultural work force per unit of cultivated land and land
productivity are likely to have positive relationship as stated earlier. On account of agricultural
labour per unit of cultivated land as a divisor of tand productivity for labour productivity, it must
predict a negative relationship with labour productivity. While declining labour absorption
capacity of agriculture practices reflects the substitution of mndern technology for labour input
and paralyses lzbour productivity system where marginal product to labour is negligible.
Consequently, poverty and unemployment, larger wage differentials, rural-to-urban migration,
rapid urbanization, ever increasing population as well as labour pressure on agricultural practices,
and so on can be seen and have been significant explanatory variables for areal patterns of labour
productivity.

Table-3.12: Elasticity of Labour Absorption in Agriculture Sector in India.

Period Rate of Marginal Labour per thousand Elasticity Decadal rate of
Labour to Output unit of Output Coefficient rate of elasticity
(b) (L/O) (Ec) decline (%)
1959-62 .7098* 1.19 .5965 -
1969-72 .5927* 1.00 5927 0.64
1979-82 .5069* 0.92 5510 7.54
1988-90 A440 0.90 .4933 10.47

N.B: ¢ Figures are taken from Bhalla & Tyagi (1989, Table-2.17 on p.43).

Formula: 1. (L/A)= a + B(O/A), where (L/A) is agricultural worker per hectare of cultivated land (as dependent variable),
(O/A) is output per hectare of cultivated land, a is constant and b indicates the rate of marginal labour to output
because, b= A(L/A) / A(O/A).

2. Coefficient of elasticity (Ec) is as Ec = b(L/O).

The variable agricultural wage rate and its relationships with productivity has already been
discussed. But, it is important to note here that the economic theories of wages suggest a direct
relationship of wage rates with labour migration, employment condiions, and per capita income
(Hicks 1932, Bardhan 1973). Theoretical explanation for the relationship of these attributes of
socio-economic characteristics is provided by Harris and Todaro (1970). They argued in their
‘rural-to-urban migration hypothesis’ that migration of rural labour to urban areas is dependent
on wage-differentials. The migration of the rural labour will continue at a rate that will not permit
urban unemployment to disappear until the differential between the rural-to-urban incomes
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shrinks to a certain minimum. Rate of increase in employment in urban areas stimulates rural
iabour to migrate towards towns or cities. Thus, urbanization is directly related to migration
factor. It inflicnces the labour productivity in a positive manner. The other related explanaiory
variables which are associated with the socio-economic and demographic characteristics are also
generated in the following manner.

The five variables which influence the inter-regional patterns of agricultural work force to
create areal variations in labour productivity are considered here. They are: per capital
agricultural income (agricultural output per person), population pressure (density of popula-
tion), work force share of agricultural sector (percentage share of agricultural worker to total
workers), impact of urbanization and industrialization on agriculture (share of urban population
to total population), and rural literacy (percentage share of Liierates in rural areas) (Table- 3.13).
Indeed, the level of labour productivity reflects the standard of living of agricultural workers as
well as the whole population especially in India (Bhalla and Alagh 1983) and hence a positive
relationship is to be expected between labour productivity and per capita agricultural income.

Despite the applicability of the faw of diminishing marginal returns of agricultural
production to labour, which generallv predicts the negative relationship of population density
with agricultural productivity (Leff 1969), the recent Boserup hypothesis of agricultural growth
under population pressure stresses the positive effects of population pressure on agricultural
development (Boserup 1965, 1981). It seems true in Indian conditions where the areas of high
population density, namely, middle and southern parts of West Bengal, Coastal Andhra and
Tamilnadu, have been the areas of high level of land productivity (Fig.-3.3). But, contrary to
that, they have very low level of labour productivity except a few patches of its high levels
particularly nearer to the urban centres where urbanization and migration may be the other causes
of high labour productivity (Fig.-3.11). As a result, a negative relationship between labour
productivity and population pressure and the positive relationships of labour productivity with
urbanization and rural literacy are expected.

Lastly, the spatial variation in the third components of agriculture , i.e., agricultiral output
growth, is explained by choosing nine variables of their magnitudinal changes. Economic
theories of production growth suggest the positive relationship among production growth,
productivity, income and employment. On account of chief weaknesses of the Keynesian
analysis and the Harrod-Domar model of production growth (as these are classical growth
models) in which the new elements of growing economies had not been incorporated, the new
growth models of Samuelson, Solow, Meade and others have been developed for the explanation
of today’s competitive market economy and composition of capital in the determination of
production and productivity (Brahmananda 1979). There are broadly two approaches to identify
the determining factors of production growth, though various attributes and components of
growth have been described in the previous Chapter of the present book. First, the Verdoorn law
confirms the positive relationship of the output growth with the increase of labour productivity
stating a direct linear form of this relationship (Verdoorn 1949). The same fact of Verdoorn law
has been tested by Casetti (1981) for the growth of agricultural output and found its validity at
a significant leve! of 1.0 percent. Thus, growth of agricultural output must be positively related
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to the increase in labour productivity. It is obvious from various.statistical studies conducted for
the growth of U.S. economy (Solow 1956, Kennedy and Thirlwall 1972, Hagen 1975,pp.255-
58), that increase in output per worker (marginal productivity of labour) is due either to increase
in the quantity of inputs or to increase in output per unit of total inputs (average productivity).

Table- 3.13: Variables and their Definitions.

Name of Variables Year Definitions

(A) For Land and Labour Productivity

1. Normal Annual Rainfall (P) 1901-1950 Annual mean in mm.

2. Evapo-Transpiration (PE) 1901-1950 Mean Annual in mm.

3. Moisture Availability Index 1901-1450 (P-PEY/PE

4, Soil Fertility Index physical factors of land 1956 Basedonvarious

5. Per Capita output 1988-90 in Rs per person

6. Crop Intensity 1988-90 (GCA/NSA)100, (IN %)

7. Net Sown Area per Agricultural worker 1988-90 A/L in hectare

8. Share of Agricultural work force to total workers 1991 in percent

9. Density of Agricultural workers 1991 Ag. worker per na.of NSA.

10.  Irrigation 1988-90 % share of NIA to NSA

11, Irrigation Intensity 1988-90 (GIA/NIA) in %

12.  Mechanisation 1988-90 Ag. implement in Rs/ha. of NSA
13.  Use of Fertilizer 1988-90 Consumption in Kg. per ha.
14.  Operational size of land-holdings 1988-90 NSA per cultivator.

15.  Population density 1991 Persons per sq. Km.

16.  Urbanisation 1991 % share of urban population.
17.  RuralLiterates 1991 % share of rural literates

(B)  For Growth of Agricultural Output

18.  Changes in land productivity 1979-82t0 88-90  in % per annum

19.  Changes in labour productivity 1981-91 in %

20.  Changes in crop-intensity 1979-82 to 88-89  Decadal change in %

21. Change inirrigation 1979-82 (0 88-90  Decadal change in %

22.  Annual irrigation frequency 1988-90 Irrigation Intensity(see No.11)
23.  Increase in Agricultural work force 1981-91 in %

24.  Change in density of Agricultural Woks 1981-91 in %

25.  Population growth 1981-91 Decadal (in %)

26.  Population density 1991 Persons per sq. km.

N.B: Land and labour productivities and output growth are also considered as variables for generalising the facts. Land

productivity is defined as agricultural output in Rs. per ha. of NSA for 1988-90, labour productivity as output per
agricultural worker for 1991 and growth rate of agricultural output as average annual growth in percent during 1974-
82 to 1988-90.
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Infact, the changes in labour productivity is due to changes in its components: total output and
agricultural workforce; they may be considered as per unit of ‘cultivated area (and hence it is
termed land productivity) and agricuitural worker per unit of cultivated land because of divisor
factor of cultivated area for both the components of labour productivity. Further, the agricultural
labour productivity has been increasing with a decreasing rate in India during the last four decades
(Table- 3.14).

Table- 3.14: Changes in Agriculturai Labour Productivity in India.

Agricultural Agricultural Labour
Period Output Work Force Productivity
Total Decadal Total Decadal Output Decadal
(in mill- change (in Change per Change
ionRs) e million) —————reee Worker = —————-meeeene-
Abs % Abs % (in Rs) Abs %
1959-62 109891 - - 131.1 - - 838 - -
1969-72 131100 21209 19.30 125.8 -5.3 -4.04 1042 204 24.34
197982 161324 30224 23.05 148.0 222 17.65 1090 48 4.61
1988-90 200440 39116 24.25 1806.7* 327 22.09 1109 19 1.74
NB: 1. Agricultural work force includes cultivator and agriculturallabourers.
2. Totals of agricultural work force are Census figures.

. Figure is provisional for 1991. It excludes the figures of J.& K. and Assam States.
Abbreviations: Abs= Absolute values.

The simple reason behind the convex trend of labour productivity is the record of fast
increase in the rate of agricultural workforce as 26.13 percent in the last four decades from - 4.04
percent during 1961-71 to 22.09 percent during 1981-91. It has been recorded faster than the
increasing rate of agricultural output as only 5.0 percent from 19.30 percent during 1961-71 to
24.25 percent during 1981-91 (Table-3.14). Increase in agricultural output (i.e., numerator of
labour productivity fraction) increases the trend of labour productivity but fast increase of
agricultural worker (denominator of labour productivity) diminishes its rate. Further, this fact
may also be confirmed by compar.ig growth rate of agricultural output and increasing rate of
agricultural workforce. The growth rate of agricultural output exceeds the rate of agricultural
workforce with a big margin in the 1960s and with a small margin in the 1980s. It reflects
high growth of labour productivity in 1960s and itsslow growth in 1980s (Table-3.14). Thesame
fact has also been highlighted by Alagh, Bhalla and Bhadurai (1978) and Ishikawa {1981) by
developing ‘rectangular hyperbola hypothesis” of land productivity and land-man ratio
relationship (c.f. Bhalla and Tyagi 1989, pp.38-43). Thus, obviously the variables related to
increase of land productivity, namely, change incrop intensity, increase in irrigation facilities and
other modern technological inputs are expected to be positively related to agricultural output
growth. The positive relationship between production growth and changes in factor productivity
has also established for industrial production by Solow(1957) which was later on applied by
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Mc Closkey (1968) for the British pie iron industry. However, production growth of agriculture
is also influenced by the physical conditions of the area. The nature and degree of intensity of
technological inputs and its applicability are controlled by physical conditions. Thus, the
different packages of inputs are required for different sets of agro-ecological conditions.
Dayal(1984) concludes in his analysis of Indian agricultural production structure that irrigation
is the most significant factor of agricultural growth because the intensification of other modern
inputs like uses of chemical fertilizers, HYVs seeds and pesticides and weedecides, is entirely
based on irrigation facilities, its areal expansion and frequency. Therefore, two explanatory
variables related to irrigation facilities: NetIrrigated Area and irrigation intensity, are considered
leaving aside the variables associated with the bio-chemical increase. Further, the variables
related to increase in total agricultural workforce, namely, increases in population pressure (i.c.,
population growth), agricultural work force and its density would be predicted negative
relationship with agricultural output growth(Casetti 1981). Thus,the eight variables as described
above are included for the explanation of spatial variance of agricultural output growth in the
present analysis (Table- 3.13).

(B) Dropping of Variables

Outof total twenty- nine variables (26 independentand 3dependent) of agricultural growth
and development(Table- 3.13), twenty- six are the common ones. The symatric matrix of simple
correlation coefficients for all possible combinations of variables were computed for observing
the interrelatedness of the complex phenomena and also for dropping the variables which fail to
explain variability of the depencent variables of agricultural system. A careful examination of
the correlation coefficients of all possible pairs of these variables would show the problem of
multicolinearity within tke independent variables, which was reduced by dropping out some
independent variables from the functional analysis. For instance, Net Sown Area per agricultural
worker is perfectly and inversely related to agricultural worker per hectare of NSA (r = -.992)
because of reciprocal to each other. Rainfall and potential evapotranspiration are highly
‘correlated themselves (r=.839). Therefore, potential evapo- transpiration variable was dropped
out at the initial stage of matrix formation. Now, correlation matrix of 25x25 dimensions
(Appendix- IIf) is prepared to drop out further some independent variables. Correlation matrix
reveals that per capita income is highly related to labour productivity itself (r = .620); crop
intensity is significantly related to irrigation (r =.491), to its intensity (r = .447), and population
density (r = .379) and then to use o/ fertilizer (r = .373); irrigation intensity is highly related to
crop intensity (r = .447), irrigated area (r = .361) and to the use cf fertilizer (r = .422); the
percentage share of agricultural work force issignificantly, though negatively, related to the share
of urban population (r = -.615), to rural literates (r = -.501) and than to population density (r
= -.308); and rainfall is highly positively related with moisture availability (r =.737). Therefore,
these seven independent variables which are having multi-colinearity problems are dropped out
from the factorial analysis of land and labour productivity. Similarly, the independent variables,
irrigation intensity, increase in agricultural work force, and population density are also dropped
out from the factorial analysis of agricultural growth. Now, the relative importance and
significance of spatial variance of explanatory variables for land and labour productivities and
output growth components of the agricultural system have been revealed by ucing ‘step-wise
multiple regression model’
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(C) Regression Analysis

Dropping out the above variables from the list of proposed explanatory variables, ten
variables for explaining the spatial variance of land and labour productivity (Table-3.15) and six
variables for the growth of agricultvral output (Table- 3.16), have been included for the
application of multiple regression model. Obviously, the regression model using land and labour
productivity indices as dependent variables is explaining nearly 42.25 percent of the total
variance, that is although not much significant, however, is able to explain some salient features
of productivity indices.

Table- 3.15: Simple Correlation CoefTicients(r) and Multiple Regression Coefficients(b) of ten Explanatory
Variables, Regressed Against Land and Labour Productivity (1988-90).

Explanatory tand Productivity Labour Productivity
Variables
r b P CoV r b %CoV

! Moisture Availability 099  306.19 * 3.306 -.243 -12.72 2.476
2. Sail Fertility 208 23.48 ** 7611 202 14.56 ** 5.169
3. Density of Agri. Workers 252 79.58 013 -.286 -188.55 * 15.178
4. Irrigaticn 441 3.19* 13.278 456 12.80 ** 10.176
S. Mechanisation 286 .18 98 292 .19 .037
6. Use of Fertilizer 544 10.92 ** 9.504 512 7.22 ** 4.124
7. Landholding size -.185 -3.48 .265 353 47080 ** 10.293
8. Population Density 420 1.09 ** 4.253 .092 13 .005
9. Urbaaisation 051 3.14 .307 180 3.4 315
10.  Rural Literacy 045 14.35 ** 3613 -.017 -8.59 1634

Constant(a) - -367.75 - - -575.64 ** -

Degree of deterr inant(R?) - 42.246 - - 48.407
N.R: 1. Step-wise regression model is used for calculation of percentage contribution to variance{CoV). 2. For definition

of explanatory variables, see Table- 3.13. 3. Total number of observations(N) are equal to 348. 4.** Significant
at .01 level, and * significantat .05 level.

(i) Land Productivity: Irrigation and use of fertilizer still hold their importance as together
they account for nearly 23 percen of the areal variation in land productivity (Table- 3.15). The
emergence of irrigation as the most important variable in €xplaining land productivity is
especially noticeable, as it denotes the importance of irrigation in fastacceleration of agricultural
prodnction processes through intensification of non-traditional inputs. Thus, irrigation has
become a pivotal factor of the whole package of modern agricultural technology. Aslight increase
inirrigated area of 41.47 percent from 31.10 million hectare to 44.08 million hectare during post-
green revolution period {1970-1 to 1989-90) has stimulated fast application of chemical
fertilizers as an increase of 509.60 percent from 13.13 kg/ha to 66.91 kg/ha. during the same
period of time. Very high and significant correlation between irrigation and use of fertilizer
(r=.627) indicates that the fertilizer application is increasing in the irritated arcas though its use
is also spreading into rain-fed agriculture in several states. For example, the annual rate of
@erease in the ase of fertilizer during post greea revolution period, especially from 1983-84 to
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1989-90, has been recorded marginally higher in the rain-fed states of the country, namely, West
Bengal (25.33 percent), Assam (22.20 percent), Tamilnadu (19.0 percent). Thus, fairly wide-
spread use of fertilizer and significantly high its coefficient of correlation with land productivity
(r = .544) produce the evidences of the diffusion of modern innovations in Indian agriculture.
There are several studies which reveal the importance and effect of irrigation and use of fertilizer
on agricultural productivity. The optimal limits of agricultural production which are controlled
by physical factors can only be relaxed through increasing irrigation facilities. Irrigation has a
direct effect on productivity by helping to avoid crop failure, by sustaining the ideal cropping
pattern, by increasing crop-yield and so on (Dayal 1984).

After the effects of irrigation and fertilizer use have been accounted for, soil-fertility
appears to have a significant positive influence on land productivity. It accounts for near about
7.61 percent of the areal variance of land productivity (Table- 3.15). There appears to be a good
accord in the spatial pattern among land productivity, soil fertility and moisture availability.
Moisture availability explains only 3.31 percent of spatial variance of land productivity. Thus,
the hypothesis of Singh and Sharma (1985, pp.5-200) which is related to strong relationship
between land productivity and soil fertility is valid in Indian conditions but, in regression model,
it is third on priority basis.

Further, the independent variable, population density which is highly related to land
productivity, explains nearly 4.25 percent spatial variance of land productivity in the early
1990s. It implies that, in the areas of high population density, the land productivity is also high.
It confirms the validity of Boserup’s hypothesis that intensification of agriculture will lead to
high land productivity (output per hectare) but only when population increase is accompanied
by an increase in technology (Boserup 1965, p.56). It means that land productivity increases with
irrigation and use of fertilizers and then it is influenced by population pressure because of more
demand for food for the local people.

(i) Labour Productivity: In the multiple regression model, three expianatory
variables,viz., irrigation, average size of landholding and density of agricultural workers, explain
nearly 36.0 percent out of total 48.4 percent spatial variance of labour productivity. It has already
been described that irrigation and use of fertilizer are the most significant variables for
explanatory variable of land productivity, while land productivity is directly proportional to the
labour productivity (eqn. 1.5). Therefore, irrigation and fertilizer use which account for nearly
i4.3 percent of spatial variance of labour productivity (Table- 3.15) appear to be an important
variable. Similar conclusions have also been drawn from the study on agricultural labour
productivity done by Vaid and Datye (1991). Density of agricultural workers on cultivated land
andsize of land holdings are the most important variables influencing labour productivity (Table-
3.15). It means that, in the areas of smaller size of operational landholding where peasants and
cultivators are engaged in agricultural practices, the agricultural production processes are
labour intensive (because they have theirown family labour). Consequently, size of land holdings
is related negative to the density of agricultural workers on cultivated land (r = -.666). But on
account of negative relationship between density of agricultural workers (explanatory variable)
and labour productivity (r = -.286) which is also valid theoretically as labour input is, according
to equation (1.4c) inversely proportional to labour productivity, the size of landholding must
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logically be positively related to labour productivity which is as r =.353. As a result, density of
agricultural workers appears to be first in priority to explain spatial variance of labour
productivity. The same fact is also highlighted by Thakur (1987) to test the validity of labour
input influence on the spatial patterns of labour productivity emerging in the areas of Western
Uttar Pradesh. Further, the spatial patterns of labour productivity are highly and directly related
to the spatiai patterns of land productivity (r = .567) and per capita agricultural income (i.e.,
output) (r =.620). It implies that, in the areas of high land productivity of the country, higher will
be the agricultural income which will increase the level of labour productivity. The validity of
the facts has also been examined by Bora(1991) considering the most favorable agro-ecological
conditions of the upper Brahamputra valley. Of course, the negative relationship of the density
of agricultural warkers on cultivated land and its importance in explaining the spatial variance
of labour productivity provide additional strong support for Boserup’s thesis as examined in the
earlier part of this present discussion.

Besides, explanatory variables related to agro- ecological conditions, namely, moisture
which is generally insignificantin understanding ihe explained variance of land productivity, are
significant and contribute together nearly 7.5 percent of spatial variance of labour productivity
(Table- 3.15). Itis obvious that these variables are closely related to land productivity and hence,
they have their importance for labour productivity in an indirect way. Overally, it is pertinent to
note that the spatial variance of labour productivity is contributed by many additional variables
including the explanatory variables of land productivity. It is because land productivity is one of
the important compouents of labour productivity.

(iii) Agricultural Output Growth: Increasing rates of productivity, land as well as labour,
are the most important explanatory variables which contribute 53.6 percent of total spatial
variance of agricultural output growth (Table- 3.16). The other variables of agricultural growth
are very weak and might be having indirect influence on it. Obviously, increasing land
productivity will increase proportionately the total agricultural output and hence, there must be/
has been the strong positive relationship between changes in land productivity and agricultural
growth (r = .591). The labour productivity which is influenced by many and varied factors of
agriculture, appears to be the most important and significant variable of spatial variance of
agricultural growth. In fact, higher rate of increase in labour productivity leads to higher increase
in land productivity (so they have positive relationship, r = .386) and consequently, agricultural
growth proceeds fast. The positive relationship between the rate of increase inlabour productivity
and rate of growth of agricultural output has been an empirical evidence which provides support
to the Verdoorn’s (1949) law of production growth (c.f. Casetti 1981). Another explanatory
variable of agricultural growth which is highly significant (at 5.0 percent level) and negatively
related (r = -.181), is population growth. It accounts for only 1.6 percent contribution to the
spatial variance of agricultural growth. It has been claimed that high rates of population growth
are related to the levels of lower savings, and at the same time tend to channel a larger portion
of available savings to ‘demographic’ investments as opposed to the investment of the savings
to economic progress (Coale and Hoover 1958). Therefore, rate of population growth and
agricultural progress is negatively related . Thus, population growth appears to be weak variable
which has negative impact on the spatial patterns of agricultural growth.
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Table-3.16:Simple Correlation Coefficients and Multiple Regression CoefTiclents of Six Explanatory
Variables Regressed Against Growth of Agricuitural Output (1988-90).

Explanatory Correlation Partial % Contribution
vanables coefficient Regression to
(r) coefficient(b) Variance
1. Changes in Land Productivity 591 0.3740 ** 25.653
2. Changes in Labour Productivity 658 0497 ** 28.012
3 Changes in Crop Intensity -.129 -1.5249 1.002
4. Changes in Density of Agricultural Workers -043 -0.0013 124
5. Changes in Irrigated Area 075 0166 561
6. Population Growth -.181 -0.0862 * 1.589
Constant (a) - 4.9853 *= -
Degree of Determinant ( R?) - - 56.941
N.B.: 1. Step-wise Regression model is used for calculation of variance of each variable separately.
2 See Table-3.13 for definition of explanatory variables.
3. Total number of observations (N) equal to 348 (Districts)
4, ** Coefficient significant at .01 level, * significant at.05 level.
Concluding Remarks

The regional variations of land and labour productivity and agricultural growth have been
examined in the previous section of the present Chapter. There is a good deal of spatial accord
among variables factors influencing the regional patterns of the attributes of agricultural growth
and development. Some general remarks which would highlight the salient features of the
regional patterns of agricultural attributes, must be presented here in the following manner.

(1) There is a poly-cyclic evolution of land productivity patterns which has been emerging
because of the use of modern agricultural technology in its diversified manner. Intensification
of modern agricultural technology diversifies productivity patterns because its diffusion pro-
cesses are artilculated by various imposed ways of productivity enhancement. Therefore, there
seems 1o be a weak relationship in the spatial accord of the levels of land productivity and
agricultural growth (r = .109). It is becoming weaker over time when productivity patterns are
highly influenced by the modern agricultural technology. In the present phase of agricultural
development, irrigation and use of fertilizer appear to be the most important determinants of high
productivity levels. This conclusion is also confirmed by the regression results (Table-3.15).
Infact, in the core areas of green revolution, irrigation has been the only determinant which
rapidly boosted up the level of agricultural productivity. ‘
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(2) The regional patterns of labour productivity are muchdiversified than the pattern of land
productivity because of inclusion and interference of some additional factors related to the
regional variations of agricultural work force. Size of landholding and density of agricultural
labour appear to be the most important explanatory variables for the spatial variance in labour
productivity. Of course , the conditions of intensive labour use particularly in the smaller size of
land holdings result diminishing returns to labour input and consequently, labour productivity
level remains stagnant. For example, very low levels of labour productivity may be observed in
the areas of Middle Ganga Plains (the Eastern Uttar Pradesh and Bihar plains) where labour
intensive peasant farming is being practiced.

(3) Agriculturz] growth patterns are highly influenced by increasing rates of land as well
as labour productivity. Thus, agricultural growth is still affected by technological changes. But
the decentralized pattern of growth may be the better expression of its regional diversity which
canbe sceninits emerging patterns for the 1980s. However, it is difficult to sound whether these
patterns are optimal in its specific agro-ecological conditions or not. If not, what ought to
be ? The answer for this question can only be given by applying the ‘production function
approach’ by which the attributes of agricultural growth potential can be studied to keep them
intheir proper formand place inthe suggested agricultural production function. Thus, production
function must be based on some norms and laws of agricultural growth in order to follow its
potential attributes.



Chapter - 4

Agricultural Growth Potential and
Production Function

The dictionary meaning of the word ‘potential’ is a self explained concept in the present
context. In the Webster's Seventh New Collegiate Dictionary, the word has been detined as
(adjective) ‘existing in possibility : capable of development in actuality” and again as (noun)
‘something that can develop or become actual’. The hidden capacity of production and the
possibilities of its utilisation for the improvement of agriculture and its sustainable growth are,
thus, the literal meanings of defined terms of agricultural growth potential. In present context,
we are particular about the assessment of magnitude and intensity of agricultural production
potential in its quantitative term, so that the causes of its inter-regional variations and its logical
relationship with the other agricultural attributes can be studied. These aspects of agricultural
characteristics should help to prepare the ‘area-specific strategy’ and proper expansion of
agricultural services. Keeping in view theses aspects of agricultural growth potential, the present
Chapter is devoted: (a) to assess agricultural production potential and its regional variations in
India and changes therein over time, and (b) to develop an agricultural production function in
which agricultural production potential would be acting as one of the major attributes by which
varied and many parameters of agricultural growth and development can be prepared and
interpreted.

Assessment of Agricultural Production Potential

Generally, magnitude of agricultural production potential is closely related w availability
of natural resources, especially water and soils of the area/region, and their utilization processes
operating through modern technology. Before discussing the guiding processes and their resulted
typography of production potential, it is necessary to understand the background material and
related terms which are useful in the present context. The classical theories of agricultural
production explain agricultural growth in relation its natural conditions which delimit the
boundary of crop production and control its optimal limits (McCarty and Lindburg 1967).
According to the classical theories, land capability which is determined by physical properties
of land and its natural processes, is the most important determinant of agricultural production
potential. It is attributed by agro-ecological concept of land whicn was developed for land



102 Agricultural Development in India

cvaluation by many landscape synthesizers and landuse planners (Stamp 1950, 1958, 1961;
Oschwald 1966; Riguier 1971, 1972; Vink 1955, 1975, pp. 353-66). Itis useful for understanding
natural resource potential of land for agricultural land suitability.

On the other hand, the classical models of agricultural production are basically based on
marginal productivity theory, in which production elasticity has been recognised as a major
criterion for suggesting production growth and its system’s optimality (Hagen 1975, pp. 406-24;
Jorgenson 1961, 1967; Kahn 1951; Johansen 1961). Production elasticity criterion provides
micro-economic causes of production growth. It is widely recognised that the law of diminishing
marginal return is operative in agricultural practices every where especially in the developing
economies. The theory of marginal productivity and elasticity criterion are based on this law
wHosc importance was recognised by Recardo and others of the classical period of England
(Schumpeter 1963). The other two older marginalists, Von Thuenen (Germany) and Longfield,
were also important to alter the theory of marginal productivity of distribution (Schumpeter
1963). The causes of diminishing marginal return with respect to application of production
factors especially inagricultural practices are closely related to agricultural production efficiency
(i.e., determined by production potential) rather than production elasticity which'is simply based
on the variation of distribution. Without assessing the maximum expected level of agricultural
production either in its aggregated terms or crop-wise separately, the agricultural production
cfficiency cannot be measured, while maximum expectations of agricultural production are only
possible through the assessment of land capability/suitability for which agro-ecological aspects
are esscntial to study.

So far as land evaluation for agricultural activities is concerned, there are two major
phvsical attributes of land, the soil fertility and the moisture availability, which have direct
impact upon plant growth and crop-yield, are the fundamental determinants of agricultural
production potential (Vink 1975, pp. 15-16). Further, it is noticeable that the application of
modern technology in agricultural practices is greatly dependent on the availability of agricul-
tural production potential, otherwise agricultural practices will not be profitable after exhausting
them. Therefore, inclusionof production potential attribute is equally important in understanding
agricultural production function.

The agro-ecological approaches for assessing agricultural production potential and for the
supporting capacity of l-nd have been put forward by many environmentalists (Dougrameji
1970, Vink 1975) which .vas later modified by FAO experts by measuring climatic-potential of
land for agriculture on the basis of climatic conditions especially of moisture availability and
showing negative effects of soil conditions with production-potential. FAO (1982) model
considers the soil as a major constraint of yield-potential because various physical factors of land
like slope, drainage, soil-erosion, etc., have the inverse effects on soil fertility (Fig.-4.1).
Grosjean and Messerli (1988) supported this idea of physical barriers on soil fertility and
exemplitied that high erodability, bad rootability, low soil water storage capacity, low oxygen
availability in the root zone, low cation exchange capacity, soil toxicity (i.e., high concentration
of minerals) and salt/soda contents in the soils and so on decrease the degree of soil fertility.
Thus, the magnitude of production-potential is controlled by agro-ecological conditions and
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physicai constraints of land. On the other hand, micro-areal processes of agricultural production
potential are also important to note. They impose technological and economic ceilings (i.c.,
related to applicability of modern inputs, market accessibility, farmers’ profitability-like price
mechanism) and social (like land-tenure relationships) and demographic constraints on
agricultural production potentials (World Development Report 1982, pp. 72-3). On the whole,
moisture availability and soil fertility which are controlled by physical characteristics of land are
the major stimulants in enhancing agricultural production potential, while modern agricultural
technology acts as an aid to utilize them. Itis good converter of potential into production by
exhausting the natural limits of production. But note that socio-economic conditions are the
checks on production potential utilization. Therefore, there is a triangular relationship of the
above parameters in optimizing production function in agricultural production practices. Before
describing the logical form of agricultural production function and production potential
processes, the physical attributes of agricultural production potential and their inter-regional
variations must be studied.

