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CHAPTER 1

INTRODUCTION

l.0 INTRODUCTION:

Energy is a basic requirement of human l i fe , agriculture,

industry, transportation, communication and all other economic

act iv i t ies of the present civil ization. As far as India is

concerned, agriculture constitutes the foundation of

socio-economic structure, where seventy percent of the population

is engaged in act ivi t ies related to crop-animal-aqua production,

processing and marketing.

Man derives his energy from the food he eats. An average

Indian lives on a diet of 2000 food calories (unit of food calorie

= 1000 units of calorie or 1 food calorie = 1kcl), and produces 60

watts of power when he works for 8 hours a day. Thus he generates

energy roughly equal to 0. 5 kwh. At a rate of Rs. 5/day/man, this

amounts to a cost of Rs. 10 per kwh for heaveed energy. A human

being is an expensive source of energy. It is better to use him to

organize, manage, steer, direct and govern rather than as a energy

source.

Energy is both the fuel and the feed stock for agriculture.

Primary energy is the fuel, solar energy is the feed stock

material. Both are essential and indisensable for the efficient

and optimal uti l isat ion of energy in industrialised and

commercialised agriculture which is evidenced from the Inclusion
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of H. In nuiny n o n - a y r l r-ul I tjr«l >jt>urt't»«5 Wl rlfl>] y rll ff i»renc 1 rig

proposals have been made foi (.hinges in agricultural policy in

response to the energy-related concerns. Controversy exJ st.s uver

the correctness and feasibili ty of many of these proposals. It is

of extreme importance, therefore, that the energetic relationships

of agricultural systems have been known and understood. We must

be able to correctly identify and measure the flow of energy In

the system comparing crop and livestock production, food

processing, distribution and preparation. We call such act ivi t ies

as agricultural encrgyt.lcs.

In recent years, the introduction and spread of modern

technology have brought about a substantial increase in

agricultural productivity in India. But the gains of such

increased productivity are said to have been shared unevenly by

various factors of production and administrative regions. There

was evidence from different studies that there is some degree of

growing inequality in factor shares in agricultural production.

However, since most of these studies did not have any systematic

data base over time and space, the results reported remained

largely inconclusive. Besides, there were noticeable changes in

factor use In farm product. 1 on in the late seventies. But the

nature, extent and impact of such changes at the macro level have

not thus far been explored.

The share of capital in the total cost should increase and

that of labour and land should decline with the advance in the

level of agricultural technology. The impact of technology, which

is generally land-substituting, on the share of land may be partly
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nullified due to relatively faster Increase In the value of land

as compared to other category of factors mainly because of i t s

scarcity, investment of capital in it and increase in i t s

productivity. The share of labour would decline because both wage

rate and the use of labour has been increasing at a much slower

r;) l f» v l « - » - v | c r>\ hir*r f »>-••-.?-«• i-«f p r M n r t ( r m W1 • K< n » r**r}\ r>n a
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labour and a higher share of capital as compared to other crops.

Under homogeneous agro-climate conditions, the share of factors

for a crop are not expected to differ much among the reyions.

Based on these observations the following main objectives have

been identified for this study. The study emphasizes the

importance of energy in the agricultural act ivi t ies for the period

identified generally with Post Green Revolution. As identified in

the l i terature, the classification of Green Revolution period

showed variation depends on the individual researcher is

concerned.lt is also noticed that, there are three classifications

for Green Revolution, those reflects, pree-Green Revolution, Green

Revolution, and Post-Green Revolution. But the present study has

considered the time period from 1966/67 to 1991/92, so that t i t l e

of the thesis may looks slight different from other studies.

1.1 GREEN-REVOLUTION AND CHANGING SCENARIO OF INDIAN AGRICULTURE!

Since t h e e a r l y d a y ' s o f ' g r e e n r e v o l u t i o n ' s i g n s o f c ropp ing

p a t t e r n imbalances were v i s i b l e . Technological changes of

m i d - s i x t i e s caused s i g n i f i c a n t a r e a s h i f t s i n favour o f crops l i k e

wheat and r i c e a t t h e c o s t o f a r e a under c o a r s e c e r e a l s , p u l s e s

and o i l s e e d s . This s h i f t was t h e combined e f f e c t of d i f f e r e n t i a l
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rates of technological change among crops, i r r igat ion bias of new

technology causing shift of area out of dry crops Into irr igated

ones, and the encouragement policy of price support as well as

market intervention for some crops but not for other around,by the

Government. This brought distortions in cropping pattern in the

form of relat ively abundant supply of some crops Clike wheat of

which the Government had surplus stocks} and acute shortage of

others Clike pulses and edible oi ls which had to be imported at

huge cost in terms of foreign exchange}. These changes in cropping

pattern were determined by factors l ike, agro-c]imalir conditions,

technology, infrastructure, inst i tut ional environment, and

profitabil i ty.

The single most important element in crop production strategy

in the post-green revolution period is the improvement. in

agricultural technology consisting of high yielding plant

variet ies, intensive cult ivation, greater use of f e r t i l i ze r s ,

increased i r r igat ion and better techniqs for ploughing, harvesting

and plant protection. It has been noticed that even though High

Yielding Varieties have been developed for a number of crops but

their impact on production, productivity and costs varies across

crops and regions.

The level of cropping intensi ty is determined by several

factors. The most, important factor is the avallabl] i ty of water

from natural Crainfall5 and or man -made resources Cirrigation}.

However, the scope for year round cropping ac t iv i t ies in most

states of India is severely constrained by the seasonal

distribution of ra infal l . To the extent this natural constraints
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is relaxed by developing irrigation facilities, the level of

multiple cropping improves. Tho fl evi b1 ] i ty in sol ed. ing

appropriate cropping pattern is also enhanced when irrigation

facilities such as make water made available in a controllable

form to the farmers throughout the year. It would, therefore, be

reasonable to hypothesize that a greater part of inter-state, or

inter regional disparity in the level of cropping intensity could

be due to the disparity in the pattern of development of

irrigation facilities, both in qualitative and in quantitative

terms. In general the level of cropping intensity is higher in the

regions with higher percentage of net sown area irrigated and with

higher intensity of land use with irrigationCGI A/NIA5 . However, it

is futile to expect a one-to-one correspondent between irrigation

and cropping intensity.

The other crucial variable that determine the level of

cropping intensity is the availability of labour. The

characteristics of the Indian agriculture based on land size

holding India suggest that labour availability is an important

determinant. The various farm management studies carried out in

India showed that as the average size of holding Increases, the

average family size increases but not in the same proportion. As a

result, percapita land goes up and population density declines

with an increase in the holding size. In other words, an inverse

relationship is established between cropping intensity and holding

size. With modernization of agriculture, this relationship is

undergoing changes. Tractorization and other labour-saving

mechanical devices have altered the picture.
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There are several other factors but generally speaking,

there are basically three factors that determine the level of

cropping intensity. Those are: CO Supply of energy in the form of

human labour, animal labour and mechanical devices, CiiD supply of

water in the form of rainfall or irrigation and its distribution

over the crop year, and Ciii> the physical limits imposed by the

adopted cropping pattern,on the duration of cropping activities,

during the crop year. The above discussion is indicative of the

changes in cropping pattern, and cropping intensity which will put

more pressure on energy demand in the form of human, bullock,

mechanical and fertilizers and pesticides.

The area under paddy and wheat has continuously increased in

many states at the cost of coarse cereals, millets, pulses, and

cotton. As stated earlier, the reason for t.hi? growth is

technological support, price support, infrastructure support

including markets and irrigation, subsistence requirements, lesser

price and yield risk are well known. The adverse effect:, of this

development are: serious influence on the cropping pattern,

widened regional disparities, increased instability in production

and unplanned imports of commodities.

To remedy the situation, the elements of the green revolution

strategy have to be reexamined and set right. This study will

discuss the process as discussed in this study should include:

breeding high yielding varieties of seeds, disease, pest, drought

and flood resistance varieties of all crops, particularly coarse

cereals, millets, pulses and oil seeds, exploiting the untapped

6



potential Cmostly dry land areas) and raising the economic

potential of fertilizer use development and management of

irrigation facil i t ies, market experience and product

diversification, land development and farming comprehensive price

policy integrating products by products, input and markets

Cincluding international3.

The higher the cropping pattern index, the higher will be the

agricultural productivity. This result is important in deciding

how far high-yielding food grain technology, along with fertilizer

and irrigation, needs to be pushed in comparison with growing more

of high value crops In order to increase agricultural productivity

in different regions. It appears that marginal manipulations in

the cropping pattern in region can increase agricultural

productivity significantly even if fertilizer and Irrigation use-

remain unchanged. The extension of machinery can play a big role in

tapping the- comparative advantage of different regions.

1 .2 CLASSIFICATION OF ENERGY SOURCES:

According to the Indian Council of Agricul l-ure Research,

energy sources in agriculture sector can be classified a^ follows.

On the basis of source, the energy sources can be classified as

direct and indirect energy.

Direct sources of energy:The direct sources of energy are those

which release the energy directly l ike human labour, bullock,

stationery and mobile msi-hani cal or electr ic power units, sirh as

diesel engines, e lectr ic motors, power t i l l e r s and tractors. The
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direct energy may be further classified as renewable and

non-renewable sources of energy depending upon their nature of

repleni shment.

Renewable Direct Sources of Energy: Tn this category, the energy

sources which are direct in nature but can be substantially

replaced, are grouped. The energitics that may fall in this group

are human energy, animal, solar and wind energy, fuel wood,

biomass, and agricultural wastes.

Non-Renewable Direct Sources of Energy: In this category, the

direct energy sources which are not renewable C at luast in near

future say next 100 years} are classified. Coal and petroleum

products C hydrocarbon deposits!) will comes under non-renewable

direct sources of energy.

Indirect Sources of Energy: The indirect sources of energy are

those which do not release energy directly but release it by

conversion process. Some eneiyy is. invested in producing indirect

sources of energy. Seeds, manuresCFYhD , chemical fert i l izers, and

machinery can be classified under indirect sources of energy.

Again, on the basis of their replenishment, these can be further

classified into renewable and non-renewable indirect sources of

energy.

Renewable Indirect Sources of Energy:Seed and manures can be

termed as renewable indirect sources of energy as those can be

replenished in due course of time.
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Non-Renewable I n d i i e c t Sources of Energy:The energy s o u r c e s which

a r e not r e p l e n i s h a b l e comes under non- renewable i n d i r e c t s o u r c e s

of energy . For example. Chemicals , f e r t i l i z e r s and manufac tu r ing

machinery a r e t h e non-renewable i n d i r e c t s o u r c e s o f ene rgy .

1.3 CONVERSION OF ENERGY SOURCES INTO A UNIFORM MEASUREMENT:

To account for t h e t o t a l consumption of ene rgy In

a g r i c u l t u r a l s e c t o r by d i f f e r e n t s o u r c e s one r a n look th rough

d i f f e r e n t conve r s ion p r o c e s s . All t h e energy s o u r c e s can be

conve r t ed in to a s i n g l e measure to e s t i m a t e energy demand under

s e l e c t e d c r o p s . According to ICAR C1988}» t h e c o n v e r s i o n of energy

s o u r c e s were ana lyzed a s s t a t e d i n t h e fo l lowing manner.

Human energy can be measured in t h e form of man-hour, which

was equal to 1 . Q6 Gi ga J o u l e s . Woman powsr i s measured in woman

hour i . e 1.57 Gi ga J o u l e s . Where as bu l lock power measured in

p a i r - h o u r , was equal to 1O.1O Giga J o u l e s . However d i e s e l and

p e t r o l energy was accounted in l i t e r i . e 56.31 and. 4 8 . 3 3 Giga

JoulesCper l i t e r } . E l e c t r i c i t y measured in Kw-hour, was around

11 .93 Giga J o u l e s . Prime movers o t h e r than e l e c t r i c motors were

measured in kgs i . e equal to 6 4 . 8 0 Giga J o u l e s . Farm machinery

energy measured in Kgs, which e q u a l s to 63 .70 Giga J o u l e s .

N i t rogen f e r t i l i z e r s energy can be accounted i n Kgs i . e equal

to 60 .60 Giga J o u l e s . Where as phospha te and po ta s s ium ene rgy i s

measured in Kg* i . e 11 .10 and 6 .70 Giga J o u l e s . Energy component

in paddy measured as Kgs i . e 14 .77 Giga J o u l e s . Next, comes to t h e

s t r a w , which accounted in Kgs, was e q u a l s to 12 .50 Giga J o u l e s of
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energy equivalent. On the basis of this conversion rate, energy

consumption per hectare under different crops were estimated and

analyzed in the preceding sections. Among all the sources prime

movers was accounted higher energy equivalent. next to farm

machinery, nitrogen, diesel, petrol, and electricity respectively.

1.4 OBJECTIVES:

C O . To examine the inter state variations in

cropping pattern and cropping intensity.

(2). To find the trends in factor shares and substitution

possibilities over a period of time in Indian

agriculture.

(3). To identify the nature- and intensity of mechanization

in Indian agriculture.

(4). To examine the extent of fertilizer and pesticide

demand in Indian agriculture.

(5). To estimate the spatial energy demand variations

and energy intensities for selected crops across the

states.

(6) To establish a relation that quantifies the impact of

various factor inputs, including energy, on the

agricultural output across states and by selected

crops. Also to estimate the demand for energy in

agriculture depending upon agricultural output and

other factors.
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1.5 DATA BASE:

For the purpose of the present study the period 1966-67 to

1991-92 is chosen. Keeping in view the availability of published

data. The? data is based on the survey undertaken with every five

year intervals, namely 1966-67. 1971-72, 1976-77. 1981-82. 1986-87

and 1991-92 respectively. For some- of the other important

indicators like, crop wise energy demand, such as human, bullock,

farm yard manure, seed, diesel, electricity, mechanical,

fert i l izers, and pesticides data is collected from different

published, unpublished, and project works.

The study also collected secondary d«±ta from publications

like Statistical Abstract of selected states. Statistical Abstract

of Tnrfia, Fertilizer s ta t is t ics . pestiridf s ta t is t ics , I CAR

publications, Indian agriculture in Brief, Indian Labour

Statistics, Statistical compendium, Indian live stock census and

CMIE reports etc. The published data is supplemented by primary

data, available from other different studies, where ever

necessary. Much amount of data used in this study has taken mainly

from DESAg, Govt, of Indian and CMIE reports. Because DESAg is

collecting data for every five years, that why some important

inputs are not available for every year, so that the data from

CMTE is also used in this study. On this reason the present study

has concentrated on cross section data. Even though the study is

considered the time period from 1966/67 to 1991/92, in some

chapters data analysis was also under taken for other time

periods, to get clarity in the subject matter is concei ned.
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1.6 HYPOTHESIS TO BE TESTED:

In order to identify the causal relation between Energy

demand and Agricultural Production in the presence of other

inputs, the following hypothesis has been established. The

hypothesis can talk about the cause and effect relation between

dependent and independent variable, such as Energy and

Agricultural production. The present hypothesis has formed on the

basis of available literature in the subject matter is concerned.

As highlighted in several studies that, " there- is direct

relationship between energy demand and agricultural production".