(A) Physical Attributes of Production Potential

i) Soil Fertility : Soil types and soil fertility greatly depend upon the geological formatjons,
the topographic conditions and the climate of area and its vegetal cover. These soil forming
factors operate the processes to add organic matter to the dust, erode the top soil on the steep
slopes and deposit the weathered rock material in the valley sides. There are various micro-
organisms which develop feeding on the organic matter (Raychaudhury and Rajan 1971, p. 7).
These organisms convert the minerals available in the parent rocks and also the nitrogen available
in the surrounding air into available forms of plants nutrients. It may take hundreds of years to
huild up an inch of soil.

On the basis of geological formations, it is obvious that the larger parts of the peninsular
India is occupied by the Archaean rocks comprising gneiss and schists and igneous and
metamorphic rocks of diverse origin and characters. The extra-peninsula (the Indo-Gangetic
Plains) area shows development of marine sediments of all ages and sedimentary rocks (Wadia
et. al., 1935). Further the climate is also an active factor in soil forming processes. The amount
and distribution of moisture largely control the rate at which the rock materials are dissolved,
leached and deposited. It also helps in the growth of micro-organisms and vegetation. Dry leaves
of the plants increase the legree of organic matter and humus in the soils. Therefore, deforestation
has direct impact in the loss of surface and sub-soils in the areas.

There are various ways of classifying soil system. The recognition of the close relationship
between soils and its parent material led to a classification system based on the rock formation
processes (Wadia 1975). A triangular relationship was developed by Russian Geologists in
eighteenth century by which the emphasis was led to soil genesis and more particularly to climate
as a dominant soil forming factor. Topography and geological formations were also recognised
as important attributes for soil classification. The integrated approach for classification is proper
which may give better understanding to soil types for agricultural potential. Shome and
Raychaudhury (1960) prepared soil fertility index for each district of the country on the basis of
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the soil forming processes and the genesis of the soils (cf. Jakhada and Shivamaggi, 1969). Itis
a practicable soil classificaticn and reflects soil-fertility, a direct indicator ot production
potential and land management which is useful in the present context. Thus, soil fertility index
prepared by Raychaudhury is useful for understanding the causes of production potential
variations.

So far as major soil groups of India are concerned, Troup (1921) recognised i2n different
geological-forest regions and, later on Wadia, et.al. (1935) have prepared a detailed soil map of
India on the basis of geological formations. On the other hand, some geologists and climatolo-
gists also described soil groups on the basis of climatic conditions to recognise a direct
relationship among temperature, rainfall and the soil formation (Basu 1937, Kendrew 1944,
Viswanath and Ukil 1944). On the basis of integrated ctfects of climate, vegetation and
topography on soil formation, Raychaudhury and Mathur (1954) divided India into 16 major and
108 minor basic regions. But Raychaudhury and Rajan (1971) studied the soils of [ndia to put
them into four major and four other soil groups (total eight). They belong to the alluvial soil of
Indo-Gangetic Plains and the coastal areas, the black soil of the Deccan trap, the red soils of the
central part of peninsula, and the lateritic soils of moist and humid parts of the country. The other
soil groups include soils under forests, desert soils, saline and alkaline soils and Marshy soils (of
Tarai and Bhawar areas). But the soil map of India which was prepared by Viswanath and Ukil
in 1944 was modified by the All India Soil and Landuse Survey Organisation in 1956 to conduct
extensive soil surveys indifferent parts of the country. The detailed soil map shows 24 major soil
types (cf. Raychaudhury and Rajan 1971). But the soil map which is used by Krishnan and Singh
(1968) for the study of agricultural growth consists of ten major soil types excluding mountain
and Tarai soils (Fig.- 4.2). They prepared ‘soil-climatic zones' of India for assessing the
agricultural potential and also tried to develop this map on the basis of considering district unit,
so that it may be used for the administrative purpose of proper agricultural management and
policy implementation.

i) The Moisture Availability : The moisture factor, which is the most important
determinant of production potential, has been described by many climatologists (Koppen 1900,
Thornthwaite 1931, 1948, Papadakis 1966) by determining the effects of evapo- transpiration on
plant growth. The pioneer and preliminary attempt made by Koppen (1900) was the first
recognition of the physical processes accelerated by temperature and precipitation of the climatic
conditions. The main attributes which he includes in his climatic system are : temperature of the
the coldest and warmest months and occurrence of a dry period. He classified world into five
major climatic zones accordingly (Table-4.1). The physical processes of evapotranspiration
subject to its biological changes recognised as the major determinant of the moisture available
or the degree of humidity/aridity which have been studied by establishing temperature-moisture
relationship in order to prepare precipitation-effectiveness and temperature-efficiency indices by
Thornthwaite in 1931 and, later on, he rationalized this relationship considering potential evapo-
transpiration as a fundamental determinant of moisture availability (Thornthwaite 1948). The
direct relationship of mean temperature and average precipitation with crop-growth, which gives
a better indication of crop-ecological extremes, has also been described by preparing specific
kind of climatograms by Papadakis (1965).
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Table - 4.1: Climatic types of the World according to Koppen (After Koppen and Geiger 1928).

A)  Tropical Rainy Climates (average monthly temperature above 18°%)
1. Humid and Warm :

Af : always humid (atleast 60 mm precipitation in the driest month).
Am monsoon climate with moderately dry season.
2. Periodically Dry :
Aw Savan climates with dry winter.
"As : Savana climate with dry summer (rare).
B)  Dry Climates (determined by the relation between annual precipitaion and annual temperature)
BS steppe climates
BSh hot B climate
BSk cool B climate
BSk’ ©  cold B dlimate
BSn B climate with frequent fog.
BW desert climates
C)  Warm Temperate Rainy Climates (temperature of the coldest month between 18°€ and 3°¢)
w warm climate with a dry winter.
Cs : warm climate with a dry summer.
(6 S humid temperate climate.

D) Sub-Ajctic Climate with Cold Winter (temperature ranges between -3°€ in the coldest month and 10°€ in
the warmest month)

Df : continuously humid.
Dw climates with a coid dry winter.
E}  Polar Climates (warmest month temperature between 10°€ and 0°%)
ET Tundra climates.
EH High altitude climates.
EF Climates of permanent frost.

Table - 4.2a : Scale for Defining Climatic Zones in India (by Krishnan and Singh 1968, cf. Krishnan 1980).

Moisture Belts Temperature Belts
Name Index Value Name Mean Annual
' (%) Tenrperature (in °9)

1. Extremely Dry -80 & Below A Very Hot 28 & More
2. Semi-Dry -60 to -80 B Hot 25t028
3. Dry -40 to -60 C  Mild 20t0 25
4. Slightly Dry -20to -40 D Cold 101020
5. Slightly Moist 0 to-20 E Very Cold 10 or less
6. Moist 0 to 50

7. Wet 50 to 100

8. Extremely Wet 100 & above

NB.: 1. Moisture Index (in Per cent), MI, is calculated as: Ml = [100(P-PE)/PE], where P = monthly precipitation, and
PE = mean monthly potential-evapotranspiration which is computed by Thornthwaite method.

2. For regional variations, see Fig.-4.3.
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So far as regional variations in the moisture conditions in India is concerned, Krishnan and
Singh (19¢3), two agricultural scientists of ICAR, New Delhi, calculated moisture index
following Thornthwaite’s formula of humidity/aridity calculations (Thornthwaite 1948) and
demarcated moisture belts by dividing India into eight moisture belts and five temperature zones
(Table-4.2a). Moisture belts of India which are closely related to the distribution of rainfall
indicate a clear four-fold division of climatic conditions as wet, moist, dry and extremely dry
(arid) from the eastern to the western parts of the country (Fig.- 4.3). The seasonal variations in
moisture availability is because of areal as well as seasonal variations in rainfall. Telangana and
Rayalseema of interior Andhra Pradesh, interior Karnataka and Rajasthan areas are the driest
parts of the country (Table-4.2b). Further, available storage of moisture in the soils is dependent
on the available moisture contents in the air, the total surface area of the soil constituents,
moisture contents and the size distribution of pores in4he soil (Gupta 1973). The crop-growing
period, which directly influences the crop-yield potential, is directly proportionate to the
moisture availability and inversely proportional to the temperature. Plotting the data on the
duration of growth of the summer paddy crop of various sample places taken from the
homogeneous alluvial soils of Ind:> as Zependent variable and average moisture index and mean
temperature of the same places (for six months of summer paddy cultivation from June to
November) as independent variables, it is found that per unit increase of one percent in moisture
availability in the environment increases the length of crop-growth at a constant rate of six days.
While increasing temperature declines the length of crop-growth at a constant rate of five days
per degree Celsius of temperature (Fig.- 4.3 inset). As a result, in the dry and hot climatic
conditions, the crop growth duration is recorded shorter than the humid climatic conditions. The
ideal conditions for plant growth in the alluvial soils of North Indian Plains vary the range of
moisture availability from 75 to 125 per centand temperature range from 20°€ to 35°¢ . These
conditions can be observed in the longitudinal rarai belts of foot hills of the Himalayas (Northern
Uttar Fradesh and Bihar areas) and in the lowc« parts of Ganga plains (Southern and Central West
Bengal) where agricultural production potential can be predicted higher in its magnitude and
intensity.

Moisture availability in the soils which reflects soil-water relationship is of considerable
importance in agriculture. Soil moisture characteristics are mostly studied by considering its
three major aspects, namely, the soil-moisture tension (effect of the force of gravity on the
variations occurring in the amount of water in the soils), secondly, the soil water retention
capacity and rate of its movement (i.e., related to the size distribution of the pores which is
determined by the textural and structural arrangement of the soil particles), and thirdly,
infiltration and the rate of capillary rise which refers to the rate of water intake (i.e., directly
influenced by the moisture contents available in the surface conditions of the soils). In general,
permeability of soil is the main determinant of soil moisture availability which is estimated by
the study of hydraulic conductivity in relation to the availability of clay contents in the soils.
There are various methods for permeability determinations (Seth and Yadav 1958, Gupta 1966).
According to Harris (1931) equation, permeability is inversely related to the intensity of clay
contents in the exponential form.
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Table- 4.2b: Normal Monthly Rainfall of Climatic Sub-Regions of India (1901-1950).
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(figures in mm)

Sub-Divisions J F M A M Ju  Jul Au S O N D
1. Assam Meghalaya 16 33 68 184 313 534 513 334 282 117 25 16
2. Sub Himalayan WB 17 30 61 166 283 S11 538 442 380 157 10 9
3. Gangetic W.Bengal 10 23 24 45 88 234 275 266 241 135 12 16
4. Orissa 13 22 22 31 48 33 496 320 233 141 33 t1
5. Bihar Plateau 16 28 21 27 80 191 299 292 218 85 10 6
6. Bihar Plains 13 16 12 17 44 153 288 280 211 67 5 3
7. E.U.P 15 20 10 7 15 98 271 266 197 54 7 5
8. Plains of W.U.P. 19 22 12 8 14 77 236 238 170 38 5 12
9. Hills of W.U.P. 49 75 NA 121 42 159 365 421 199 61 8 19
10.  Haryana & Delhi 17 22 17 9 13 49 151 152 103 21 3 10
11.  Punjab 25 31 23 14 14 40 160 146 95 26 5 14
12. H.P. 66 86 89 48 65 93 343 331 170 52 6 42
13. L&K 64 162 127 134 6 62 258 321 137 37 31 76
14. W, Rajasthan 4 6 7 3 11 33 84 102 66 6 4
15.  E.Rajasthan 6 6 5 4 11 53 202 199 105 18 4 6
6. W.M.P 11 10 9 10 108 287 254 191 33 13 9
17. E.M.P. 17 24 20 18 16 156 639 327 192 55 7 10
18.  Gujarat Region 2 1 2 4 119 362 229 174 21 4
19.  Saurastra & Kutch 1 2 1 4 76 213 112 79 15 4
20. Konkan & Goa 1 0 10 35 632 1011 599 376 95 23
21.  C.Maharashtra 2 17 30 145 264 164 153 71 24 10
22. Marathwada 5 11 18 20 139 177 165 168 47 18 16
23.  Vidarbha 11 10 17 15 14 148 286 230 208 50 12 17
24. Coastal A. P. 9 9 18 46 108 151 146 159 200 92 t
25. Telangana 5 8 10 27 29 129 206 189 184 78 17 6
26. Rayalseema 4 5 24 42 59 76 94 127 122 73 26
27.  TN. & Pondicherry 34 14 19 54 22 52 67 92 94 211 183 83
28.  Coast Karnataka 1 0 1 28 166 832 1078 597 288 191 60 14
29. N.nterior Karnataka 3 4 7 36 44 94 133 110 140 97 24 7
30. S.nterior Karnataka 4 8 52 93 149 270 170 130 157 52 13
31.  Kerala 16 26 46 153 271 673 697 389 227 306 149 11

Source : Reports on Rainfall from Indian Metrological Department, Pune.
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The soil-moisture tension (pressure difference across the air-water interface) varies in
various soil zones because of its composition of various types of clay-minerals. In India, soils
clay-minerals vary from kaolinitic (fine white clay availability) in the red and laterite soil groups,
illitic in the alluvial and desert soils, to montmorillonitic in black soil group (Gupta 1973). The
amount of organic matter varies from less than 0.4 per cent in desert and alluvial soils to more
than 4.0 per cent in the mountainous and forest soils. Because of these variations in clay-
minerals, clay contents and organic matter, the texture and structure of soils vary significantly
which dirzctly affect the coefficient of hydraulic conductivity and soil-moisture tension. It is
obvious from various studies conducted on different soil iypes of India (Rao and Ramacharlu
1959, Ali et.al 1966, Sekhon and Arora 1967) that moisture content decreases with increase
in soil moisture tension while its rate of decrease is dependenton the soil types (cf. Gupta 1973,
Tables 1 to 3). One important observation regarding hydraulic conductivity coefficient in
surface and sub-surface soils, which has been reported by Soni and Chakravarti (1959). shows
thatits coefficientdecreases with increase in depth, especially in the Siwan areas of Norch Bihar
where alluvial soils are dominant. Further, there is a positive relationship between hydraulic
conductivity coetficient and percentage of soil moisture.

The amount of water stored in soil profiles in watersheds and lakes, lost as run-off is
dependent upon infiltration capacity of the soil which depends upon the slope, surfacé roughness,
vegetal cover and soil management. Patnaik and Virahi (1952) reported that the infiltration rates
in the ‘Doon’ valley are greatly influenced by surface cover. It decreases with the increase in
infiltration time. In the Siwalik foot hill areas of the 'Doon’ valley, infiltration rate varies from
2.70 cm/hr. to 7.30 cm/hr. in the cultivated plain areas, from 7.10 cm/hr. to 9.60 cm/hr. in the
cultivated areas of Himalayan uplands where surface has some small stones. It ranges from
3.65 to 8.95 cm/hr. in the forest areas (Table- 4.3).

In the end, it can be said that these micro-organisms of soil greatly affect the soil moisture
availability, control *he plant growth, and fulfill the water requirements of the plants. In fact,
water deficiency in the soils for plant growth is removed by utilising surface and sub-surface
water through various irrigation means. It is the question of the application of modern technology
tor agricultural growth which should be efaborated separately.

(B) Irrigation and Modern Technology as Major Attributes of Potential Generation

Irrigation intensity and use of HY Vs seeds are also important influents of agricultural
production potential generation. Irrigation requirements are based on total available water
(achieved by rainfall and soil moisture availability for plant growth), average field capacity, bulk
specific gravity and effective depth of plant-rooting. There are three important determining
factors of suitable irrigation schedules. They are related to soils, plants and climate. Relatively
frequent irrigations are required where the conditions of plants, soils and weather are as : slow-
growing root plants with more fresh weight yields of reproductive organs; shallow soil of poor
structure and slow infiltration; high fertility and very high temperature soils; high evaporatior
rate and less rainfall especially during growing seasons (Prashar and Hagan 1970). The general
rule tells that HYVs crops need optimum ecological conditions and greater use of chemical
fertilizers which determine the water consumption of a field (Yaron, et.al. 1973). Some on-farm
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Table - 4.3 ; Infiltration rates in the Doon Valley investigated (cf. Patnaik and Virahi 1962).

Infiltration rate cm/hr.

Sites —— e
Ist Hr. 2nd Hr.

(A) Cultivated Area
1. Dholkot - under cover crop, surface siol having no pebbles/stones 4.00 2.75
2. Sahaspur - Ploughed fallow with a few pebbles 355 1.92
3. Lakhenwala - Harvested rice field 2.70 1.90
4. Tapkeshwar - Ploughed field with stones 4.50 225
5. Babagarh - Fodder harvested, no pubbles 7.30 4.55
6. Bhurpur - Ploughed field, no stones 3.75 0.85
(B) Cultivated Himalayan Upland with Some Stones on Surface
7. Sinola - Ploughed land 7.90 4.20
8. Kinderwal - Ploughed land 7.50 4.40
9. Bakhtawarper - Ploughed land 7.10 6.65
10.  Donga - Ploughed land 9.50 5.10
11.  Ruderpur - Ploughed {and 9.60 5.10
12.  Khalagaon - Rice harvested 2.05 0.75
(C) Forest Areas
13.  Bidbhu-'i-Sal forest with good leaf 8.95 5.90
14.  Horawala-Sal forest with little leaf 3.65 2.00
15.  Anar R.F. - Sal forest 4.55 2.45
16\. Chandpur R.F. - Sal forest 4.85 2.55
17.  Dholkot R.F. - Sal forest 7.35 6.00
(D) Forest Siwalik Slopes
18.  Kargapani Fireline - Sal forest 5.35 2.30
19.  Kargapani R.F. - Sal forest 2.80 1.15
20.  Sabhawala Fireline - Sal forest 3.70 2.70
21,  Sabhawala Forest Chawki- Miscellaneous Forests withcompact surface 4.15 2.06

Source : Patnaik and Virahi (1962).

experiments report that, in the good quality land of north Bihar where enougi: i:oisture in the soil
is availabie, two doses of nitrogea fertilizer of 42 kg per hectare each which are given after 30
days of planting are required for optimal increase of 42.3 per cent in maize crop-yield (Sinha,
et.al. 1979). Obviously, two doses of 42 kg per hectare are worthwhile for terai maize crop
(Table- 4.4).

Therefore, HYV crops, use of chemical fertilizers and irrigation requirements whichare the
elements of ‘green revolution technology’, greatly affect maximum expected crop yield levels
and hence, they accelerate the agricultural production potential generation processes in indirect
ways. The assessment of the maximum expected yield of each principal crop for various
environmental conditions is done by a team of expert committee under the Demonstration
Scheme of agriculture extension services. It was successfully done on on-farm expeviment basis.
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Table - 4.4 : Yield of Maize at Different Nitrogen Doses of 42 kg/ha each after 30 Days of Planting (1976-77).

Yie:d Rate of Yield Increase
Nitrogen Doses qu/ha — S
Absolute tn %
1. Without any dosc 5.6 - -
2. Envircnment plus first dose 5.9 0.3 5.35
3. Environment plus second dose 8.4 2.5 42.37
4. Environment plus third dose 9.3 0.9 10.71

Source : Sinha, et.al (1979).

Further, if agriculture is considered as “industry like-activity’, the production potential of
crops and the implementation of modern technology in refation to the agro-ecological conditions
are important aspects of preparing regional investment strategies of a region/country. The
triangular relationship among production (existing yield conditions), production potential
foptimum agro-ccological conditions) and production factors (modern technology and labour as
inputs) is essential to study for achieving optimum levels of agricultural production practices.
Therefore, the objective function of agricultural production must be based on the acceleration of
trilateral processes of production activities as : to maximise the use of production potential, to
optimisc the production factors (input intensification) and to maximise the farmers” profitability
subject to their production-price and input costs. The validity of these optimised production
conditions would empirically be tested after rational discussion on production function and its
normative quantitative form for generating important variables which would describe the inter-
regional variations in agricultural production potential.

Components of Agricultural Production Potential and
Their Established Relationships

Production function approach, which is infact based on ‘marginal productivity theory of
production’, gives insights of the interconnected components of production system because it
describes its six main aspects : i) factor share (factor ratios for production), (ii) tactor
contribution (the marginal productivity of a factor in production processes), (iii) factor elasticity
estimates (proportionate change in production with respect to proportionate change in produc-
tion factors), (iv) the estimates of factor efficiency (ratio of marginal revenue to marginal cost
of the system), (v) substitutability/complementarity pattern of the factors employing in produc-
tion system, and (vi) the estimates of return to scales as constant/increasing/ decreasing. On the
basis of these aspects, resource allocations and planning strategies of production growth can be/
have been prepared even for agricultural production activities. It is noted here that, in this
economist’s approachof production growth, the efticiency criterion of production factor is solely
based on production-price and input-costs of the system. But they are the influencing factors
rather than determinants of the system. Agricultural production efticiency is directly related to
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the agricultural production potentials. Soil fertility and moisture holding capacity of soils which
depend on chemical composition and physjcal properties of soils, as described earlier, are the
physical determinants and the packages of agricultural modemn technology (irrigation, fertilizer
doses and HY'V seed rates) are the man-made determinants of the maximum expected yield of
various crops (or the maximum expected agricultural productionlevel). Invarious environmental
conditions with suitable doses of irrigation, fertilizer and HYV seeds, the maximum expected
yield levels of various crops are altered which have been assessed by ICAR under its field-
experiment based Demonstration Projects and transfer of Technology Projects (Prasad et.al.
1987). Since the district-wise data of maximum expected yield of principal crops of the country
are available, it would be helpful for preparing maximum expected production index and
showing the regional variations in agricultural production potentials. It would be discussed
separately in the next section of this Chapter, but here the major components of agricultural
production system in order to preparation of its regional planning strategy must be elaborated
precisely.

There are two types of measurements of agricultural production components. First is related
to the absolute measurement by which the relationships of only production attributes are
established. The second is associated with the contextual measurements of production attributes
under which the production and production factors relationships are estimated. The agricultural
productionh components have been interpreted here in connection with these two measurements.

Since total capacity of land to produce agricultural production is known to assess the
Maximum Expected Production (i.e., yield) level, A, and the used capacity of land is referred to
as the Existing Production Level, Y, in the agricultural production system, the latent capacity of
land for agricultural production (that may be called usable production, but it is named here the
total Magnitude of Production Potential, P) must be the difference between A and Y, as:

P = (A - Y), with condition A > Y 4.1

Many economists and agronomists have recognised it as ‘yield-gap’ of the various crops
(Kumar 1986, Varadarajan 1986). It can be assessed in its physical term or in term of money
value. Further, Intensity of Production Potential, Ip, refers to the ratio of maximum expected
production to existing production because,

Ip={Y+(A-Y)})Y=1.00+ (A- Y)Y =AY, e (42)

with condition Ip > 1, because A> Y.

Another important component of the agricultural system is Production Efficiency (i.e.,

yield-efficiency), PE, which refers to the share of existing production to maximum expected
production in the system as :

PE = Y/A. v (4.3)
Note that PE is the reciprocal form of production potential intensity, Ip, as one compares
Equations 4.2 and 4.3.

Now, these absolute measurements of agricultural production system can be interpreted in
their contextual forms i establish their relationships with input factors, X, of the system with
some assumptions and normative conditions.
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1. Assumptions

The triangular relationship among three major production components : the magnitude of
productionpotential, existing production and input factors (P, Y and X), can not be stated without
specifying the variable forms of P and Y with respect to input factors as P(x) and Y(x). A few
but important real conditions and assumptions are imposed to study the componental relation-
ships. They are as follows :

(a) Because A> Y (by definition), then the magnitude of production potential must be
greater than zero, P > 0.

(bj U Y is ‘be function of X, and P is dependent upon Y (eqn. 3.1) then P must also be
function of X.

(¢) Itis widely recogniscd that agricultural production function follows law of dimin-
ishing rewurn because of utilization of preduction potential. Marginal productivity
must diminish in the system.

(d)  Assumed thatnon-applicability of any type of inputs which means non- interfearence
of human activitics on the piece of agricuitural land (X = 0) does not produce any
production (Y = 0). However, land has maximum magnitude of production potential
al this stage which is equal to A. It means X and Y are non-negative variables and
hence, origin (0,0) of the graph is the starting pointof production function curve. The
upper limit of this curve must always be below the maximum expected production
level, A.

(¢)  Production prices, p, and the input costs, K, are the marketable factors of farmer’s
profitability and land-rent maximization. They are considered as constants in present
context.

2. Normative Conditions

There are two conditions which explain the extreme ends of the scale of production variables
with respect to the variations occurring in the factors of production. They are :

() In the case of non-applicability of input in agriculture production system, the existing
production must be equal to zero (Assumption - d) and the magnitude of production potential
must be the highest as equals to maximum expected production level as:

P = A, subject to X & Y approaches to zero. (4.49)

(b) In the other extreme condition of production variation as the input applicability at
infinite tevel of the system (as X tends to iniinite), e production level will be maximum (Y =
maxi) and the magnitude of production potential must be minimum (P = mini). It means
production increases with ahsorbing the magnitude and intensity of production potential in the
system (for more clarity, see Figs.- 4.4 a, b & ¢). Now, let us speculate the range of variation
occurring in the magnitude of production potential for its per unit of input applicability.
According to the above conditions, it must vary from A/X (eqn. 4.4) as maximum to {(A-Y)/X}
as minimum because A >Y (assumption - a). Infact, the total magnitude of production potential
:nust be proportional to the difference occurring between the magnitude of production potential
per ugit of input on these two extreme conditions of its variations expressed as
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(A - Y) is proportional to [A/X - {(A - Y)/X}}] (4.5)
Constant B is imposed on the RHS term for equating them. Then it specifies,

(A-Y) =B (Y/X), (4.6)

in which {{A - Y)/Y} = B/X,

and {1+ (A-Y)/Y}=(1+B/X). 4.7)

The same facts can also be stated by solving Equation (4.1) ir its algebric form as given in
Appendix- IV. There is an emergence of important relationship of production potential intensity
with input factors for which the simplified form for Y- must be,

Y= A"+ (B/A). X, (4.8)
which yiclds a real form of agricultural production function as
Y=A(1+B/X)", (4.9)

in which the term piaced in denominator (1 + B/X) refers to the degree of intensity of production
potential in its contextual form as Ip(x) (see eqn. 4.7). Further, the major characteristics of
production increase is reated to the general nature of the presentagricultural production function.
It tollows asympltotic nature (i.c., increase with decreasing rate but becomes parallel to the
horizon at the later stages of production increasce) because, in equation (4.9),

if X tends to infinite, then B/X will tend to zero. Therefore,

Y = A. . (4.10)

On the basis of the above discussion, the following generalized features are inferred for the
detail elaboration of the agricultural production system.

3. Generalizations

(i) Equation 4.8 cnsures that the reciprocal transformation of variables of production
function, X! and Y-, leads to the co-linearity conditions for the operation of production
processes, and hence, present production function follows ‘reciprocity law’ of agricultural
production increase rather than logarithmic form predicted by Dauglas and Cobb (1928) and the
exponential yield function of Spillman (1922, 1933).

(ii) Agricultural production is the quotient of maximum expected production level to the
degrec of production potential intensity (as they are the major components of the system).
Consequently, agricultural production is directly proportional to the quantity of maximum
expected production and inversely proportional to the degree of production potential intensity
(equation 4.9).

(iii) Rate of agricultural production increasce with respect to input increase (i.e., marginal
product to input, dY/dX) is implicitly depend upon the absorption rate of production potential
intensity (i.e., dIp/dX = -BX*, where Ip = (1 + B/X) as explained earlier) because first order
differentiation of the present production function (eqn. 4.9) is as:

dY/dX =[-BA (1.0+B/X) . X3 .. 411

Thus, marginal product to input is indirectly depend upon the denominator of the above equation.
Marginal product decreases with increasing input intensity.
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(iv) Since Agricultural Productivity Capacity (APC) is difficult to measure, the economists
usually measure it in the form of production elasticity of demand. APC is closely related to these
two components of agriculture system as described above. APC is vbiained here by applying
marginal productivity theory and its coefficient is found to get the ratio of production change with
the change occurring in production-potential intensity (i.e., marginal product to production-
potential intensity, dY/dIp). In the present function, APC (dY/dIp) is :

dY/dip = - A(Ip)-= U ¢ 3 A
Since production elasticity of production-potential intensity is constant at unity in the present
production function, the APC must be equal to production per unit of production-potential
intensity, because,

dY/dIp = Y/Ip, subject to Ip> 1.0 then APC < Y.
Substituting equation 4.2 in the above equation, one finds,
APC=(Y/A)Y = (PE) Y. e {413

Note that the values of APC may'also be calculated over time by obtaining raic of production
growth with the proportional changes in yield-potential intensity within the specific points ot
time. '

The present discussion leads to an important conclusion that the absorption rate of
production potential intensity and marginal product o input are the major determinants of
agricultural production increase. They follow concavity (diminishing with decreasing rate non-
negatively) in the distribution. The inter-regional variations in these determinants of agricultural
production can be revealed by calculating their values with the help of above equations since
district-wise empirical data of A, Y and X are available. Before describing the empirical results
of its regional variations, one can move towards logical discussion regarding the causes and
effects of these determinants on the agricultural production system.