Which reflects when more and more energy used there should be

greater agricultural production. It shows there is a positive

relation between energy and agricultural production. This can be

tested in the process of present study, with respect to selected

crops and states.

1. 7 METHODOLOGY:

Tho units of measurement used in this study are: Area under

crop in thousand hectares, output in thousand tonns, yield rate in

kgs for each crop, labour input measured in physical unitsClakhs},

drought power in thousands, iron and wooden ploughs, sugarcane

crushers, pump sets, and tr^ctnrs measured in physical units,

fertilizers and p&sticides in lakh and thouiandb tonns, energy

consumption in Meg* Joules, anti rainfall in millimeters.

Cobb-Douglas production funr.t. i on has been applied for estimating

the inter input substitution possibilities in the production of

total output for selected crops in India as well as six major
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agriculture producing states. The derived demand function

finverse) for energy was also estimated to identify the role of

energy in agriculture production.

This study examined 6 principal crops namely rice, wheat,

Jowar, groundnut, cotton and sugarcane, that are produced in

selected states in India. The states are Andhra Pradesh, Bjhar,

Punjab, Tamil Nadu, Uttar Pradesh, and West Bengal. The selection

of states; for the present study has been under taken on the b.isis

of the available resource endowments and institutional setup which

may reflects the nature of ayriculture, and also expecting the

wide variations on those states. For example, West Bengal and

Bihar states resembles traditional nature of agriculture, where as

Punjab and Uttar pradesh in the sense of modern agriculture, and

Andhra Pradesh and Tamil Nadu reflects mixed features. At the same

time even though the study considered six principal crops for crop

wise comparison, in some states one or two crops are almost

neglected in production.

The main inputs considered here are area under rropfland),

labour, draught power, agricultural machinery and implements

Ccapital} such as iron and wooden ploughs, sugarranp rrushers Cr.un

by bullocks as well as powerD. pumpsetsCdiesel as well as

electric}.and tractors, fer t i l izers , pesticides, energy and rain

fall. Total production under crops in India along with 6 major

states has been taken directly from published source. Labour

input was measured in number of workers engaged in agriculture

sector for each state over the period under consideration. Trie

data on this variable refers to lefM, 1971, 1 SP1 and 1PP1 census
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with respect to India and different states. Draught power was

accounted by considering the total number of cattle and buffaloes

used for work Jn agriculture in India and selected states.

Agricultural machinery and implements such as wooden and iron

ploughs. sugarcane crushers, oil and electric pumpsets. and

tractors were measured in number of equipment engaged in

agriculture sector in whole India and selected states.

In case of fertilizers, the total consumption of fertilizers

in India, as well as different states has been considered for the

purpose of analysis. Regarding pesticides, total consumption with

respect to different states and whole India was ron<=;i dered.

With Regard to energy, the source wise energy consumption for

selected crops was considered. Here human, bullock, FYM, and seeds

were treated as renewable forms of energy, where as tli i'sel ,

cletLiicity, mechanical and fertilisers; as non-renewable forms of

energy sources. Total energy consumption under each crop WAS used

to estimate the total energy consumption with respect to different

states and whole India.

Rainfall data, was measured by the avpragp rainfall in

different states over the period under consideration.

1.8 NATURE OF THE PRESENT STUDY:

The present study has been divided into 7 chapters. The first

chapter can talk about the general introduction of the existing
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problem. and other methodological aspects. In chapter S the

emphasis is on the cropping pattern and cropping intensity, along

wi th the data analysis under taken for some important Issues such

as profiles of selected stat.es, factors affecting growth

performance, area irrigated by different source, net state

domestic product Cfrom agricultureD , economics of crop

cultivation, potential yields of HYVs, Index numbers of area,

production, and yield, Index numbers of net area s>uwn, ci upping

intensity, cropping pattern, and productivity, average annual

rainfall, and percapita water availability etc.

The third chapter concentrates on explaining the- factors

shares in indian agriculture, labour absorption under different

crops, value? of agricultural inputs and outputs, total cultivators

and labourers, draught power, index numbers. of agricultural

labourers, and Index numbers of whole sale prices of different

agricultural commodities and inputs.

The nature of mechanization in Indian agriculture with

respect to selected states was examined in the chapter 4. This

chapter provides an overall view of trends in agricultural inputs,

general nature of farm Micn-ĥ i illation in Indian *±yi i<_<_iltui >_• tvtc.

Chapter five focuses upon fertilizer and pesticides

consumption in Indian agriculture with respect to the selected

states. This chapter also analyses the area under HYVs of rice,

wheat, and Jowar. the quantity of plant nutrients received from

the soil , and per hectare consumption of fert i l izers etc.
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The? chapter 6 has be<?n d] scusses the core problem of energy

demand and energy intensities, with other aspects like, conversion

of various energy sources. power utilisation in agriculture,

average energy consumption, and regression equations for selected

crops and selected statesCoutput and energy demand equations}. In

the final chapter 7, summary of entire study is presented along

with policy recommendations. The limitations of the study were

also highlighted at the end of the chapter.

1.9 SUMMARY:

On the basis of above highlighted reasons, the enei gy is a

important input in modern agriculture in order to produce more

amount of output. One should be aware of the role of energy in

Indian agriculture with respect to adoption of modern technology,

which reflect the capitalistic feature of Indian agriculture since

Post Green Revolution.

It is recapitulated from the earlier discussion, that the use

of energy intensive inputs has increased, in Indian agriculture

with the spread of Green Revolution technology. Further, future

has cautioned that the capacity to produce enough food for the

existing population in EOOO years, will depend on i ts efforts to

provide energy-intensive inputs such as fertilizers, pesticides,

and irrigation facilities.

Finally, another most important priority area of research is

to under take studies on alternative farming systems in their

entirety by incorporating the analysis* of energy intensities,

resource endowments, and management skills in farming which
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reflect the development of agriculture sector. It has been

generally identified that, there is a direct relationship between

energy input and energy outputCfood} in agriculture production. To

maintain this, unless some thing is done at macro level, soon the

agriculture sector wJ 1 1 be in the grip of a severe energy demand

crisis. In the preceding chapters, the chapter £ deals with the

nature of cropping pattern and cropping intensity in Indian

agriculture und selected states. Along with this some other

relevant Issues are also analyzed.
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CHAPTER 2

CROPPING PATTERN AND CROPPING INTENSITY IN INDIAN AGRICULTURE

2 . 0 INTRODUCTION:

Since the early day's of 'Green Revolution' there are signs

of imbalance in cropping pattern. Technological changes of

mid-sixties caused significant shifts, in land utilisation, in

favour of crops like wheat and rice at the cost of area under

coarse cereals, pulses and oil seeds. This shift was the combined

effect of differential rates of technological change among crops,

irrigation bias of new technology causing shift, of land away from

dry crops in favour of irrigated crops and the associated policy

of price support system as well as market intervention by the

Government for certain crops. Distortions in cropping pattern were

reflected in relatively abundant supply of the same crops (like

wheat of which the Government had surplus stocks) and acute

shortage of others (like pulses and edible oils which had to be

imported at huge cost in terms of foreign exchange). Changes in

cropping pattern is determined by factors like agro-climatic

conditions, technological, infrastructural and institutional

environment and profitability signals.

The single most important element in crop production strategy

in the post-green revolution period is improved agricultural

technology. This technology is in the form of high yielding plant

varieties, intensive cultivation, greater use of fer t i l izers ,
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1 nereased irrigation and better ter.hni qs for ploughing, harvesting

and plant protection. High yielding varieties have been developed

for a number of crops but their impact on production, productivity

and costs varies across crops and regions.

The level of cropping intensity is determined by several

factors. The most important factor is the availability of vwtcr

from natur alCrai nf al 1 3 and or man -made re^ourcp-; C i rr 1 gat i orO .

However, the scope for year round cropping activities in most

states of India are severely constrained by the seasonal

distribution of rainfall. So long as this natural constraints is

relaxed, by developing irrigation facili t ies, the level of

multiple cropping improves. The flexibility in selecting

appropriate crop pattern is also enhanced when Irrigation

facilities make water available in a controllable manner farm to

the farmers throughout the year. It would, therefore, be

reasonable to hypothesise that a greater part of inter-state, or

tnter regional disparity in the level of cropping intensity could

be due to the disparity in the pattern of development of

irrigation facili t ies, both in qualitatively and quantitatively.

In general the level of cropping Intensity is higher in the

regions with higher percentage of net sown area irrigated and with

higher int.ensity of land use by i rr igati onf GT A/NI A3 . However, i t

is futile to expect a one-to-one correspondence between irrigation

and croppi ng i ntonsity.

The other crucial variable that determines the level of

cropping intensity is the availability of labour. The
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characteristics of the farms according to holding size in India

suggest that labour availability is an important determinant. The

various farm management studies carried out in India showed that

as the average size of holding increases, the average family size

increases but not in the same proportion. As a result, land

percapita will goes up and population density declines with an

increast? in the holdiny size. In other words, an Inverse

relationship is established between cropping intensity and holding

size. With modernization of agriculture. Currently this

relationship is undergoing changes. Tracturization and other

labour-saving mechanical devices have altered this picture.

Several other factors can also be listed, but generally speaking,

there are basically three factors that determine the level of

croppi ng i ntpnsity.

Firstly, Supply of energy in the form of humsn labour, animal

labour and mechanical device;,, secondly, supply of water in the

form of rainfall or irrigatioil and i ts distribution gvci the crop

year, and thirdly the physical limits imposed by the adopted

cropping pattern on the duration of cropping activities during a

particular crop year. The above discussion is indicative of the

changes in cropping pattern. Cropping intensity will put more

pressure on energy demand in the form of human, bullock,

mechanical and fertilizers and pesticides. In this regard one can

concentrate the existing literature available with respect to

cropping pattern and cropping intensity.



One of the interesting study in this regard is by

Mruthyunjaya and Praduman Kximar<19892. who extensively worked on

cropping pattern changes in Indian agriculture, to examine the

changes in Jnput use, productivity. cost of production,

profitability and employment in crops. He identified and explained

the cropping pattern changes, by suggesting ways and means for

controlling the imbalance in the cropping pattei n and thereby

widening the base for crop production in India.

The changes in cropping pattern in various states in India

has been examined by collecting data on area, production, and

yield of principal crops. The Directorate of Economics and

Statistics, Government of India carried over a survey in regular

intervals of five years, related to crop input, output, cost of

cultivation of principal r. i ops in India.

The main findings from this study can be summarised as

follows:area under paddy and wheat has continuously increased in

many states at the cost of coarse cereals, millets, pulses, and in

some, areas, rotton. The reason for this giowth, viz. ,

technological support, price support, infrastructural support

including markets and irrigation, subsistence requirements, lesser

price and yield risk, are well known. The important cost to the

society as a part of this development is the serious influence on

cropping pattern, increased regional disparities, increased

instability in production, and resultoH in unplanned Imports of

cominudi ties.
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To remedy the situation, the el emeriti of the gr fun revolution

strategy have to be reexamined. The process,as discussed in this

study, should include breeding the disease, pest, drought and

flood resistance high yielding varieties of all crops particularly

attention to coarse cereals, millets, pulses and oil seeds. There

is a need for exploit.ing the untapped potential Cmostly dry land

areas) and raising the economic potential Ccreate awareness) of

fertilizer use. It is also important to improve management of

irrigation facil i t ies, market experience and product

diversification, land development and farming comprehensive price

policy integrating products by products, input and markets

Cincluding international3.

. B. DC1989J, did analytical work on sources of

irrigation and cropping pattern. He considered the improvement of

crop output through the process of a more shift in irrigation

resource from more heavily irrigated to 1iyht-irrighted u-ops.

Interest in this subject of investigation is heightened by the

harsh fact that irrigation endowment is much more- limited than the

endowment of arable land.

The investigation was bar«="i on data in respect of eleven

major irrigation projects for which information on crop yields and

irrigation requirements is available. This data base is some what

nearer to the actual farm position prevailing in the first half of

the eighties, in the canal commands of the major irrigation works.



The main observation In this study are that, in Northern

India the combination of sugar cane verses paddy or wheat showed

that. with ground water is the as source of irrigation, the

productivity differential in favor of sugar cane signifledan

advantage in eneryy use also. Gi vcu the scarcity of energy

resources like diesel oil and electric power that are now

extensively used in lifting ground water in north India, the

energy conservationangle of sugar cane vis-a-vis paddy or wheat

combination merits in overall development planning.

Where as in deccan plateau, the results showed that, in this

water-short region, coarse grain, pulses and oil seed;, are mainly

grown under dry conditions. In the absence of in igation, the

yields of thii, crops are low and highly variable over time. While

irrigation raises their yields, the yield and income gains are

modest compared to irrigation yields of crops like sugar cane etc.

In case of western India the results indicated that, among

the kharif crops, 'guar* and ground nut revealed substantially

higher water productivity than for bajra, paddy and cotton. Among

the rabi urupi, wheat has perceptibly hiyh productivity of vatc?r

than gram.

The results relating to Eastern India showed that, the land

productivity of paddy is much hiyhei than that of wheat, but water

product.i vl ty of wheat, is greater . From the view point of

productivity per unit of land as well a= p»=-r unit of irrigation

potato is an attractive proposition for the rabi season.
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Another interesting study in this context is by

Venhu3.tarama.nan. L.S and Prahladachar<1980>. He a n a l y s e d t h e growth

rates in area, yield and output of major crops in six states,

viz., PunJabCincluding Haiyana), Rajasthan, Uttar Pradesh. Bihar.

Maharashtra and Andhra Pradesh for the period 1950-51 to 1974-75

and examined the impact of growth rates of crops on cropping

pattern in these states. This study also attempted,through

'decomposition method*, to study the area, yield and cropping

pattern effects on crop output growth in these states in the

period under the reference.

At FJ rst the rates; of <jr-c->wt.h In individual crops: is related

to the changes in cropping pattern, then the attempts to offer a

plausible explanation for the? macro state level changes in the

cropping pattern witnessed in the six states during the reference

period. Secondly, it ^uyyeiled a method of meaiui ing the '

aggregate' change in the ci uppi uy pat turn of a ilate in teruts of

'substitution' and 'expansion' effects by comparing the area

growth rates of individual crops with the corresponding growth

rate in gross cropped area.

The main findings of this study are the following: Trie

relative acreage under food grains and non-food grains in the

Punjab remained stationary over the period 1950-75, but the

relative shares of wheat and rice among food grains and that of

cotton among non-food grains improved. The favorable factors for

their growth, either singly or Jointly, were the use of HYVs,



ferti l izers and irrigation. Unlike in Punjab, in Rajasthan the

share of food grain crops in the gross cropped area, bajra in

particular, increased considerably. This development in Rajasthan

unmistakably reflects the increase of subsistence agriculture and

the growing disparity in farming conditions and farm incomes

between states like Punjab and Rajasthan. The main rhange? in the

cropping pattern that occurred in Andhra Pradesh during the period

1930-75 were the improvements in the relative shares of paddy,

maize and sugar caneCthe latter two crops however occupied small

shares i n the gross cropped area). Yield increase- and/or the

spread of irrigation were the main contributing factors for area

growth, and consequently fur the growth of output.