The numerator of the present production function, A, is directly related to the yield -
stimulating factors because increasing magnitude of A increases the level of crop-production.
But it is interesting to note that it acts as constant and does not have any effect on the marginal
product to factor input (eqn. 4.11) in agricultural production system. However, its magnitude
varies according to variations occurring in the agro-ecological land conditions. These conditions
are changeable temporally and hence, it also changes over time. For instance, in the areas of
suitable agro-ecological conditions for plant growth where soils are fertile with daily mean
temperature ranging from 10% to 30 with sufficient moisture availability (i.c., the mean
monthly rainfall greater than half of the potential - evapotranspiration, p > 0.5 PE), the rates of
plant seed germination and plant growth will be higher because of greater magnitude of
production-potential availability and fast acceleration of potential generation processes in these
high land-capacity areas. Since plants are good converter of soil nutrients into agricultural
production, higher the soil fertility, higher will be the marginal product of seed and hence,
positive relationship between soil fertility and seed rate exists (Kata 1990, pp. 95-96). Asa result,
the magnitude of A must be higher in these areas. Further, biological researches are the
stimulating factors of crop-yield increase and hence, they also increase the level of A.
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On the other hand, degree of production-potential intensity Ip(x), that is the denominator
term of the production function, is inversely related to input intensity. It means increasing labour
and/or technological inputs must diminish the degree of production potential intensity because,

dlp/dX = - BX 2, dIp/dX?> 0. (4.14)

Indeed, increasing farm technology or labour absorbs production potential intensity at
BX-? rate for the increase of crop-yield. The absorption rate of potential intensity is checked by
some factors, which may be called, yield restricting factors. Undoubtedly, diminishing rate of
production-potential absorption (as stated by eqn. 4.12) diminishes rate of crop production and
therefore, production increases withdecreasing rate. Asaresult, agricultural production function
always follows the law of diminishing marginal return. These processes of agricultural
production potentiai generation as well as utilization influence to alter the agricultural landuse
patterns of an area in which the magnitude of production potential are absorbed over time for
intensification of landuse patterns (Table- 4.5, Fig.- 4.5).

Table- 4.5: Stages of Transformation, Levels of Modernization and Production Potential Absorption in
Agricultural System.

Stages of Transformation
Agricultural
Characteristics Initial Stage Growing Stage Saturation Stage
(tnoo) (tlo l) (tl07)
Agricultural Systems Traditional Transitional System Modemized

and types

Landuse Patterns

Levels of

Modemization

Productivity Levels
Leves and Rates
of Yield Potential

System and
Subsistence

type of Agriculture

Generalization of
crops
Rudimentary
Technology:
work done by
hand or with the

“elp of animal power

Very Low

Very high

levels with
extremely high rate
potential absorption

with Intensive
Subsistence Grain

farming in Agriculture

Intensification and

Diversification of Crops

Sub-Technical
Level: some
mechanization

& moderate use

of chemicals for land
operations

High

Moderate
availability

with high rate of
potential absorption

System with

the capital intensive
commercialised farming
Specialization

of Crops

Technical

Level: Regular

use of mecha-

of mechanical

aids & agricultural
chemicals

Very High

Low level

of yield potential
with very low rates

of its absorption

N.B.: For aetail, see Fig.- 4.5.
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Reviewing concerned literature of the production function, the mathematical forms of
various production functions can be studied by putting them into three different families of
models. First family is related to the models based on linear programming for finding out the
optimum solutions of agricultural production (Khusro 1968, Singh 1974, Rakita 1975). Second
family of production function models is based on quadratic nature of distribution. It is the
extended form of linear equations of its non-linear nature (Ram Sharan 1965). Dauglas and Cobb
(1928) used logarithmic form which is later on applied by many Indian researchers in the field
of agricultural sciences (Rao 1968, Kata 1990). The third family of production function models
is based on two fundamental mathematical theories: exponential as well as logistic distribution
of production. Exponential coefficients and constants were used in the elaborated torms by
Hudsom (1972) for the locational analysis of geographical diffusion, while Spillman function is
based on exponential coefficient which regresses in its asymptotic manner (cf. Abler, et. al.
1971). The logistic distributions are generally based on exponential and semi-reciprocal forms
as the cconomic growth was formulated by this model by Tintiner (1961) and later on, it was
applied by Brown (1965) for innovation diffusion over time. Precisely, the trends of five
important production functions which belong to the second and third families of models reveal
thatSpillman functiondisplays the least inequality and better than the other forms for agricultural
production functions (Fig.-4.6). It is similar to reciprocity form of agricultural production
function which is presented in the present context. Note that the present production function can
be extended for many production factors. Many-factor form of the present function is expressed
as :

Y(x)= A[1.00+BX, '+ B,X, '+ BX, '+ .. +BX-1]"L .. v (415)

There are various aspects of the marginal productivity theory which can be studied in the
Frosent context. But two major aspects of the theory which are related to the marginal product
to inputs and rate of production potential absorption capacity, are taken into account to apply
‘two-factor form” of the present production function. The imperial specifications of these
determinants of production potential and their regional variations, which should be helpful for
explaining the causes and eftects of various physical factors of production potential and preparing
regional investment strategy for balanced agricultural development, are described separately in
the next section of this Chapter.

Empirical Specifications

The magnitude and intensity of production-potential is closely related to the agro-
ecological and bio-physical conditions. For a better understanding of the regional variations of
production potential phenomena, agro-ecological zones of the country can be considered as a
base for regional description of production potential components. It would be better to give the
detailed description of production potential by analysing the yield gaps and yield potential
intensity for various crops over time, so that the temporal fluctuations of these components can
be specified. Accordingly, the concerned material is arranged into two broad heads.
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(A) Crop Yield Potential — Its Trends and Regional Variations

The crop yield potential (i.e., called yield-gap also) data for the five major crops for the
20 years (1965-66 to 1984-85) and district-wise its data for all principal crops for two years
of carly 1970s (1970-71 and 1971-72) and for four years of early 1980s (1980-81 to 1984-85)
arc¢ available in various reports of All India Coordinated Project on National Demonstration
Projects initiated by ICAR, New Delhi. The salient features of yield-potential intensity are given
on the basis of systematizing these data. The major insights of the emerging features are given
below.

i) Itis interesting to note here that the magnitudes of maximum expected yield of various
crops, A,, are higher of all five crops (rice, wheat, maize, sargum and pearl-millets} in the early
period of green revolution (before 1970-1) because of better physical conditions of land and fast
acceleration of potential generation process through the application of crop-seed technology.
The gradual decline in the magnitudes of maximum expected yield of these crops from 37.93 to
32.24 qu/ha for rice, 40.80 to 35.54 qu/ha for wheat, 37.89 to 34.96 qu/ha for maize, and 28.76
to 23.88 qu/ha for pearl-millets, have been recorded in the postgreenrevolution period of 15 years
(1970-1 to 1984-5) because of fact opcration of yield potential utilization processes through
intensive application of green revolution technology (Table- 4.6). Declining magnitudes of
maximum xpected yield and increasing magnitudes of existing crop yields have been reducing
the yieid potential (or yield-gap) of these crops. As a result the degree of yield potential intensity
tends to decline over time (Table - 4.6).

ii) Crop-wise comparison of yield-potential intensity reveals that the degrees of yield
potential intensity especially of dry land crops (maize, sorghum and pearl-millets) have been
recorded higher than the rice and wheat crops. The potential intensity of sorghum crop is recorded
highest (5.63) and for pearl-millets it has been very high (4.12) in 1984-85. These crops have
better prospects to increase their yields throughapplication of yield-augmenting (irrigation-seed-
fertilizer) technology. On account of direct eftect of agro-ecological conditions and least effect
of green revolution technology on the yield potential of these crops, there is a very high degree
of temporai fluctuations in the yield-potential intensity of these crops. Extremely high fluctua-
tions are recorded in the yield potential intensity of sorghum crop (Fig.- 4.7).

iii) Agricultural Productive Capacity (APC) for each crop is measured by calculating ratio
of its yield increase with the temporal proportionate change (dY/dt) of its yield potential intensity
aver time (dIp/dt), which is equal to dY/dIp as equation (4.12). High yield increase at lower
absorptionrate of yield-potential intensity is the indicator of the higher degree of APC. It is found
that, during the last 15 years (1965-6 to 1984-5), the annual rate of yield increase of wheat jn India
has been recorded at 6.32 percent witha 3.02 per centannual rate of its yield-potential absorption.
It means the APC of wheat is significantly higher (210 per cent). APC has been recorded
extremely high (282 percent) for sarghum (Table- 4.7). It is because of very high rate of its yield
increase atthe very low rate of its yield potential absorption. The APCofrice crop is also recorded
significantly higher (215 percent).
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Table- 4.7: Agnicultural Production Capacity (APC) of Varlous Crops.

Annual Rate of

Crops
Yield increase Yield potential APC
(%) absorption (%) (%)
1. Rice 3.26 1.51 215.89
2. Wheat 6.32 3.02 209.27
3. Maize 2.17 1.92 113.02
4. Sorghum 3.36 1.19 282.35
5. Pearl-Millets 4.22 261 161.68
N.B.: Annual rates are calculated on constant change of concernea phenomena. For the same, 1965-66 is considered as

base year and 1984-85 as current year.

iv) Of course, the regional variations marked in the magnitudes of yield potential of various
crops occur because of regional variations in bio-physical factors of land and iechnological
constraints. The dispersed nature of maximum expected yield and existing yield magnitudes (that
are the major components of crop yield potential) is interpreied in order to show the eftects of
physiographic conditions by arranging yield potential data of various crops according to
physiographic zones of the country. Considering physiographic attributes with administrative
boundaries, Indian Statistical Institute, New Delhi tried to delineate physiographic regional
complexes for practical purpose (Bhat 1968) which was, later on, used by Planning Commission
(1987) for interpreting agro-ecological conditions. The dispersion diagrams showing inter- and
intra-regional variations of growth componenis depict that :

(a) The magnitudes of crop yield have very low degree of regional variability of different
crops in various physiographic conditions of the country. For example, paddy yield varies from
26.6 qu/harecorded in the Punjab plains to 8.5 qu/ha in the central plateau, wheat yield from 25.5
quwhaof Punjab plains to 5.7 qu/ha of southern plateau, maize crop yield from 18.5 qu/ha recorded
insouthern plateau to 8.7 qu/ha of dry zone of Rajasthan. Very low degree of regional variations
are recorded in groundnut crop-yield, that is from 11.4 qu/ha to 5.0 qu/ha (Table-4.8).

(b) The degree of regional variability occurring in the magnitudes of maximum expected
yield of the crops is observed very highin case of rice and very low for groundnut. The variability
range of this component is determined by taking data of maximum and minimum levels of
maximum expected yield of various crops available at on-farm research station level. It is found
thatpaddy and wheatare the crops which have the maximum variations in its maximum expected
yield levels. The areas of Punjab plains and the western parts of the forelands of Deccan Plateau
are markable for paddy yield-expectation levels (Fig.-4.8). The intensive application of HYV
seed in paddy cultivation in Punjab plains and change in physiographic conditions in the central
upland are the main reasons of regional variability of paddy yield expectations.

(c¢) Jowar, bajra and groundnut, the dry land crops, have very low range of variations in the
maximum expected as well as existing yield magnitudes in India. It is because of their natural
growth resistance.
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v) InlIndia, the yicld-potential intensity of jowar and bajra are recorded extremely high,
4.93 and 5.86 respectively. The suitable areas of their proper utilization are the Thar and central
parts of the Deccanplateauof arid conditions (Table-4.9). Intensity and magnitudes of paddy crop
potential are recorded higher in the North-Eastern Regions (specially in Brahmaputra valley)
and the Middle Ganga plains of Bihar and West Bengal where paddy yield can be increased at
minimum input costs. The magnitude of wheat yield-potential is recorded highest (33.3 qu/ha)
in the Upper Ganga plains particularly in the Western Uttar Pradesh (Table-4.9).

vi) To optimise the agricultural production conditions, the alteration in the cropping
pattern and crop priorities must be determined on the basis of intensity and magnitudes of crop
yield potentials, while the changing patterns of present day are being attributed to agricultural
price - cost mechanism which diversifies crop-combination in India as described earlier in
Chapter-2. The optimal crop-combination regions which are demarcated by Husain (1979, p.
125) by considering arcal importance of the crops, must be proposed on crop-yieid potentiality
basis because it is the reflection of the best suitable agro-ecological conditions for crop-growth
and yield- increase. Forexample, if a crop has greater magnitude and higher intensity of its yield-
potential in the homogencous setof agro-ecological conditions, itshould be puton first in relation
to crep preference in the crop-combination of the arca. Thus, the optimal crop combination
paitern must follow crop-yield potentiality criterion rather than land-occupancy one. This
criterion of optimal crop combination may also be helptul for fixing up the priorities of input
structure, infra-structural agricultural variables and the normative requirements of the agriculture
sector specially for the agro-ecological zones. Following same criterion of the optimal cropping
patterns for differentsets of physiographic conditions of the country, it can be realised that paddy
should be the first ranking crop in the areas of Western Himalayas, the North eastern parts
(specially Brahmaputra valley) and the eastern parts of Chhota Nagpur plateau while entire central
part of Deccan plateau (agro-ecological zones VIIL 1X and X) has dry land farming for which jowar
and bajra are the suitable crops in their diversified optimal cropping patterns (Table 4.19).

Table- 4.10: Optimal Crop Combinations Based on Yield Potentials.

S. No. Agro-Ecological Zones Crop Combination No.of Crops
1 Western Himalayas P-wW 2
i N.E. Mts & Valleys* P-Ju-W 3
111 Lower Ganges Plains Ju-P 2
v Middie Ganges Plains G-W-M-P 4
\Y Upper Ganges Plains Mo-P-Gi-Po-W-§ 6
\2! Punjab Plains G-T-F 3
vii Central Plateau P-M-B-W 4
VI Central Highlands B-Gn-P-W-J-M 6
IX North Deccan B-J-W-C 4
X South Deccan J-W-Mo-Gn-Ci 5
X1 East Coasts W-M 2
XII Western Coasts B-G-M-W 4
X1 The Gujarat J-Po-B-P 4
X1v The Thar M-W-B 3

N.B.: * It inciudes Brahmaputra vailey (Assam State) only. The ranks of various crops is fixed according to the degree of

their yield potential intensities upto a level of significant crops.
Abbreviations : P~ Paddy, W= Wheal, I= Jowar, B= Bajra. M= Maize, (i= Giram, T= Tur (Arhar), Mo=Moong (Puise), Gn= Ground-
Nug, FPo= Potato, S= Sugar Caune, C= Cotton, Ju= Jute
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Same crops are also significant in the optimal cropping patterns in the Western Coastal
Areas and the Gujarat plains of humid climate (Agro-ecological zones XII and XIII) because of
availability of their HY'V’s for wheat cultivation. HYV maize crop should get first priority in
Rajasthan while wheat has second rank in proposed cropping pattern in this area (Table-4.10).
The yield of these crops can be increased by increasing irrigation facilities. It should always be
kept in mind that because of changes in potential generation forces, the magnitude and intensity
of crop-potentials are changeable according to time as described earlier. Therefore, the optimal
crop combinations and the priorities of the crops are also changeable.

(B) Agricultural Production Potential — The Regional Patterns

In the preceding section of this chapter, the individual crop-wise trends and regional
variations of crop-yield potential have been described. But the aggregate picture of these crop-
yield potential would produce a synthetic view of production-potential. District-wise aggregated
production-potential index is prepared by using the same formula of agricultural output
aggregation in terms of money value (see eqn. 1.4a). It is assumed that land-occupancy and
produciion prices are the weight and conversion factors in this equation. The yield of various
crops is the main component of agiicultural output. Replacing crop-yield by maximum expected
yield of the crop for each district (which is available in the various reports of the All India Co-
Ordinated Projects on National Demonstration Projects of ICAR, New Delhiatsite sample of on-
farm researkh level, see Prasad, et al. 1987), and putting the same values of land-occupancy of
crop as wejght, and production prices as conversion factor in equation (1.4a), the aggregated
output of maximum expected yield per hectare of cultivated land (i.e., called maximum expected
production, A) is calculated for each district. Land productivity which is aggregated output per
hectare of cultivated land as described earlier in Chapter-3, is called here existing production, Y,
for the measurement of magnitude of agricultural production potential, P, as stated in equation
4.1. P increases since A is increased by accelerating potential generation processes and it
decreases when Y is increased in agricultural systems.

Visualizing distributional patterns of the magnitudes of production potential (Fig.-4.9)
and comparing them with the patterns of land productivity (agricultural output per hectare of
cultivated land) as shown by Fig.-3.3, it is interesting to note that the areas of high land
productivity as the entire great plains of North India including the Coastal plain areas, have high
and very high magnitudes of production potentials (above Rs. 3000 per hectare). It might be on
account of extremely high levels of maximum expected production. With high soil fertility in
these alluvial soils and climatic suitability for crop grain weight, length of crop growing period,
crop plant density (which are the determinants of production potential generation), the value of
maximum expected production, A, is recorded very high in these areas. It varies witkin high level
range from Rs. 12553 to Rs. 4053 per hectare in the Great Plains of Northern India (Table-4.11).
The Brahmaputra valley is marked favourably for future growth of agriculture where magnitude
and intensity of production potential are recorded extremely high.

On the other hand, areas in arid climatic conditions, namely, the Thar desert and the central
parts of the Deccan plateau, have low and very low magnitudes of agricultural production
potential (below Rs. 15,30 per hectare) in the early 1970s and is expected to continue in the same
range in future because of very low level of maximum expected production (Table-4.1 [l). The
main causes of low magnitude of production potential are :
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Tahle-4.11:Magnitude and Intensities of Agricultural Production Potential in Various Physiographic
Zones(1988-90).

Agro-Ecological Zones Maximum Existing Production Potential
Expected Production
Production (A) (Y) Magnitude (A-Y) Intensity (A/Y)
(Rs./ha) (Rs./ha) (Rs./ha) (in unit)

I Western Himalayas 3113 1350 1763 2.306
It N.EMits & Valleys** 12553 1568 10985 8.006
Il Lower Ganges Plains 5032 2770 2262 1.817
IV Middle Ganges Plains 3556 1026 2530 " 3.466
v Upper Ganges Plains 3957 1431 2526 2.765
VI Punjab Plains 4053 2140 1912 1.894
VH  Central Plateau 2903 756 2146 3.840
VIl Central Himalayas 2798 686 2113 4.079
IX  North Deccan 2517 609 1907 4.133
X South Deccan 4222 751 3471 5612
XI  East Coasts 3485 1494 1991 2.331
XIl  Western Coasts 1451 616 835 2.355
XII  The Gujarat 2420 1132 1288 2.138
X1V  The Thar 1160 266 894 4.361
XV  Islands - - - -

All India 3215 1184 1681 2717
N.B.: . The values of maximum expected production, A, are based on 1984-85 crop-data. It is composite index in value

added term calculated by aggregating the maximum expected production of principal crops. There is an insignifi-
cant fluctuation in the level of A over time. Therefore, 1984-85 data is used for 1988-90 for which crop production
data are available.

**  Includes the area of Brahmaputra valley only.

a) The weak potential generation processes owing to soil constraints like undulating
topography, higher degree of soil erodability (made by wind-erosion specially in the Thar
areas), less rootability of soils of the central Deccan trap and its less moisture retention capacity,
and

b) unfavourable climatic conditions as very low annual rainfall (less than 800 mm) in these
areas, less moisture availability and higher variations in daily, monthly as well as annual
temperature ranges which directly affect germination of seedlings and growth of plants. Water
availability is the biggest constraint of production potentials in these areas of low level of
maximum expected production. Calculating coefficients of simple correlations and multiple
regression for four explanatory variables related to natural conditions of land suitability for
agricultural production potential generation processes (rainfall, soil fertility, moisture index and
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irrigation) which explainspatial variation in maximum expected production level, itis found that
these variables are explaining more than 95.0 per cent variability in the arid areas of the country,
whereas only 4.8 per cent spatial variation of maximum expected production is explained in the
areas of semi-humid conditions (Punjab, Haryana, Western Madhya Pradesh, Central Maharashtra,
Karnataka states) without the significance of any variable. In the humid conditions of
Brahmaputra valley and lower Ganga plains including coastal areas of the South India, the
moisture and irrigation are the main factors for accelerating production potential processes,
though the spatial variation of maximum expected production level is explained only of 40.4
percent by these four variables (Table- 4.12).

Table- 4.12: Simple Correlation Coefficients and Multiple Regression Coefficient for four Explanatory
Variables Regressed against Maximum Expected Production in Various Climatic Zones

(1988-90)
Rainfall Soil Moisture Irrigation Constant Degree of
(mm) Fertility Index Index (%) (NIAin %) Determinant
(X) (X) Xy (X, (a) (R

A

1 Arid Zone (N=17)

1. r 03151 0.0010 0.7742 02132

2. b -0.0054 0.4960* 1.8371* -0.0064 139.2220* 0.959]
1 Semi Arid Zone (N=37)

[ U § 0.0066 0.1110 0.1468 0.1768

2. b -0.0023 0.1096 0.3295 0.1337 35.7581* 0.0480
111 Humid Zone (N=39)

. r 0.1713 -0.2651 0.5096 0.3310

2. b 0.0000 -1.4713 0.7917** 0.7666* 86.7265 0.4040
IV All India (N=93)

L.« 0.2375 0.0393 0.4312 0.2809

2. b 0.0008 -0.1387 0.4664* 0.2981 45.734 0.2195

Abbreviations :r = Correlation Coefficients, b = Multiple Regression Coefficients, and N = Number of Observations (i.e., sample
districts) choser for present study.

N.B.: **  Significant at 0.01 level, * Significant at 0.05 level.

These empirical observations stand testimony to the facts that moisture availability which
is insignificantly related in negative manner to irrigate area (r = - 0.142), is the maindeierminant
of the maximum expected production. The magnitude and intensity of production potential can
only be engendered through providing canal irrigation in the arid areas in the country because of
inaccessible and limited source of underground water availabilities. The dry land farming and
suitable crop-combinations as given in table may help to increase the productionand productivity
in these areas of low production potential. It is interesting to note that a significant increase of
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about 33.3 percent in these arcas of low magnitude of production potential is recorded during
the last 20 ycars (Fig.- 4.10). 1t is primarily due to fast acceleration of potential generation
processes through extension of irrigation facilities.

(C) Production Potential Intensity versus Agricultural Efficiency

Measuring production potential intensity is helpful in understanding the inherent charac-
teristics of agricultural growth and strategy to prepare for its proper utilization. Equations 4.2 and
4.3 express logically the reciprocal relationship between production potential intensity and
agricultural efficiency. Obviously, the value of production potential intensity will always be
greater than unity because it is the ratio of maximum expected yield with existing crop yields
(cgn. 4.2 & Assumption- a) and hence, the value of agricultural efficiency must be lesser than
unity because they have perfectly inverse relationship between them. It may be noted here that
agricultural efficiency is the coefficient of agricultural production per hectare of land for
Agricultural Productive Capacity and hence, APC is the product of agricﬁltural efficiency and
land productivity (eqn. 4.13). On the other hand, production potential intensity, which is usually
called realization factor of agriculturat growth by many agricultural scientists (Kumar 1986,
Varadarajan 1986) determinces the rate of agricultural production increase in the system. Since
agricultural efficiency is perfectly and inversely related to production potential intensily in the
agricultural system, the regional patterns of one of them, especially of agricultural efficiency, are
essential to describe the observations of its impact on other components of the system in relation
10 its areal perspective.

Classitying all areal units into five equi-interval agricultural efficiency classes, namely,
very high (above 60 per cent), high (45-60), medium (30-45), low (15-30) and very low (0-15
per cent), the maps of efticiency patterns are prepared for early 1970s and late 1980s (Fig.-4.11).
They show that the areas of the lower Ganga plains, Punjab plain and the east and western coastal
parts of Andhra Pradesh, Tamil Nadu, Kerala and Maharashtra have high and very high degree
of agricultural efficiency (above 45 per cent). Nearly 15 per cent area has recorded an increase
under these categories in the last 20 years (Table-4.13). Low and very low efficiency (below 30
per cent) areas which are situated mainly in the arid conditions of Rajasthan, Madhya Pradesh,
Maharashtra and Karnataka have reduced in its arcal extent during the same period of time (Fig.-
4.11). Nearly 30 per centreduction of low efficiency areas of the arid zone of the country has been
possible because of increase in land productivity through the use of modern irrigation-seed-
fertilizer technology, while the maximum expected production level, A, remained almost
constant during the successive period of time. In the fertile plains of the country, agricultural
efficiency has been rising by intensifying production processes through provision of better
infrastructural facilities (market accessibility and transport efficiency) with balanced price and
costs economic scheme, changing crop-combinations from food-fodder based to cash-crop
dominated and spreading the effects of new agricultural researches and its applications. Note
that, in the areas of high agricultural efficiency, the degree of production potential intensity is
very low on account of higher absorption rate through yield-augumenting techniques. The rate
of production increase in relation to production potential absorption can be studied in detail under
separate head.
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Table- 4.13: Changing Agricultural Efficiency/Production Potential Intensity Patterns in India (1969-72 to

1988-90).
{Area in Sq. km.)
Agricultural  Production Area and Its Percentage Share
Efficiency Potential —
Classes Intensity 1969-72 1988-90
(in %) (in Unit) ——— - Changes
Area % Area % (in %)
60 &< 1.666-below 82028 2.82 340024 11.70 8.88
(10) (43)
45-60 1.666-2.222 250085 851 430548 14.82 6.21
(30) (52)
30-45 2.222-3.333 397539 13.68 863697 20.72 15.04
(48) (104)
15-30 3.333-6.666 1075377 37.00 1035254 35.62 -01.38
(130) (24)
0-15 6.666-above 1100971 37.89 236477 8.14 -29.75
(132) 27)
Al India Total Area 2906000 99.99 2906000 99.99
(350) (350)
N.B.:" Number of districts are given in parentheses.

Table- 4.14: % age Share of Area Under Various Categories of Marginal Product to Input Intensities (88-90).
(Area in Sq. km.)

Marginal Product w.r.t. Marginal Product w.r.t.
Labour Input Capital Input
Catigories
Class  No. of Area % Class of No.of  Area %
Interval  Dist. Interval Dist.
(units) (units)
Extremely High 5&< 61 511474  17.60 3) 36 & < 40 - 333294 11.47
b) 36-25 29 2419013 8.32
Very High 4-5 17 141148 4.86 25-16 27 224287 7.72
High 34 18 149451 5.14 16-9 60 498071 17.14
High Medium 23 43 350023  12.04 9-4 122 1011840  34.81
Medium 1-2 85 705744 24.28 4-1 66 546908  18.82
Low & Low 0-1 126 1048160 36.07 1-0 6 49607 171

Total 350 2906000 99.99 350 2906000  99.99
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(D) The Marginal Products and Production Potential Abserption

Higher the magnitude of marginal product inresponse to input intensification, greater is the
availabilities of production potential in the areas. Itimplies a higher absorption rate of production
potential intensity. Regional variations in the magnitude of marginal product are studied with
respect to two factor inputs : agricultural labour and non-land capital (technological) inputs.
Converting agricultural workforce (cultivators plus agricultural labourers) per hectarc ofland and
technological inputs (which includes irrigation, machine fertilizer and seed costs) into iis moncey
term because they are needed for comparison; it is done because homogeneous production and
production factors scale, and then putting thesc values of input variables separately in cquation
4.11, the magnitudes of marginal product to labour and to technological inputs are calculated tor
each district of the country. They are grouped into six categories of marginal product to inpnt
intensities to distinguish their regional patterns. Being very high degree of variability of tie
marginal product to non-land capital input (coetficient of variation is 417.88 percent) then the
areal variability of the marginal product to labour input (240.48 percent), the distribution map
of marginal product to technology is prepared by scaling class-intervals in its square form {X?)
while the distribution of latter one is shown on simple scale of equal interval. Table-4.14 reveals
that, in more than one-third part of the country (36.07 percent), the magnitude of marginal product
in response to labour increase is low and very low (below - 1.0 percent). It means per unitincrease
in agricultural workforce is not capable of increasing one unit of agricultural production in these
areas. They are mostly the parts of entire Deccan plateau including mostof middle Ganga plains.
The state of Kerala and the interior Orissa have extremely low magnitude of marginal
productivity of labour (Fig.-4.12, A). On the other hand, the arcas in Western Himalayas,
Brahmaputra valley and the upper parts of the Ganga valley (agro-ecological zone I, Il and V)
have very high and extremely high magnitude of marginal productivity of labour input
(Table-4.14). These areas are perhaps able to absorb more labour force in agricultural activities
at its markable productivity level and hence the wage rates of agricultural labour are’ compara-
tively higher in these areas. Thus, the absorption rate of production poteniial intensity is recorded
higher therein.

Further, the magnitude of marginal product with respect to non-land capital is very high
throughout the country except a few small pockets situated in the Karnataka coastal areas and in
the central Tamilnadu where agricultural technological enchancement is not profitable. The
Brahmaputra valley and the lower Ganga plains have the extremely high values of marginal
product (150.0 and 135.3 units respectively) at the per unit increase of technological input
(Table- 4.15, Fig.-4.12, B). Modern agricultural technology should accelerate fast production
processes with least absorption of production potential in these areas. The Thar desert is also
noticeable in this connection (Fig.-4.12, B).

Further, it is interesting to note that, though production elasticity is lesser than unity
everywhere in the country because of ‘diminishing production return’ in agricultural practices,
yetthesignificant highelasticity coefficients (above 0.750) are marked in the Brahmaputra valley
(0.8751), the south Deccan (0.8458), the Thar of Rajasthan (0.7707), the north Deccan (0.7576)
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and in the central high lands (0.7552) (Table- 4.15), where production potential intensity is
recorded very high (Table - 4.11). It implies that production elasticity is positively and highly
related to production potential intensity. Very high coefficients of production elasticity of these
areas of extremely dry as well as of very high humid conditions of the country imply that
agricultural production can be raised significantly in response to the changing levels of
production factors. These areas, therefore, have been taking advantage of high production return
conditions.

Table-4.15: Production Elasticity, Marginal Products and Absorption Rate of Production Potential Intensity
in Various Agro-Ecological Zones (1988-90).