Ranade.C. CC1980>, analysed effect of cropping pattern along

with fertil izer and irrigation upon agr i cul t.ur al production. This

study examined the effect of these factors upon ayi j.i_ul tur al

output per hectare across 54 agroclimatir regions covering 16

major states for the pre-green revolution period from 1962 to 1965

and then for the post-green revolution period from 1970 to 1973.

The results of this study showed that, comparison between

Northern Punjab and Coastal Northern Tamil Nadu, for 1970-73,

shows that even though the percent irrigated land was higher in

the former region C73.62 M5 than in the latter re-gicm C61.66 >O ,

the agricultural production per hectare Cproductivity3 was higher

in the latter regionCRs. 20303 than in the former CPs.lO67>. At

the same time, the cropping pattern index was higher in Coastal

Northern Tamilnadu C126. 45 than in Northern PunjabC119. 5D. The



fertilizer use was less in Coastal Northern Tamil Nadu than that

in Northern Punjab. In Orissa, although t.hp cropping pattern index

is higher than that in Punjab, the agricultural productivity is

much low and so are the fertilizer use and irrigation too.

In this study the reyression resul ts show that higher the

cropping pattern index, the higher will be the agricultural

productivity. This result is important in deriding how far

high-yielding food grain technology, along with fertilizer and

irrigation, needs to be pushed in comparison with growing more of

high value crops in order to Increase? agricultural productivity in

different regions. It appears that marginal manipulations in the

cropping pattern in region can Increase agricultural productivity

significantly even if the use of fertilizer and irrigation remain

unchanged. The extension machinery can play a big role in tapping

the compsrati ve advantage of different, regions.

One of the pioneering study by Gulati. A and Sharma.. P.

critically examines various studies on cropping pattern changes,

direct and indirect employment Intensity of different crops as

well as their environmental effects etc. A cropping pattern which

is oriented towards these objectives is defined »•=-. d^-^ir^ble

cropping pattern.

The analysis suggests that studying cropping pattei n uhunges

purely from demand/supply point, of view could lead to adoption of

a crop mix which has high economic cost. Pursuit of

self-sufficiency in all commodities regardless of economic cost
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need to be reexamined. On the employment front, the study admits

that direct impact of movement of cropping pattern towards more

labour using crops may be rather 1imitedCespecially in relation to

area and yield effectsi. It indicate that domestic incentive

structure is more favorable to wheat, r ice, oil seeds and sugar

cane.

Mann. S. PCiQ89>. who examined the Impact of Green Revolution

programme in Indian agriculture by using two models, namely the

logit model for the adoption of HYV wheat seeds and the second

model is the linear regression model to estimate the percentage of

land under HYV wheat for i t s users.

The data used in thi s study was based on the NCAER's,

Additional Rural Income survey conducted for a period of three

years during 19R8-71. According this study. the proportion of

land, the availabili ty of land irrigated, and the avaUahilHy of

tractors on hirft in the village are highly significant variables

in all the t i iCi except fui the 1AAP district; . f<_» the adoption of

HYV seeds of wheat. The proportion of land iriigated is also

highly significant,explaining the proportion of land under HYV

wheat, in all estimates of the linear regression mod̂ l Land owned

was significant, with a negative sign, in two of the three

estimates of the linear regression model, indicating that small

farmers devoted higher percentage of their lands to HYV wheat. It

is observed from the empirical results that irrigation is one? of

tho most significant factors affecting the adoption of HYV wwds.



Chadha.G. K and Sharma. R. KCt98B2, as examined whether t h e

Green Revolution has any relationship with form size cropping

intensity in Indian agriculture. The study examines the

relationship separately for each of the 318 districts of India,

spread over almost all states. The 1970/71 agricultural census

reports for various states has been used extensively for this

analysis.

As per the results it is interesting to note that an almost

conclusive evidence emerges in favor of the inverse relationship

in a green revolution areas such as the Punjab and Haryana. The

small farmers in these diiLricts have lost their traditional edge

of higher cropping intensity. This study also examined the

cropping intensity on Irrigated as well as on unirrigated ar&a.

Among the- in iyated jicab, a nu*J<_u i ty of disti i<_t;> suyye-s,ted an

inverse relationship, but t her e K a largp percentage of districts

showing a positive or neutral relationship. In some- districts, an

improved irrigation structure seems to have promoted higher

cropping intensity on irrigated areas of large farms, while for

many others, the inverse relationship persists in spite of a

positive correlation between farm size and improved irrigation

base. It. means that ]n spite of a technological disadvantage in

the matter of impi uved initiation facilities, the maiyinal and

small farmers continue- to cultivate their lands more intensively

over a large part of Indian agriculture. In summary it appears

that an assured and flexible year round supply of their family

labour continues to play a critical role in increasing cropping

intensity. Perhaps, their family labour will continue to play this
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role in future as well.

Mahendra De-v. SC19892, has analysed the variations in cropping

intensity in Indian Agriculture. The main objectives of this study

were to examine the factors influencing Ca3 the regional

variations in cropping Intensity at different time points since

the early sixties and CtO the temporal variations in cropping

Intensity far selected districts* in Andhra Pi jdculi, Ma!wrus.tra and

Tamil Nadu. The data used for this study Is takt.-n from National

Sample Surveys.

The results showed that, based on the pooled cross-sect.ion

regression with the expl anatory varlablfi?; ] i kr? cropping intensity

on normal rainfall, percentage irrigation and tractorization. The

results reveal that the first two variables seem to be important

in explaining the inter-state and inter-regional variations in

cropping intensity. With the introduction of intensity of l^nd use

with irrigation CGI A/NT AD variable in place of tractorization,

irrigation variables became dominated in explaining intei—regional

variations in cropping intensity. The estimates based on

time-series data for selected districts also reveals the

importance of irrigation. In particular the intensity of land use

with irrigation on cropping intensity differs from district to

district. This study suggests the policy side aspect also where in

the emphasis on the agricultural development strategy in India

was more on raising the yield of any particular crop per unit of

land rather than increasing the total output per unit of land from

all crops grown in a year.



Another interesting study is by Sfxarma. J. LC19902, who

examined the inter-state dispai ities, in agricultural growth in

India. The main objectives of this study are: to examine the

inter-state disparities in agricultural growth, and to identify

the factors responsible for thcie disparities. The data for the

study was obtained from Stati stical Abstract of India, covering

the period 1966-67 to 1987-88.

The main conclusions of this study are that, size of holding

is the basic factor affecting the sti ucture of ayi iculture and

there exists vast disparities across states in India. The states

with higher agricultural growth rates were having relatively

higher svoi jge size of holding except Uttar Pradesh. Punjab and

Haryana states, which are the center of agricultural yi owLh in

India, havs the Highest proportion of cultivated aica under

irrigation. In Orissa. Madhya Pradesh, Bihar and Kerala the use? of

fertilizers were less; than the national average. These were the

states which have recorded low growth rates in food gi /tins

production. Further, the irrigation facilities were also lower in

these states compared to all-India level.

Regarding tractori nation the analysis showed that, Punjab,

Haryana and Uttar Pradesh have the highest intensity of

tractoj i zation compared to othci states. Trie growth iates> in food

grains production along with the cropping intensity in each state

indicate that the states with higher agriculture growth rates were

also having higher intensity of cropping. A look at the percentage
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area irrigated and percent area under high yielding varieties of

cereals indicates that these two variables are closely linked.

2 . 1 P R O F I L E S OF SFI FCTF.D STATFS: AND WHOI F TNDIA:

This section will talk about the gpneral profi l e < I ndl cators)

of ^elfrrtpfi <?t ate=; and ovpral 1 Tnrfia. The pprfcirmsnce of

agricultural development, has been taking place in eai_h s t a t e

depending upon the avai labi l i ty of resuurces. However, the

relat ive index of development across the- states is not uniform due

to various inst i tut ional and resource constraints. It has obsc-rved

from the table £.1.1, the re la t ive index of development i s very

high in case of Punjab, which has 199,compared to other s ta tes

and whole of India. Next, comos Tamil Nadu, Andhra Pradesh, West

Bengal, Uttar Pradesh, and Bihar com»i s>t J ng of 135, QO, y/, 72 and

43 respectively.

It is a clear indication that , the states which have

tremendous development in agriculture scene were showing

relat ively higher development index, while compared with

agriculturally less development s ta tes Tn case of population

growth, while the population is increasing at 2.14 % per annum in

all India level, with respect to s t a tes , U. P showing 2.29 V>, Tamil

Nadu and Punjab noticing 1 . 4O % and 1 . 66 V. respectively. This is

also a clear indication that , the states which have higher

devp] opmenl index wore shewing \i?-j.-sm- population growth. However,

from the theories it is known that lesser population with more

agricultural growth rioe :̂ lead to economic progress.
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T a b l e 2 . 1 . 1

PROFILES OF SELECTED STATES AND WHOLE INTO AC 19933

S t a t e s A. P Bihar Punjab T.Nadu U. P W. Bengal ALL
. Indij

Indicators Unit

Relative Index 99 43 199 135 72 97 1OO
of d e v e l o p m e n t

Popula t ion X 2 .17 P. 13 1.86 1. 4O 2. 29 2 .22 2 .14
growth

Popula t ion No's241.81 496 4O2 429 472 767 274
Density

Workers as X of X 47.O5 32.16 30.87 43.81 32.20 32.19 37 .46
Total Pop.

Workers I n Ag. & X 70 .38 81.10 56 .07 61.51 72.92 55.71 66 .92
All ied

Net Sown Area X 38.OO 44.43 83 .39 43.65 57.78 fiO.37 46.3O
as of r e p o r t i n g
Area

Gross I r r i g a t e d X 35 .85 36.31 91.01 47.51 50.68 23.93 30.72
Area, X of Gross
Cropped Area

Average s i z e of her 1.72 0 .87 3 .77 1.Ol 0 .93 0 .92 1.69
hoi ding

Fer t i l izer Kys 131 58 177 124 90 95 72
Consumption

Value of Output
Major crops

Per hectare Rs 4392 3017 6856 6622 4502 5139 3576

Percapital Rs 799 3B8 2420 8O9 813 603 758

Percap i t a l Kgs 15O 118 827 124 220 152 173
Food g ra in
product ion

Percap i t a l Bank Rs 338 110 599 365 159 SO 222
Credi t t o Agr i -
Cul l u r e

per hec t a r e Bank Rs 1858 9O3 1696 2985 877 765 1O46
Credi t to Agr i -
c u l t u r e

Source: CMIE: P r o f i l e s of D i s t r i c t s , November, 1993.
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Regarding the density of population. West Bengal having

highest density of population i . e 767 per square kilometer, and

Bihar, U.P, Tamil Nadu, and Punjab comes next with 476, 473. 429,

and 4O2 respectively. Labour force is increasing at the ra te of

37.46 % in a l l India level , with respect to s t a t e s , Andhra Pradesh

noticed highest i . e 47.63 X. Punjab experiencing less growth 30.87

>4 per annum. The part icipation of wui kci i in agi icultui is and

all ied a c t i v i t i e s consists 66.92 % in all India level as compared

with 81.10 V. highest In Bihar, next U. P, A. P, Tamil Nadu, Punjab,

and West Bengal having 72.92 %. 7O.31V.. 56.07 V. and 53.71 X

respectively.

However, the net sown area as of total reporting area, is

46. 3O >i in a l l India level as against to 83.39 V. in Punjab. 63.37

%, 57.78 'A, 44.43 %, 43.65 '/i and 38.00 'A in W<=<st Bengal. U.P,

Bihar, Tamil Nadu, and Andhra Pradesh respectively. Punjab is

showing highestC83. 39 5O in case of net sown area, where as A. P

recorded lowest i . e 38.00 %. In case of gross irr igated aix-a to

percentage of gross cropped area it is 30.72 '/« in all India level

as against 91 . Ol % in Punjab. 5O. 68 X, 47.51 ^ , 36.31 >4. 35.85 '/.,

and 23.93 % in case of U. P, Tamil Nadu. Bihar. A. P. and West

Bengal respectively. Punjab recorded highest percentage of gross

irr igated area as against lowest percent reported in West Bengal.

Meanwhile, it i s important to notice that the size of the

holding is differing from one s ta te to another s ta te due to

inst i tu t ional set up existed in these s ta tes . Contrary to this, the

average- «;(ze of holding In all India level 1 <r around 1 . R9, and
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hiOh*s t l n c * s e o f Punjab 3.77 following by 1.73, 1.01, 0.93,

0.92. and O. 87 ln A. P, Tamil Nadu, U. P. West Bengal, and Bihar

respectively.

Fert i l izer consumption also differs from state to s tate , which

is a cause for yield difference as well iii. lu-yionil imbalances in

agricultural production and development. The per hectare

consumption of fer t i l izers at all Inriia level is around 7R kg/he,

as against highest consumption of 177 kg/̂ he noticed in Punjab,

next followed by 131, 124. 95, 9O, and 58 in A.P. Tamil Nadu, West

Bengal. U. P, and Bihar respectively.

Value of output per hectare under major crops wore showing

significant difference from state to state. At all India level i t

is Rs.3576, wherfi as i t is Rs.f585fi in pun J ah, Ps. fifiRP in Tamil

Nadu, and Rs.5139. Rs. 4502, R's. 4392. Rs. 3017 in West Bengal. U. P,

A. P, and Bihar. The Per capita value of output under major crops

also differs from state to state. In case of all India, which

accounts for Rs. 758, the highest Rs.2420 is in Punjab, Rs.813,

Rs.8O9, Rs.799, Rs.603, and Rs. 368 in U.P, Tamil Nadu, A. P, West

Bengal and Bihar respectively.

Per capita food grain production is around 173 Ky>> in all

India level as against 827 Kgs in Punjab, and 220, 152. ISO, 134,

and 118 Kgs in U. P. West Bengal. A.P. Tamil Nadu and Bihar. Among

all the states Bihar is showing lowest productionCper capita),

while comparing with highest in Punjab.
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Regarding. f inancial flows Jn I n d i a ' s ag r icu l tu ra l sector

there is v a r i a t i o n over the respert.lvp s t a t e s . The perr cap) ta bank

credi t is Rs.222 in a l l India leve l , highest i . e Rs.599 in Punjab.

RS.36S. Rs.338, Rs.lU9, Rs.110. and Rs.90 in Tamil Nadu. A.P. U. P.

Bihar, and West Bengal. Contrary to t h i s the per hectare bank

credi t to a g r i c u l t u r e is Rs.104R in al] India , where as i t is

highest in Tamil Nadu i . e Rs.2985, followed by Rs. 1858, Rs.1696,

Rs.903. Rs.877, and Rs.765 in A. P. Punjab, Bihar, U. P. and West

Bengal respec t ive ly . Here Tamil Nadu noticed highest per hectare

bank c red i t in ayi-i t:iil tural prodi ir-t.l on as against to lowest in

West Bengal.

2 . 2 FACTORS AFFECTING GROWTH PERFORMANCE IN SELECTED STATES AND

ALL INDIA:

There are several factors that influence growth performance in

Indian agriculture ar.r osi; the statp*. This ran be traced

especially from Green Revolution in Indian Agriculture. Because

Green Revolution i tself will demand larger amount of inputs in

production process. But all the states which concerned are not in

a position to provide the necessary factors at larger extent. Due

to this reason the disparities are over veiling in different

states.

Sh.cu.-ma. J. LCI 9905, who did analytlL-sl work on facturf- affecting

agricultural growth, observed that, difference in average size of

holding, intensity of cropping, percentage area under HYVs ,

percentage area irriyated to total cultivated area, fert i l iser use
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per hectare, and credi t ava i l ab i l i t y are the some important

factors which explain regional d i spa r i t i e s .

As shown in table 2 .2 .1 , the average s ize of holding 1.62

hectare in a l l India level which compares with Punjab having the

highest of3.79, and O.94 being lowest in West Bengal. The

intensi ty of cropping differing 122 M in al l India level as

comparing with s t a t e s , 185 V. in Punjab, 143 %. 12© %, 116 %, 116

Table £.2.1

FACTORS AFFECTING GROWTH PERFORMANCE IN SELECTED STATES OF
INDIA Cl983X84) .

I t em A. P Bihar P u n j a b T.Nadu U. P W.Bengal Al l I n d i a

Average * l * e of 1 .87 0 . 9 9 3.79 1. O7 1.01 0.94 1.82
hoi dingCha) 1981.

Intensity of 116 116 16S 115 143 126 122
cropplngCJO

Percentage area 55.8 57.1 93.5 74.0 56.7 40.3 51.3
under HYVs of
cereals

Percentage area 22.9 28. 1 84.5 42.9 57.4 33.0 28.2
irr igated to
total cul t ivated
area

Fer t i l i se r use 75.0 35.9 151.?: 100. O 65.1 54.8 46.3
in Kg. per
cropped areafha")

Intensity of 3.82 5.54 57.76 5.24 12.98 1.28 7.33
Tractors
CNo. per 1000 ha}

pesticides use 0.7 0.3 0.6 0.2 0.3 0.2 O. 3

in kg/'ha

Credit ava l la - 147 50 307 245 99 54 113

l . l l i ty

Sour c e : Shai ma. J . L: ( 1 O9OD
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%, and 115 >i In U. P. West Bengal, A. P. Bihar, and Tamil Nadu

respectively. Intensi ty of cropping is always dependent up on the

avai labi l i ty of i r r igat ion f ac i l i t i e s . Percentage area under HYVs

seeds also one of the important factor which influenced growth

performance in different s ta tes .

Percentage area under HYVs Is 51.3 V. at. A] ] India level , Among

the s ta tes it is 93. S 'A in case of Punjab, 74 >i, 37.1 %, 56.7 %.

SS. 8 y., and 40.3 'A in case- of Tamil Nadu, Bihar, U. P, A. P, and

West Bengal rus.pui.-Li vely. Contrary to this the peftculage area

under i r r igat ion is around 38.2 '/i in all India level which

compares hi yho'st84. b '/. in Punjab, followed by 57.4 */i, 43.9 %. 33.6

%. 28.1 %. and 33. 9 % in U.P. Tamil Nadu, West Bengal, Bihar, and

Andhra Pradesh respectively. The highest i rr igated area is, noticed

i n Punjab and 1owest Andhra Pradesh.

Regarding, fe r t i l izer consumption, all India level recorded

46.3 Kyi per hectare where as in s ta tes , 1 Rl . ?. Kg/her- in Punjab,

next 1OO.O, 75.0, 65.1, 54. 8, and 35.9 kg/hecin Tamil Nadu, A. P.

U.P, West Bengal and Bihar respectively. Intensity of tractors

were also another important factor which largely i nf 1 iipnrpd the

growth performance and regional dispari t ies In different s ta tes .

The intensity of t ractors per 10OO hectares is 7.33 in all India

level . 57.76 in Punjab, Whore as it is 13.98. 5.54. 5.S4, 3.83.

1.38 in U. P. Bihar. Tamil Nadu, A.P. and West Bengal i u^pectiv&ly.

Pesticide consumption was also noticed variation such as O. 3

Kg/hec in all India level, where as 0.7 in A. P. 0. t>, O. 3, O. 3,

O.a, and 0.P in Punjab, U P, FH h»r . Tarn* 1 Nad-i, Wf<=t Bengal

ifispettively.
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Credit availability is another important factor in present

agriculture production, where the farmer is facing substantial

input burden in production process. Credit availability is much

more needed in recent years to tome across the inputs burden.

CapitalCcredit} availability differs across state, as Rs.3O7

highest in Punjab, 245, 147, 99. 54. and 5O in Tamil Nadu, A.P.

U. P. West Bengal , and Bihar respectively. The highest credit

a vai 1 abi 1 i LyCpei i_^ipita3 hai. b_ .̂ii ii^ULod in Punjab, wht--r e as

lowest In case of Bihar.

By considering the above said factors, one nw'st. be aware of

the factors which influencing growth performance in Indian

Agriculture. Along with the above said factors, Energy is also one

of the prime factor whl rh influenced growth performance in

agriculture, in recent years. However, one should also be aware of

the unfavorable rainfall conditions in Indian ayiiculture. due to

failure of monsoons in almost every alternative years.

2.3 AREA IRRIGATED BY DIFFERENT SOURCES IN INDIAN AGRICULTURE:

I r r i g a t i o n is one of the important device in modern

a g r i c u l t u r e , where the HYVs seeds a r e well implemented, wil l

demand l a r g e aniuunt of watci i c^uui cc-s. In recent yoai s , the

irr igat ion is affected a lot due to unfavorable rainfal l

conditions. The area under irrigation is changing

continuously, time. This sub section will examine the sources

available for irrigation and analyse how the irrigated area

changing from one source to another.
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The t*b] <» R. 3. 1 I l l u s t r a t e th** area. I r r iga ted by di f ferent

sources in Indian agr icu l tu re . The i r r i ga t ed area under

Government Canals was around 9170 thousand hectares in 1960/61,

which increased to 15853 Thousand hectares in 1985/86, l a t e r

declined to 14990 thousand hectares in 1987/88. In percentage

terms 34.2 >£ in 1900/61 , which increased to 36.3 V. in 1983/86,

l a t t e r declined to 34.8 % in 1987/88 respect ively. The area under

pr iva te ranals not.i rpri 1 ?!OO thousand hsr l s rps in 1 PWO/F51 , which

has been continuously ripr) ineci to 4R4 t.hrm«=*»nr! hectares in

1987/-88, which is equal to 4.9 X in 196O/61 and 1 1 *A in 1987/88.

Table 2.3.1
AREA IRRIGATED BY SOURCES C1960/'61 TO 1987/^83

CThousand Hectares)

Year

Source|

Government
canals

Pr i va te
canals

Tanks

Tube Wells

1 QRO/fil
.X S ? U v r (_)X

9170
C34.23

12OO
C4. 93

4561
C18. 53

1 3 5
CO. 63

Other Wells 71SS

Other
sources

Total

C 29 . O3
244O

C9. 83

24661
CNet l r r iga-ClOO3

ted area.

197O/71

11972
C38. 53

8 6 6
C2. 83

4112
C13. 23

4461
C14. 33

7426
C23. 93

2266
C7. 33

31103
C1OO3

1QRO/R1

14450
C37.33

8 4 2
C2. 23

3182
C8. 23

9531
C 24 .63

8164
C21.13

2551
C6. 63

38720
C1003

1 QR'S/Rfi

15853
< 36 . fO

4 6 4
C1.23

3049
C7. 23
11866
C 28 . 23

8676
C20. 63

26O9
C6. 23

42079
C1OO3

1 QRfi^fl'7

15548
ntf i .63

4 7 9
C l . 13

2965
C7. 03

12275
C28. 93

8552
C2O. 13

2667
C6. 33

43486
C1OO3

14990
C34.83

4 8 4
C1.13

2806
C6. 53
13156
C30. 63

8661
C2O. 13

2951
C6. 93

43040
C1003

Source: Indian Agriculture In Brief, 24th edi t ion, DESAg. Govt,
of India.
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The Area under Tanks, was around 4361 thousand hectares in

1960/61. which declined to 28O6 thousand hectares in 1987/88.

which equals to 18. S Ji in 1960/61, that has furthe; declined to

6.5 >i in 1987/88. On the other hand the area irrigated under tube

wells has lncrpssed tremendously from 13S thousand hectares in

196O/61 to 1315B thousand her.tares. in 1987/88, which is equivalent

to 0.6 'A in 1960/61 to 30.6 54 in 1987/88. Contrary to this the

area under other wells also increased notably from 7155 thousand

hectares in 1960/61 to 8661 thousand hoc-tart::, in 19H//88, which is

equal to in percentage terms 29.0 'A in 1960/61. and later declined

to 20.1 V. in 1987/88. The area irrigated by other sources was

around 2440 thousand hectares in 196O/61 and 2951 thousand in

1987/88, in percentage terms it was 9.8 V. in 1960/61 and fall to

6.9 'A in 1987/88. On the whole the total net irrigated area was

accounted nearly 246S1 thousand hectares in 1960/61. has increased

to 43O4O thousand hectares in 1987/88 respectively.

The compound growth ralt'S of area irrigated by different

sources, is shown in table 2.3.2. In case of Government canals the

area increased at the rate of 2. 7O 'A per annum in 197O/71 . which

further experienced negative growth rates of - 3.59 'A by 1987/88.

Where as the area under private canals experienced negative growth

rates i.e -3.21 'A in iy70/71, which showed further improvement in

1985/86 with 11.24 'A. and later declined to 1 . O5 'A in 1987/88.

Interestingly the area under tanks noticed negative growth rate

i.e -1 . O3 'A In 197O/71 to -5.36 '/. in 1987/88.
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Source: Indian Agriculture in Brief, 24th edition, DESAg. Govt,
of India.
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Th© area under tube wells Increased at the rate of 41.88 'A in

1970/71 to a decline trend of 7.18 X by 1987/88. The area under

other wells increased at the rate of 0.37 V. in 1970/71 to 1.28 V.

in 1987/88. The area under other sources was noticed negative

growth rates i . e -0.74 'A in 197O/71 to -10.85 'A in 1987/88. The

veral 1 growth rates of net i r r i ga ted area was around 2.35 'A in

970/71. It la ter declined at the rate of 1.31 '/« per annum in

.987/88.

Table 2.3.2

COMPOUND GROWTH RATES OF ARFA IRRIGATED BY SOURCES C l960 /61 TO
1987/88D

CThousand Hec ta res )

Year

196O/61

Source

Government

canals

Private

canals

Tanks

Tube Wei 1s

Other Wells

Other

sources

Total
CNet i r r iga -
ted area.

—

1970/71

2.70

-3.21

-1.O3

41.88

0.37

-0.74

2. 35

1980/81

1.9O

-0.28

-2.53

7.89

0.95

1.19

2.21

1985/86

1.87

1 1.24

- O.85

4. 48

1.22

0.45

1.68

1986/87

-1.92

3.23

-2.76

3. 45

- 1 . 43

2.22

0.96

1Q87/88

-3.59

1.O5

-5.36

7.18

1.28

10. GS

1.31



The above analysis 1 ndi cM *»<; that, the area under ranals has

been sl ightly declining, where as the area under tube wells and

other wells was increasing drastically. This is a clear indication

that, the pressure on Energy sources such as Diesel and

Electricity is increasing at faster rate. This is one of the

important highlighting feature of Indian irrigation system and

Indian agriculture environment. Due to th is , the demand for energy

is increasing continuously, especially from 1966 on wards, when

the Green Revolution Programme was implemented in Indian

agriculture. At the same time the area under rain fed was

fluctuating, due to unfavorable rainfall conditions.

2 . 4 ALL INDIA CULTIVATED AND TRRIGA1KD AREA- GROSS AND NLT WITH

CROPPING INTENSITY:

Land ut i l i sa t ion for agricultural purpose is one- of the

important controversial issue since Independence, due to i t s

availabil i ty and contribution to the agricultural growth. As

identified by different Researchers, the area under agriculture

was continuously varying from time to time due to various reasons.

One of the important factor is Rainfall fluctuations and second

adoption of modern agricultural ter.hnol ogy which has been

influencing the cropped area under cultivation. In consideration

to th is , th i s , the present section will look at thp nature of

cultivated and irrigated area-gross and net with cropping

intensity.
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Table 2.4.1 i l lus t ra te the all India cultivated and irrigated

area with cropping intensity from 1966/O7 to 1991/92. The gross

area sown was around 1573S5 thousand hectares in 1965/67. which

has been increased to 177O42 thousand hectares in 1981/82, later

declined s l ight ly in 1986/87. further increased to 181236 thousand

Table 2.4.1

AIL INDIA CULTIVATED AND TRRIGATFD AREA - GROSS AND NET- WITH
CROPPING INTENSITY.

Source: F e r t i l i z e r S t a t i s t i c s , FAI, 1091, 1992 and 1903.

C). Figures in the brackets ind ica tes compound growth r a t e s .
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Year j 1966/67 1971/72 1976/77 1981/82 1986/87 1991/92
Item'

Area Sown
Gross 1573S5 165194 16734O 177042 176656 181236

C—5 CO. 98) CO-26) C1.13) C-O. 04) CO. 51)
Net C * OOO 137232 140040 13946O 142OO3 14OO2O 146235

ha) C—) CO. 41) CO.OO) CO. 36) C-0. 28) CO. 87)
More than 2O123 25154 Z788O 35039 36636 35OO1
once C—) C4. 57) C2. O8) C 4.68) CO. 90) C-0. 91)

Area i r r i g a t e d
Gross 32683 38431 43552 51554 55690 62171

C—) C3. 29) C2. 53) C3. 43) C 1 . 56) C2. 22)
Net C'OOO 26907 31546 35147 39924 42486 45320

ha) C—) C3.23) C2.19) C2.S8) C1.25) C1. 3O)
More than 5776 6885 8405 11630 13204 16485
once C—) C3.57) C 4.07) C6. 71) C2. 57) C 4.54)

Gross a rea 1886 18173 33560 46493 56174 62385
under HYVs C—) C57.32) C13.05) C6.74) C3.85) C2. 12)

Share of GIA 20 .8 23 .3 26 .0 29.1 31 .5 34 .3
to GSA C—) C2.30) C2.22) C2.28) C1.60) C1.84)

IncreaseC + ) /
Decrease

GSA 1.3 - 0 . 4 - 2 . 3 2 .6 - 1 . 2 2 . 8
GIA CX) 5 .8 0 .6 0 .4 3 .3 1.9 2 .0

Cropping 114.7 118.0 120.0 124.7 126.2 123.9
I n t e n s i t y C—) CO.57) CO.34) CO.77) CO. P4) C-O. 37)



hectares in 1991/83 respectively. Contrary to this the net sown

area was 132232 thousand hectares in 1966/B7, which raised to

142OO3 thousand hectares in 1981/82, and slightly declined to

14OO2O thousand hectares in 1986/87. further increased to 146235

thousand hectares in 1991/92. The area sown more than once was

20123 thousand hectares in 1966/67. this has gone up to 36636

thousand hectares in 1986/87, later it has declined to 3SOO1

thousand hectares in 1991/92 respectively.