Marginal Products Absorption Rate of
with respect to Production Potential
Intensity with respect to
Agro Ecological

Zones Production Labour Non-Land Labour  Non-Land
Elasticity* Input Capital Input Capital
| W. Himalayas 0.5663 8.8483 29.9806 0.01511 0.05121
11 NE Mts & Valleys** 0.8751 3.8851 150.0171 0.02004 0.79111
I L. Ganges Plains 0.4495 1.4559 135.3386 0.00095 0.00750
1V M. Ganges Plains 0.7115 0.7487 5.7707 0.00253 0.01949
v U. Ganges Plains 0.6383 4.0434 5.8105 0.00781 0.01123
V1 Punjab Plains 0.4717 1.8745 3.2261 0.00166 0.00285
Vil Central Piateau 0.7392 1.3557 22.8096 0.00688 0.11585
VI Central Highlands 0.7557 2.0739 12.3644 0.01233 0.07347
IX  North Deccan 0.7576 0.9677 7.6135 0.00718 0.05167
X South Deccan 0.8458 0.9435 5.1937 0.00781 0.03888
X1 East Coasts 0.5713 1.0283 6.4612 0.00129 0.01001
Xl  Western Coasts 0.5755 0.3053 3.9086 0.00117 0.01494
XH!I  The Gujarat 0.5322 1.8311 7.0297 0.00345 0.01324
X1V The Thar 0.7707 0.7354 13.8936 0.12876 '0.22949
XV  Islands - - - - -
All India 0.6914 3.6830 22.5160 0.02510 0.29285
NB.: * Production Elasticity figures are calculated simuitaneously in response to labour and non-laad capital inputs.

**  Itincludes the area of Brahmaputra valiey (Assam State) only.
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Concluding Remarks

The interrelated components of agricultural growth potential, which form its complex
nature, and the areal differentiations of these complexities, are concluded to generalize the facts
in the following manner.

1) The explained areal variation in land productivity (Cv. 80.92 per cent) is due to areal
variations occurring in production potential (106.80 per cent) and in the maximum expected
production level (73.58 percent) whereas the areal variation of marginal product to labour
intensity (240.48 per cent) is the result of the areal variations occurring in production potential
intensity (58.30 per cent) and density of agricultural work force on cultivated area (53.68 per
cent).

2) Correlation matrix of interrelated production potential attributes and their influencing
variables reveals that the regional patterns of land productivity (agricultural output per hectare
of cultivated land) are positively and significantly related to the magnitude of production
potential (r = 0.1632), the level of maximum expected production (r = 0.6414) and also to the
patterns of agricultural efficiency (Fig. - 4.11), and are negatively related to the intensity of

“production potential (r = - 0.4543) (Appendix- IIT). Theoretically, the validity of this fact is also
explainable through equations 4.11 and 4.13. It implies that the areas having higher production
potential magnitudes stand for higher degree of land productivity accommodating greater degree
of agricultural efficiency and vice-versa. As a result, the level of agricultural development
(particularly land productivity) is directly related to production potential. Inversely, degree of
production potential intensity is higher in the areas of low productivity and low rate of
agricultural growth. More absorption of production potential intensity in these areas of low
agricultural growth must increase the agricultural growth rate in a self-sustained manner.

3) The correlations of main components of production potential, i.e., maximum expected
producticn and production potential intensity wiin their explanatory variables confirms the facts
that the magnitude of production potential is highly and positively related to the levei of
maximum expected production (r = 6.8472). Maximum expected production is significantly and
directly related to three main production potential factors, viz., moisture availability, soil fertility
and irrigation factors of land suitability. Therefore, magnitude of production potential must also
be related significantly to these explanatory variables, while size of land holding is negatively
related the magnitude of production potential (Table - 4.16). It means that, in the areas of small
size of land holdings, the magnitude of production potential is higher because of ‘untapped yield-
crops’ and labour intensive traditional system of agricultural practices. But the production
potential intensity is negatively related to these variables of maximum expected production level
and hence, maximum expected production level and production potential intensity is insignifi-
cantly related to each other (r = 0.039).

4) The application of modern agricultural technology diversifies the agricultural produc-
tivity pattern through creating very high variations in the marginal productivity patterns, while
the unlimited supply of agricultural labour is available for the operation of production system.
As a result, the patterns of marginal product to labour intensity are stable and unified rather than
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the pattern of marginal product to non-land capital. It might be because the modern technology
applied to the production processes L:ias many constraints in its diffusion processes. However, its
impact on production processes is stronger than labour factor. The law of production increase
(i.e., reciprocity law) explains that when each of the factors of production (labour and technology)
is separately increased in Indian agricultural production processes, while other held constant, the
production added by each equal unit of increment of a factor is 3.69 unit in case of labour and
22.52 units in case of technology with a production elasticity of 0.6914 and agricuitural
efficiency of 48.60 per cent in agricultural system of the country. It implies that technology is
a substitute of labour input. But the areal variations of marginal product to labour and to
technology explain the complementarity patteras of agricultural production factors rather than
their substitution. It is because of smaller size of land holdings (labour intensive) and poor
peasants conditions for further investments in the agricultural practices.

Table-4.16: Simple Correlation Coefficient of Maximum Expected Production (A) and Pi .duction Potential
Intensity (Ip) with Explanatory Variables (1988-90).

Correlation Coefficient with
Exnlanatory S

Variables A Ip
1. Magnitude of Production Potential 0.8472* 0.3730*
2. Moisture Availability 0.1093* -0.0372
3. Soil Fertility 0.2060* - 0.1234*
4. Irrigation 0.2181* - 0.2794*
5. Density of Agricultural Workers 0.1433* - 0.0649
6. Size of Land Holdings -0.1947* 0.0582

N.B.: * Significant at 0.05 level.

5) Very high variations of the attributes of agricultural production potential and weak inter
relationships of these attributes with the other components of agricultural production, though
these relationships are significant upto some extent and form the complex nature of weak
interactions, are testimony to the facts that interrelated phenomena of agricultural growth and
development which is analysed here must be interpreted to delimit the agricultural regions at
meso-and micro areal levels. Region-specific study of inierrelated agricultural phenomena may,
thus, provide sound base and may give the real picture of weak interacted patterns. The
‘regionalisation’ is, thus, the ideal approach for finding out the areas of weak agricultural systems
for which area-specific feasible solutions of agricultural development may be suggested with
sound bases.



Chapter - 5

Agriéultural Regionalisation:
A Strategy For
Agricultural Development

The main factors of agricultural development, which have been discussed in the previous
Chapters based on ‘pattern approach’, have led to the conciusion that three sets of agricultural
characteristics : the agricultural production (existing conditions of productivity}, the production
factors (labour and technology as agricultural inputs), and the agricultural potential productivity
(i.e., maximum expected yield of various agricultural crops which is the result of various agro-
ecological and bio-physical conditions), evolve some specific relationships for explaining the
optimisation of agricultural systems. They are different in different physical as well as socio-
economic conditions. These relations can be studied with the help of ‘system approach’ of the
subject matter in order to find the regional personality of agricultural phenomena. Regional
synthesis of facts and regional interpretation of agricultural phenomena would, no doubt, be
useful to be an apyropriate tool for agricultural scientists in understanding the inherent regional
inequalities of socio-economic development and the dynamics of agricultural production. For
the same, a strong regional frame of agricultural characteristics is to be built to understand the
regional weaknesses of agricultural systems. A literature survey related to the model-building is
required in this connection.

The classical theories of agriculture enable the agricultural scientists to understand the
geographical extent in relatior. .o different factors and causes of different agricultural production.
Recardean theory of economic rent stresses on the physical suitability of margin of agricultural
production. The same idea of economic rent was later on presented diagrammatically and
elaborated logically by McCarty and Lindburg (1967) by proposing the limits of physical factors
(especially precipitation and temperature) for optimizing the conditions of agricultural produc-
tion. On the other hand, the agricultural production processes are intensified by spatial
organisation of agriculwral activities for which location of market is the main factor of the
evolution of agricultural pattern in its micro-areal frame as Thuenen’s location theory of
agricultural production points out (Hall 1966). In isolated state of homogeneous physical and
socio-economic conditions of land, the micro-areal processes of agricultural production are
location (especially market location) dependent and hence, economic rent diminishes with
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distance from market and landuse becomes less productive in the peripheral areas of market
centre. It changes in relation t. ~arket influence, distance and transport costs.

The application of modern agricultural technology which is diffused through the markct
centres in the agricultural landscape is a major aspect of spatial organization of agriculture (Visser
1980, 1982). Technological inducements, although they relax the limits of physical control of
agricultural production, diversify the agricultural landuse patterns as concluded carlier in the
previous Chapters, and hence, there seems a widening gap in the intra- as well as inter-regional
inequalities. A pioneer work onregional inequalities in India undertook by Mohapatra (1982, pp.
172-218) stresses that intra- regional economic inequalities have increased positively but are
slower than the rate of inter- regional inequalities. Prior to this study, thc preliminary
comprehensive observations and the outcome of the pilot research project on Regional Dimen-
sions of Natural and Socio-Economic Phenomena proceeded under the supervision of Professor
Moonis Raza in collaboration with other faculty memoers of the Centre for the Study of Regional
Development (CSRD), Jawaharlal Nehru University, New Delhi, which hav . been published in
various forms and journals especiallv during the mid 1970s (Raza and Kundu 1975, Raza et.al.
1975, Chattopadhyaya and Raza 1%/5, Raza 1981), and the conclusions derived in the
Chapter- 3 of the present research, point out that the regional dimensions of agricultural
development of the country have been diversified and regional inequalitics in agricultural
production structure have widened through the application of modern agricultural technology.
The sets of various geographical factors like natural, historical, socio-economic, organizational
etc. are also the causes of the differentiated regional structure of agricultural production. This
discussion leads us to two main conclusions on the regional dimensions of Indian agricultural
development :

a) Introduction of modern agricultural technology has altered the‘process-form’ scale
of agricultural development of the country from Recardean concept of physical limit
of agriculture to the Thuenen’s spatially organise dregional structure of agricultural
development, and

b) Regional synthesis of spatial characteristics of agriculture must provide feasible
solution for the optimisation of agricultural activities.

These conclusions can be extended further by giving the answer of two research questions
related to region-formation processes of agricultural development. They are :

i) What should be the criteria and procedure to delimit the agricultural regions for the
purpose of identifying agricultural weak but potentially rich areas of the country?

if) What are the inherent regional agricultural characteristics at different orders of the
optimal agricultural regions for understanding strategic point of agricultural develop-
ment and planning ?

Thus, the main objective of the present Chapter is to give concrete answers to these
questions giving suitable criteria of the selection of attributes/variables from the point of view
the sustainable agricultural growth and development. From this perspective, one must support
the agro-ecological criterion of agricultural regionalisation.
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Choice of the Variables

The first task of regionalisation is to set out the scheme of characteristics of phenomena for
understanding the system of regions. Reviewing concerned literature on agricultural
regionalisation, it can safely be concluded that there is a varicty of criteria for the selection of
agricultural atiributes for understanding the system of agricultural types. Say for example, the
classical scheme of agricultural regionalisation introduced by Baker (1926 to 1932) for
interpreting regional dimensions of the United States agriculture was the first mile stone to
generate neo-classical models of analysing the multi-structured characteristics of agriculture
into its regional frame. Whittlesay’s (1936) neo-classical scheme of classification of world
agricultural types was perhaps the outcome of Baker’s scheme. Whittlesay included five major
agricultural attributes into his scheme of classification : crop-livestock association, methods used
to grow the crops (farming operations) and crop-specialisation, intensity of agricultural input
application, disposal of products for consumption (commerciality), and degree of mobility
(nomadic movement). These five dimensions of agricultural characteristics are still marked in the
modern taxonomy of the spatial organisation of the worlid agriculture (Abler, Adams and Gould
1971). The other variables that are closely associated with and similar to more elaborative
dimensions of agricultural characteristics, have been incorporated by Kostrowicki (1972) in his
new kind of agricultural typology of the world which is shown by 33 model typograms (world
types). He selected 20 variables for the types of woild agriculture which are grouped into three
broad categories of agricultural characteristics (Table- 5.1).

Table- 5.1: Selected Variables Characterising Typology of World Agriculture (Kostrowicki 1972).

Name of the Variables Name of the Variables

A)  Social and Ownership Characteristics C)  Production Characteristics
1. System of land tenure. 15.  Land productivity.
2. Awverage size of farms. 16.  Labour productivity.

B) Organisational and Technical Characteristics 17. Level of comme:cialisation.

3. Input of labour.
fiput of fabour 18. Degree of commercialisation.
4 Input of animal power. . . . o
) 19. Ratioofanimal tototal production within
5 Input of mechanical power. gross production.
6. Organic Maneuring. 20. Ratioof animal to total production within
7. Chemical fertilizer. commercial production.
8 Extent of irrigation.
9 System of irrigation.

10. System of landus:.

11.  System of crop rotation.

12. Intensity of crop landuse.

13. Cropping system.

14.  System of live stock breeding.
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On the other hand, some interesting classifications with special reference to agricultural
problems were also made by Papadakis (1938, 1966). Inhis early classification produced in 1938,
grewth of agricultural crops was characterized by temperature regimes, but his newer system of
classification introduces a specific kind of climodiagram by which crop ecological extremes are
identified for ecological requirements of agriculture (Papadakis 1966). Note that his classifica-
tion follows the agro-ecological criteria of agricultural growth but the criteria used in the other
classification follow the socio-economic, technological and production characteristics of agri-
culture. A comprehensive review and comparison of various criteria used for the examination of
system of the agricultural regions of the world were produced by Grigg (1969) who pointed out
that there seems to be a number of predictable changes going on in agriculture in different parts
of the world which will minimize many of the present regional differences. But the principal
difference between the systems of world agriculture, although not used as criteria in most
systems, is productivity which must be included in the criteria in analysing the system of
agricultural regions for accelerating the production processes in future (Grigg 1969, p. 118-120).

In connection with the agricultural regionalisation of India, the agro-ecological attributes,
namely, topography, climate and soils, have been considered for macro-agricultural zonation and
cropping patterns for meso and micro-agricultural regions (Sen Gupta 1968, Bhatand Learmonth
1968). No doubt, the concept of ‘natural regions” has been applied to delineate the agricultural
regions especially during the mid of this century because Indian agricultural systems might have
been controlled by the ecological constraints (particularly by physical features and climatic
conditicns) before the green revolution period (Randhawa 1958, ICAR 1964, Planning Commis-
sion 1964, ¢.f. Mamoria 1975). But after greenrevolution, itappears to be the significant changes
in the crop-combinations, productivity patterns and in regional structure of agricultural growth
as interpreted in the previous Chapters of the present research. These areal features have been
breaking the limits of physical attributes of agricultural systems with a significant transformation
of agricultural characteristics from traditional less-productive system to modern systems of more
productive ones with rapid growth. Consequently, the criteria of analysing the present day
system of Indian agriculture, although they are still under the influence of agro-ecological
conditions, must follow integrated approach of region-formation processes and variable selec-
tion. The chosen variables must represent agricultural productivity and growth, so that the
regional characteristics of agricultural production processes can be assessed for further resource
allocation. Keeping this view in mind, the total twenty variables have been chosen for the
agricultural regionalisation in India. The selected characterized variables which are reproduced
in Table- 5.2, have been grouped broadly into the following four categories.

a) Agro-ecological Characteristics

Qut cf the total twenty variables, two belong to the group of agro-ecological conditions.
Moisture in the surface air which is directly controlled by the fwo fundamental biological and
physical processes of environment, evapotranspiration and rainfall, is a most important variable
of plant growth and agricultural productivity. Instead of rainfall, moisture availability index is
taken into consideratio . Soil fertility is also an equally important variable for productivity
enhancement of agriculture system. Infact, soil fertility is the outcome of various physical and
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climatic factors, like geological formations, slope, drainage density, temperature and rainfall and
so onand agricultural productivity is positively related to soil fertility. Therefore, the agricultural
types of India is controlled by physiographic features especially before green revolution and
hence, most of the agricultural regionalisation of that time have been completely ‘natural region-
based’ (Sen Gupta 1968). Inspite of relaxation of natural limits of agricultural production
processes through the application of modern agricultural technology, the soil fertility still holds
strong crop-ecological and environmentally-oriented bases of agricu1tural development (Bhat
1988).

Table- 5.2: Selected A ‘tributes for Agricultura! Regionalisation, Their Definitions and Coefficient of
Variations.

Name of the Attribute Definitions Mean C.V.(in %)

(a) Agro Ecologicgl Characteristics

1. Moisture index {(P-PE)/PE] -0.151 -
2. Soil fertility index (unit) 61.908 15.26
(b) Production Characteristics
3. Per capita agricultural output 1991 (Rs./person) 280.601 130.04
4. Average annual growth rate of Agricultural output (%) 8.439 149.23
1979-82 to 1988-90
. Land productivity (Y) 1988-90 (Rs./ha) 1576 .620 80.92
6.  Labour productivity 1991 (Rs./person) 1189.411 98.37
. Crop intensity 1988-90 (%) 134.219 19.60
(c) Growth Potential Characteristics
8. Potential productivity index (A) 1988-90 (Rs./ha) 3228.081 73.58
9.  Magnitude of production potential (A-Y) 1988-90 (Rs./ha) 1681.635 106 .80
10.  Production potential intensity (A/Y) 1988-90 (Ratio) 2.578 58.30
11. Marginal product to labour input - (unit) 3.688 24048
12.  Marginal product to technological input (unit) 22.515 41788
13.  Absorption rate of potential intensity w.r.1. labour (unit) 0.025 356.00
14.  Absorption rate of potential intensity w r.t. technology (unit) 0.292 506.51
(d)  Organisational and Technological Characteristics
15.  Input of labour (Rs./ha) 512.782 85.15
16. Input of non-land capital 1988-90 (Rs./ha) 96.819 104.76
17. Extent of irrigation 1990-91 (in %) 35.584 75.76
18. Mechanisation 1988-90 (Rs./ha) 55.310 145.98
19.  Use of chemical fertilizer 1988-90 (Rs./ha) 43.991 104.27
20. Size of operational land holding 1991 (NSA/Cultivator) 1.466 61.05

N.B.: C.V.= Coefficient of Variation.
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b) Production Characteristics

This group incorporates five variables. Out of them, three are directly related to existing
production structure of agriculture. They are: land productivity (agricultural output per unit of
cultivated land), labour productivity (agricultural output per person of agricultural work force)
and crop intensity. Agricultural growth which is an important variable of development, and per
capita agricultural output which reflects the availability of production indicating food deficiency/
surplus patterns in relation to food requirements of the population, have been included in this
category of variable choices. Infact, degree of crop commercialization which has been considered
as important attribute of agricultural typology, is not included in the present classification
because of its non-existence in the regional dimensions of Indian agriculture. Say for example,
in modern Indian agricultural practices, the most of the farmers of various land holding sizes
have been altering their cropping patterns and are intensifying crop-production through system’s
price-mechanism. Since agricultural practices have become price- oriented rather than demand-
based, each and every crop whether it is staple food-grain or locally consumed production like
wheat and paddy cultivated even in the marginal size of land holdings in the densely populated
areas of West Bengal and Bihar, is grown as commercial crop for maximizing net return to land.

¢) Agricultural Growth Potential Characteristics

Agriculture is an integral part of environment. But in this materialistic world, fast
accelerating technological processes of development forever increase human needs which are
operating in inhuman manner and are unfit within the limits of environmental conditions.
Consequentiy, imbalances in utilisation of environmental resources are apparent. Looking at the
degradation of environmental resources, the United Nations Conference on Environment and
Development (Known as Earth Summit) held at Rio-de-Janeire, Brazil, during 3-14 June 1992,
raised the issues of sustainable development and resolved them by proclaiming that environmen-
tal protection is the integral partof development. Therefore, the components of agriculture related
to environmental protection and sustainable development of agriculture must be the part of our
regional-investment-strategy. The attributes of agricultural growth potential which are charac-
terized by assessing the maximum expected yield levels, are solely based on the available
agricultural resources under the specific set of environmental conditions. The attributes which
are incorporated in this group must reflect the inherent structural characteristics of agricultural
development possibilities and agricultural efficiency, the dimensions and ways for agricultural
expansion, and intensification programmes, and the available intensity of untapped agricultural
resources.

Seven principal attributes/variables have been included in this group. Out of them, three
variables are associated with the magnitude, intensity and degree of agricultural growth potential.
They are : potential productivity (maximum expected production per unit of land, A), magnitude
of production potential (the difference between actual land productivity and potential
productivity indexes, A-Y), and production potential intensity (ratio of potential productivity and
actual productivity, A/Y). Remember that the reciprocal form of production potential intensity
yields the coefficient of agricultural efficiency (see eqn. 4.3). Thus, instead of agricultural
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efficiency, production potential intensity index is chosen as an appropriate and main variable of
this group. The restof the four variables of this group are related to the rate of change in production
as well as in the production potential intensity with respect to input factor, namely, labour and
non-land capital (technological) inputs (Table- 5.2).

d) Organisational an2 Technological Characteristics

There are several attributes related to the intensification of agricultural production of an
area. But in the present scheme of classification, six important variables have been chosen. They
are : input of labour, input of mechanical power, extent of irrigation, number of machine tools
per areal unit, us * of fertilizer, as the main input for agricultural intensification. In the end, one
variable, namely, size of landholdings, which reflects the ownership characteristic of land and
is indirectly related to the agricultural intensification, has also been included in this category of
the present scheme.

The Procedure for Identifying the System of Regions

Identification of the system of regions for agriculture must provide the solution of two
major problems of the regional interpretation of the concerned agricultural phen~mena. First, it
would provide a tool or scale for measuring the regional diff- .uations of agricultural
phenomena and, secondly, the characteristics of agricultuiai sys*ems and sub-systems evolving
within the regional frame. But question arises as how to delimit the boundaries of the region of
given set of agricultural characteristics? This question is directly related to the approaches and
methods of identification of system of regions and appropriate and applicable procedure for
regionalisation or the grouping of the areal units for deriving the regional boundaries of
agricultural characteristics.

Broadly, the synthesis of regional dimensions of areal characteristics, in which observa-
tions are defined as areal units (i.e., districts in present case) and properties of any observation
as elements, can be made by classifying or grouping the areal units into areal classes/regions
(Bunge 1962). Thus, identification of a system of regions is to group the objects into classes on
the basis of properties or relationships they have in common (Grigg 1965, 1967). Methodologi-
cally, the logic of the system of regions leads to understand the grouping of objects that can be
derived either on the basis of similarity between objects (association by similarity) or on the basis
of relationship between connected and different objects (association by contiguity) which leads
to the two distinct methods of grouping : Classification and Division (Simpson 1961, Grigg
1965, Singh 1974). Of course, classification of the objects is a logical division because co-
incidence or inter - relationships of the properties of objects which follow some laws/rules of the
regional systems determine the association by contiguity by which the universe is divided into
parts. There are three main approaches of the regionalisation or classification.

a) The Analytical Approach -through which the regional characteristics of the properties of
geographic phenomena are interpreted by dividing logically the universe into its constituent
parts. Say for example, Koppen’s climatic classification, the Harbertson’s system of natural
regions, Whittlesay’s agricultural regions of the earth are based on the analytical approach of
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regionalisation because they follow some rules of inter-related properties for demarcating the
regional boundaries.

So far as regionalisation of India is concerned, the procedures for the formation of natural
geographical regions of India or Indian sub-continent followed by Baker (1928), Stamp (1928),
Spate, Learmonth and Farmer (1967, pp. 407-23), Chatterjee (1964), Mishra (1970), Singh
(1971, pp. 33-34) are based on classical approach of imposed-regional frame on geographical
reality considering the natural boundaries and the criteria of physical factors for region-formation
rather than administrative ones. Of course, district is the best suitable micro-areal unit for the
purpose of administration, resource management and the plan implementation. Therefore, the
administrators, planners and the concerned Central Government Departments have beer: trying
since independence to form the regional frame which must be based on district boundaries at
micro-level. For instance, the natyral regions formulated by the office of the Registrar General,
Census of India, paper No. 2of 1952; the regions of India demarcated by the 16th round, National
Sample Survey, Government of India, 1950-51; the planning regions of India by Regional Survey
Unit, Indian Statistical Institute, New Delhi, 1965; Asok Mitra’s scheme of socio-economic
regions of India published by the Office of the Registrar General, Census of India in its
Monograph No. 8 on Economic Regionalisation, all follow the district boundaries for the region-
formation. But they all adopted division approach for regionalisation rather than grouping the
areal units.

b) The Synthetic Approach of grouping of the objects by which the classification is made
and hierarchy of groups of areal classes (objects) is derived on the basis of similarity or contiguity
criteria of classification by applying various multivariate techniques especially after the mid of
this century when computer had become a helpful tool for iterating and solving the long logical
procedures of complicated equations. At this time, different procedures and techniques were
developed and adopted to study the logic of the system of regions. For instance, the application
of different techniques like (i) the factor analysis to reduce the multi-dimensional characteristics
of regional systems used comprehensively by many scientists (Berry 1961, 1964, 1965, Berry
and Rao 1968, Ve¢rma 1974, Pal 1968, 1975), (ii) the hierarchical group function (Ward 1963,
Zebler 1958, 1972), (iii) the cluster analysis on distance function used by Park (1970) and (iv)
the discriminating procedure of regionalisation developed logically by applying trigonometric
polynomial analysis and tested it with the help of computer by Casetti (1964, 1966) and, later on,
explained in a simplified manner by Amedeo in his articles and books (Amedeo 1969, Amedeo
and Golledge 1975) are indications of a search of optimal and more logical procedure for
regionalisation. It is noticeable here that, in this procedure of region-formation, the tools and
techniques used are different for different purpose of region formation. It may be, therefore,
called purpose-based approach of regionalisation.

¢) Non-Parametric Model for a new approach by which simulation process of
classification is rested upon a natural measure of proximities based on the hypervolume of a
multidimensional functional set. On these lines of classification, the work of the faculty members
especially of the Departments of Geography and Mathematics of the Facultes Universitaires
Notre-Dame Dela Paix (F.U.N.D.P.), University of Namur, Belgium, is appreciable. They open
new horizon for functional partition of space by applying uniform density function of
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transformation of functional dimensions rather than normal density function of its classical type.
Rasson and others (1988, 1989) contribution is recognizable in this connection. They point out
that the discriminant rules are associated with the Poisson Process Hypothesis by which the
volume of a multidimensional set can easily and correctly be measured. This model was later on
applied by other faculty member of F.U.N.D.P. for solving space-partition problems (Orban-
Ferague, Rassonand Granville 1991, 1992). Infact, the Rasson’s algorithm of space partitioning
is based on the paradigm of ‘convex hulls’ to calculate the similarity matrix for classification.

The procedures of region-formation are infact different while approaches and methods of
the conceivement of the systems of regions vary. For instance, analytical approach of regional-
isation imposes the regional frame to search the reality of phenomena while synthetic and non-
parametric approaches assimilate the spatial contiguity and phenomenal proximity by following
convex hull procedure of unclassified areal units. In the assimilation process of regionalisation,
the regional forms which emerge out on the basis of internal assemblages of phenomenal
properties and their determining underlying regional patterns, can be distinguished to calculate
the deviations of the properties of two areal units (that is called the taxonomic distance between
two objects) in the discriminant space. Its utility in the formation of regions is well defined by
Casetti (1964, pp. 30).

“...whenthe centroids of the classes are chosen as representative points, the classification generated

by the Discriminant Iterations from an initial classification has a smaller within class variability

that the initial classification. In turn, smaller variability corresponds to a smaller average distance
among the points in the same classes”.

The contiguity criterion of regionalisation has also been described by Amedeo (1969, p. 27)
in the following manner.

“... the desirable outcome (of discriminating procedure) is to obtain that set of regions such that

members (unclassified areal units) of the same region in the set are as similar as possible and

members of different regions in the set are as dissimilar as possible. It is intuitively clear that the

more homogeneous each region in the set is made, the more total distance (deviation) is lowered,

and each region in the set becomes more recognizable”.

Discriminating procedure of region-formation follows three major steps : (a) generation of
discriminantspace from multi-dimensional originary problem-space which is associated with the
transformation of variables, (b) system arrangement of areal units which are shown by the points
of distribution in the discriminant space, and (c) evaluation of relative quality of classification/
regionalisation. The fitst step is necessary because, at initial.stage, the areal dimensions of
various properties on which classification is based, are at various scales and hence, transforma-
tion of these properties is essential to put them on a homogeneous scale. These multidimen-
sional properties may be transformed by applying normal density function for the purpose, for
generating the discriminant space. Mean and variance free ‘Z’ score transformation of the
original variables/properties is the initial stage of discriminating procedure. However, linear or
non-linear (polynomial) transformations may also be adopted for generating discriminant spaces.
The second step is closely related to the measurement of functional distance between two areal
units and its ordering (Singh 1988, pp. 8-9). These distances which reflect the degree of spatial
contiguity at each level of regionalisation (Sokal and Sneath 1963, King 1969) have been
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measured by numerous logicians and taxonomists either by tracing out the common features of
areal properties drawn with the help of factor analysis (Professor B.J.L. Berry has been the
pioneer applicator of this technique for regionalisation), or by calculating proportionate loss of
the detail informations of areal properties at each level of assimilation. Since discriminant
procedure of regionalisation starts in assimilating areal units into the classes, the degree of loss
of informations at the stage of beginning becomes zero per cent (the case of complete detailed
informations), but informations are lost and loss increases gradually until the discriminating
procedure becomes complete at its highest order (the case of complete generalisation). 't is the
stage of ‘uniform-universalisation’ in regionalisation (Amedeo and Golledge 1975, pp. 160-
170). Further, itis worthwhile to note here that the factor analytic approach (that is furamentally
correlation method-based) is not more appropriate for calculatirig the functional distance among
areal units especially for agricultural regionalisation of India where green revolution effects have
diversified the regioral dimensions of agricultural phenomena and hence, the correlations among
the agricultural characteristics are weak and even insignificant as already described in the
previous Chapters, though this method has been applied by many agricultural scientists. Thus,
Euclidean distance function, which is based on the Pythagorean Theorem and has been used in
its various forms for different purposes of measuring the nearness of points in the discriminant
space (Casetti 1964, pp.6-10), is used to systematize the spatial variance of set of multidimen-
sional agricultural properties (for details, see Appendix- V).