However . the gross area irrigated was noticed tobe 32633

thousand hectares 1966/67, which has increased to 62171 thousand

hectares in 1991/92. Net area irrigated was around 269O7 thousand

hectares in 1966/67, which has later increased to 4S326 thousand

hectares in 1991/92. On the other hand, the ai e?a irrigated more

than once was 5776 thousand hectares Jn 1966/67, which further

increased to 16485 thousand hectares in 1991/92. The gross area

under HYVs was around 1886 thousand hectares in 1966/67, latter it

Increased to62385 thousand hectares in 1991/92. This drastic

increase in area under HYVs clearly indicates the pressure on

agricultural inputs i»ueh as Land, labour, fertilizer;., pesticides,

water, and machinery etc. This will leads to more demand on energy

resources in agriculture sector.

Interest!nyly the share of gross irrigated area to gross sown

area has been increased drastically i.e 2O. 8 'A in 1966/67, which

raised to 34.3 '/* in 1991/92. This is showing a positive land

contribution in agricultural production. As stated in the table

that, thr> ptM-caiiLiiyf i nn-tvi>-:t< tit- H«ift>..r> <if yi-nrsv. s o w n a r e a a n d

44



gross Irrigated area was nearly 1.3 and 5.8 In 1Q66/67, which

declined to 2.8 and 2.0 in 1991/93 respectively.

Mean while the cropping intensity was around 114.7 in 19G6/67,

has increased to 136.2 in 1986/87, but declined to 123.9 in

1991/92. Here the major indication is that fluctuations: in water

availabili ty is influencing the cropping intensity.

Contrary to th is , the compound growth rates were showing

interesting features i . e gross sown area was increased at the? rate

of 0.98 % per annum in 1971/72, later increased at the rate of

1.13 'A in 1981/82. The negative growth rate was showed in 1986/87

1 . e -0. O4 percent per annum. Net area sown has J ncreased at the

rate of O. 41 X in 1971/72, but noticed negative growth rates i . e

-0.28 in 1986/87. The area sown more than once was increased at

the rate of 4.57 'A in 1971/72. later declined to 2. O8 'A in

1976/77, and increased to 4.68 *A per annum in 1981/8P. Negative

growth rate was experienced i . e -O. 91 'A in 1991/92.

Gross and net irrigated area raised at the rate of 3.29 'A and

3. S3 'A per annum in 1971/72. Later it has declined i . e 2.22 and

1.30 'A in J991/9S. The- ar™ ii-i iyat tJ I U L than onti. iiotired ."it

the rate of 3.57 "A per annum in 1971/72, was gone up to 6.75 V. in

1986/87, later declined to 4.54 'A in 1991/92 respectively. Area

under HYVs seeds recorded at the rate of 57.32 'A in 1971/72, has

further increased at a decreasing rate at 2.12 V. per annum in

1991/92. On the other hand the share of gross irrigated area to

gross- sown area witnessed 2. 3O 'A growth por tinnum in 1971/Y£. T I.
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was dras t ica l ly declined to 1.84- 'A per annum in 1991/S2.

Cropping Intensity has raised at the rate of 0.57 % in

1971/72. later declined to O. 34 >; poi annum in 197C/77. Further it

has been increased at 0.7£ 54 per annum in 1981/82, where as

negative growth of -O. 37 V. was experienced in 1991/92

respectl vely.

2 . 5 NET STATE DOMESTIC PRODUCTC FROM AGRICULTURE) AT FACTOR COST

BY INDUSTRY OF ORIGINCAT CURRENT P R I C E S } :

The net contribution of agr icul ture sector to the national

economy is very much essential for countries l ike India, where 70

'A of the rural population depending on agriculture sector, by

contributing nearly 40 'A of the? lullunal income. Countries

economic growth naturally dopunJi. up on the performance? of

ay! 1 mil lure serlor . In th i s sect ion, an analytical worV has been

done to t race out the role of agr icul ture sector to increase in

the yrowth performance in India.

The tab le 2.5.1 i l l u s t r a t e s the Net State Domestic Production

from agr icu l ture in al l India and selected s ta tes from 1966/67 to

1991/92. Net t»tate domestic product from agriculture in Andhra

Pradesh was recorded 103481 lakhs in 1966/67, which is increased

to S31S27 lakhs in 1991/92. as equivalent to 9.O6 % in 1966/67 to

6.97 'A in 1991/92. Where ab in case of Bih.ii' it was. around 71SO0

lakhs in 1900/67, la ter increased to 7013S8 lakhs in 1Q91/92.

which is equal to 6.23 'A in 19E3B/B7 and 9.19 'A in 1991/92

respecti vely.
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Table 2.5.1
NET STATE DOMESTIC PRODUCTCFROM AGRICUL.TURE5 AT FACTOR COST BY
INDUSTRY OF ORIGINCAT CURRENT PRICES)

CRs. lakhs)

Source : H. L. Chandhok and P o l i c y Group: I n d i a n Data Base, The
Economy, Volume 1, 199O.
CSO, N a t i o n a l Accounts S t a t i s t i e s C N e w S e r i e s 5 , 1992.

Interestingly in case of Punjab, it was 56877 lakhs in

1966/67, later gone up to 431251 lakhs in 1991X92. which is equal

to 4.78 '/. in 1966X67 to S. 63 V. in 1991/92. Tamil Nadu experienced

declininy trond in «±yi icultui t conti ibuUon i . *=• Y1V.42 lakhs in

1666/67, which has later increased to 3012O7 lakhs in 1991x92, it

is equivalent to a declining share of 6.S8 '/. in 1966X67 to 3. 93 V.

in 1991x92 reip

U t t a r P radesh accoun ted 22014?: l a k h s in 1966X67, which has

i n c r e a s e d to 1O11213 l a k h s in 1991X92, an e q u i v a l e n t of 1 9 . 2 7 5i in

1986X67, l a t e r d e c l i n e d to 13 . 25 V. in 1991X92. West Bengal
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States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Ut ta r
Pradesh

West
Bengal

All I nd i a
CRs. c ro re s?

1906/^7

103481
C 9. 065

71500
C6. 235

568//
C 4. 985

75243
C 6. 585

22O142
C19. 275

91900
C8. 045

11 421
C100. 05

1971X72

150022
CB. 875
1311O9
C7.755

87710
C5.195

1O5879
C6.265

252758
C 14. 955

145324
C8.595

16913
tlOO. 05

1976X77

185363
C7.O35
213692
C8.115
158663
C6. O25

138993
C5. 275

432212
C 1 ft. 4O5

223539
C 8. 485

26357
C1OO. 05

1981/82

395427
C9. 335
3OO518
C7.095
227S/2
C 5. 375

186830
C 4. 415

629722
C 14.855

302120
C7. 135

42394
C 1 00 . O5

1986/87

491737
C8. 1O5
643368

CIO.OO5
384912
C6. 245

228686
C3. 375

983198
CIO.195

617015
CIO. 165

60721
C1OO.O5

1991X92

531S27
C6. 975
7O1358
C9. 195
431251
C5. 655

3O12O7
C3. 955

1 Oil 213
C13. 255

812275
CIO. 145

76313
C1OO.O5



exper ienced n o t a b l e change I . e Rs. 919OO l a k h s In 1066-^7, has

fur ther I n c r e a s e d to Rs.812375 l akhs in 1991X93, which I s a lmost

equ iva l en t to 8.04 'A In 1966/^7 to 10.14 V. in 1991/92. Overal l

c o n t r i b u t i o n in al 3 Tndla l eve l I . e Rs.11421 c r o r e s in 1966^67,

was f u r t h e r r a i s e d up to Rs. 76313 c r o r e s in 1991/^92 r e s p e c t i v e l y .

However, compound growth r a t e s show t h a t , net domest ic

prodnctCfrom a g r i c u l t u r e d accounted in Andhra Pradesh a t t h e r a t e

of 7.71 V. per annum in 1971/72,which has i nc rea sed at a d e c l i n i n g

Table 2 . S. 2

COMPOUND GROWTH RATES OF NET STATE DOMESTIC PRODUCTCFROM
AGRICULTURE} AT FACTOR COST BY INDUSTRY OF ORIGINCAT CURRENT
PRTCES3

CRs. l akhs )

Source: H. L. Chandhok and Policy Group: Indian Data R*«se, The
Economy, Volume 1, 1 990.
CSO, National Accounts StatisticsCNew Series}, 1992.
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States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India
CRs. crores:

1966/^7

)

1971/^2

7.71

12. 89

9. OS

7.07

2.80

9.60

0.65

1976/"77

4. 32

10.26

12.59

5.59

11.33

8.89

9.28

1981X82

14.51

7. O6

7.48

6.09

7.82

6.21

9.97

1986/^7

6.14

16. 44

11. O8

4.12

9.32

15.34

7.45

1991^92

1.57

1.74

2.30

5.66

O.56

5.65

4.6ft



rate i . e 1 . S7 V. in 1991/92. Where as in case of Bihar, it was

around 13.89 f. per annum in 1971/72, slowly the growth rate has

come down to 1.74 >J in 1991/92. On the other hand the growth rates

are also showing fluctuations in Punjab, which witnessed 9. OS 54 in

1971/72. was later declined to 2. 7O 'A in 1991/92 respectively.

Tamil Nadu showed, 7. O7 % in 1971^72, was leveled at 5.66 V. in

1991/92. Contrary to this U. P showing volati le growth performance

i .e 2.80 'A in 1971/72, which has later increased at decreasing

rate of O. S6 V. in 1991/92. West Bengal has noticed Increased

growth rates of 9.60 V, in 1971/72. which increased at 5. 63 'A

growth per annum in 1991/92. On the other hand the all India

picture i s quite clear where the overall growth was O. 65 54 per

annum in 1971/72, has increased to 9.97 % in 1981/82, and later

come down to 4.68 >£ in 1991/92 respectively.

On the whole it was observed that , the net s ta te domestic

production from agriculture is showing flurttwt ions over a time

due to several i_iu;»i5S. It may L>c- Uut, to ducll i.iny uica uadtr

irr igation, unfavorable monsoons and chanyc.-̂  in cropping pattern,

and cropping intensity etc. It was observed that, the year 1 Q9i /C)2

showed declining growth rates not only in whole India but also in

almost al l the states. This can be further examined in view of

agricultural growth and development.
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2 . 6 ECONOMICS OF CROPS CULTIVATION IN SELECTED STATES:

In modern agriculture, especially the late 7O's scenario

showed that, cost incurred in agriculture is very much high as

compared to before . The cost of production is Increasing at a

faster rate, due to application of HYVs seeds in Indian

agriculture, which demands greater level of agricultural inputs.

An impressive study is by Mrxilhyunjaya and Praduman KumnrC1989J>,

who observed the cost of cultivation from crop to crop and with

respect to different states over a period of time. They have taken

the time period from 1972 to 1983. Based on this study, the table

3. 6.1 i l lus t ra tes the economics of crops cultivation under

selected crops ati-us;. the states.

Firstly, in Andhu-a Pradesh, paddy cu] t.1 vat 1 fin 1 «•- showing

interesting picture, i .e fer t i l izers demand per hectare noticed

around 96.OO Kg/hec, and yield accounts 37.O6 quintal per hectare,

where as the real cost of production, rate of profit, average net

Income, labour absorption, and irrigation account.s 46.71

Rs/Quintal , 17. 80 '/i. 474 Rs/hecLare, 1OS1 man days/hectare, and

Rs. 54 per/hectare respectively. On the other hand Jowar consuming

negligible amount of fer t i l izers i .e 4.OO Y.qr, per hectare, yield

was 3.11 quintal/hectare, where as real cost of production, rate

of profit, average net income, labour absorption and irrigation

accounts. 86.54 Rs/Q, 13.OO %. 67 Rs/he, 349 man days/he and 3

Rs/hec respectively.
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Source: MruthyunJaya and Praduman KumarC19893.
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Sta t e Crop F e r t i l i z e r
CN+P+IO

JCg/"ha

A. P Rice 96. OO

Jowar 4 .00

S. cane 299.00

Cot ton 11O.OO

Bihar Rice 22 .00

Wheat 35.OO

S. cane 32 .00

Pun- Rice 144.00
Jab

Wheat 113.00

Cot ton 49 .00

Tamil Rice 1O6.00
Nadu

Jowar 4 .00

S .cane 237.00

6. nut S. OO

Cot ton 72. OO

U. P Rice 36. OO

Wheat 65 . OO

S. cane 48. OO

West Rice 21.OO
Bengal

Yield
C(Xha3

37.06

3.17

777.00

12.72

21.47

20.70

4O9.OO

47.67

25.50

1O. 40

40.01

8.42

683.OO

10.30

8.69

21 .20

24.51

402. 00

26.30

Real
cost of ;
Production
CRs^O)

46.71

86.54

7O8.OO

171.89

58.49

79.18

6.75

33.64

51.19

131.64

39.74

54.29

4.37

98.28

18O.82

51 . 1Q

51 .82

4. 17

34.12

Rate of
profi t

X

17.80

12. OO

35.30

15.1O

4.00

19.20

51.20

69.20

16.20

43.80

33. 2O

- 0.15

22.50

10.40

22.1O

11 .60

11.40

87.50

32. OO

Avc-i age
net
income
Rsyha

474

67

3204

535

85

528

2595

2272

422

856

975

- 2 1 8

2O75

172

7O6

y»«5i

692

3479

628

Labour
Empt.

(Han day/ '
haD

1051

349

3278

1049

786

66O

865

8O8

441

852

12O2

522

2739

761

1282

me

610

1O97

591

Irr iga
tion

54

2

617

44

13

93

63

34O

119

60

88

67

623

51

2O3

66

171

2S0

1O

Table 2.6.1
ECONOMIC ANALYSIS OF CROPS IN DIFFERENT STATES OF INDIA 1972/ -83 .



In case of Sugar cane, the fertilizer consumption was 299. CO

Kg/he and yield rate recorded 777. OO Q/he, and real cost of

production, rate of profit, average net income, labour absorption

and irrigation comes to 708. OO, 35.3O. 3204, 3278, and 617 Rs/he.

Cotton crop consuming 11O.OO Kgs/he fertilizer and yield 3 2.72

Q/he, where as real cost of production , rate of prorit, average

net income, labour absorption, and irrigation consists, 171.89,

IS. 10, S35, 1049, and 44 respectively.

Here the Interesting feature is that. Sugar cane demanding

higher rate of fert i l izers, as comparing with other crops, next

comes to yield per hectare, real cost of production, rate of

profit, averayo net income, labour absorption, and irrigation are

also high in sugar cane. On the other hand Jowar consumed, low

amounts of fert i l izers, yield, real cost of production, rate of

profit, average net income, labour employment, and Irrigation. It

was observed that labour employment can be improved by cultivating

more of sugar cane. And the state scenario is showing that, for

farmers point of view sugar cane cultivation is more profitable ,

next comes to cotton, rice, and Jowar respectively.

With respect to Bihar, in case of rice, fertilizer consumption

noticed. 22. OO kg/he, and yield potential recorded 21.47 Q/he, and

real cost of production, rate of profit, average net income,

labour absorption, and irrigation accounts. 58.49. 4.OO. 85, 786,

and 13 Rs/he. Wheat is consuming 55.0 kg/he of fert i l izers , and

20.70 Q/he yield, next comes to real cost of production, rate of
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profit, average net income, labour absorption, and irrigation

equal to 79.18. 19.20. 328. O6O. and 93 Rs/he. However, s t i l l

sugar cane is demanding much of fer t i l izers i .e 32. OO Kg/he, and

yield 409.00 Q/he, also with real cost of production, rate of

profit, avuiage net income, labour absorption, and irrigation

consists, 6.75, 31.20, 8395, 80S, and 63 Rs/he. It was noticed

that, sugar cane st.J ] ] demanding much of labour, next comes rice.

On the whole sugar cane noticed highest average net income, which

also shows high rate of profit.

Punjab witnessed, 144. 00 Kg/he of fertilizers in rice

production, and 47.67 Q/he of yield, in addition this real cost of

production, rate of profit, average net Income, labour employment,

and irrigation noticed 33.64, 69.20. 2272, 808, and 34O Rs/he

respectively. Wheat is consuming 113. 00 Kg/he of ferti l izers and

productivity recorded 25.50 Q/he area, next comes real cost of

production, rate of profit, average net Income, labour absorption,

and irrigation counts to 51. IS, 16.20. 422, 4 41, and 119

respectively. Regarding, cotton, which demands 49.00 Kg/he

ferti l izers and productivity accounted 10.40 Q/he area, contrary

to this real cost of production, rate of profit, average net

income, labour absorption, and irrigation consists, 131.64, 43.80,

856, 832, and 60 Rs/hectare. Punjab scenario showed that, rice is

demanding large amount of f ei-til izers, and high level of average

net income. Next comes to cotton, which demanding less fert i l izers

and noticing reasonable level of net income, by demanding more

labour force.
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Tamil Nadu's picture Is quite clear. Rice demands 1OO.OO Kg/he

of fe r t i l i ze r s and yielding 40. Ol CVhe. next real cost of

production, ra te of profit , average net income, labour employment,

and irr igat ion recorded, 39.74, 33. 2O. 975, 1RO2. and 88 Rs/Tie .

Jowar demands less amount of fe r t i l i ze rs i . e 4. OO Kg-̂ he, and yield

8.42 Q/he next real cost of production accounts 54.29 Rs/Q. The

rate of profit and average net income noticed negative, i . e -0.15

and -218. due to several factors. Where as labour absorption

accounts 52£ Man days/he and i r r igat ion accounts 67 Rs/he

respectively. Sugar cane is the important crop in the s ta te , which

consuming 237.OO Kg/he of fe r t i l i ze rs and noticed 683.OO Q/he of

yield. And real cost of production, ra te of profit , average net

income, labour employment, and irr igat ion recorded 4.37, 22.50,

2O75, 2739, and 623 Rs/he respectively. Where as ground nut is

demanding less f e r t i l i ze r s i . e 5.00 Kg/he and yield 10.30 Q/he,

and next comes to real cost of pi oduction, rate of profit , average

not i-nc-nmo, labour r»rnpl uymcnt , ^nri JrrlrjM irji, nr_>1 iced QSH.28,

1O. 4O. 172. 761. and 51 R^/h*. Cotton demands 72. OO Kg/he of

fe r t i l i ze rs and yielding 8.69 Q/he, with i i_-al t-o^l of production,

rate of profi t , average net income, labour absorption, and

irrigation consisting of 180.82, 22.10, 7O6. 1282, and 203 Rs/he

respectively. This analysis shows that , sugar cane is demanding

higher level of f e r t i l i ze r s , account, i ng high yield, wi t.h high

average net income, and high labour absorption and irr igat ion,

that is followed by crops l ike r ice , cotton, and ground nut

respect!vel y.

54



With respect to U. P. the rice is consuming 3B. 00 Kg^ie of

fertil izers and yield rate is El. SO Q/he, comes to the real cost

of production. rate of profit, average net income, labour

employment, and irrigation accounts 51.19, 11. ©O, 252, 818, and O6

Rs/he. In case of wheat fertilizer consumption is around 63. OO

Kg/he. which accounted yield rate is24.51. contrary to this real

cost of production, rate of profit, average net income, labour

employment, and irrigation recorded 51.82, 11.4O, 692. 610, and

171 Rs/he. Regarding sugar cane, the fertilizer consumption

accounts 48.OO Kg/he and yield rate noticed 402.OO Q/he. And real

cost of production, rate of profit, average net income, labour

employment, and irrigation witnessed 4.17, 87.5O, 3479, 1O97, and

2S0 respectively. In U. P overall picture is showing that, wheat

demanding more fer t i l izers , where as sugar cane noticed high

yield, average net income, labour employment, and irrigation,

later comes to rice, which showed similar trend as sugar cane.

West Bengal picture is quite clear that where in rice

demanding 21 . OO Kg/he of ferti l izers having 26. 3O Q/he yield, next

comes to real cost of production, rate of profit, average net

income, labour employment, and irrigation consists of 34,12,

32.OO, 628, 591, and 1O Rs/he respectively.

In all most all the states, sugar cane is showing higher cost

of cultivation while comparing with other crops, due to high

application of inputs with more operational activities. However,

tho employment irrigation, and average net income is also very

high in case of sugar cane. But at this stage even though sugar
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cane is much profitable than that of other crops, one should be

aware of the availability of water resources, and other input

equipment. For that alternative crops should be recommended in

order to remove the shortage problem?; in inputs and avoiding over

water use. which is scarce resource in recent years in Indian

agriculture.

Due to changes in institutional set up in Indian agriculture

like tradi t.i onal agriculture to modern agriculture, the cropping

pattern is changing over a period of time. Incidentally in early

ypars, t.hs farmer conrpntrated on suh^i st.cnre crops, and later he

diverted towards commercial crops, where commercial crops are more

profitable than food crops. Because of this problem India still

facing food scarcity, even though she is treated as agriculturally

self sufficient.

Changes In cropping pattern laid a foundation stone to the

several controversial problems such as resource crunrh and input

scarcity in Indian agriculture. At this Juncture, this section

talks about the nature of cropping pattern in whole India, and

selected states. And also emphasis cropping intensity, which is

another chronic problem in Indian agr 1 cult.ure.

ft. 7 GENERAL FEATURES OF THE EXISTING PROBLEM:

In general the table £.7.1 illustrate the nature of cropping

pattern in Indian agriculture, and later sections will talks about

particular changes occurred in selected crops. The area under
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r i c « . accounts 34056 thousand h e c t a r e s In 196O/61. which was

Increased to 41169 thousand h e c t a r e s in 1986/87, l a t e r dec l ined to

38944 thousand hec ta res in 1987/88, as equivalent to 22 .3 V. in

1960/61 to 23 .3 V. in 1986/87, l a t e r t h e sha re has decl ined to 22 .5

y. by 1987/88 r e spec t i ve ly .

Where as wheat not iced , 12931 thousand hectares in 196O/61,

which was Increased to 23372 T/he in 1987/88, which is

e q u i v a l e n t t o percentage Inc rease from 8.5 V. in 1960/61 to 13 .5 VL

in 1987/88. Jowar accounted 18426 T/he in 1960/61. which dec l ined

to 16523 T/he in 1987/88, which is almost equal to 12. O V. in

1960/61 to 9.6 V* in 1987/88. Rcyui Jiny yi ound nut the level his

Increased from 6467 T/he in 196O/61 to 7552 T/he in 197O/71 . la ter

Year

Crop 1

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

1960/61

34O56
C 22. 3)
12931
C8. 55
18426
(.12. O5

6467
C4. 25

7610
C5. 03

2417
Cl.fi">

1970/71

37381
f 22. 6)
18293
C11 . 05
16871
CIO. 25

7S52
C4. 65

7830
C4. 75

2S89
C 1 . fV)

1980/81

4O237
C23. 35
22225
C12. 85
16412
(9. 55
6789

C3. 95
7752

C4.55
2897

C 1 . 7")

1985/86

41O99
Cf>3. 05
23094
C12. 95
16O97
C9. 05

7O94
C4. 05

7530
C4.25

3OO9
C 1 . 71

1986/87

41 169
C23. 35

23315
C13. 25

16193
C9. 25

7009
C4. 05

7031
C4. 05

32O2
f 1 . 85

1987/88

38944
C22. 55
23372
C13. 55
16523
C9. 65

7556
C4. 45

719O
C4.25

3391
C1.95

Table 2.7.1

CROPPING PATTERN ACCORDING TO LAND USE STATISTICS, FROM 1960/151
TO 1 S 8 7 / 8 8 .

COOO" hectares3
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declined to 7OO9 T/he in 1986/87, later gone up to 75S6 T/he in

1987/88 respectively. It is almost equal lo 4.S X in 1960/01, and

4.6. 4.O. and 4.4 K in 197O/71, 1086/87. and 1987/88 respectively.

Cotton crop has showed, fluctuations over a period of time.

This accounts. 7610 T/he In 1960/B1 . raised to 783O T/he in

1970/71. declined to 7190 T/he in 1987/88. which is nearly equal

to 5.0 "A In 1960/61, 4.7 % and 4.2 % in 1 37-0/71 and 1987/88

respectively. In case of sugar cane it was £417 T/he in 1960/61

later increased to 3391 T/he in 1987/88. an equivalent of 1.6 V. in

1960/61 to 1.9 5* in 1987/88 respectively.

Considering compound growth rates, as stated in table 2.7.2

area under rice accounted 0.94 V. per annum in 1970/71. was later

experienced negative growth rate of - 5.40 % in 1987/88. Wheat

Table 2.7.3
COMPOUND GROWTH RATES OK CROPPING PATTERN ACCORDING TO LAND USE
STATISTICS, FROM 1960/R1 TO 1987/88.

C000' h e c t a r e s )

Source: I n d i a n A g r i c u l t u r e in Brief , 24th e d i t i o n , DESAg. Govt,
of I n d i a .

Year

Crop 1

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

1960/61

—

1970/71

0.94

3.53

-0.88

1.56

O. 29

O. 69

198O/81

0. 74

1.97

-0.28

-1.O6

-0.10

1.13

1985/86

O. 42

O. 77

-0.39

0.88

-O. 58

0.76

1986/87

0.17

0.96

0.59

-1.19

-6.63

6.41

1987/88

- 5.40

0.24

2. O4

7.80

2.26

5.91



recorded 3. S3 % per annum in 1970/71, has later declined at O. 24

% per annum in 1987/88. Jowar experienced negative growth of-0.88

in 1670/71. and a posit ive 2. O4 >{ in 1987/88. Next is ground nut,

which noticed 1.56 % growth per annum in 197O/71, and Increased at

7.80 X in 1987/88. Cotton and sugar cane have witnessed, O.29 and

0.69 in 197O/71 . which further noticed at 2.26 and S. 91 V. per

annum in 1987/88 respectively.

The whole s c e n a r i o i s showing t h a t , t h e a rea under r i c e and

Jowar s lowly d e c l i n i n g , where as t h e a rea under wheat and sugar

cane i n c r e a s i n g a t f a s t e r r a t e . However, co t ton and ground nut

showed f l u c t u a t i o n s over a p e r i o d of t ime , with changing s h a r e s in

o v e r a l l a g r i c u l t u r a l p r o d u c t i o n .

2 .8 POTENTIAL YIELDS OF HYVS OF SEEDS: A COMPARATIVE PICTURE:

Yield component is one of t h e impor tant concept in modern

a g r i c u l t u r e s c e n a r i o , where a lmost a l l t h e c o u n t r i e s i n t h e world

adopted HYVS of seeds with d i f f e r e n t i a l y i e l d s t r u c t l ire. Yield

r a t i o has been d i f f e r i n g from c o u n t r y t o count ry with r e s p e c t t o

d i f f e r e n t c r o p s . So t h a t , t h i s s e c t i o n observe the y i e l d component

in s e l e c t e d c rops not only in Ind i a but a l s o with r e s p e c t to other

a g r i c u l t u r e producing c o u n t r i e s . The t a b l e £ .8 .1 e x p l a i n e s t h e

comparat ive p i c t u r e of p o t e n t i a l y i e l d s of HYVs of seeds in Ind i an

and some selected countries. In case of r ice, the potential yields

of HYVs Indian variety comes under 4000-5810 Kg/he. where as the

actual India 's yield i s at S6O7 Kg/he. Contrary to this the

world's actual yield is around 5807 Kg-̂ he. China is the largest
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producer of r ice, and Australia accounting abnormal yield 8813

respectively.

Table 2.8.1

POTENTIAL YIELDS OF HYVs OF ^FKTIS: A COMPARATIVE PICTURE.

Actual yieldCKg/hecD in 1992/93
Crop P o t e n t i a l o f I n d i a , s World 's L a r g e s t World ' s h i g h e s t

h igh y i e l d i n g y i e l d y i e l d producer y i e l d Country
Indian variety Country

Rice

Wheat

Jowar

G. nut

4OOO

6OOO

3OOO

2OOO

- S810

- 6800

- 42O0

- 3OOO

2607

3295

897

953

58O7

3295

3704

953

China

China

USA

India

8813

7556

5O49

6833

Australia

Ireland

Italy

Israel

Source: CM1E: Basic S t a t i s t i c s Relating to the Indian Economy,
1994.

With respect to Wheat, potent ia l of HYVs Indian var ie ty is

around 6OOO-68OO Kg/he, but the actual India yield is noticed to

be3SS5 Kg/^he. Meanwhile the world's actual yield was around 3B95

Kg/he. China is the la rges t producer of wheat, and Ireland noticed

world's higher abnormal yield producing country i . e 7S56 Kg/he.

Potent ial of Hyv. Indian var ie ty of Jowar, f a l l s under

3OOO-4KOO Kg/he, but Indian yield not.ired at 897 Kg/he where as

actual world yield accounts 3704 Kg/he. USA is the l a rges t

producer of wheat in the world. In te res t ing ly , I t a l y is the

highest y ie ld producing country in the World agr icu l tu re

production. With respect to Ground nut, potential of high yielding
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Indian variety fa l ls under 2000-3000 Kg/lie, where as India 's

actual yield recorded at 033 Kg/he. Actual world yield witnessed

at 953 Kg/he, and India i s the largest producer of ground nut.

Where as Israel accounted highest yield i . e 6833 Kg/he. This

analysis indicating that , ther* 1 « a rl«sr difference between

potential yield and actual yield with respett to different, crops.

There are several factors which Influence yield mechanism in

Indian agriculture. Generally the yield component was influenced

by several factors such as avai labi l i ty of water, f e r t i l i ze r s , and

other inputs, especially application of inputs at efficient level ,

which are related to the farm management sk i l l s in production.

3.9 CROPPING PATTERN IN INDIAN AGRICULTURE WITH RESPECT TO

SELECTED STATES:

Andhra pradesh no t i c ed s p e c t a c u l a r growth in a g r i c u l t u r e

produc t ion i n r ecen t y e a r s , with wide v a r i a t i o n of c rops in t h e

l a s t two decades . Cropping p a t t e r n i s s lowly s h i f t i n g over a

per iod of t ime . This s e c t i o n w i l l a n a l y s e t he n a t u r e of c ropping

p a t t e r n in s e l e c t e d s t a t e s and a l l over I n d i a from 1966^67 to

1991/92 wi th f i v e year i n t e r v a l s . Alony with cropping p a t t e r n ,

p roduc t ion , and p r o d u c t i v i t y t y i e l d } wi l l a l s o bo analysed.