The last but the most importantstep of the region-forming process is to form optimal groups
of areal units (i.e., OTUs) in order to minimise the degree of spatial contiguity and its measu-
rement for knowing the relative quality of classification/ regionalisation. This step is , of course,
associated with a repetitive process of minimizing the functional distance from the main distance
matrix. Further, the significance of regionalisation’s quality can be tested by calculating the
difference between classification and its limit. The classification nearer to its limit is better with
respect to given variables and hence, the smaller values of ratio of inbuilt class variability to total
class variability correspond to higher homogeneity of the regions and vice-versa. Before,
discussing the stability and significance of agricultural regionalisation in present context, one
mustbe interested to understand the main steps of discriminant algorithm, although its computer
programme for larger dimensions of raw data is available with the author®. The main steps in the
process for finding the optimal solution of spatial contiguity at each level of assimilation of
OTUs/observations are given below :

Step-1:  Set the values of given attributes/variables, m, for n observations/OTUs which will
form n.m dimensional input data matrix where i and j are specific observations and
k specific variable with the conditioni & j = 1,2,3,...,n and k=1,2,3,...,m.

Step-2:  Transform m dimensional attributes into discriminant spaces through normal
density function (Zscores)and create standardized data matrix (Z-matrix of the same

* The programme on discriminant analysis for optimal solution of spatial contiguity is developed by the computer centre,
Bijni Complex, North-Eastern Hill University, Skillong, and is available in the Departmeat of Geography, Narth-Eastern
Hill University, Shillong (India). ’
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n.m dimensions).

Step-3:  Compute Dij with the help of formula given in Appendix for all possible ij pairs of
n observations and prepare distance matrix (D-matrix) of n . m dimensions.

Step-4:  Find minimum value of Dij in D-matrix, combine ith and jth observations of Dij
minimum in Z-matrix by calculating means of their kth variables separately,and
reduce dimension n.m of Step-2 to (n-1).m.

Step-5: If n.m > 1.m goto Step- 3, if n.m = 1.m go to Step- 6,
Step-6:  Write the value of Dij and its coordinates at each level of reduction.
Step-7:  Stop.

Spatial Contiguity Constraints and Optimal Regional Partitioning

We can now begin the discussion on the results of forming the optimal agricultural planning
regions of India which have been derived from the assimilation of OTUs (districts) for which
twenty agricultural attributes have been taken into account (for name of agricultural variables,
see Table- 5.2). The spatial variances of various groups of OTUs are carefully adjusted to consider
the spatial contiguity to delimit the optimal agricultural regions. We have a finite setof 348 OTUs
of 20 dimensional features of agricultural characteristics that we want to classify. It is bare fact
that at macro-regional level, physiography is the major partitioning base of agricultural
characteristics and hence, assuming that the macro-agricultural regions are analogous to
physiographic regions of the country, total OTUs have been classified by following the
physiographic regional scheme of macro-level. These regions are called Macro-Agricultural
Regions. They are arranged according to their levels of assimilation and degree of their
similarities of agricultural characteristics.

Having run the computer programme for optimal solution of the ordering of spatial
variance as logically discussed earlier, it is found that there are atleast three basic concerns
regarding the partitioning of contiguous boundary areas and the formation of optimal agricultural
planning regions which have to be dealt with while analysing the result of assimilation processes
for various Macro-Agricultural Regions, namely, (A) The Coastal region, (B) The Deccan
Plateau, (C) The Western Himalayas, (D) The Great Plains, and (E) The Rajasthan Plains. The
salient features of assimilation of OTUs and formation of agricultural regions are being
elaborated here keeping i: mind these basic concerns of the level of assimilation, degree of spatial
variance within the emerging group of similar OTUs and stability of areal classes when emerging
groups are put together to remove spatial contiguity constraints. The region formation of Indian
agriculture has the following inherent characteristics and salient features of its spatial variations.

a) In the assimilation process of the five macro-agricultural regional units, the coastal
region is assimilated with the Deccan Plateau at the lowest assimilated level of 3.20. It accounts
for 40.78 per cent of the spatial variance of the region-formation system. It means they are most
different in physiographic as well as agricultural conditions, though they have been assimilated
atfirstlevel of assimilation process by forming a complete picture of peninsular India. Similarly,
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the regions of the Western Himalayas and the Great Plains are the most dissimilar with e gards
to their physiographic conditions but seem 1o be seast dissimilar in agricultural characieristics
recording only 4.62 per cent of tolal spatial variance. On the contrary, at the lasy siep ot
assimilation, the Great Plains and the Rajasthan Region, although geographically most homo-
geneous, are significantly dissimifar in their agricul( ral characteristics (Table- 5.3).

Table-5.3: Assimilation Process and Groupings of the Macro- Agricultural Regional Units,

Groups Assimilation of Wittin Y% of vanance

macro-units group

D values cunntlative Adeobate

Prior to grouping - 0 0
After | grouping AB 3.204 40.7% BRIV
o1 grouping AB/C 6.144 7K5.20 3742
HI grouping ABC/D 6.551 82.82 4.62
Final grouping ABCD 7.857 100.00 17.18
NB.: 1. Final grouping is the stage of complete generality v-here total informations of the spatial system are lost. For

assimilation of the agricultural regional units, see inset of Fig.- 5.3.

2. For names of macro-regions, see abbreviation in the foot note of Table- 5.4.

b) The range of assimilation levels within the macro-agricultural regional units is recorded
very high in the Great Plains Region, from 0.857 to 17.570 (that includes 95.12 per cent of total
spatial variance) with starting assimilation processes from very low level, although it is
physiographically most homogeneous part of the country. [t means that there is recognizable
diversities in the agricultural characteristics and hence, the formation of agricultural regions
especially at micro-level might have been influenced by the factors of green revolution and the
application of modern agyicultural technology. Contrary to the fact, the process of assimilation
starts from a higher level (i.e., 3.266) and ends at 7.05 in the Rajasthan Region. There seems to
be a high degree of spatial variation with the loss of 46.33 per cent informations of agricultural
phenomena at first level of assimilation (Table- 5.4). It may be on account of dircct control of
physiographic factors on the spatial dimensions of agricultural phenomena.

¢) The micro-processes characteristics of assimilation of OTUs for various micro-
agricultural regionai units, which have been depicted by the graphs and dendrograms (Figs 5.1
& 5.2), reflect a wide range effects of physiographic as well as agricultural production
characteristics on the assimilation process of agricultural regionalisation. Larger the difference
of assimilated groups of OTUs fromits pre-group conditions wider the spatial gaps of agricultural
characteristics and less degree of stability of a agricultural region formation. Say for example,
the degree of functional differences appears to be very high in the Peninsular Plateau Region
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Table- 5.4: Assimilation Levels and Loss of Agricultural Information in the Regionalisation
of Various Macro-regions in India.

Iters Macro _Regions
A B C D E All India
1. Number of districts 52 143 23 117 1 5 regions
2. Lowesi level of assimilation 1.322 841 2.237 857 3.266 3.204
3., Upper level of assimilation 9.092 14.269 6.587 17.570 7.050 7.857
4, Absolute difference 7.770 13.428 4.350 16.713 3.784 4.653
S. % loss of informations
at iowest level of assimilation 14.54 5.89 33.96 4.88 46.33 40.780
6. % loss of informations
from Ist to last level* 85.46 94.11 66.04 95.12 53.67 59.220
N.B.: 1. For the percentage loss of informations in the assimilation process of regionalisation at its each stage, see Fig,-5.2
(dendrograms).
2. Assimilation levels for all India are based on five macro- regions.

3. Loss of informations in percent are calculated from the total variation, i.e., upper level of assimilation of OTUs.
Abbreviations :

A = The coastal regions, B = the Deccan plate ~u C = the western Himalayas, D = the Great plains E = the Rajasthan
plains.

. It is difference between rows 2nd & 3rd and shows percentage of total spatial variance taking into account in the
assimilation process.

specially at its lower level of assimilation, and hence, it show a wide range of fluctuations at
the latter stages of assimilation. Thus, the region building is not much stable and, consequently,
the region formation in this region have four tier system of areal hierarchy with some indifferent
regions at meso and micrd regional levels in the region-formation processes. There are many
tevidences to confirm the facts about the degree of stability of region-formation. For instance,
four out of total nine agricultural planning regions of the Peninsular Plateau at meso-level
(namely, Aravali Hills, North Deccan, Andhra Interior and the Tamilnadu Uplands) have the
degree of spatial variance of more than 100 per cent. Even some micro-level regions, namely, the
Narmada Valley, the Maharashtra Hills, and the Balaghat (a unique micro-level region) have very
high degrees of their spatial variances (Table- 5.5). On the other hand, very high degree of spatial
variance within the micro-agricultural region of the Great plains with its smooth fluctuations at
its each level of grouping/clustering can also be seen (Fig.- 5.3). Among them some agricultural
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regions of micro-level and even first order (the lowest order in the regional hierarchy) levels have
very high degree of spatial variance (i.c., more than 100 per cent). For instance, the micro-
agricultural regions of the Central Bengal (a unit of the Lower Ganga-Plains, number XVII), the
Trans-Ganga plain (of the Bihar plains, XVIII), the Rohilkhand-Upper Ghaghra Region (of the
Bhawar-Terai Plains, XIX), and the Central Punjab plains and the Border Lands of Punjab
(which are the micro-regions of the Punjab- Haryana- Western Uttar Pradesh plains, XX1), appear
to be less stable in the process of region formation, although they are muchssignificant micro-level
regions because of the influence of micro-agricultural processes and the impact of major cities
and metropolitan centres of the region on the spatial variations of agricultural landscape. It is
interesting to note here that the higher degree of spatial variance especially ai micro-level
region-formation as described above rises ihe levels of spatial variances at the latter stages of
assimilation and increases an overall degree of spatial variance (or loss of informations) i1 the
Great plains macro-agricultural region which has been recorded nearly 95 per cent (Table- 5.4).

d) The emergence of homogeneous groups of OTUs with higher degree of spatial variance
indicates non-contiguous zonation rather than stable regions. Among the micro-level agricul-
tural regions of the Peninsular Plateau, the non-contiguity over agricultural space seems wide
and obvious and, therefore, the stability of assimilaticn process is less in this region rather than
the others. The spatial contiguity constraints have less impact on the assimilation of OTUs in
the Great plains, although it has higher spatial variation, yet this variation is also appeared to be
sequential in space. Despite various spatial contiguity constraints in region-formation, there are
many agricultural regions of micro-level which are ‘unique’ in its nature and agricultural
characters. They have been kept bounded separately in the scheme of agricultural regions (Table-
5.5). Say for example, the districts of Sundargarh and Ahmedabad of the Gujarat which are the
central parts of the Gujarat plain, are physiographically the part of one unit. But they are quite
different in their agricu'tural characteristics and, hence, they assimilate in the regionalisation
processes at very high ievel of spatial variance. The Ahmedabad plain is unique for its high
agricultural productivity (land as well as labour) and growth because of direct impact of
Ahmedabad town, but the Sundargarh plain which is contiguous to Ahmedabad is distinguished
unique region because of greater values of production potential magnitudes and intensity with
higher levels of its marginal products with respect to labour as well as technological inputs, a
good indication of fast growth in the “uture. Like-wise, Osmanabad is distinguished asadistinct
unique small micro-region of only one district, because of very low values of agricultural growth
potentials. A good example of unique micro-agricultural region is also marked in the Rayalscema
Region of meso-level (number X) inwhich shevaroy and Javadi Hills (Xb) assimilate within
Rayalseema Region at very high level of spatial variance (14.26). It might be because of high
levels of agricultural production, productivity and growth as raw data table highlights. This
region is spatially contiguous to the Madras plain, a micro-agricultural region (Ic) of the East
Coastal plains. It has very low degree of spatial variance (13.46 per cent) with a very high level
of assimilation (9.02). However, the region shevaloy and Javadi Hills have been assimilated to
group with the meso-agricultural region of Rayalseema (X) rather than the Madras plains of the
East Coastal region (Ic).
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Table- 5.5: Nomenclature and Hierarch; of Agricultural Planning Regions with the Degree of Their

Spatial Variances -

Name of the Regions

No. of Assimilation Within Region
OTUs Variation
Mini Maxi A_I);;Iute %
1) (2 3) 4 (5) (6)
A. The Coastal Regions

1. East Coast Plains

a. Coromandal East 7 1.32 4.37 3.05 231.06
1. Utkal plain 4 3.48 4.37 0.89 25.57
2. Andhra east plain 3 1.32 1.64 0.32 24.24

b.  Andra Plains (Central Coast) 7 3.25 4.0! 0.76 23.38

c.  Madras Plain (Unique) 2 7.95 9.02 1.02 13.46
S. Tamiinadu Plain 3 3.10 3.31 0.21 6.77

11.  Western Coastal Plairs

a. Malabar Coasts 11 2.13 4.12 1.99 93.43
1. South Kerala 7 2.27 4.12 1.85 81.50
2. North Kerala 4 2.13 331 1.18 55.40

b. Karnataka Coastal Plain (Unique) 1 .00 4.55 4.55 -

¢. Konkan Coastal Plain 5 2.16 299 0.83 38.42

1. The Gujarat Plains

a. Panchmahal-Sabarkantha 3 3.27 4.43 1.16 35.47

b. Central Plains 11 2.63 3.21 0.58 22,05
1. Mehsana-Baroda Plain - 6 3.03 3.21 0.18 5.94
2. Coastal Kathiabar 3 2.63 2.81 0.18 6.84
3. Interior Kathiabar 2 0.00 327 327 -

c.  Kutch Peninsula (Unique) 1 0.00 4.43 4.43 -

d.  Sundernagar Plain (Unique) 1 0.00 7.65 TGS -
Ahmedabad Plain 1 0.00 5.55 5.55 -

B. The Pepinsular Plateay
1V.  Aravali Hills

a. Eastern Rajasthan 2.32 4.20 1.88 81.03

b.  Aravali Ranges 3.15 5.22 2.07 65.71

V. The Central Plateau

a. N.W.Madhya Pradesh 21 1.25 2.28 1.03 82.40
1. Chambal Basin 13 1.42 2.28 3.86 60.56
2. Malwa Upland 1.25 1.68 0.43 34.40

b. Maharashtra Shayadri 1.24 1.70 0.46 37.10

Contd...
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(1) 2) 3 4 (5) (6)
V1. The Bundelkhand-Melwa Platean
@ Rupdelkhand 8 1.05 1.91 0.86 81.90
b Fust Malwa Plateau 5 1.32 2.00 0.68 51.51
VII. The Eastern Plateau
a. Benghelkhand 7 3.40 5.51 2.11 62.06
1. The Sonpar Hills 3.40 4.81 041 12.06
2. The Maika!-Ramgar Hills 3 4.12 551 1.39 33.74
b Chotanagpur Plateau 10 0.97 285 1.88 193.81
1. Hazaribagh Plateau 4 097 1.35 0.38 39.17
2. Ranchi Plateau 112 2.85 1.73 154.46
c.  Orissa Hills .84 1.71 0.87 103.57
VIIl.  The North Deccar
a. 'The Narmada Valley 8 1.25 293 1.€8 134.40
b, Bastar Hills 2.0 3.29 0.99 43.04
(including Mahanadi Basin)
¢, Wardha Plateau 12 0.88 2.30 1.42 161.36
1. South Central Plateau 4 0.88 1.96 1.08 122.73
2. Ajanta Hills (N. Central) 4 1.58 2.30 0.72 45.56
3. Wardha Valley 4 1.52 1.93 0.41 26.97
d.  Balaghat Pange(Unique, Osmanabad) | 0.00 2.52 252 .
I1X. The Andhra Interior (Telangana)
a. N.Telangana Upland 8 241 6.71 4.31 178.84
I. N. Andhra Upland 6 2.61 461 2.00 76.63
2. Hydrabad Hills 2 241 6.72 4.31 178.84
b.  Kagnataka East 3 2.9i 4,78 1.87 64.26
X. The Rayalseema
a.  Chitor-Cudapah Upland 3 3.31 371 0.40 12.08
b.  Javadi Hills (Unique) 1 0.00 14.26 14.26 -
X1. The South Deccan
4. North Karnataka 7 1.92 3.23 1.31 68.23
b.  South Karnataka 11 231 3.52 1.21 52.38
XH. The Tamilnadu Upland
a. Middle Caveri Basin 3.00 5.66 2.66 88.67
b.  Traositional Land of 3 3.67 7.15 348 94.82

South Sahayadri-Nilgiri Hills
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&) @ O 4 (5) (6)
C. The Western Himalavas
XIll. Uttar Pradesh Himalayas
a. Garbwal Himalayas 294 3.56 0.62 21.08
b. Kumaon Himalayas 4.49 5.09 0.60 13.36
XIV. Himachal Himalayas
a. Lesser Himalayas 1.00 3.56 2.56 256.00
1. Siwalik Foothills (Duns) 2.24 3.56 1.32 58.93
2. Main Valleys of 1.00 3.16 2.16 216.00
Kulu, Mandi & Lahaul
b. Central Himalayas 2 1.11 3.32 2.23 200.00
c.  Sub-Himalayan Zone (Unique) 0.00 6.58 6.58 -
(Upper ChinabValley of Chamba)
XV. Jammu-Kashmir Valley
a. Punch-Jammu Valley S 2.84 4.04 1.20 42.25
(Siwaliks & Foothills)
b.  Pirpanjal Ranges (Unique) 1 0.00 5.96 5.96 -
D. The Great Plains
XV1. The Assam Plains
a. Brahmaputra Valley 10 2.35 3.84 1.49 63.40
1. Upper Brahmaputra 3 2.64 3.84 1.20 45.45
2. Lower Brahmaputra 4 2.35 3.62 1.27 54.04
3. Tista Plain (N. Bengal Plain) 3 2.35 3.08 0.73 31.06
b. The Barrak Vailey (Kachhar) 2 0.00 4.65 4.65 -
c. Mikir Hills (Unique) (Karbionlong) 1 0.00 6.63 6.63 -
XVIl. The Lower Ganga Plain
a.  Hcogli River Alluvial Plain 7 2.20 2.61 0.41 18.64
1. Upper Hoogli Plain 3 241 2.61 0.20 8.30
2. Lower Hoogli Plain 4 2.20 2.41 0.21 9.54
b. Central Bengal Plain 6 1.89 9.63 7.74 409.52
1. Rahar Plain 4 1.89 225 0.36 19.05
2. Calcutta Surroundings 2 7.00 9.63 2.63 37.57
XVINl. The Bihar Plains
a. Trans Ganga Plains 13 1.13 2.32 1.19 105.31
1. Muzaffarpur-Saharsa Plain 10 1.14 232 1.18 103.51
2. Ghagra-Gandak Lower Doab 3 1.13 1.36 0.23 20.35
b.  South Bihar Plains 9 1.15 2.23 1.08 93.91

Contd....
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(1) @ ) @ (5) (6)
XIX. The Bhawar Terai Plains
a. Rohikhand Upper Ghagra Plains 11 1.14 2.36 1.22 107.02
1. Upper Sarda- Ghagra Doab 5 1.14 1..96 82 71.93
2. Ram Ganga Basin (Rohilkhand) 6 1.28 2.36 1.08 84.37
b.  Haryana-Uttar Pradesh 6 1.96 273 1.77 90.31

Bhawar (Foot Hills)
XX. The central Ganga Plains

a. Gomti Central Avadh Plains 15 0.78 1.53 75 96.15
1. Central Avadh Plain (E.U.P.) 6 0.93 1.19 .26 27.96
2. Gomti Plains (C.U.P.) 5 1.19 1.69 .50 42.02
3. Central Dry Zone 4 .78 1.53 75 96.15
b. Lower Ganga-Jamuna Doab 9 1.16 1.90 74 63.80
1. Kanpur- Allahabad Doab 3 1.16 1.72 .56 48.27
2. Agra Plain 6 1.33 1.90 .60 45.11
XXI The Punjab - Haryana - Western Uttar Pradesh Plains
a. Central Punjab Plains 25 1.16 3.54 2.38 205.17
1. Delhi Surroundings 10 1.16 179 .63 54.31
2. Punjab - Haryana Banghar 15 1.79 354 1.75 97.76
b. Border Lands of Punjab 2 241 6.94 453 187.97
E. The Rajasthan Plains
XXMN. The Rajasthan Bangar S 353 5.01 1.48 41.93
XXH1. The Marusthali 6 3.27 5.57 2.30 70.36
a. Marusthali Central 3 327 3.37 10 3.06
b. Western Marusthali Border 3 3.37 557 .20 59.35
Note : The Andaman and Nicobar, Lakshadweep and Maldive Islands form one separate agricultural planning region and

can be placed in the last as meso-region number XXIV in the present scheme of regionalisation. But it is notincluded
in the presgnt scheme because of non-availability of agricultural statistics.

The Agricultural Planning Regions

. The calculation and ordering of spatial variance (i.c., based in the functional differentiation

of agricultural characteristics) ateach level of region-formation (orassimilation of OTUs), which
follow the guiding principles of boundary demarcation of agricultural planning regions, classify
the total OTUs into ninety five lowest order levels and fifty five micro-level regions of optimal
groupings of assimilated OTUs for detail observations and indepth inquiries of agricultural
phenomena cf its micro-processes regional elements (Table-5.5, Fig.-5.3). For more generalisation
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of regional agricultural characteristics, these fifty-five micro-level regional units have been
grouped into twenty - three meso-level agricultural regions by following the same guiding
principles of regionalisation and spatial contiguity constraints.

Looking at the regional boundaries shown on the map and comparing them with the agro-
climatic zones demarcated by the Planning Commission (1989) in its recent publication, it can
safely be concluded that the macro-regional boundaries of Agricultural Planning Regions (that
are five in numbers) and the boundaries of Agro-climatic zones coincide with each other
following broad physiographic division of the country. It means physiography especially the
relief features and climatic conditions are the controlling factors in the region-formation at
macro-regional level. But the boundaries of meso-agricultural regions and agro-climatic zones
are coinciding only in the Coastal Regions, in the Rajasthan and the western Himalayan regions
where climate is a direct determinant of region-formation of agricultural phenomena. On the
other hand, there is a significant boundary deviation and over-lapping of agricultural planning
regions and agro-climatic zones especially in the peninsular plateaus and the Great Plain of India
of the meso- as well as micro- levels regions (Figs.-5.3 & 5.4). The factors behind this fact are
obvious as :

a) Agro-climatic zones demarcated by Planning Commission are basically and initially
based on ecological criteria of agricultural attributes rather than its agro-technological, economic
and growth potential characteristics. As a result, agro-climatic zones particularly at its mcso-
regional levels follow the superimposed common boundaries of relief features, geological
structure and climatic regions of the country. Therefore, these boundaries are comparable and
similar to the Natural regions prepared by Census of India (1952) in its paper no. 2 or to the
physiographic regions demarcated by the Regional Survey Unit, Indian Statistical Institute, New
Delhi in 1968 (Fig.- 5.4 Inset). For example, the part of the Maharashtra Plateau has different
agricultural characteristics from the central part of Malwa Plateau of Madhya Pradesh. But these
two agricultural units have been clubbed together in the region-formation scheme initiated by the
Planning Commission (1989); this zone is named as, the Western Plateau and Hills (IX). On the
other hand, the southern Sahayadri Hills of Maharashtra and the Malwa Plateau which are
separate meso-regions demarcated by the Planning Commission, undoubtedly, similar in
agricultural characteristics and form a longitudinal agricultural planning region at meso-level of
region-formation; according to the present scheme, it is named as “The Central Plateau (V)’.
Another example of the same fact can be cited from the North Deccan Region (VIII), which
includes the Wardha Plateau and its surroundings and forms a homogeneous agricultural region
of meso-level according to the present region-formation scheme. While the same fact is not
shown in the agro-climatic regionalisation scheme which homogeneously forms meso-level
agricultural region to club the Wardha and the Malwa Plateau of different agricultural identities.

b) According to agro-climatic zonation scheme of Planning Commission, the boundaries
of meso- as well as micro-regions especially in the Great Plains of India follow clearly and solely
the rainfall criteria of region-formation rather than the criteria of agricultural production
characteristics. Obviously, this part of the country is the most fertile and has the most favourable
conditions for agricul ural intensification and, consequently, it has been the persuator of green
revolution. Indeed, the green revolution effects and the diffusion processes of agricultural
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innovations have been the most influential factors of region-formation especially at meso- and
micro-levels of agricultural regionalisation. The present scheme of agricultural icgion-formation
proves the clear cut and strong evidences of the centre-based growth and formation of planning
regions particularly at micro-or first order levels. For instance, the Rahar plain and the Calcutta
surrounding regions of the central Bengal Plains (XV1Ib1 and XVI1Ib2), and the Delhi surround-
ings and the Punjab-Haryana Banghar regions of Punjab-Haryana-Western Uttar Pradesh plains
(XXIa1and XXIa2)are emergingas firstorder regions. Itis a reflection of the dominance of agro-
technology on the assimilation processes of region-formation.

¢) After an introduction of modern technology in the agricultural intensific>tion
(especially during post-green revolution period of 1980s), the regional dimensions of Indian
agriculture are not solely dependent upon the physical characteristics of the region, though
physiographic factors conirol it at macro-regional level. Green revolution effects lead Indian
agriculture towards its diversified areal pattern of agricultural growth and development and
hence, regional forms of agricultural characteristics appear to be more complex and non-
contiguous particularly at lower-levels of regional hierarchy. The present scheme of agricultural
region-formation highlights some relevant facts and inherent correlative characteristics of the
regional dimensions of Indian agriculture as some areas/OTUs are most homogeneous in its
physiographic attributes but are quite indifferent in its agricultural characteristics. They are
emerging as separate agricultural regions of unique characteristics. Say for example, the Madras
plain consisting of the district of South Arcot and Thanjavur of the central part of east coastal
plains (Ic), the Karnataka plain of the west coastal plains (IIb), and the Kutch Peninsula of the
Gujarat plains (IIIc) are agriculturally indifferent at very high assimilation levels (at 9.00, 4.55
and 4.43 levels respectively), though the degree of spatial variance is very low within these
regions of unique characteristics. The more elaborations on the regional characteristics of Indian
agriculture should put forward separately in the next section of this Chapter.

Agricultural Characteristics in its Regional Frame

The regional characteristics of Indian agriculture can be interpreted in detail in the present
context at first-order levels of regional units. But the discussion at this level may deviate us from
the main objectives of the present Chapter which we have put forward earlier. A regional analyst
who is more interested in the real interpretation of structural agricultural characteristics based
upon its interrelationships and spatially co-existing conditions for concrete suggestions made for
self-sustained growth and balanced development of agriculture, can pursue his studies on the
direction which leads towards the comparative statements and elaborative result of meso-level
agricultural planning regions which are the close contiguous and tightly-bound regional units
within the macro-regional frame of the country. Thus, the conclusions of the regional interpre-
tation are drawn on meso-level regional units. However, the insights of the present interpretation
are elaborated to consider the empirical agricultural informations at first order areal hierarchy.
The salient features of agricultural planning regions of India are given below :

A, The Coastal Regions

There are emergence of three meso-level agricultural planning regions within the longitu-
dinal coastal regions of the Peninsular India, which are characterised, as :
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Al The East Coastal Plain: which includes 19 districts of the eastern coast of the country
and has four micro-level regional units, namely, the Coromandal east, the Andhra plains, the
Madras plain of its uniquc naturc and the south Tamilnadu plains. They are agriculturally most
. homogenceous, though the Madras plainis indifferent from the other regional units atits very high
level of assimilation (7.95).

All.  The West Coastal Plain: a meso-agricultural planning region of 17 districts which
incorporates three stable micro-level regions, viz., the Malabar coasts, the Karnataka coastal
plain and the Konkan coastal plain. The degree of spatial variance within the region has been
recorded very high (93.43 per cent) in the Malabar coastal region and hence, it has two first-
order regional units of the south and the north Kerala.

Alll. The Gujarat Plains: which includes five micro-level regional units including these three
unique regional units (Table- 5.5). The central plains of Gujarat as one of the most homogeneous
agricultural regional unitat micro-level, is most stable and has very low degree of spatial variance
(22.05 percent), while the others have much variations in agricultural attributes and hence, they
have been declared as unique regions of single districts.

In general, the evapo-transpiration conditions for plant grdwth aresimilar inall the regions
of coastal plains, inspite of significant spatial variation in annual rainfall. Annual rainfall is
recorded 1075 mm in the east coastal plain, 2858 mm in the west coastal plain and 714 mm in
the Gujarat plain. Therefore, there is a deficiency of rain water availability particularly in the
Gujarat and the east coastal plain regions. The climatic conditions are moist sub-humid in the
eastern coastal region to dry sub-humid and semi-arid in the Gujarat plain. The soils are largely
coastal alluvium varying from deltaic alluvium to .cd/gray brown alluvium because of availabil-
ity of different parental rock materials. But these soils are fertile and favourable for the
inteusinication of agricultural activities. Water deficiency in these soils has been minimised
through extensive utilisation of underground as well as surface water sources by increasing
irrigation facilities especially in the east coastal region of the country.

On account of favourable agro-ecological conditions, better irrigation facilities (Net
Irrigated area has beenrecorded 53.28 per cent to total NSA in 1988-89) and its fast increase (4.45
per cent) during the 1980s in the easterncoastal region, its agricultural growth potential structure
appears to be stronger and suitable for agricultural development. The magnitude and intensity of
yield-potentials are, therefore, recorded very high (magnitude Rs. 1906 per ha and intensity 224
per cent), although their absorption rates are very low and, hence, marginal products to labour
as well as to technology are recorded very low not only in the eastern coastal region but in the
entire coastal region at macro-level also (Table- 5.11). It is interesting to note that, in the eastern
coastal region at meso-level, the greater use of chemical fertilizer (58.42 kg/ha), very high use
of agricultural labour input (2.17 persons/ha) with greater use of non-land capital input (Rs. 114/
ha) have intensified agricultural systems to increase record levels of agricultural output (of about
8.0 per cent), labour productivity (55.65 per cent) and crop-intensity (120.9 per cent) during the
last ten years from 1979-82 to 1988-90. Comparatively highershare of work force which is solely
dependent on agricultural activities in this region (71.02 per cent in 1991) tends to decrease the
operational size of land holdings and NS A per worker (i.e., 0.52 ha/worker) which directly affect



Agricultural Regionalisation... 167

the utilisation of agricultural growth potentials. On account of sufficient availability of the
magnitude and intensity of crop-yield potential, remarkable increase in labour productivity and
land utilisation has been recorded during the 1980s and, therefore, this region of the east coastal
plain is called ‘Prosperous Agricultural Region’.