2.O.I ANDHRA PRADESH:

The n a t u r e of c ropping p a t t e r n in A. P is sown in t a b l e s

2 . 9 . 1 . 1 to 2 . 9 . 1 . 6 . Rice a r e a in Andhra Pradesh was 3O89 Thousand

h e c t a r e s in 1966/^67, which i n c r e a s e d to 39S1 T/he» in 1991 /91 , an
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equivalent of 8.76 X in 1966/67 to 9.27 'A in 1991/92. Along with

area, production and yield was noticed, 4010 Thousand tonns and

13O2 Kg/he in 1966/67. which later Increased to 9465 T.t and £414

Kg/he in 1991/93 resp*«~t i v»»l y Tr.» production i «s equivalent to

13.17 y. in 1966/67 to 12. 85 'A in 1991/93 respectively. Where as

Jowar noticed. 2289 T/he in 1966/67. was declined to 1O7S T/he in

1991/92. which is equal to 12.68 Vi in 1966/67 to 8.54 X in

1991/92. On the other hand production and productivity, recorded

1O8O T. t and 460 Kg/he in 1966/67 respectively. Out of which

production declined to 673 T. t in 1991/92, where as productivity

increased to 626 Kg/he in 1991/92. The share of production

recorded at 11.71 % in 1966/67. was later dec] i ned to 8. OS 'A in

1991/92 respectively.

Wheat production is almost negligible in the state, i . e area

was 13 T/he in 1966/67. has declined to 8 T. he in 1991/93. which

is equivalent to O. 1 O % in 1966/67 to O. O5 'A in 1991/93.

Production was at 2 T. t in 1966/67. later increased to 7 T. t in

1991/92 respectively. This is equal to 0. O2 'A in 1966/67 tO O. 01 'A

in 1991/92. Considering yield rate was at, 188 Kg/he in 1966/67,

later increased to 827 Kg/he in 1991/93. Next, ground nut was

recorded at 1O22 T/he in 1966/67. which increased to 2495 T/he in

1991/92, this, i y equal to 14. O0 -A in 1966/67 to 28.78 'A in

1991/92. This has almost doubled the area of cultivation. However

production noticed a level of 1O13 T. t in 19613/B7, which was

increased to 2233 T. he in 1991/92. which is almost equal to 2£. 97

fc In 19DC/67 to 31.63 'A in 1991/92. Ground nut production also

noticed double the amount as comparing with previous years. With
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r#»sp*ct to yield recorded at 721 Kg/he In 1666/67, which raised to

896 Kg/he In 1991/92 respectively.

Cotton i s another Important commercial crop in the s ta te ,

which was at T/he in 1966/67, has later increased to 708 T/he in

1991/92. as equal to 4. O3 % in 1966/67 to 9. 2O X in 1991/92.

Production noticed. 144 T. t in 1S66/67 to 1314 T.t in 1991/92. was

almost equal to 2.73 V. in 1966/67 to 13.36 >i in 1991/92. A four

times increase in yields took place during this period namely 76

Kg/he in 1966/67 to 316 Kg/he in 1991/92. Regarding sugar cane,

which recorded 1SS T/he in 1966/67, increased to 203 T. he in

1991/92, or 5. OO V. in 1966/67 to S. 36 in

Table 2.9.1.1
ANDHRA PRADESH : ARKA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice3, 1 9 6 6 / 6 7 t o 1 9 9 1 / 9 3 .

Source: CMTE: Basic Statistics Relating to Tndian Economy, 1992,
1993 and 1994.
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Year

1966/^7

1971X72

1976^77

1981X82

1986X87

1991X92

AreaC * OOO hec3

3O89
C 8. 763

3O41
C8. O53

3565
C9.263

3824
C9. 39)

3459
C8. 4O3

3921
C 9. 273

ProductionC * OOOtons3

4010
C13. 173

4717
CIO.953

4930
C11.763

7868
Cl4. 783

6592
CIO.893

9465
C1 2. 853

YieldfKg^ha3

1302

1551

1383

2058

19O6

2414



T a b l e 2 . 9 . 1 . 2

ANDHRA PRADESH t AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CJowar ) , 19CS6SG7 to 1991S82 .

Source: CMIE: Bas i c S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

Table 2 . 9 . 1 . 3
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
tWheat5, 1966 /^7 to 1991^92.

Source: CMIE: Basic S t a t i s t i c s R e l a t i n g to Indian Economy, 1992,
1993 and 1994.

Year

1966/^37

1971X72

1976/"77

1981X82

1986X87

1991X92

AreaC'OOO hec5

2289
f 12 . 685

2S32
C15.O95

2O43
C 12. 955

2214,
C13. 343

1O56
CIO. 385

1O75
C 8. 545

ProductlonC * OOOtonsi

1080
C11. 715

114O
C1 4.. 765

1O65
CIO. 125

1334
CIO. 885

994,
CIO.825

673
C8.O55

YieldCKg/^a5

461

450

521

603

eoo

626

Year

1966^67

1971^72

1976/^-7

1981/^2

1986/^7

1991-^92

AreaC'OOO hec5

13
CO. 1O5

21
CO. 115

23
C0.115

17
C O. O85

1 2
CO. O55

8
CO. O55

P r o d u c t l o n C *OOOtons5

2
CO. O25

11
CO. O4D

14
CO.O55

11
CO. O35

5
CO. O15

7
C 0 . Ol 5

YieldC»Cg>'ha5

188

512

594

669

4O3

827

64



T a b l e 2 . S . I . 4
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
C Ground n u t 3 , 1 9 O 8 / 6 7 to 1 9 9 1 / 9 2 .

Source:CMTE: B a s i c S t a t i s t i c s R e l a t i n g t o I n d i a n Economy, 1992,
1993 and 1994.

T a b l e 2 . 9 . 1 . 5
ANDHRA PRADESH I AREA, PRODUCTION, AND YIFI.D OF PRTNCTPAL CROPS
CCottorO, 1966/B7 to 1901/O2.

Source:CMIEJ Basic S t a t i s t i c s Relat ing to Indian Economy, 1992,
1993 and 1994.

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec3

1O22
C1 4 . OO3

1S33
C 2O. 413

1O51
C14.92)

1451
C19. 531

1571
C 22.5O3

2496
C28.783

Product ionC * OOOt.ons)

1O13
C 22 . 975

1164
Cl8 .833

583
f11.O83

1437
C19.893

1308
C 22 . 263

2235
C 3 1 . 633

Yl*»ldCKg/ha3

721

759

555

991

833

896

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991 /92

AreaC'OOO hec3

316
C4.O33

335
C 4. 293

288
C4.183

473
C5. 873

411
1 S. 923

7O8
C 9. 203

ProductionC *OOOtons3

144
C2. 733

175
C2. 523

261
C 4.473

663
C8. 413

609
C8. 823
1314

Cl3. 363

YleldCKg/ha3

76

89

154

238

252

316

65



Tab le £ . 9 . 1 . 6
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
( S u g a r c a n e ) , 1966^67 t o 1991 ^ 2 .

Source: CMIE: Bas ic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

1991/92. Where as in c a s e of p r o d u c t i o n i t was 8789 T. t in

1966/67. and i n c r e a s e d to 14833 T. t in 1991/92 . or from 9 .47 'A in

1966/67 to 5.9S 'A. in 1991/95. In case of yield the increase is

from76588 Kg/he in 1966/67 to 88761 Kg/he in 1971/72, which

declined to 73211 Kg/he in 1991/92 respectively. Sugar cane yields

were showing variations over a period of time. This may be? due to

several factors such as scarci ty of water, f e r t i l i z e r s , and other

inputs.

£.9.2 BIHAR:

Tn case of Bihar as I l lus t ra ted in tables 2.9.2.1 to 2 . 9 . 2 . 1 ,

rice area under cult ivation at 5126 T/he in 1966/67, la ter it

declined to 4792 T/he in 1991/92, or in percentage termsl4.54 % in
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Year

1986/^7

1971^72

1976^77

1981/'82

1986/^7

1991•92

AroaC'OOO hec)

U S
C5. 003

119
C 4. 98)

146
C5. 093

180
C 5. 643

138
C4. 483

2O3
C5. 363

Pioduc 11 onC * OOOtons3

8789
C9. 473
10571
C9. 313
1O281
C6. 723
14962
C 8. 033
1OK86
C5.533
14833
C 5. 953

YieldfKg/ha3

76588

88761

7O366

83258

74645

73211



1966/87 to 11.33 >£ in 1991/S2. Considering production, it was 4212

T. t in 1966/87 increased to 4461 T. t in 1991/92. This Is

equivalent to 13.84 5* in 1960/87 to 6. O8 V. in 1991/92. With

respect to yield, which was 878 Kg/he in 1966/67. later increased

to 1126 Kg/he in 1980/81. slowly declined to 931 Kg/he in 1991/92

respectively. Area under Jowar, almost negligible in the s ta te

which accounts. 1O T/he in 1966/67 i s down to 5 T.ho in 1991/92.

as equal to O. O6 V. in 1966/67 to 0. O4 ^ in 1991/92. Production

recorded at 6 T. t in 1966/87 to 3 T. t in 1991/92. which was almost

equal to 0.O7 V. in 1966/67 to 0. O4 % in 1991/92. In case of yield

it was 497 Kg/he in 1966/67, and la t te r raised up to 885 Kg/he in

198(3/87, but declined to 4S3 Kg/ho in 1OQ1/92 respectively.

However, wheat production was some what impressive in the

state, the area under crop noticed 995 T/he in 1966/67, la t te r

increased to 1963 T/he in 1991/92. which is equal to 7. 75 % in

1966/67 to 8.54 '/l in 19Q1 /9S respectively. The production

accounted 9OO T. t in 1966/67 declined to 3566 T. t in 1991/92, in

percentage terms the decline is f rom7. 9O V. in 1966/87 to 6.47 V. in

1991/92. Yield ra te was lnufiased from 800 Kg/he in 1966/67 to

1816 Kg/he in 1991/92. In case of sugar cane the increase is

froml08 T/be in 1966/67to 14b T/he in 1991/92. or 4.67 ^ in

1966/P7 to 3. R"* * In 1QP.1/9?*. Double fold I nrroam in production

has taken place from 393S T. t in 13136/13/ to /O/6 T. t in 1991/92,

which nearly equal to 4.3O % in 196D/67 to 2.84 >: in 1991/92

respectively. Yield has been increased from 33475 Kg/he in 1966/67

to 48836 Kg/he in 1991/92. The improvement in the yield laid a

foundation stone to the double fold production in the s ta te .
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Table 2 . 9 . 2 . 1
Bihar : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS f R i c e i ,
1968/67 to 1991/92.

Source:CMIE: Basic S ta t i s t ics Relating to Indian Economy,
1993 and 1994.

1992,

Table 2.9.2.2

Bihar : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS

CJowar3, 1966/67 t o 1991 /92 .

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966x67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC> OOO hec3

SI 26
Cl4. 543

5411
C14.333

5310
C13. 793

5368
C13.193

5368
C13. O43

4792
Cl1.333

ProductlonC * OOOtons3

4212
Cl3. 843

5273
CIK. 243

4752
C11.343

4257
C7. 993

6O45
C9.983

4461
C6.O63

YieldCKgXha3

876

975

895

793

1126

931

Year

1966X67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC * 000 hec3

10
CO. O63

5
C 0. 033

11
C 0. O73

11
CO.O73

6
CO. O43

5
CO. 043

Product ionC * OOOtons3

6
CO. 073

2
C O.O33

6
CO. O63

7
CO. O63

5
CO. 053

3
CO. 043

YleldCKgXha3

497

365

5O9

636

885

453



Bihar t AREA, PRODUCTION,
1966X67 to 1991 yea.

Table 2.9. 2. 3
AND YIELD OF PRINCIPAL CROPS CWheat5,

Source: CMlEs Basic Statistics Relating to Indian
1993 and 1994.

Economy, 1992,

Table 2.9.2.4
Bihar : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CSugarcane5, 1966X67 to 1991X92.

Source: CMJEs Basic S t a t i s t i c s Rela t ing to Indian
1993 and 1994.

Economy, 1992,

Year

1966X67

1971x72

1976X77

1981X82

1986^87

1991X92

AreaC'OOO hec5

995
C7. 755

1397
C 7. 305

1945
C9. 305

164O
C 7. 415

184O
C7. 955

1963
C 8. 545

Produt t lont *OOOtons5

9OO
C7. 905

2494
(9.443

2470
C8. 515

22O2
C5. 885

2861
C6. 455

3566
C 6. 475

Yie]dCKgXha5

8OO

1785

1270

1343

1555

1816

Year

1966X67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC'OOO hec5

1O8
C 4. 695

142
C5. 945

128
C4.475

124
C3. 885

112
C 3- 645

145
C3.835

ProductlonC•O00tons5

3995
C 4. 305

4465
C3.935

4176
C 2. 735

4180
C2. 235

3729
C2.005

7O76
C2. 845

YleldCKgXha5

33475

31468

32675

33822

33295

48836

69



2. 9 . 3 PUNJAB:

The tables 2. 9. 3. 1 to P.. 9. 3. 5 explains the cropping pattern

in Punjab from 196O/O7 to 1991/92. Rice area in Punjab noticed, an

increase from 3O3 T/he in 1966/67 to 3074 T.he in 1991/92, or O.86

y, in 1966/67 to 4.9O X in 1991/92. Nearly seventeen times increase

in production took place i . e from 414 T. t in 1966/67 to 67SS T. t

in 1991/92, in percentage terms 1.3 V, in 1966/67 to 9.12 % in

1991/92. A three fold increase in yield was accounted where it was

1278 Kg/he in 1963/87 gone upto 3238 Kg/ho in 1991/92

respectively. A notable change was witnessed in cropped wheat

area, i . e 1692 T/he in 1966/67to 3233 T/he in 1991/92, as equal to

13.18 V. in 1966/67 to 14. O7 V. in 1991/92. A four times increase in

production took plac* i .e 3173 T. t in 1966/67 to 1 ?»29P) T. t in

1991/92. which was equal to 27.85 V. in 1966/67 to 22.32 >i in

1991/92. The yield was witnessed a three time increase from 1621

Kg/he in 1966/67ralsed up to 38O3 Kg/he in 1991/92 respectively.

Area under ground nut has declined drastically in the state.

It was 2OO T/he in 1966/67 and has declined to 12 T/he in

1991/92, which is equal to 2.74 >S in 1966/67 to 0.14 % in 1991/92.