On the other hand, on account of sufficient moisture availability in the soils, rice-ragi
dominated cropping patterns are marked with very less share of working force employed in
agricultural activities (44.55 per cent in 1991) with its moderately low increase (12.37 per cent)
during 1980s, though population density is extremely high (691 persons/sq. km. in 1991)
comprising of a very high percentage of rural literates (68.11 per cent). It denotes abandant
supply of labour in agriculture sector of the west coastal region of the country, the per capita
agricultural output, land and labour productivities and their increases in the 1980s have been
recorded very low (Tables- 5.6 through 5.11, see Tables in the end of the Chapter). Inspite of thesc
agricultural conditions prevai)ing in the region for its development, there is sufficient availability
but misuse of agricultural growth potentials which can be channelised in future. Therefore, this
region can also be called progressive and developing in its nature, although agricultural growth
and productivity are recorded very low. It might be because of non-inclusion of horticulture and
other crops in our domain of productivity calculation which are dominant in the Malabar and
Konkan Coastal Areas. Undoubtedly, the economy of the Malabar coastal areas has been
changing fast from food grain rice intensive to coconut horticulture dominated during the past
green revelution period.

Thirdly, the Gujarat plain of meso-level region is climatically semi-arid in nature with poor
soils of Kutch and Kathiawar hills, although the central plains of Mehsana-Baroda (a micro-
regional unit) are most fertile and favourable for agricultural intensification. The moisture
deficiency for plant growth (i.c., marked 0.510 moisture index value) is still prevalent in the
region which directly influences the cropping patterns and crop-intensity. Therefore, crop-
intensity is very low (113.15 percent) witha marginal increase of about 2.0 per centduring 1980s.
Onaccountof noticeable share of total work force (57.69 percent in 1991) engaging in agriculture
with its marginal increase of 19.12 percent during 1980s, the labour input per agricultural land
unit has been increasing fast at the rate of 36.74 per cent in the last decade and, hence, labour
productivity is recorded high (Rs 1446 per person) in 1988-90. Land productivity is marginaily
lower than the national average. It is because of less and improper applicability of the modern
means of agricultural productivity, although production potential intensity is high with signifi-
cantly high levels of marginal products to labour as well as to technology. It means that the
response of the use of technology would be better in future if it is used to increase irrigated areas
in this region.

B. The Peninsular Plateaux

The operational taxonomic units (i.e.; districts) of entire peninsular plateaux have optimally
been grouped into nine meso and twenty- one micro- level regional units considering their
contiguity constraints and degree of spatial variances in the assimilation processes of region-
formation. The salient features of agricultural dcvelopmcnt especially at meso-level of agricul-
tural regions are described as follows :
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B 1V. The Aravali Hills Region : 1t has a separate identity physiographically as well as in
agricultural systems. It includes eleven districts of the Aravali Hills and uplands of eastern
Rajasthan including two districts of western Madhya Pradesh. Climatically, it is semi-arid and
receives only 773 mm average rainfall in a year. On account of high evapo- transpiration (1577
mm annually) and very less rainfall, it is moisture deficient region of the peninsular plateau, but
the soils are fertile, red and gray-brown in its texture. Because of favourable agro-ecological
conditions especially of soi! conditions , the maximum expected yield levels are very high (Rs.
3154 per ha) with high magnitude and intensity of agricultural production potential. The share
of Net Irrigated Area is slightly low (34.2 percent) but its decade increase is recorded highest
(24.89 percent) during 1980s. The modernisation in agricultural practices is moderate because
of high share of work force employed in agricultural activities (71.51 percent in 1991) with its
remarkzole increase (51.49 percent) during 1981-91. This increase has been recorded far higher,
even more than double to the increase of national average (i.€, only 22.37 percent). Very high
increase and share of agricultural work force denote the availability of cheap labour for
agricultural operations. Inspite of unlimited supply of labour to agricultural system of the region,
the marginai product to labour and the absorption rate of production potential with respect to
labour have been recording higher (Table-5.11). It means that more labour can be absorbed in the
agricultural production processes in future. On the other hand, production potential absorption
rate and marginal product with respect to the application of technology have been recorded very
low and insignificant. As a result, the growth rate of agricultural output, land and labour
productivities are recorded moderately with its very slow rate of increase (Table-5.8).

The level of agricultural productivity can bte increased and the process of growth can be
accelerated optimally with the proper application of modern technology which would act as
comivinentary to the labour rather than its substitution in the development pattern in the
Aravalli Hills Region.

BV.  TheCentral Plateau: Itis alongitudinal agricultural planning region which incorporates
21 districts of the North Western parts of Madhya Pradesh (the area of Chambal ravines and west
Malwa upland, which are first order-regional units of the micro region Va) and nine districts of
Maharashtra Shayadri which is a transitional part of Maharashtra Deccan (as Vb). It is a stable
micro regional unit of agricultural phenomena.

Though these micro-regional units of this region are quite indifferent physiographically,
say forexample, North-West Madhya Pradesh has Chambal system of water drainage with mixed
red and yellow soils of less fertility where climate is dry sub-humid, while the micro-region of
Maharashtra Deccan is a stable micro-regional unit of agricultural phenomena. Though these
micro-regional units of this region are quite indifferent physiographically, say for example,
North-West Madhya Pradesh has Chambal system of water draihage with mixed red and yellow
soils of less fertility where climate is dry sub-humid, while the micro-region of Maharashtra
Sahyadri is a water shed divide of about 600 m height and formed by deep black and shallow red
soils of lava where prevailing climatic conditions are semi-arid to sub-humid and hence, millets
and cotton crops are dominant cropping pattern. Rainfall being less in the entire region of the
centrakplateau (838 mm/annual), there is water deficiency (mean moisture index -.327) for proper
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plant growth and enhancement of agricultural productivity. As a result, agricultural output
growth, productivity levels and their increases have been marked low to very low. For instance,
annual growth rate of agricultural output has been recorded 6.69 percent during the 1980s
as against 8.44 percent of the national average, low levels of land and labour productivities,
Rs. 844/ha and Rs.974/person respectively, with very low increase in their levels as 6.45 and
30.12 percent respectively during 1980s. Farming intensity is very low 118 percent because of
low share of Net Irrigated Area to total NSA (22.39 percent), very low irrigation intensity (112
percent), low and very low application of modern machine tools (Rs. 33/ha) and chemical
fertilizers (20.27 kg/ha) with low degree of labour as well as of technological inputs, although
a noticeable share of total workforce is employed in agriculture sector (73.78 percent in 1991)
with its fast increase of 25.37 percent in 1981-91. On the other hand, the stagnant conditions of
agricultural growth potential prevailing in the region with the low and very low degree of the
magnitude and intensity of production potential, diminish their marginal products of agricultural
systems and the absorption rates of potential production with respect to labour and technological
inputs that have been recorded very low (Table- 5.11). It may be because of poor agro-ecological,
socio-cultural and economic conditions. Thus, this region may be called, ‘under-developed
agricultural region’ of the country.

BVI. The Bundelkhand - Malwa Region: The prevailing agro-ecological, and economic
conditions of this regionare more or less same as of the central plateau region. But the agricultural
growth and productivity have been marked extremely low even lowest among all the agricultural
planning regions of the peninsular plateaux. Onaccount of very low per capita agricultural output
(Rs. 234/person), the lowest annual growth rate of agricultural output especially in the peninsular
India (only 1.62 percent in 1980s), lowest level of land productivity (Rs. 595/ha) and extremely
low level of labour productivity (Rs. 770/person) with decreasing rate of their changes (land
productivity decreases .23 percent and labour productivity 5.21 percent annually during 1980s),
the prevailing agricultural situation in the region is the moststagnant and backward (Table- 5.8).
The agricultural growth potential attributes are also recorded weak. However, the agricultural
production potential intensity is comparatively very high (4.05) with low coefficient of its spatial
variation (33.05) (Table- 5.11). Therefore, in near future, these agricultural growth potentials can
be utilised to increase their absorption rates by intensifying irrigation and agricultural extension
services in the region.

BVIL. The Eastern Plateau : It includes three micro-agri-ultural regional units, namely, VIla:
Benghalkhand of Maikal Ramgarh and Sonpar hills (7 districts), VIIb: Chotanagpur Plateau
which incorporates the Hazaribagh and Ranchi Plateaux of the eastern foreland of Indian
peninsula (10 districts), and VIIc: The Orissa Hills (6 districts of interior Orissa state), which are
physiographically different to each other but form a meso-level agricultural planning region with
a significant variation in the spatial properties of agricultural attributes. This region has the
important mineral belt of India but is a tribal dominated area and, hence, very low literacy rate
in the rural areas (29.13 percent) is recorded, although the density of population is low (239
persons per sq. km. in 1991) with moderate decadal growth (24.03 percent). Agro-economic
structure is also weak. The region has very low share of Net Irrigated Area (15.58 percent),
extremely low application of modern technology as mechanisation index is recorded lowest
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amongall the regions of Indian peninsula (Rs. 6/ha) with very little use of chemical fertilizer (only
9.7 kg/ha). The use of labour ingut is moderate (Rs. 447/ha or 1.67 agricultural workers /ha in
1991) with a moderate increase of 21.9 percent in the 1980s. The prevailing conditions of weak
agro-economic structure of the region, where per capita agricultural output is very low (Rs. 176/
person) with very low annual growth rate of agricultural output (3.57 percent), low levels of land
as well as labour productivities with their decadal increase, hamper the agricultural growth
potential characteristics of the region. Therefore, the magnitudes of agricultural production
potential (yield-gap) has been recorded marginally low (Rs. 1689/ha) with a good deal of its
intensity (3.00). Marginal product to labour is very low because of low absorption rate of labour
potentiality and traditionalism in agricultural operational systems of the region of agro-
ecological diversity. However, marginal prcduct to technology is recorded highest among the
other regions of the peninsular India and even higher than the national average (Table- 5.11). Per
unit of increasing agricultural technology may increase 37 times level of agricultural production
with absorbing only 23.5 percent share of production potential intensity. Thus, technology may
be a good complement to labour input tc optimally intensify the traditional agricultural systems
operated in these areas of the fertile red gravel soils of plateaus and hills of this region.

BVIIL. The North Deccan : It incorporates 25 districts including 12 districts of south -western
parts of Madhya pradesh, 12 districts of the interior Maharashtra and one district of Andhra
pradesh. This agricultural region is formed by four micro- level agricultural regional units,
namely, VIIla : The Narmada Valley including Mahadev hills black soils, VIIIb : The Bastar
Hills of the Chattisgarh region including the districts of Mahanadi basin (Raigarh Raipur and
Durg districts of South Madhya pradesh), VIIIc : The wardha Plateau - an interior part of
Maharashtra Plateau which includes south - central plateau, Ajanta hills and Wardha valley of
the black cotton soils and VIIId : The Balaghat Ranges (osmanabad districts of Maharashtra) as
an unique agricultural micro-level regional unit which is 600 m above the mean sea level. The
entire regicn is moisture deficient (moisture inde:. -.446), although it receives an annual average
rainfall of about 1160 mm. Because of high rate of annual potential evapo- transpiration (1513
mm) the climate of this region is semi- arid. Soils are fertile, hard medium to deep black in colour
and favourable for cotton crop. Therefore, the region is jowar -cotton - wheat dominated cropping
pattern which is best - suited to these agro-ecological conditions. The intensification conditions
of agricultural production systems operated in this region are moderate although the future
prospects agricultural development are better and favourable for technology extensionservices.
In the moderate demographic and social conditions of the region where less pressure of
population on land (174 persons/sq.km in 1991) with moderate rate of its decadal growth
(24.15% 1981-91) moderate share of urban population (22.07%) and of rural literates (36.82%),
the share of total working force employed in agricultural sector is marginally higher (77.85%)
with a moderate rate of its (1981-91) increase of about 19.92%, although the agricultural labour
input (i.e agricultural workforce per unit cultivated land) is moderate (1.05 persons/ha) with
moderate increase of 25.51% during 1981-91. Inspite of moderate demographic conditions for
agricultural growth and development, the annual growth rate of agricultural output has been
+ recorded low (6.18 percent as against 8.44 percent of national average). The land and labour
productivities are marked very low (as Rs.783/ha and Rs.713/person in 1988-90) with moderate
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increase-during the 1980s (Table -5.8). The causes of low level of agricultural producuvny are
perhaps very low farming intensity (112 %) with its decadal decrease of 17 percent and less
application of modern toois and techniques with very little use of chemical fertilizers (19.95 kg/
ha) though the average size of operational land holdings are larger (1.94 ha of NSA per cultivator)
than the national average. No doubt, it is cotton- crop-dominated region for which irrigation and
fertilizer is not much required. But it is a commercial crop (raw material of cotton industry) and,
thus, agricultural productivity in this region is controlled by the cconomic laws of demend and
supply and the price mechanism of raw cotton. The future growth prospects of this region are
better because of enough availability of the magnitude and intensity of agricultural production
potentials (Rs.2234/ha and 3.69 respectively) with its marked absorption rate for increasing
agricultural output. Therefore, marginal product to technology is recorded as high as 21.47. It
means that the increase of one unit of technology in the present agricultural system of this region
is capable of increasing 21.5 times of the agricultural output provided the extension agricultural
services are utilised properly. On the whole, the region is developing in its nature and it may be
suggested a change in the foodgrain dominated agricultural system to horticulture and orchard
intensive system which would be more profitable and less risky to the farmers. Fruit cultivation
which has been starting in this region is a good sign of changing traditional system agriculture.

BIX. The Andhra Interior (Telengana): It is a maso-regional unit of eleven districts which
includes eight districts of the North Telengana upland and 3 districts of the Karnataka East with
- forming s€parate micro-regional units of agricultural attributes as IXa and IXb. The climate is
semi-arid to arid following less amount of annual rainfall (838 mm) with higher rate of potential
evapotranspiration (1655 mm/annual) and, consequently ,there is noticeable moisture deficiency
in the atmosphere (-.518 moisture index). Groundnut, jowar and rice are predominating crops in
the cropping patterns of this regions which require less water and comparati'vely lesser use of
fertiliser and modern technology, though the soils are fertile especially in upper Krishna basin
whichis lateritic, red loamy in the textural contents. Inspite of these facts, greater use of machine
tools (mechanisation Rs.68/ha), higher use of chemical fertilizers (57.72 kg/ha as against 44.0
kg/ha national average) are recorded. But increasing mechanisation inagricultural practices does
notseem helpful to intensify agricultural production. Itis surprising to note that, inspite of greater
use of labour as well as of technological inputs because cheap labour is available though the share
of agricultural workers to total workers is moderate (68.76 percent in 1991) with its moderate
increase (18.25 percent in 1981-91), the farming (or crop) intensity is very low (116.86 percent)
with its moderate increase (6.82 percent in the 1980s). It n.ight be because of low share of Net
Irrigated Area to the total cultivated land (28.7 percent). Therefore, the soils of this region are
more thirsty rather than hungry. As a result, in the early 1990s, very low annual growth rate of
agricultural output (5.14percent), low levels of land and labour productivities (Rs.988/ha and
Rs.670/persons respectively) witha very low level of per capita agricultural output (198/persons)
have been recorded, although influence of demographic and social factors are moderate with low
density of population (215 persons/sq. km) and moderate urban share of total population (20.80
. percent). In addition, the magnitude and intensity of crop production potential (i.e., yield gaps)
are recorded very high (Rs.2573/ha and 414 percent respectively). It means that there are
possibilities to develop agricultural practices in near future. But there is a variety in the
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application of modern technology and hence the present system i$ operative at very high
absorption rate «.f labour potentiais with a very low level of marginal product to labour if it is
compared to the other regions of the country (Table- 5.11). It means there is a mismanagement
of labour resources in the region. On the other hand, marginal products to technology as well as
to labour have been recorded low (7.62 and 1.92 respectively) with very low absorption rate of
its production potential(.228). Itcanbe concluded that the ratio between the marginal productand
the absorption rate of production potential which refers to resource utilization is higher with
respect to labour input than to the technological inputs. Therefore, technology is complementary
to labour input rather than being a substitution and, it can be said surely that more labour can be
employed with simultaneously increasing technology to optimise the agricultural production
systems of the region of rugged topography and dry climatic conditions.

BX.  TheRayalseema Region: Itis very small insize (only fourdistricts including one district
of Tamilnadu state). It is the driest part of the peninsular India; only 711 mm annual average
rainfall with high rate of potential evapotranspiration (1637mm annually) and hence moisture is
recorded highly negative as -.551. This region covers most of the southern part of Eastern Ghats
where Chittor- Cuddaph uplands including upper basins of the Nandyal and Pennar rivers
(300-600 mm in height) of the southern Andhra Pradesh, a micro-regional unit of agricultural
characteristics(Xa) and the Shevaroy upland including Javadi Hills of the flat land (300-600 m
in height) situated between Cauvery and Palar river basins, especially the North Arcot district of
Tamilnadu, which is agriculturally indifferent at very high level OTUSs assimilation (14.26), is
another micro-regional unit (Xb) of the Rayalseema Regions. The soils of this region are red,
sandy and medinum black in colour and texture which are enough fertile but thirsty and, hence
cropping patterns are diversified dominating groundnut, ragi and jowar crops. The farming
intensity in this region is recorded lowest (108.01 percent) with its negligible’ decadal increase
of about 0.54 percent in the 1980s. It may be because of low share of Net Irrigated Area to total
cultivated land (27.47 percent) with its very slow decadal increase of only 3.89 percent. The high
levels of input intensification, labour as well as technological inputs, through the share of
agricultural workers to total workers is moderate (71.82 percent) with its moderate decadal
increase of 19.50 percent in the 1980s, have beenrecorded because of availability of cheap labour
(which is unskilled and illiterate) and sufficient use of chemical fertilizers (39.67 kg/ha) and high
mechanization (Rs. 93/ha) . Unreal mechanization of agricultural practices with unskilled labour
of traditional farming and readily available labour at cheaper rate which diminishes the wages
and decreases 10.80 percent labour input (in its money term, not in agricultural workers per unit
of land) in the last ten years (1981-91). It is direct indication of very low levels of land labour
productivities of the region. It is a fact that land productivity is very low (Rs. 914/ha) with its
extremely slow increase of 3.99 percent per annum in 1980s and labour productivity is also very
low (Rs. 545/person) with its very slow increase of 21.84 percent annually in the same period.
As aresult, the growthrate of agricultural output is recorded very low (5.6 percent annually) with
the lowest level of per capita agricultural output (Rs. 169/person), though the population burden
on land is very low (density 175 persons/sq.km.) with its low decadal growth of 19.85 percent.
These stagnant and underdeveloped conditions of agriculture of this region can only be altered
to accelerate and intensify modern technology, especially water-technology for cheaper source
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of irrigation, in the agricultural production systems of the region. It is suggested here because of
greater availability of the magr ‘tnde and intensity of agricultural growth potentials (production
potential magnitude 2669/ha and its intensity 4.21) and higher productive capacity of
agricultural technology at very low absorption rate of its potential (0.042). The ratio of marginal
production to absorption rate of production potential with respect to non-land capital (technol-
ogy) is higher (116 times) than the labour input (i.e., 77 times). It means that the per unit increase
of technology in the existing agricultural system of the region is able to produce 487 percent of
agricultural outputby absorbing only 4.2 percent of the intensity of production potential, whereas
per unit of labour input is capable only to produce 208 percent agricultural potential intensity.
Therefore, the marginal returns of agricultural technology are higher and the agricultural
practices would be more profitable_ if they become technology- oriented especially in this
region.Thus, the thrust of development strategy must be towards water-resource utilisation
and changes in cropping patterns from traditional to more commercial crops with suitable
price-mechanism, so that the existing stagnant and under developed conditions of this dry region
may optimally be changed with a significant increase in per capita agricultural output,
agricultural growth and level of productivity.

BXI. TheSouth Deccan(Karnataka Interior) : Itincorporates two micro-agricultural regional
units, similar in their areal extent and in the number of districts, namely, XIa: The North
Karnataka - a micro unit of 7 districts including one district of South Maharashtra and Andiira
Pradesh each and XIb : The South Karnataka - which includes 8 districts of the Deccan plateau
(Karnataka state including one district of Tamilnadu). Physiographically, the region is the part
of most dissected Deccan plateau and has a variety of relief features, geological structure, soil
formation processes and its texture that influence directly to the agricultural attributes of the
region. But surprisingly, the micro- as well as meso-level regional units do not influence much
from the physiographic/agro-climatic conditions of the region, while they are the major
determinants of agricultural growth potentials. The demarcation of micro-regional units is east
to west for the north and south Karnataka optimal agricultural groupings of OTUs, but
physiographically, it has been divided from the central Sahyadri (Western Ghats) of about 600-
900 m height to the upper and middle Krishna, Tungbhadra and Cauvery basins (the eastern parts
of the region) of about 306-600 m height. It seems that the formation of micro-level agricultural
regions of the most homogeneous conditions where the degree of spatial variance within the
region is recorded very less (Table- 5.5) is based on the agricultural growth phenomena rather
than its physiographic conditions.

Agro-ecologically, the region is not much recognisable. There is a water deficiency of about
480 mm annually because potential evapo-transpiration rate is far higher (1404 mm annually)
and,hence, the moisture index is recorded -.266. But the soils are medium black and red loamy
in texture and colour and are fertile for crop growth. A diversified crop pattern of jowar-
groundnut- rice- cotton is being practised withan introductionof modern technology. Therefore,
it has become most developed and prosperous agricultural region of the peninsular plateau.Say
for example, the annual growth rate of agricultural output has been marked extremely high
(20.09%) as the second highest among the regions of India, with very low degree of its:spatiai-
variance within the region (C.v. 60.5%). Itis only because of extremely high increase in the land
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and labour productivities (23.53% and 22.30% annually) during the 1980°s, while their levels
moderately low (Rs.1108/ha and Rs.965/person of agricultural worker respectively) with low
level of farming intensity (111.20%), less share of Net Irrigated Area (21.52%) and moderate
conditions of labour as well as technological inputs (Table- 5.9). Infact, the agricultural growth
potentials of this region have been exhausting through intensifying modem technology and no
doubt, fast growth of agricultural output is the result of its potential utilisation. Further strategy
of balanced development can only be suggested on the basis of growth potential attributes. It is
obvious that the marginal productivity to technology is significantly high (32.31) as against
national average (22.41) and far higher than the marginal product to labour(i.e, 1.06). Being very
high ratio of marginal product to absorption rate of production potential especially with respect
to non-land capital (633.5), the modern agricultural technology can be extended upto an optimal
extent where it equates its ratio of labour input, which is far lower (212.0) in the existing
agricultural production systems operated in the region. Agricultural technology may »e applied
as substitution for labour if the agricultural systems arc able to shift in the occupational structure
of the region by generating more employment in non-agricultural sectors and even agro-surplus
based- processing activities. The fastemergingagricultural economy of this backward region can
only be maintained by intensifying agricultural production processes and changing it accord-
ingly.
BXII. The Tamilnadu Upland : It is situated in the exueme southern trianguiar corner of the
peninsular plateau. It is small insize which includes total 7 districts of Tamil Nadu including one
district of Kerala, but has a variety of relief features. Thus, it consists of two micro-regional units
which are physiographically and agriculturally homogenous. Physiographic features are highly
associated with the agricultural developmental patterns of the region. These micro-regional units
-are XIla: The Middle Cauvery Basin -which is surrounded by the Sheveroy Hills in the north,
South Sahyadri in the South-west, Nilgiri Hills in the West of the heights of 150-300 mtrs, and
XIIb: The Transit’onal Lands of South Sahyadri-Nilgiri Hills which is called the roof of the
Tamilnad upland and has the height varying from 300 to 2711 mtrs. Being sub-humid climatic
conditions which are favourable.for agricuitural crop growth, there is less requirements of
irrigation facilities in the summers but irrigation is essentially required in the winters for winter-
rice cultivation. Soils are fertile, mixed red and valley alluvium. Rice is the dominating crop
which is labour intensive. Cotton and groundnut are the chief commercial and industrial crops.
Therefore, the annual growth - f agricultural output and land productivity have been recorded
very high(15.07% growth in 1980s and agricultural output Rs.1652 per hectare of cultivated land
in 1988-90), although the share of Net Irrigated Area is very low (21.97%) with its decadal
decrease of 2.11%. It is because of moistand humid conditions of the region, which do not
have any significant effect on growth and agricultural productivity. The agricultural systems are
being operated at high levels of input intensification; labour input is Rs.1025/ha as 2.17
agricultural workers /ha with a moderate increase of 38.62% in 1980s and capitai input level is
Rs.172/ha because of higher use of fertilisers (79 kg/ha) as against national average (44kg/ha)
and high mechanisation (Rs.94/ha). To maintain the rate of agricultural growth in the future in
this region, the growth potential conditions are not favourable, although production potential
intensity is marked moderate (2.64) with very low absorption rates. Margina! product to labour



Agricultural Regionalisation... 175

and technology are also recorded low to very low (Table-5.11). Marginal product-absorptionrate
of production potential ratio is h._*zr for technology. Therefore appropriate technology can be
increased to intensify systems would not be profitable and even would not work in its optimal
manner because the share of agricultural workers to total workforce is recorded smaller (47.56

percent) with its low decadal decrease.

C. The Westerm Himalayas

It is physiographically different from the other parts of the country. It follows a variety of
relief features like hills, valleys, gorges, canyons and snow covered hill tops and mountain
ranges. Therefore, there is a vast inter-regional variation in agro-ecological and agro-economic
conditions. Broadly, the OTUs of this macro-region of typical agricultural conditions have three
meso-level agricultural regional units which follow state-boundaries and, hence, the nomencla-
ture of these agricultural regions is based on administrative boundaries as:

CXIII. The Uttar Pradesh Himalayas: 1t includes total 6 hill districts of ! ttar Pradesh and
assimilates into two micro-regional units of the Garhwal Himalayas (XIIa) and the Kumaon
Himalayas (XIIIb). They are slightly different in agricuitural characteristics and agro-climatic
conditions. It has hill-temperature climatic conditions of very highrainfall (2142 mm annually)
with higher rate of potential evapo-transpiration (1286 mm annually), though itis lesser than the
receipt of total amount of rainfall and, therefore, there is a sufficient moisture availability for
plant growth (0.67 moisture index).

CXIV. The Himachal Himalayas: It has three micro-level agricultural units which follows the
relief features of the region as : the lesser Himalayas (XIVa) of the Siwalik Foothills and the main
valleys of kulu, Mandi and Lahaul districts of the Central Himalayas (XIVb) of 900 to 3000m
of height where climate, cropping patterns and operations of agricultural systems are different
from the Siwaliks, and, thirdly, the sub-Himalayan zone of unique agricultural characteristic
(XIVc) which includes the Chamba district of very high altitude with low temperature. The
climate of the entire region of Himachal Himalayas is hill-temperate with the moisture
availability in the atmosphere through out the year (0.581 moisture index) except a few months
during winter. Brown hilly soils are dominant which pursue the cultivation of rice, maize and
wheat in the region, especially in the Siwaliks and river valleys.

CXV. The Jammu and Kashmir Valley: It has two longitudinal micro-regional units of
agricultural characteristics: the Punch-Jammu valley of Siwalik and foouuiiis which has fertile
soils of valley alluvium and brown hills for intensive cultivation and the Pirpanjal range of
indifferent agricultural regional unit. In the entire region, there is water deficiency of very less
amount of rain(-.07 moisture index annuaily) and the prevailing climatic condition are from
humid to semi-arid. Wheat and barley are principal crops of the region which are grown
without irrigation.

In general, these meso-level regions of the western Himalayas have very low percentage
share of total geographical area under cultivation because of undulating slopes and steep valleys.
The flat land is very less and scattered. The population pressure on land is very less in all these
three regions as popalation density is recorded extremely low (91 persons /sq.km in 1991) in the
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Uttar Pardesh Himalayas with its low decadal growth (14.50 %). Mostly the population is
scattered in the villages and rural literacy rate is higher than the national average. On account of
low to very low levels of land and labour productivities with their slow increase; somewhere they
have been recorded negative, in its trends (Table- 5.8), the annual growth rate of agricultural
output and per capita agricultural output have been marked very low, even negative agricultural
growth especially in the Himachal Himalayas where the rural economy is being shifted from
foodgrain cultivation to fruit-crop dominated farming. Inaddition, agricultural growth potentials
are moderate in its magnitude and intensity (Table- 5.11), which are being absorbed at a very
low rate for the increase of agricultural production (i.e., called marginal products). As a result,
agricultural productivities are marked very low in these regions of mountain agro- ecological
conditions. However, marginal products to labour as well as to technology are recorded higher.
It means a record of agricultural production can be iucreased optimally through increasing the
absorption rate of production potential. Labour intensification would be more apprcpriate in
agricultural production systems of these regions because the raiio between marginal productand
absorption rate of production potential with respect to the Jabour input are higher in all the
regions than the technological input, although iabour input is employed upto greater extent in ihe
existing conditions of agricultural practices. Orchards, horticulture and tree- gardening are better
and more profitable and, hence, the cropping patterns must be changed towards fruit cultivation,
so that agricultural growth and productivity may be increzsed fast to over throw the stagnant and
undeveloped agricultural conditions of these areas.

D. The Great Plains

There are the most fertile and rich in underground water resources and are one of the largest
and most densely populated alluvial plains of the world, stretching-along the foothills of the
Himalayas from the upper Brahmaputra in the east to the Punjab plain in the west. Note that the
Rajasthan dry plain is also part of the Great Plains. But it is studied to keep aside in a macro-
agricultural regional unit because it differs considerably from the Great Plains in the growth and
development of agricultural attributes and also in the agro-ecological conditions. In the
assimilation process of 118 OTUs of the Great Plains, it forms six meso-agricultural regions and,
at a lower level of assimilation, thirteen micro-level and twenty-three first order (lowest)
agricultural regional units. The agricultural characteristics and its development possibilities in
its regional frame are given below:

DXVI. The Assam Plains: These plains consists of (a) the Brahmaputra- Tista valleys (micro-
regional unit of the main Assam, XVIa), (b) the Barrak- Surma vallay (another micrc- regional
unit, XVIb, which incorporates the southern part of the Assam Plains and has ferai climatic
conditions with cherry red loamy soils), and (c) the Mikir Hills (an unique agricultural unit of
micro-level, XVIc) which have favourable agro- ecological and biophysical conditions for
agricultural practices. However, crop intensity is low (131.63%) with its low decadal increase
(3.59% during 1979-82 to 1988-90). It might bc because of weak techno-economic structure of
agricultural systems. For example, use of machine tools is recorded negligible as Rs.5/ha and use
of chemical fertiliser is also marked extremely low as 7.92 kg/ha, although the application of
- labour input in agricultural practices has been marked very high as Rs.612/ha (in money term)
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or nearly 2.0 persons /ha with a extremely high increase of 77.03% that is more than double of
national average during 1981-1991. Infact, this extremely high increase is recorded not because
of the natural growth of rural population but because of immigration especially in rural areas.
As aresult, labour productivity has been recorded very low (Rs. 902/person) with its harp decline
in its annual change (-24.76 percent). Therefore, percapita agricultural output is also recorded
very low (Rs.189/person). On the other hand, the conditions of agricultural growth potential are
very much favourable for future growth and development of agriculture. Magnitude of produc-
tion potential has been recorded highest in India (Rs.4022/ha, i.c., two-and-a-half time its
national average) with its moderately high intensity (2.52). Marginal productivities and
absorption rates of production-potential Intensity are extremely high in this region. It indicates
faster agricultural growth at very low increase of labour and technology in agricultural
operations. Analysing production potential attributes of the region, it may safely be concluded
that labour dominated agricultural systems are more profitable where technology is complemen-
tary to them. The causes are obviously the availability of cheap agricultural labour and high
magnitude of production potentials.

DXVIL.The Lower Ganga Plain: It includes entire West Bengal plains of new and deltaic
alluviums of the moist sub- humid climatic conditions. High rainfall (1551 mm annually) with
the high rate of potential evapo- transpiration (1447mm) and consequently, moisture index is
positive (0.236), are the favourable conditions of proper plant growth. Rice and jute are
dominating crops; one is foodgrain for local consumption and grown thrice ina year and another
is cash and commercial crop which increases level of agricultural productivity. As a result, land
productivity is recorded highest (Rs.4568/ha as three times higher than national average) with
extremely high annual increase of 12.10 percent (i.e., also one-and-a-half times higher than the
national average). Inspite of the highest population density (910 person/sq. km. in 1991) with
“moderately high growth of 26.01 percent in 1981-91 with moderate urbanisation (19.07
percent) and rural literacy (37.24 percent), labour productivity is recorded very high (Rs.160/
person), but its increase has been slowed (25.31 percent annuaily) in the 1980s. Consequently,
annual average growth of agricultural output has been slightly lower (7.53 percent) than the
national average. Farming intensity is high (161.02 percent) with its extremely high decadal
increase of 21.43 percent in 1980s, because of high application of chemical fertilisers (60.53 kg/
ha) and labour input (Rs.955/ha, nearly double to the national average though the agricultural
workers share is recorded low with its moderate increase). It means that agricultural economy of
the region has reached its developed stage of high equilibrium and , therefore, the agricultural
growth potential is marked exhausted. Thus, the magnitude and intensity of production potential
are low to very low with low levels of marginal products and low absorption rate of production
potential . The agricultural areal variations within the regions confirm the facts that the economy
of the region is gradually shifting from agriculture to non-agricuitural activities and hence the
influence of the transport network, urban centres and industrial development in this region can
directly or indirectly be seen on the emergence of lower order agricultural regions. For example,
the Calcutta surrounding region of the Central Bengal Plain, (XVIIb2) which incorporates only
two districts has evolved a separate first-order regional unit in the assimilation process of
regionalisation because -f the effect of agricultural innovations diffusion from the metropolitun
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to the surrounding areas. This processes of centre based agricultural development is directly
having influence on the levels and increase of land and labour productivities and determines the
agricultural regionalisation. Basu’s hypothesis of inverse relationships between the average farm
size and productivity under the condition of higher urbanisation (Basu 1981) seems significant
and valid in the present reference of agricultural development. In fact, this lowest order regional
unit of the Calcutta surrounding region (XXVIIb2) which has direct impact of higher degree of
urbanisation on the agricultural growth and development signifies that very high agricultural
productivities, land as well as labour productivities as Rs.5206\ha and Rs.1742 per agricultural
worker respectively, have been attained with very low size of operational land holdings (0.76 ha.
of NSA per cultivator in 1991) because of linkage effeets of urbanisation on agricultural
development (Dasgupta and Basu 1985). It is found that Basu’s hypothesis is valid but requires
an immcdiate need of in-depth inquires for searching the causes of inverse relationship between
average farm size and productivity.

DXVIIL.The Bihar Plains: It includes 22 districts of the Bihar Plains of the most homogenous
physiographic conditions with moist sub- humid conditions with 231 mm of annual moisture
deficiency (1145mm annual rainfall with 148 1mm rate of annual potential evapo-transpiration).
Water-deficiency is observed especially in the winters (rabi season) which is minimised by
tubewell/canal irrigation. Under water resource is easily available and cheaply exploitable for
tubewell irrigation in this region. Inspite of higher use of modern technology (i.€, intensification
of machine tools, intensive use of chemical fertilizers and irrigation), the levels of land and
labour productivities have beenrecorded very low to extremely los. with very slow rate of annual
increase; even labour productivity is recorded lowest as only Rs.548/person. In fact, labour
productivity is the quotient of total agricultural output (dividend) and agricultural work force
(divisor) (see eqn. 1.4c for detail). Since agricultural workforce per unit of cuitivated land is
extremely high (2.68 persons/ha) with an extremely fastdecadal increase of about 126.35 per cent
in 1980s, which is more than three-and-half times higher than the national average with a more
burden of work force on agricultural activities, it diminishes the level of labour productivity. The
agricultural growth potential attributes are very weak and hence the annual rate of agricultural
output growth is recorded low (6.13 percent). The reasons of siow growth are obvious. Magnitude
and intensity of production potential are moderately low (Table-5.11) with low level of marginal
product and low absorption rate of labour as well as of technological production potential.
Overall, there is a low level of equilibrium conditions of agricultural development. Occupational
shift from agriculture to non-agricultural sectors, fast growth of rural growth centres which would
help to process local surplus agro-materials and to employ more rural labour in these agro-
industrial activities, and provision of strong infra-structural attributes are only the alternative
remedies to fasten the agricultural growth and to increase the land and labour productivities of
this region of stagnant and under-developed agricultural economy.

DXIX. The Bhawar-Terai Plains: 1t is a longitudinal region of 17 districts incorporating
Bhawar belt of about 15 km wide and the Terai belt of Uttar Pradesh situated longitudinally in
the northern borderlands of Haryana and Uttar Pradesh alongwith the foothills of the Western
Himalayan Region. Agro-ecological conditions of this region are very much favourable for
agricultural growth and development because sufficient rainfall is available throughout the year
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(1109 mm annually), though the rate of potential evapo- transpiration is slightly higher than the
receipt of total rainfall, and enough available ground water potentials which can be and are being
utilised at cheaper investment rates. The ground water table is in the upper layers of alluvium
soils. All these favourable agro- ecological conditions pursue crop- growth. Therefore, land and
labour productivities and their increasing annual rate of agricultural output, and per capita
agricultural outputare marked high to very high witha strong and weli- developed infrastructural
and agricultural input attributes. The agricultural systems are working at high level of its
equilibria conditions with a better socio-economic conditions, though the magnitude and
intensity of production-potential are recorded moderately with low level of marginal products
with respect to labour as well as technology, but the existing agricultural system of this area is
well operative with technological enhancement rather than traditional labour-intensive agricul-
ture, although there is an unlimited supply of [abour in the agricultural production processes.

DXX. The Central Ganga Plains: 1t includes the entire eastern parts of Uttar Pradesh plain
consisting of two micro-regional units, the Gomati- Avadh plains (XXa) and the Lower Ganga-
Jamuna doab (XXb) of the fertile alluvial soils with moderate semi- arid to dry sub-humid
climatic conditions. Crop intensity is high(148 percent) with its fast decadal increase of about
6.16 percent. The reason of high faiming intensity is higher use of machine tools with high
application of fertilizers and irrigation. Intensive use of modern technological package
increases land productivity as recorded Rs.1963/ha and labour productivity as Rs.1137/person.
The increase in labour productivity is recorded moderate (32.16% annually) because of higher
degree of agricultural workforce per unitof cultivated land (1.80 persons/ha) which is easily and
cheaply available in the rural areas. On account of slow rate of land productivity increase in the
region (6.34% annually in the 1980s), the annual growth rate of agricultural output has been
recorded low (6.19%). The agricultural growth potential attributes don’tseem strong; magnitude
and intensity of production potential are recorded moderate with very low absorption rate. But
ratio of marginal product to absorption rate with respect to technology is higher (402) than the
labour input (308). Therefore, the technological intensification in the agricultural production
systems of this area may be profitable and suitable for further growth acceleration.

DXXI. The Punjab - Haryana - Western Uttar Pradesh Plains: Itis ‘wheat bowl’ of India which
characterises intensive farming with extensive irrigation (more than 80 percent cultivated land
is under irrigation), mechanisation (Rs. 134/ha), chemical fertilizer (117.7 kg/ha as highest in
India), field operations with bigger sizes (2.14 ha of NSA per cultivator in 1991), and the low
degree of labour input (0.89 person/ha) with its moderate increase in 1980s. It is due to fast shift
in the occupational structure from agricultural to non-agricultural sectors and, hence, only 59.9
percent of the total work force is engaged in agriculturai activities. As a result, land and labour
productivities have been marked very high with their moderate increases; note that labour
productivity is Rs. 3943 per person in 1991 that is more than three times higher than the national
average (Table-5.8). Therefore, per capita output is recorded highest Rs. 920 per person. On
account of weak agricultural growth potential attributes, though agro-ecological and agro-
economic conditions are favourable, the agricultural growth has been recorded moderate (8.45
percent annually) in the 1980s. Modern agricultral technological inducements in the agricul-
tural systems may be more suitable for this region because of high ratio of marginal product to
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absorption rate of production potential with respect to technological inputs. The reasons behind
high ratio are (a) the direct backwash effects and the effects of diffusion processes of agricultural
innovations as growth- centre based strategy of agricultural development and (b) the efficient
transport network to regulate surplus agro-based production and to feed the seed fertilizer
packages to the rural areas. Consequently, the emerging regional variations which can be seen
at first order assimilation of OTUs and its region formation as the regions of the Delhi-
surroundings (XXal) and the Punjab-Haryana Banghar (XXIa2), are the realisation and the
confirmation of these facts of agricultural characteristics of this region of semi-arid and banghar
dominated alluvial soils where wheat-rice-sugarcane are the dominating crops in its cropping
pattern. Wheat and rice are also cash crops of this region. Therefore, price mechanism, an
economic factor ¢  farming intensity and farmers’ profitability, has become a dominating reason
behind agricultural development of the region. The farmers of this region are now businessmen
and traders of agricultural products rather than peasants of traditional thinking.

E. The Rajasthan Plains

It is the driest part of the country. Physiographically and agriculturally, it has two meso-
regional units. The Rajasthan Banghar which consists of the five central districts of Rajasthan
dispersed in a longitudinal strip alongwith the western side of the Aravalli Hills including entire
Luni river basin and the Jhunjhunu and Churu districts of Haryana border, and the Marusthali
which incorporates six districts of the Thar desert. Sand dunes are the main relief features of this
region. Agro-ecological, socio-cultural and agro-economic facts of these regions are described
in detail in the following lines.

EXXII. The Rajasthan Banghar : Climatically, it is semi-arid to dry sub-humid because the total

amount of annual rainfall is far lesser than the annual rate of potential evapotranspiration and,

therefore, there is a water deficiency of about 611 mm annually (moisture index -0.481). Old
alluvial soils of river-born are dominant and hence, this region is called banghar. On account of
less rainfall and less facilities of irrigation (Net Irrigated Area in only 16.5 percent to total
-cultivated land in 1988-90), very low applicability of technological inputs (low mechanisation
Rs. 33/ha, very low use of chemical fertilizers 14 kg/ha), although there are possibilities to apply
intensive modern techniques of farming because of availabilities of larger size of operational
landholdings (2.61 ha of NSA per cultivator) and of cheap and better agricultural labour and
animal forces. Labour productivity is, therefore, high (Rs. 1488/person) with its fast annual
increase of 114.23 percent, i.e., more than double to its national average. But land productivity
is recorded very low (Rs. 601/ha) with its moderate increase. The region is characterised as very
high annual growth of agricultural output especially in 1980s (16.16 percent, i.e., nearly double
to the national average). The causes of high rate of 2gricultural growth are (i) the exhaustive use
of agricultural growth potentials of which absosption rates are recorded very high especially with
respect to labour input. While intensification of modern technology is more suitable for faster
agricultural growth and land productivity levels because the ratio between marginal product and
absorption rate of potential intensity with respect to technological input is recorded high, very
high (170.0) compared to labour input (i.c., 64.3), and (ii) very low percentage share of workers
engaging in agriculture (53.01 percent) and its slow decadal increase (3.42 percent in 1981-91).
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Because of very high intensity of production potential (3.62), the future prospects of this region
are better for enhancement of the level of land productivity.

EXXIII. The Marusthali : Inspite of extreme arid climatic conditions (a record water deficiency
of about 1060 mm annually in the atmosphere) and excessive weathering processes ol soil
formation (gray brown desert sandy soils) and traditional cropping pattern of bajra-gram-whcat-
rapeseeds which caters to the needs of the local people, the labour productivity is recorded higher
(Rs. 1779/person) with an extremely fast annual increase of about 492.1 percent (i.e., more than
ten times of national average). It is because of very low use of labour inputs (0.58 person/ha) in
the agricultural production systems of this region. On the other hand, land productivity that is
directly related to the application of modern technology is recorded very low (Rs. 712/ha, i.c.,
half of the national average). While the annual growth rate of agricultural output has been marked
highest in the country (35.16 percent, i.¢., four-and-a-half times of the national average) in the
1980s because of extremely high rate of increase of land productivity (27.17 percent, i.c., more
than three times of its national average)as well as of labour productivity in the successive
period of time. The main causes of fast agricultural growth are high to very high rate of marginal
‘returns in agricultural systems with high absorption rates of agricultural production potentials.
However, modern agricultural technology can be intensified in future for optimum use of
agricultural resources. Water-use is the primary and appropriate technology to increase the
productivity and growth of the region.

Regional Growth Characteristics

The detailed regional characteristics of Indian agriculture which have beendiscussed in the
preceding part of the present Chapter can now easily be interpreted for generalisations of the
regional features highlighting the major aspects of agricultural planning. Synthesis of the
regional facts of agricultural phenomena particularly for acceleration of decision-making
processes is brought out by classifying the agricultural planning regions of meso-regional level
into five categories by considering agricultural attributes of existing production system (i.c., the
variables of agricultural growth and productivity, crop-intensity and socio-economic variable
like urbanization and rural literacy) and the agricultural production growth potential conditions
(taking into account the variables of production potential magnitude and intensity, its absorption
rates with respect to input factors and labour-capital ratio for absorption of production potential
intensity). These categories must explain the conditions and extent of the acceleration of
development processes in its regional perspectives. They are :

(i) Underdeveloped Agricultural Conditions with High and Very High Growth Potential -
which includes the entire Western Himalayas from Garhwal to Kashmir Himalayan Ranges
(XII, X1V, XV) including two regions of the humid climatic conditions of the Great Plains (Bihar
and Assam Plains; XVI and X VIII respectively). These regions have homogeneous agricultural
characteristics despite sharply contrasting conditions of physiographic, demographic and
economic attributes. They have better prospects for agricultural growth in the future. But the
existing conditions of agricultural systems are diversified with stagnant growth.
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(ii) Underdeveloped Agricultural Conditions with Low Growth Potential - which incorpo-
rate four regions, out of them three are from peninsular India and one from the Coastal Plains (I,
V, VIand XI). It covers entire Chambal and Bundelkhand - Malwa Regions of Madhya Pradesh,
Sahyadri Hills of the Maharashtra and Karnataka including Malabar- Konkan Coastal Plains of
the Western Ghats. Agricultural conditions, despite commercialization inagricultural practices,
are weak with its poor growth potential in these regions of rugged and hilly topography of
unfavourable climatic conditions. The intensive horticulture and tree - crops farming systems are
capable of increasing productivity and to extricate the regions from the present stagnant
agricultural growth conditions.

(iii) Developing Agricultural Conditions with High Growth Potential - 1t includes four
agricultural planning regions of two contrast agro- ecological conditions as (a) the Orissa Coastal
region and the Bhawar - Terai region (I and XIX) of the plain topography of humid climatic
conditions, and (b) the regions of Rajasthan plains, which are two in number (XXII and XXIII)
where dry banghar and Marusthali agro- ecological conditions prevail. Agricultural growth and
developmental conditions are favourable in these regions because of availability of high
magnitude and intensity of agricultural growth potential with its high rate of absorption. It has
been possible in these areas to introduce irrigation- fertilizer technology in agricultural practices.

(iv) Developing Conditions with Low Growth Potential - which includes three agricultural
regions of various agro-ecological conditions, one each from coastal regions (III), Peninsular
India (XII) and from the Great Plains (XX), where agricultural growth potential attributes are
weak because of its fast utilisation in the existing agricultural systems. The future prospects of
agricultural growth are not good in these areas.

(v) Developed Conditions with Low Growth Potential - where absorption rate of
agricultural growth potential is very high and hence, the production potential has been
exhausted in the existing agricultural production processes. Consequently, the magnitude and the
intensity of growth potential are very low. These conditions prevail in two agricultural planning
regions of the Great Plains, namely, the Punjab-Haryana-Western Uttar Pradesh (X VII) and the
West Bengal Region (XXI) which are directly influenced by the metropolitan economy of these
regions. Delhi and Calcutta are the central places from where the agricultural innovations have
been diffusing into their surroundings. Therefore, the agricultural systems operative in these
regions are well-developed but their growth potential has been exhausting fast by the technologi-
cal advancements. '

Itcan be said here that the regional approach which we have applied for inferring the results
of self - sustained growth is based on the principle of ‘inter-relatedness’ of agricultural
characteristics. On the other hand, bio-physical and socio-economic conditions of the regional
characteristics may be optimised by applying the ‘target approach’ of resource - ailocation for
which the regional synthesis of agricultural characteristics must be based on feasibility criterion
of production components.
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Regional Synthesis and Feasible Solution for Agricultural Production

The agricultural policies questions arise repeatedly about the optimum utilisation of land
to meet future food demands of the ever increasing population keeping in view the altcrations in
the bio-physical and socio-economic conditions (Hopkins, et.al. 1982, UN Conference on
Environment and Development 1992). The study of agricultural growth potential (which is the
attribute closely related to land capability for agricultural production) and its relationship with
land productivity is of a great interest for a variety of applications of decision-making pianning
models. In the present context, the production targets can be achieved and the optimal rtilisation
of present landuse can be suggested by establishing this relationship in the regional frame ol
agricultural characteristics.

So far as the assessment of feasibility of production systems is concerned, a 1egion’s
potential for agricultural production surpasses projected requirements (it means agriculiural
potential and food target ratio is higher than one) denotes the greater feasibility (i.c., much
flexibility) of production system and many options for food production (Smit, et.al. 1991). But
the degree of feasibility in the specific regional characteristics of agricultural production system
is notstatic over time because of changing conditions of agricultural growth potential phcnomcena
and production needs. However, system’s feasibility for various agricultural regions of the
country may be assessed to tackle the problems of the preparation of region- specific. self-
sustained agricultural growth strategies.

Keeping these conditions of the production system in mind, linear programming method
which is frequently used to estimate the optimal conditions (or feasible solution) of production
process inrelation to its production requirements, has been used to considerregion-wise statistics
of four variables, viz., land and labour productivities, increase in land productivity which is
directly and closely related to agricultural growth and agricultural production potential as
already described in the earlier section of the present Chapter. The feasible solution of resource
allocation is subject to certain constraints of the conventional applications of linear programming
(Vajda 1966, Cole and King 1970, Chapman, Smit and Smith 1984). The main constraints
which are imposed here in the present case are :

(a) The agricultural productivity (iand and labour, X and Z) and its increase (Y), it added,
cannot exceed the defined agricultural production potential (i.c., maximumexpected yield level,
A, in present case and elaborated in detail in the previous Chapter) as

X+Y +Z<A,, i= 1,2,3,...,n regions. (5.1)

(b) The production targets can not exceed the production potential in a region because, in

the developing stages of the economic conditions where lot of agricultural potential is available

to use, the increasing food requirements can easily be fulfilled and the agricultural system is able

to produce more food. Therefore, there is much flexibility of the system and many options are
available to induce more production.

(c) Non-negativity is also one of the important constraint of the system under which the
all variables considered for optimisation are non-negative. Note that, in some agricultural
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“regions, land productivity increase is negative because of deceleration processes of growth. But
these figures are used as positive though negligible because of achieving the feasible solution of
the production systems as:

X, Y,&Z>0. (52

Feasible Solution and the Regional Investment Strategy

Using the statistics of related variables as discussed above and imposing the constraints
given by the equations 5.1 and 5.2, the co-ordinate values of three-dimensional space have' been
created and plotted on the graphs for each of the agricultural regions of the country. The set of
these agricultural attributes (vectors), that satisfies the above set of constraints, is a convex set,
usually referred to as feasible regionby Wu & Coppins (1981) which forms a convex polyhedron
consisting of a set of faces. The study of the shape (configuration) and size (volume) of these
polyhedrons would indicate the degree of feasibility or the freedom to extend the production
limits in the system.

The configuration, an arrangement of faces of the convex polyhedron, must explain the
intersecting nature of the linear equations of agricultural attributes. For instance, more number
of intersections of the triangles drawn by the equations will give ideal shape of convex
polyhedron and vice-versa. It means more number of faces of polyhedron with varied types show
the contribution of varied types of agricultural regions to the formation of the boundaries of the
feasible regions. On the other hand, lesser degree of intersections form a simple triangular faces
of the feasible region and show the domination of a few regions’ agricultural attributes to form
the shape and size of feasible region. Say for example, a well interacted phenomena of
agricultural regions of the Great Plains has well-formed shape of the polyhedron of six faces,
while the Western Himalayan Region has tetrahedron (four-triangular faces) shape of the feasible
region (Fig.- 5.5). It appears that, in the mountain region, the agricultural attributes of the
Himachal Himalayas (Region XIV) determine the shape and size of the feasible region. In
addition, the distorted shape of polyhedron which is formed by six faces, three triangles and three
tetragons, can be seen in the Rajasthan and the Coastal regions of the country. The shape of
polyhedron for the peninsular plateau seems flat with six faces of tetragons (Table- 5.12). It is
the result of undulating topography and variations in the climatic conditions for diversified
regional patterns of agricrltural development.

On the other hand, the volume of these solid figures must present the best measurement of
flexibility of the system. But question arises how it is to be calculated. An approximate
measurement of the volume of polyhedron has been estimated by applying the concept of the
centre of gravity (or epicentre) of the solid figure and the best fitted sphere therein (Chapman,
Smit and Smith 1984). The distance between epicentre and nearest face of the figure will be the
radius of the inscribed sphere and its diameter will provide a direct measure of feasible or
predicted figures for future planning. The volume of polyhedrons for various macro regions of
the country confirm the facts that the plain areas of the country where agricultural productivity
is higher, are still having higher degree of flexibility to increase the agricultural production. The
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coastal plains (eastern and western coastal regions) and the Great plains of the country have the
higher volume of well-formed polyhedron (17.816and 13.311 cubic units respectively), whereas
the peninsular plateau has very low volume of its solid figure (7.798 cubic units) (Table- 5.12).

Table-5.12: Characteristics of Feasible Solution for Various Macro-Regions.

Regions Convex Polyhedrons Coordinutes
Shape Diameter Volume+ X Y Z
(no. of faces)  onmap*  (in cu. units)
(in cm.)
A.  The Coastal Plains 3-tetragons & 3.24 17.816 1.62 16.20 324
2-triangles
B.  The Peninsular Plateau  6-tetragons 2.46 7.798 1.23 12.30 2.46
C.  The Western Himlayas  4-triangles 2.10 4.851 1.05 10.50 2.10
D.  The Great Plains 6-tetragons 2.94 13.311 1.47 14.70 294
E. The Rajasthan Plains 3-tetragons & 2.70 10.310 1.37 13.50 2.70
3-triangles
N.B.: * diameter of the spheres fitted into the Convex polyhedrons for the calculation of their volumes.

+ Approximate volume of polyhedrons calculated by predicting its shape as sphere. The volume of a sphere,V is
calculated by the formula as V= (4 /3)r, where r = radius of the sphere.

The feasible solution would further provide expected optimal changes of agricultural
attributes which are necessary to predict the degree of acceleration of decision-making processes.
Having calculated the coordinate values of the feasible solution (that are the predicted coeffi-
cients of variables/attributes), the predicted figures for agricultural attributes and its expected
changes from existing ones have been estimated for each and every agricultural planning region
of the country (Table - 5.13). Table reveals that the expected increase in land productivity has
been predicted fast in the peninsular plateaus except South Deccan (Karnataka Region, XI). The
increase in land productivity has also been recorded extremely high (343.47 per cent) in the West
coast plains (region number II) because of high intensity of agricultural growth potentials and
favourable agricultural conditions. It is pertinent to note that predicted increase of labour
productivity of Indian agricultural systems is recorded lesser than the predicted changes of land
productivity. Somewhere labour productivity changes have been marked negative. Since labour
productivity is highly dependent on land productivity which is directly influenced by the
intensification of agricultural modern technology, the labour productivity can be increased by
intensifying technological production factors rather than agricultural labour force. Therefore,
technology is the complementary production factor for labour input in existing and predicted
forms of agricultural systems. This fact has already been stated in Chapter -3 for existing
production processes. Thus, technology is, still and even in future, having positive effects on
labour productivity.
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Table- 5.13: Expected Changes in Agricultural Atti tbutes for Decision Making Processes.
Ag. Land Productivity Absolute Increase Labour
Planning (Rs/ha) in Land F:oductivity Productivity
Regions in 1980s(Rs/ha) (Rs/persons)
Xe Xp Xinc Ye Yp Yinc Ze Zo Zinc
A. The Coastal Regions
I 1998 2410 20.64 156 241 54.48 958 1205 25.78
1 891 1022 14.70 23 102 343.47 474 511 7.80
111 1304 1643 26.00 157 165 5.09 1446 822 -43.15
B. The Peninsular Plateaus
v 1081 2564 137.19 49 256 422.45 816 1185 45.28
\% 844 1803 113.62 55 181 229.09 974 833 -14.47
Vi 595 1821 206.05 -03 182 — 770 842 9.35
A%\ 819 2020 146.64 54 204 277.77 522 943 80.65
) VIII 783 2453 21335 57 246 331.58 713 1135 59.19
1IX 988 2853 188.81 60 285 375.83 670 1319 96.86
X 914 2913 218.76 136 291 114.34 545 1347 147.15
X1 1108 1644 48.37 261 164 -36.97 965 760 -21.24
X1l 1652 2316 40.02 225 232 2.89 623 1070 71.75
C. The Western Himalayas
X 1362 3451 153.38 645 345 -46.51 490 1725 252.04
XIV 1264 2663 110.72 -13 266 — 629 315 -49.92
XV 1404 3156 114.79 -02 315 — 416 208 -50.00
D. The Great Plains
XVI 2208 4238 91.94 211 423 100.07 902 451 -50.00
XVII 4568 3980 -12.87 553 398 -28.03 1960 980 -50.00
XVIII 1462 2338 59.92 93 233 151.07 548 1169 11332
XIX 2767 2911 522 408 291 -28.67 2035 1455 -28.50
XX 1963 2482 26.44 124 248 100.00 1137 1241 9.15
XXI 2994 2828 -05.53 261 283 8.43 3949 1414 -64.19
E. The Rajasthan Plains
XX 601 1116 85.69 57 112 96.49 1488 557 -62.53
XXm 712 766 7.65 193 77 -60.10 1779 383 -78.44
N.B.: The subscripts of X, Y & Z variables are abbreviated as: e= existing figures for 1988-90,p= predicted figures

calculated from feasible solution for future planning, and inc= expected increase in percent.
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Concluding Remarks

In the present Chapter, regional processes of agricultural development of India have been
studied first hy delimiting the regional boundaries at various hierarchic orders of distinguished
agricultural characteristics and then by identifying the optimal solution of agricultural regional
processes for proper acceleration of decision- making processes for balance development.The
classificatory approach of space partitioning for agricultural regionalisation (for which func-
tional distances among OTUs have methodologically been calculated by applying Ward’s
‘functional distance algorithm’) and the linear programming method for optimising the regional
features of agricultural attributes have been adopted. There are some important salient features
of regional strategy of agricultural development which can be put forward in the following
manners.

(i) In the region-formation processes, assimilation of OTUs at micro level has implicitly
been influencing by the green revolution technology, especially in the plain areas of the country.
In more detail, region-formations at lowest level in respect to its regional hierarchy brought out
in the Great plains and the Eastern cnasta! regions have been emerging under the influence of
metropolitan economy. Say for ‘example, the Punjab-Haryana-Western Uttar Pradesh and
Calcutta based - Bengal agricultural regions are coinciding the Delhi and Calcutta metropolitan
regions’ boundaries. Likewise, Madras metropolitan has its own influence of agricultural sub-
regions of Eastern coastal regions. Thus, agricultural regionalisation has the impact of agro-
ecological conditions at macro level, agricuitural production potential attribute at meso, socio-
cultural at micro and techno-economic conditions at the lowest levels in the process of region-
formation.

(ii) Diversification in the regional patterns of agricultural attributes indicates the lesser
degree of region-stability. It might be because of the great variations in bio-physical and socio-
economic factors and the concentration of the ef.zct of modern technology only on a few patches
of the country. Consequently, space-contiguity constraints are there to delimit agricultural regions.

(iii) The regional patterns of agricultural production potential, marginal products to input
factors, and rate of potential absorption for production increase are positively related to each
other. The ratio of marginal product to absorption rate of production potential with respect to
non-land capital are recorded higher than the ratio to labour-input only in the few regions of the
Peninsular India. It means labour factor of agricultural production is still having significant
contribution whereas technology is only complementary for labour input rather than its
substitution to boost up agricultural productivity levels in the country.

(iv) The feasible solutions are identical for the agricultural regions. In general, it is a fact
that the predicted increase in land productivity is appreciated in the regions where agricultural
“growth is stagnant. Therefore, predicted rate of change of land productivity and agricultural
growth rate is negatively related. Thus, the present strategy of growth is based on the
decentralised patterns of agricultural development rather than concentration of growth patterns.
However, there is a conflicting nature of the process-forms of agricultural landscape. The effects
of metropolitan cities concentrate the development patterns, while present strategy suggests
diversification of its patterns through proper utilisation of agricultural growth potential in
_ different conditions of the agricultural regions.



Abbreviations :M = Mean, Cv = Coefficient of areal variation within the region (in percent).

Agricultural Regionalisation... 189
S i wi v
Characteristi~< of Agricultural Planning Regions
Table- 5.6: Agro-Economic Characteristics of Various Agricultural Planning Regions.
Sl Annual Annual Moisture Soil Fertility
No. Rainfall Potential Index Rating Index
(in mm) Evapotranspiration
M Cv M Cv M Cv M Cv
A.  The Coastal Regions
| 1075 13.81 1499 18.17 -.252 - 66.3 12.57
11 2858 24.85 1762 1595 .668 56.16 619 11.92
111 714 35.24 1521 26.82 -.510 - 50.0 15.76
B.  The Peninsular Plateaus
v 773 21.92 1577 14.62 -.506 - 61.7 9.33
\% 838 18.84 1336 19.53 -.327 - 56.9 12.94
V1 1159 18.53 1574 8.38 -.245 - 493 10.72
VII 1354 10.62 1496 12.61 -.075 - 59.1 12.65
VHI 1160 25.65 1513 11.21 -.446 - 61.5 14.54
iX 838 19.16 1665 38.00 -518 - 67.9 5.48
X 711 11.64 1637 16.53 -.551 - 683 17.93
XI 924 49.45 1404 44.58 -.266 - 67.7 14.97
X1l 1537 72.17 1430 51.72 .091 71991 720 8.69
"C.  The Western Himalayas
XIn 2142 832 1286 5.37 670 13.60 738 4.26
X1V 1516 15.45 1050 3138 581 78.25 60.3 1.48
Xv 762 8.10 961 33.28 -070 - 60.4 1.10
D.  The Great Plains
XVI 2717 21.84 1387 24.32 .997 39.10 67.6 8.21
XV 1551 17.30 1447 38.96 236 89.95 63.9 23.76
XVIII 1145 21.88 1481 27.01 -.058 - 538 9.02
XX 1109 39.45 1190 25.22 -.076 - 68.0 10.49
XX 876 15.64 1252 9.87 -.303 - 629 4.88
XX1 599 30.85 1517 29.39 -.567 - 69.1 9.18
E.  The Rajasthan Plains
XXl 738 55.28 1349 13.25 -.481 - 56.5 21.27
XXIII 245 21.49 1305 39.37 -.821 - 58.5 7.90
All India 1165 57.81 1449 29.28 -151 - 619 15.26
N.B.: For the name of the regions, see Table- 5.5.



190 Agricultural Development in India

Table- 5.7 : Demographic and Soclal Structure of Various Agricultural Planning Regions (1991).

SI. Population Decadal % Share of % Share of
No. Density Growth of Urban Population Rural Literates
(Persons/ Population to total to total
km?) (in %) 1981-91 population rural population
M v M v M v M ov

“A.  The Coastal Regions

1 349 30.34 18.40 23.99 21.09 42.10 40.39 23.10
11 691 58.36 17.20 65.14 25.88 57.28 68.11 18.69
11 283 56.89 21.09 36.74 31.89 50.91 45.88 20.51
B. The Peninsular Plateaus
Iv 237 49.48 29.14 43.68 22.48 52.77 26.82 26.54
\'% 202 27.82 26.57 17.03 24.23 47.02 32.04 34.21
A% 194 53.49 27.05 28.70 30.11 87.86 30.33 17.86
Vil 239 71.25 24.03 24.49 15.20 67.71 29.13 25.07
VIII 174 35.77 24.15 20.97 22.07 50.07 36.82 29.42
IX 215 25.66 28.03 36.11 20.80 43.90 26.04 11.05
X 175 16.59 19.85 12.70 23.22 10.86 34.28 13.50
XI 273 57.53 19.73 22.03 26.21 30.58 40.05 16.54
XII 322 33.43 13.28 30.31 24.98 58.31 54.37 20.97
C.  The Western Himalayas
XHI 91 50.40 14.51 42.55 7.81 28.03 44.15 11.54
X1v 177 45.55 20.50 20.74 9.03 48.02 50.03 17.62
Xv 175 31.99 16.05 12.18 7.93 16.12 50.00 11.10
D.  The Greax Plains
XVvi 365 37.77 47.70 40.29 11.64 67.37 40.22 16.48
XVII 910 59.25 26.01 14.52 19.07 69.28 37.24 32.71
XVl 781 27.50 23.39 10.87 9.72 69.25 28.91 16.31
XX 497 29.67 25.89 18.34 20.71 60.39 30.73 41.22
XX 665 33.28 24.66 15.53 19.93 71.67 31.60 17.08
XX1I 465 47.39 24.43 34.54 26.73 35.29 40.63 19.73
E. The Rajasthan Plains
XXl 243 56.65 30.69 37.78 31.92 75.77 28.66 12.78
XXI1I1 68 54.84 33.54 18.07 24.25 45.22 19.18 12.14
Alllndia 378 78.70 24.30 40.07 20.91 64.89 37.12 36.01

N.B. : For the name of the regions, see Table- 5.5.
Abbreviations 1M = Mean, Cv = Coefficient of areal variation with in the region (in percent).
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Table- 5.8 A : Productivity and Growth Characteristics of Varicus Agricultural Planning Regions.
Sk Per Capita Annu;l Growth Land % Annual
No. Ag. Output rate of Ag. Productivity increase in
(Rs./persons) Output (Rs./ha) Land Produc-
1991 (in %) 1988-90 tivity,1980s
M ov M v M v M o
A.  The Coastal Regions
I 257 45.56 8.06 74.29 1998 53.97 7.82 98.09
H 68 78.13 5.98 320.68 891 60.68 32 999 90
11 257 52.87 . 529 147.94, 1304 55.40 12.03 199.77
B.  The Peninsular Plateaus
v 212 53.05 6.19 13485 1081 64.58 156  161.93
v 251 21.87 6.69 76.87 844 23.55 6.45 85.17
Vi 234 91.69 1.62 181.82 595 26.77 -0.23 -
Vil 176 94.15 3.57 204.88 819 51.05 6.57 154 .87
Vil 232 33.10 6.18 133.70 783 35.18 7.09 11591
IX 198 29.48 5.14 75.56 988 48.30 6.11 70.04
X 169 16.03 5.60 42.17 914 34.07 3.99 28.81
X1 241 46.96 29.09 60.51 1108 55.19 23.53 67.28
X1 156 63.07 15.07 132.64 1652 69.21 13.63 227.60
C.  The Western Himalayas
X1 148 25.92 1.95 11432 1362 26.19 5.54 93.60
X1v 143 23.04 -0.16 - 1264 26.00 -1.12 -
XV 89 17.25 1.21 169.93 1404 17.95 -0.14 -
D.  The Great Plains
XVI 189 69.29 47 917.27 2208 109.40 9.56 281.19
XVH 369 43.28 7.53 75.27 4568 36.14 12.10 94.70
XViii 133 4424 6.13 67.56 1462 31.38 6.37 100.34
XIX 389 36.46 14.34 51.82 2767 29.79 14.74 56.36
XX 259 59.09 6.19 11419 1963 27.99 6.34 106 .94
XX1 920 109.48 8.45 66.31 2994 42.84 8.72 71.70
E. The Rajasthan Plains
XX11 386 72.66 16.16 114.83 601 73.67 9.49 212.36
XXI 371 48.96 35.16 70.36 712 68.18 27.17 63.93
All India 281 130,04 8.44 149,23 1576 80.92 8.36 162.12

N.B.: For the name of the regions, see Table- 5.5.

Abbreviations :M = Mean, Cv = Coefficient of areal variation with in the region (in percent).
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Table- 5.8 B : Productivity and Growth Characteristics of Various Agricultural Planning Regions.

Agricultural Development in India

St Labour % Change crop Decadal
No. Productivity in Labour Intensity Change in
(Rs./persons) Productivity (in %) Crop
1988-90 1980s 1989-90 Intensity (%)
M Cv M Cv M Cv M Cv
A. The Coastal Regions
| 958 40.55 55.65 75.53 137.06 15.69 11.14 120.89
11 474 49.27 20.07 45427 12890  13.97 417 21323
11 1446 51.48 19.34 343.30 113.15 9.28 2.01 103.06
B.  The Peninsular Plateaus
Iv 816 26.60 33.76 385.21 141.06  36.38 2.96 323.13
v 974 23.51 30.12 141.27 118.10 11.25 4.04 169.74
\%! 770 34.61 -5.21 - 115.21 4.01 321 23230
VIl 522 44.00 822 66101 112.11 1048 6.59 20025
VI 713 28.75 26.28 20297 112.70 8.02 -0.17 -
IX 670 28.11 21.64 166.93 116.86 8.00 6.82 77.88
X 545 12.71 21.84 89.53 108.01 1.92 0.54 218.32
X1 965 43.40 22301 12087 111.20 5.14 3.17  164.06
XII 623 46.95 103.81 103.27 113.11 8.58 2.05 433.33
C. The Western Himalayas
X111 490 35.01 -2.33 - 160.15 6.21 -1.28 -
X1v 629 28.99 -17.15 - 171.17 7.36 3.62 21181
XV 416 35.95 -24.02 - 17000 10.39 547 26.20
D.  The Great Plains
XVi 902 77.64 -24.76 - 131.63 16.83 3.59 253.97
XVl 1960 44.96 2531  192.18 16102  14.83 2143 10521
XVvIil 548 35.13 18.52  153.17 145.30 9.57 33 27712
XIX 2035 43.15 103.31 66.06 154.23 7.64 5.17 10061
XX 1137 39.41 32.16  209.66 148.93 6.12 6.16 10251
XXI 3949 52.52 46.19 104.65 168.70 8.22 271 86.80
E. The Rajasthan Plains
' XXl 1488 38.10 11423 105.36 116.56 5.18 6.17 59.78
XXHI 1779 66.41 492.10 44.58 102.79 1.63 0.36 807.36
AllIndia 1189 98.37 49.00 258.26 13400 19.60 5.33 194.01

N.B. [

For the name of the regions, see Table- 5.5.

Abbreviations : M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table- 5.9A: Agricultural Input Intensity in VariousAgricultural Regions.

193

% Share of Decadal Irrigation Mechanisation
NIA to Total Change in Intensity (Rs./ha)
NSA NIA (%) (in %)
1988-89 1980s 1988-90 1988-90
M o M v v M o
The Coastal Regions
I 53.28 34.02 445  189.90 122 13.75 56 111.40
11 16.47 87.67 223 20992 122 14.15 50 116.70
)| 22.62 52.96 1.60 49.63 123 8.23 50 67.97
The Peninsular Plateaus
v 34.20 47.06 24.89 58.08 113 7.57 68 98.69
v 23.29 51.74 6.88 13430 112 13.24 33 45.96
Vi 17.09 54.84 7.30 86.57 108 17.45 20 38.90
VIl 15.58 69.00 4.74 94.49 122 17.08 6 82.57
VIII 14.21 77.30 1.75 166.00 145 11.09 20 72.55
IX 28.70 62.03 20.26  189.61 129 11.35 68 91.16
X 27.47 28.13 3.89 27.07 124 4.67 93 68.51
XI 21.52 48.49 3.77 106.65 122 7.70 36 80.87
XII 21.97 82.77 -2.11 - 116 10.42 94 111.12
The Western Himalayas
Xm 10.98 44.85 0.82 242.71 184 5.49 2 128.31
X1v 26.03 76.70 1082  161.27 158 17.42 107.94
XV 21.23 70.24 2.42 77.83 159 19.59 3 113.47
The Great Plains
XVI 30.54 80.10 1.43 69.44 108 597 5 70.65
XVII 29.37 70.43 1.72 40057 116 12.73 43 93.27
XVII 58.31 39.68 10.70 12115 118 7.90 138 145.62
XIX 61.54 33.09 9.18 13540 142 19.84 112 72.22
XX 69.09 16.32 5.80 78.67 134 11.18 71 31.94
XXI 80.70 22.48 1033 107.72 167 12.40 134 71.44
The Rajasthan Plains
XXII 16.50 13.03 14.06 3350 112 9.40 33 25.71
XX 4.45 59.20 4.45 59.12 135 12.66 4 99 94
All India 35.58 75.76 6.84 180.94 127 19.15 55 145.98

For the name of the regions, see Table- 5.5.

Abbreviations : M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table- 5.9B: Agricultural Input Intensity in Various Agricultural Regions.

St Fertilizer Use Labour Input Non-Land
No. (kg/ha) Capital Input
1988-90 (Rs/ha) (Rs/ha)
M Cv M Cv M Cv

.A.  The Coastal Regions

1 58.42 78.32 916 43.50 114 81.77
4 4417 53.95 1223 57.23 94 78.58
1t 38.00 59.56 313 62.97 86 61.55
B.  The Peninsular Plateaus
v 3461 115.48 238 174.92 92 117.14
v 20.27 59.48 367 49.17 52 44.76
Vi 8.75 32.03 345 46.87 28 29.13
VIl 9.70 94.01 447 52.71 16 78.31
VIII 19.95 185.15 404 42.84 41 97.55
IX 57.72 106.35 578 46.10 125 63.37
X 39.67 22.67 567 60.41 133 44.89
XI 42.85 56.07 398 28.95 77 43.06
X1 79.00 53.34 1025 47.59 172 79.59
C.  The Western Himalayas
X1 6.83 42.60 12 45.66 14 26.01
Xiv 27.90 31.83 7 54.03 31 35.81
XV 11.20 64.48 128 83.05 14 49.81
D.  The Great Plains ) ‘ v
XVi1 7.92 129.69 612 48.15 14 73.18
Xvi 60.53 71.95 955 29.61 103 75.11
XVIII 35.04 43.93 1123 26.94 134 23.02
XIX 82.06 43.87 300 73.40 187 55.87
XX 72.33 30.19 232 44.28 142 26.23
XXI 117.70 62.12 462 50.66 265 66.70
E.  The Rajasthan Plains
XX1I 14.00 18.62 163 75.47 40 20.72
XX 10.67 8.84 14 57.29 5 82.43
All India 43.99 104.27 513 85.15 97 104.76
N.B.: For the name of the regions, see Table- 5.5.

Abbreviations :M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table-5.10A : Agricultural Labour Structure in Various Apricultural Planning Regions.

Sl NSA per % Share of % lIncrease in
No. Ag. Workers Ag. Workers Total Agricultural
(in ha) Workers
1988-90 1991 1981-91
M v M v M o

A.  The Coastal Regions

I 0.52 36.94 71.02 7.54 10.03 176.94
11 0.72 49.36 4455 3342 12.37 106.65
lli 1.18 36.87 57.69 23.18 19.12 58.23
B.  The Peninsular Plateaus
v 0.90 43.98 71.51 15.90 51.49 116.55
\Y% 1.19 20.35 73.78 1431 25.37 61.96
\2 1.10 78.90 65.30 27.61 1628 19559
Vil 0.72 3543 75.55 16.79 27.98 99.93
VIII 0.96 19.74 77.85 12.29 19.92 41.62
IX 0.73 42.69 68.76 21.40 18.25 118.99
X 0.64 23.97 71.82 1.73 19.50 21.23
XI 1.16 55.03 63.41 33.17 16.84 144 .84
X1 0.70 73.53 47.58 3447 -1.93 -
C. The Western Himalayas
X1t 0.42 30:47 79.58 6.76 31.11 140.38
X1v 0.54 26.20 66.96 16.85 31.22 139.19
XV 0.36 492 79.16 362 24.60 31.34
D.  The Great Plains
XVI1 0.56 30.85 58.33 22.08 34.07 72.83
XVII 0.48 29.20 63.83 26.47 21.73 98.11
XVIII 0.41 37.30 80.85 17.93 28.00 85.24
XIX 0.70 26.41 69.14 23.94 11.01 202.96
XX 0.59 28.35 73.64 16.75 19.30 91.30
XXI 1.35 45.62 59.90 17.33 20.06 124.19
E.  The Rajasthan Plains
XXII 2.09 29.94 53.01 33.36 3.42 999.90
XX 2.47 50.74 69.57 16.05 43.27 55.57
All India 0.86 64.74 68.17 23.34 22.37 125.78
N.B.: For the name of the regions, see Table- 5.5.

Abbreviations :M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table-5.10B : Agricultural Labour Structure in Various Agricultural Planning Regions.

St Agricultural % Change in Size of Land
No. Workforce Agricultural Holding
(Persons/ha) Workforce {(NSA/Cultivator)
1991 1981-91 1991
M Cv M Cv M Cv

A.  The Coastal Regions

I 2.17 37.25 28.32 129.58 1.26 38.57
11 1.66 36.70 13.16 155.50 1.77 57.50
11 0.97 36.35 36.74 74.20 2.00 46.62
B. The Peninsular Plateaus
v 1.37 49.89 36.65 78.52 1.13 36.54
v 0.87 19.54 27.20 110.44 1.75 25.64
vi 0.83 3122 17.19 96.40 2.20 32.82
vl 1.67 48.78 21.90 156.70 1.09 40.14
VI 1.05 32.53 25.52 76.51 1.94 39.59
1X 1.63 36.17 10.95 206.54 1.70 48.49
X 1.66 22.91 -10.80 - 1.67 43.87
X1 1.23 43.78 2.95 8:11.48 1.82 47.80
X1l 2.17 58.48 38.62 216.03 1.67 54.46
C.  The Western Himalayas
X 2.52 21.71 34.41 95.89 0.43 31.77
X1v 2.00 25.64 35.27 116.96 0.53 26.79
XV 2.80 4.90 36.71 16.47 0.50 17.71
D. The Greai Plains
XV1 1.97 32.06 77.03 163.77 0.91 55.01
XVl 2.26 27.10 30.95 83.11 1.02 34.18
XVII 2.68 26.15 12635 37357 0.76 24.53
XIX 1.52 26.29 16.57 183.06 1.09 41.40
XX 1.80 2342 18.73 92.95 0.81 28.06
XX1 0.89 43.31 20.47 127.98 2.14 46.07
E.  The Rajasthan Plains
XX 0.51 2130 7.89 305.47 2.61 23.40
XX 0.58 64.44 196.89 124.41 3.94 21.43
All India 1.56 §53.72 35.25 37792 1.47 61.05
NB.: For the name of the regions, see Table- 5.5.

Abbreviations :M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table-5.11A : Agricultural Growth Potential Structure in Various Agricultoral Planning Regions.

St Maximum Expected Yield Production

No. Yield Level (A) Gaps(A-Y) Potential
Rs/ha, 1988-90 (Rs/ha) Intensity(A/Y)
M o M ov M v

A.  The Coastal Regions )
1 3905 37.22 1906 52.87 2.24 435.66

11 1655 57.54 829 80.47 2.48 45.87
il 2662 25.60 1357 55.34 2.55 50.54
B. The Peninsular Plateaus
v 3154 42.23 2073 68.90 292 48.90
\'% 2218 20.82 1376 36.36 275 32.07
A% 2240 27.29 1645 38.25 4.05 33.85
VIi 2509 60.87 1689 87.46 3.00 50.91
Vil 3018 45.39 2234 60.57 3.69 43.70
IX 3510 57.89 2573 75.24 4.14 59.18
X 3584 28.35 2669 38.33 4.21 37.51
X1 2022 50.26 914 100.65 2.21 66.10
X1 2848 98.27 1554 144.00 2.64 60.36
C.  The Western Himalayas
XN 3624 11.94 2262 24.06 2.86 30.72
Xiv 2793 18.28 1528 39.62 2.37 33.56
XV 3314 15.72 1910 3494 2.45 25.99
D.  The Great Plains
XVvi 6230 150.96 4022 180:47 2.52 39.02
XVIl 5851 30.96 1283 105.29 1.36 35.21
XVHI 3437 18.87 1975 29.30 2.55 30.81
XIX 4280 13.83 1525 50.59 1.62 31.66
XX l 3649 19.51 1685 40.32 2.01 39.90
XXI 4158 32.58 1205 56.27 1.47 24.61
E.  The Rajasthan Plains
XXII 1506 33.37 904 40.90 362 43.47
XX 1035 26.37 439 51.77 1.97 33.55
All India 3228 73.58 1672 107.44 2.58 58.30
N.B.: For the name of the regions, see Table- 5.5.

Abbreviations :M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Table-5.11B : Rate of Potential Absorption and Marginal Productivities of various Inputs in the Agricultural
Planning Regions (1988-90).

St Rate of Potential Absorption (in units) w.r.t. Marginal Productivities (in Unit) w.r.t.
No.
Labour Technology Labour Technology
M Cv "M Cv M Cv M Cv

A.  The Coastal Regions

I 0.002 120.81 0.055 125.40 0.81 52.04 11.25 95.94
11 0.002 85.54 0.032 12524 0.43 101.73 5.69 82.76
111 0.006 112.09 0.030 11433 2.09 49.60 8.94 86.23
B.  The Peninsular Plateaus
v 0.041 76.26 0.073  109.86 6.37 51.67 10.64 57.96
A% 0.012 108.35 0.072 91.09 1.68 83.57 10.30 5272
VI 0.009 68.49 0.118 73.85 1.36 41.70 16.13 37.66
Vil 0.009 105.46 0.235 86.76 1.24 67.17 37.03 52.71
Viil 0.014 111.28 0.156 11544 1.64 80.47 21.47 92.94
IX 0.040 191.64 0.228 138.76 1.92 107.66 7.62 89.07
X 0.027 120.11 0.042 48.84 2.08 94.95 4.87 40.79
X1 0.005 75.46 0.051 118.22 1.06 102.30 3231  308.06
X11 0.003 99.52 0.010 81.76 0.48 84.30 2.60 51.80
C.  The Western Himalayas
X 0.026 31.24 0.534 61.35 62.22 32.51 126.84 48.18
X1v 0.017 80.74 0.035 77.95 13.20 57.97 29.35 57.35
). 4% 0.017 49.48 0.089 64.77 9.67 83.28 38.87 18.87
D.  The Great Plains
Xvi 0.054 14421 3341 15780 2.99 47.67 156.52 72.20
XVII 0.001 107.65 0.029 19141 1.15 55.67 17.84 71.64
XVII 0.002 40.33 0.023 77.61 0.68 42.60 6.21 91.41
XIX 0.012 85 58 0.020 105.29 4.50 57.74 6.62 83.04
XX 0.016 179.50 0.015 48.31 4.73 52.33 6.17 31.32
XX1 0.016 395.15 0.008 125.15 2.55 60.50 5.68 88.03
E. The Rajasthan Plains
XX11 0.048 108.78 0.043 64.47 3.09 69.50 7.26 40.34
XxXin 0.336 13520 0.474 98.26 6.38 43.59 31.57 69.84
All India 0.025 356.56 0.292 505.56 369 240.81 2241  240.22
N.B.: For the name of the regions, see Table- 5.5.

Abbrevistions : M = Mean, Cv = Coefficient of areal variation within the region (in percent).
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Appendices

Appendix - I : Agricultural Contribution to Economic Growth.

An expression derived from Kuznets (1964) shows the relationship between agriculture’s
share of GDP growth (Pa.ra/dP) and change in the share of agriculture sector (Pa.ra), which is
positive but non-linear. The established relationship is as :

Pa.ra/dP = (1.0 + Pn.m/Pa.ra)’’,

where Pa and Pn are the shares of agricultural and non-agricultural sectors to total national
product respectively and ra and rn are the growth rates of agricultural and non-agricultural
sectors’ net product respectively. The simplification of this equation for its reciprocal form
shows its linearity as

(Pa.ra/dP)! = 1.0 + Pn.rn (Pa.ra)!.

Thus, the relationship stated above follows ‘reciprocity law” of agriculture’s contribution
to the rate of economic growth. It means agriculture’s share of GDP growth must increase at
diminishing rate when the product of the share and rate of agriculture net product increases.

Appendix- II : Formation of Operational Taxonomic Units (Districts).

District Units based on 1981 Clubbed Districts 1991
0 @
1. Assam State:
Golpara Dhubri, Kokrajhar, Bogaigaon, Golpara.
Kamrup Barpeta, Nalbari, Kamrup.
Darrang Sonitpur, Darrang.
Nagaon Marigaon, Nagaon.
Sibsagar Golaghat, Jorhat, Sibsagar.
Lakhimpur Dhemajai, Lakhimpur.
Dibrugarh Tinsukhia, Dibrugarh.
Cachar Karimganj, Hailakhandi, Cachar.
2. Bihar state: )
Gaya Gaya, Jahanabad.
Sehersa Sehersa, Madipura.
Mungher Mungher, Khagaria.

Contd...



. Karnatka State:
Banglore

. Kerala State:
Cannanore
Quilon

. Maharashtra State:

Ratnagiri

Aurangabad
Osmanabad
Chandrapur
. Rajasthan State:

Bharatpur

. Tamilnadu State:

North Arcot
Madurai

Ramanathpuram

Tirunelvali

. Uttar Pradesh State:

Saharanpur
Kanpur
Basti
Gorakhpur
Azamgarh
Mirzapur
Mainpuri

10. West Bengal State:

24-Parganas
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Purnia Pumnia, Areria, Kishanganj.
Dumka Dumka, Deogarh, Sahibganj, Goda.
Ranchi Ranchi, Lohardanga, Gumla.
Singhbhum West and East Singhbhum.
. Haryana State:
Ambala Ambala, Yamunanager.
Jindh Jindh, Kaithal.
Sonipath Sonipath, Panipath.
Gurgaon Gurgaon, Riwari.

Banglore Urban and Rural Districts.

Cannanore, Kasaragod.
Pathanathitta, Kollan.

Ratnagiri, Sindhudurg.
Aurangabad, Jalna.
Osmanabad, Latur,
Chandrapur, Gachiroli.

Bharatpur, Dholpur.

N. Arcot, Tiruvannamalai, Sambuvarenja.
Madurai, Dindigul-Quade-e-Milleth.
Ramanathpuram, Kamrajen, P.T.Thurimgon.
Tirunelvali, Chidambaramar.

Saharanpur, Haridwar.

Kanpur Nager and Dehat Districts.
Basti, Sidharthnager.

Gorakhpur, Maharajgang.
Azamgarh, Mao.

Mirzapur, Son-Bhadra.

Mainpuri, Firozabad.

North and South 24-Parganas.
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Appendix- IV : Solving Proportionality Theorm for Agricultural
Production Potential (Algebric Method)

According to Equation (4.1), P= A-Y, which can be written as:
(A-Y)={A-(A-Y)+(A-2Y)}.
Dividing above Equation by X, one gets
{(A-Y)/X} - {(A-2Y)/X} = (A/X) - {(A-Y)/X).
Taking (A-Y) term common from LHS terms, we get
(A-Y).IYA(A-Y)X}] = Y/X.
Simplifying it again for (A-Y), one gets
(A-Y) = (Y/X).{(A-Y)X/Y},
if the term {(A-Y)X/Y} is taken as equal to B, which is a constant of present production funtion
(according to eqn. 4.6 given in the text); it means
{(A-Y)X/Y} = B, then the above Equation can be written as:
{(A-Y)/Y} = (B/X), which is given in text in expression (4.6).
It implies that magnitude of production potential (i.e., yield gap) is proportional to input

intensity. Differences in the gap can be due to technological or allocative efficiency. The
percentage gap is also proportional to B/X. As X rises, the gap is reduced.

Appendix - V : Creation of Discriminant Functional Space.

If the elements of discriminant space, namely, (i) the observations/areal units are defined
as operational taxonomy units (OTUs) and (ii) the agricultural characteristics/properties of areal
units as the values of variables (X, ), then in the discriminant process of regionalisation, the degree
of spatial contiguity/nearness (i.e., called here taxonomic distance, D, ) between OTUs, i and j of
k variables has been calculated by applying the Euclidean distance formula for m-dimensional
space as :

m
D,=| k2=:1 (X, - xjk)2 2

Itis a formula for discriminating OTUs on their functional basis, which has been suggested
by Ward (1963) for optimising objective function of space partitioning and also by Park (1970)
for.calculating functional distances. Later on, Monmonier (1972) shown the same procedure by
linkage diagram which is called taxonomic tree in his own perception.

Discriminant iteration is a process of repetition of events for reducing the number of OTUs
by selecting least distance from the distance matrix and averaging them for sclecting new OTU
from all remaining OTUs. The algorithm continues to pair the next most related OTUs until all
have been combine into a single group.
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