On the other hand production has declined from 211 T. t in 1966/67

to 12 T. t in 1991/92, which in percentage terms is 4.78 V. in

1966/67 to O. 17 Y, in 1991/92. Yield was accounted 990) Kg/he in

1966/67 and marginally raised to 1O00 Kg/he in 1991/92. The

overall picture in the s ta te indicates that, the ground nut

production was drastically declining, where cereals like wheat and

rice production increased at faster rate.
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With respect to cotton, which accounts 390 T/he in 19O6/O7,

was later gone up to O8O T. he in 19P,1/P,2, Or5. O5 V. in 19«e/e7 to

8.58 V. in 1991/92, A three time increase in production taken

place i . e 746 T. t in 196&VO7 to 2357 T. t in 1991/"9a. On the other

hand i t doubled i t s yield from 32O Kg/he in 1966/O7 to 6O7 kg/he

in 1991/92 respectively. The area under Sugar cane was 12O T/he in

1966/67. but declined to 109 T/he in 1991/92. Contrary to th i s ,

production increased from 4326 T. t in 1966/67 to 6920 T. t in

1991/92. A two fold increase was noticed in case of productivity

i . e 32786 Kg/he in 1966/67 to 63486 Kg/he in 1991/92 respectively.

Table 2.9.3.1
Punjab s AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS CRice3,
1986X07 to 1991/92.

Source: CM1E: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Year

1966/67

1971/72

1976/77

1981 /82

1986/87

1991/92

AreaC'OOO hec3

303
CO. 86}

450
C1. 193

674
C1.753
127O
C3. 125
1809
C 4. 393
2O74
C 4. 903

ProductionC * OOOtons}

404
C1.333

920
C2.143
1741
C 4.153
37S5
C7.O53
6O22
C9. 943
6755
C9. 173

Yi#»ldf Kg/ha3

1276

2O44

2583

2957

3329

3257

71



Table 2.9.3.2
Punjab l AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS CWheat),
1966/67 to 1991/92.

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.3.3
Punjab : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS (Ground
nut3 , 1966/67 to 1991/92.

Source: CMIE: Basic S ta t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC*OOO hec3

1692
C13.185

2335
C12.20)

2579
C12. 335

2917
C13. 173

3189
Cl3. 793

3233
C14. 073

ProductionC'OOOtons3

3173
C27.8S3

5618
C 21 . 273

6272
C 21 . 623

8553
C22.843

9458
C 21 . 343
12295
C22.323

YlftldC Kg/ha3

1621

24OG

2432

2932

2966

3803

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/9g

AreaC•000 hec3

2OO
C2. 743

174
C2. 323

164
C2. 333

92
C1. 243

43
CO. 623

12
CO. 143

ProductionC *000tons3

211
C4. 783

183
C2.963

150
C2. 853

9O
C1.253

42
CO. 713

12
CO. 173

YleldCKg/ha3

990

1O52

915

978

977

lOOO



Table 2.9.3.4
Punjab J AREA, PRODUCTION, AMD YIELD OF PRINCIPAL CROPS CCotton},
1966/87 to 1991/82.

Source : CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 19Q2,
1993 and 1994.

Table 2.9.3.5
Punjab : AREA, PRODUCTION, AND YIELD OK PRINCIPAL CROPS
(Sugarcane), 1966/67 to 1991/92.

Source: CMIEs Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AroaC * 000 hec3

396
15. O53

475
C6. O93

537
C 8. 09}

683
C8. 485

567
C8. 16)

660
C8. 585

ProductionC'000Lons3

746
f 14.173

1029
f 1 4. 813

1138
C19. 493

1370
C16. 113

1691
C 24. 493

2357
C23.963

YJ.cldCKg/ha3

320

368

347

316

507

6O7

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

Ai-eaC * OOO hec3

120
C5. 223

103
C 4. 373

113
C3. 943

1O6
C 3. 323

97
C3.153

1O9
C 2. 883

ProductionC *000tons3

4326
C 4. 663

4O3O
C3. S53

6070
C3. 973

6120
C3. 283

611O
C 3 . 283

6920
C 2.783

YieldCKg/ha3

32786

39126

S3717

b/736

5259O

63486



2.9.4 TAMIL NADU:

Tamil Nadu scenario is quite different in comparison with

other states, as stated in tables £.9.4.1 to 2.9.4.S. the area

under rice was 2346 T/he in 1966/67. has later declined marginally

to S293 T/he in 1991/92, or from 6.66 'A in 1966/67 to S. 42 V. in

1991/92. Where as production which was at 4002 T. t in 1966/67 has

increased to 5928 T. t in 1991/92. equal to 13. IS 'A in 1966/67 to

8. OS 'A in 1991/9S. On the other hand yield recorded 1498 Kg/he in

1966/67. has gone up to 2S86 Kg/he in 1991/92 respectively. Jowar

noticed 731 T. he in 1966/67, later declined to 578 T. he in

1991/92, equal to 4. OS 'A in 1966/67 to 4. 59 V. in 1991/92.

Production accounted, 521 T. t in 1966/67, has further raised to

703 T. t in 1991/92. Productivity per hectare increased from726

Kg/he in 1966/67 to 1216 Kg/he in 1991/92 respectively. Ground nut

area noticed an increase from 846 T. he in 1966/67 to 1O31 T. he in

1991/92. However the production has increased at 821 T. t in

1966/67 to 1320 T.t In 1991/92. On the other hand productivity per

hectare has witnessed 945 Ky/he in 1966/67, which raised up to

128O Kg/he in 1991/92.

Regarding cotton the cultivated area was around 325 T. he in

1966/67. which happened to decline to 264 T. he in 1991/9S, in

percentage terms it was 4.15 'A in 1966/67 to 3. 43 % in 1991/92.

Production recorded at 361 T.t in 1966/67 and increased to 437 T. t

in 1991/92 , an equivalent of 6.86 'A in 1966/67 to 4.4 'A in

1991/92. Productivity per hectare has witnessed improvement
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Tablp. 2 . 9 . 4.1
Tamil Nadu I AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice3, 1966X67 to 1991X62.

Source:CMIE: Bas ic S t a t i s t i c s R e l a t i n g t o I n d i a n Economy,
1993 and 1994.

1992,

Tablf 2.9. 4.2

Tamil Nadu : AREA, PRODUCTION, AND YTF.LD OF PRTNCTPAL CROPS

CJowar3,1966X67 to 1901X92.

Source: CMIE: Basic S ta t i s t i cs Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966X67

1971^72

1976X77

1981X82

1986X87

1991X92

AreaC'OOO hec3

2346
C6.663

2691
C7. 133

2284
C5. 933

2467
C6. O63

19SS
C 4. 753

2293
C5. 423

ProductionC"O00tons3

4002
C13.153

53O2
C12. 313

4215
CIO. 063

5607
CIO.323

S333
C 8. 813

5928
C8.O53

YieldCKgXha3

1498

197O

1845

2273

2728

2586

Year

1966X67

1971X72

1976X77

1981X82

1986x87

1991X92

AreaC'OOO hec3

731
C 4. O53

717
C4.273

842
C5.343

669
C 4. O33

730
C 4. 583

578
C 4. 593

Produc t ionC '000tons3

521
C5. 653

b i s
C6. 673

793
C7.543

534
C4. 353

659
C7.173

703
C8. 413

YieldCKgXha3

726

718

942

798

9O3

1216



T a b l e 2 . 9 . 4 . 3
Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CGround n u t ) , 1966x67 t o 1 9 9 1 / 9 2 .

Source: CMIE: Basic Sta t is t ics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.4.4

Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CCot to rO, 1966X67 t o 1991X92.

Source: CM1E: Basic S t a t i s t i c s Re la t ing to Indian Economy, 19O2,
1993 and 1994.

76

Year

1966/'67

1971X72

1976/V7

1981X82

1986X87

1991X92

AieaC * OOO hec3

846
C11.593

1117
C14. 873

890
C12. 643

1O13
C13. 643

897
C12. 853

1O31
C11. 893

Production^ "000tons3

821
C18. 613

1273
C20.603

785
114. 91 3

1238
C17.143

1093
Cl8. 603

132O
Cl8.683

YleldCKgXha3

945

1140

882

1222

1219

128O

Year

1966X67

1971X72

1976X77

1981^82

1986-^87

1991^92

AreaC*OO0 hec3

325
C 4. 153

313
C 4. 013

24-0
C3. 493

24O
C 2. 983

238
C3. 433

264
C3. 433

ProductionC * 000tons3

361
C6. 863

411
C 5. 913

348
C5. 963

r»78
C3. 533

278
C 4. 033

437
C4. 443

YieldCKg/ha3

167

223

247

197

199

281



Table 2. 9 . 4. S

Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CSugarcarwO, 1000/^7 to 1991S82.

Source: CHIE: Bas ic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

from 167 Kg/he in 1966/67 to 261 Kg/he in 1991/92. With r e s p e c t to

Sugar c a n e , a r ea was 107 T/he in 1966/67, l a t e r gone up to 232

T/he In 19P1/OS. C o n t r a r y to t h i s a t h r e e t ime i n c r e a s e in

produc t ion I t r eco rded 8O23 T. t in 1966/67 and moved upto 23417

T. t in 1991 /92 , an e q u i v a l e n t of 8.64 % in 1966/67 to 9 .39 V.

i n l991 /92 . Where as p r o d u c t i v i t y per h e c t a r e i n c r e a s e d from 77295

Kg/he in 1966/67 to 1O11O2 Kg/he in 1991/92 r e s p e c t i v e l y .

2 . 9 . 5 UTTAR PRADKSH:

On t h e o t h e r hand t h e n a t u r e of c ropping p a t t e r n in U. P

a g r i c u l t u r e i s shown in t a b l e s 2 . 9 . 5 . 1 t o 2 . 9 . 5 . 6 . The a r e a under

r i c e in U t t a r Pradesh accoun ted . 4224 T/he in 1966/67 , and l a t e r

7 7

Year

1966X67

1971/^2

1976/V7

1981^82

1986/87

1991X92

AreaC * OOO hec3

107
C 4. 653

117
C 4. 9CO

155
C5. 413

2O1
CO. 303

196
C6. 373

232
C6. 133

P r o d u c l i o n C * OOOtons3

8023
C8.643

9626
C8.483
14246
C9. 313
2O2O8

CIO. 843
21605

C11. 613
23417

C 9.393

YieldCKg/twO

77295

82274

9191O

1OO537

11O23O

1O1O22



increased to 5298 T/he in 1991/92, on percentage basis it was

11.98 M in 1966/67 to 12.52 V. in 1991/92. A t r ip le fold Increase

in production was accounted namely from 3<">l 2 T. t In 19O6/67 to

8104 T. t in 1991/92, In percentage term* 9 9O V. in 1 P66/67 to

12.36 V. in 1991/92. However the yield potential doubled from 720

Kg/he in 1965/67 to 1718 Kg/he in 1991/92.

Jowar area showed a declining trend i .e from886 T/he in

1986/67 to S16 T/he in 1991/92. which is equal to 4.91 V. in

1966/67 to 4.10 H in 1991/92. Production also has declined from

431 T. t in 1966/67 to 384 T. t in 1991/92. which is equal to 4.61 V.

In 1966/67 to 4. 59 * in 1991/92. Contrary to this , yield per

hectare showed variation over a period of time. It wa«:510 Kg/he in

1966/67, has increased to 88? Kg/he in 1981/82, later declined to

745 Kg/tie by 1991/92 respectively.

A spectacular Increase In the cultivated area of wheat was

noticed in U. P. It was 4671 T/he in 1966/67. which ha.:, gone up to

8626 T/he in 1991/92. that is from 36.38 'A in 1966/67 to 36.34 X

in 1991/92. Nearly a four time Increase in production accounted in

this period.It was 5332 T.t in 1966/67 increased to 2O156 T.t in

1991/92, in percentage terms from46. 80 5i In 1966/67 to 3Fv 59 >i in

1991/92. At the same ti me a two fold increase in yield took place

from 1169 Kg/he in 1966/67 to 2337 Kg/he in 1991/92 respectively.

The ground nut area has declined drastically from 391 T.he in

1966/157 to IBS T. ho in 1991/92, nqual to R. SP ' / I n 1 PfiP/67 to 1.63
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% in 1991/82. Product ion has a l s o dec l ined from 883 T. t in

1966/67 to 113 T. t in 1991/92. which accounted for 6.42 y. sha re in

1980/67 to 1.63 y. in 1991/92. On the other hand the y i e l d

s t ruc tu re a l s o has dec l ined from 711 Kg/he in 1966/67 toSSS Kg/he

in 1971/72. which l a t e r increased to 973 Kg/he in 1981/82, again

declined to 826 Kg/lie in 1991/92 r e s p e c t i v e l y . Cotton crop was

t o t a l l y neg lec ted in Uttar Pradesh over t h i s per iod of observat ion

j . t> Be T/hf» In 1RRR/R7, l a t e r decl ined to 1 4 T/he in 1991/92, or

from 0.79 5s in 1966/67 to 0.18 >S in 1991/92. Production a l s o has

declined from 31 T. t in 1966/67 to 16 T. t in 1991/92, an

squlvalent of O. 59 5i i n 1966/67 to O. 1 6 % in 1 991 /9S. Where as the

yield r a t e showed improvement i . e 82 Kg/he in 1966/67to 186 Kg/he

in 1991/92 r e s p e c t i v e l y .

Tahle 2 . 9 . 5 . 1

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRlce3, 1966/67 to 1991/92.

SourceiCMIE* Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966X67

1S71X72

1976x77

1981x82

1986X87

1991X92

AreaC'OOO hec3

4224
Cl1.983

4722
C12. 513

4653
112. 08)

S389
C13. 243

5542
C13.463

5298
C12. 523

ProductionC ' OOOtons3

3012
C 9. 903

3777
C8. 773

4<>91
(10.243

S898
C11. O83

75O9
C12.4O3

9104
Cl2.363

YieldCKgXha3

720

8OO

922

1095

1355

1718



Uttar P r a d e s h I AREA, PRODUCTION,
CJowar3, 196O/67 to 1991/92 .

Table R. O. 5. E

AND YIELD OF PRINCIPAL CROPS

Source:CMIE: Basic S t a t i s t i c s Rela t ing to Indian
1993 and 1994.

Economy, 1992,

Uttar Pradesh : AREA, PRODUCTION,
CWheats, 1966/67 to 1991/92.

Table 2.9.5.3

AND YTFr.D OF PRINCIPAL CROPS

Source: CMIE: Bas ic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

8 0

Year

1966/«7

1971/72

1976/77

1981S8Z

1986/87

1991 x'92

Ar»aC ' OOO h*w.3

886
C 4. 913

621
C 3 . 7O3

7O3
C4. 463

686
C 4. 133

579
C 3 . 633

516
C 4. 103

Product!one • OOOtorvO

431
C 4. 673

228
C2.253

484
C 4. 6O3

60S
( 4. 933

468
C5. 1O3

384
C 4. 593

YJeldf Kg/ha3

510

367

689

882

808

745

Year

1966/67

1971 / 7 2

1976/77

1981 /82

1986/87

1991 /92

AreaC'-OOO hec3

4671
C 36.383

6O46
1 3 1 . 593

6624
C 31 . 663

7772
C 3 5 . 103

84O5
C 36.343

8626

ProductionC•OOOtons3

5332
C 46. 8O3

755O
C 28.593

8940
C3O. 823
1274O
C34. O43
16236
C 36. 633
KOI 56
C 36. 593

YieldCKgz-iuO

1169

1249

1350

1640

1932

2337



Table 2 . 9 . 5 . 4

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
C Ground n u t 3 , 1966X67 to 1991X92.

Sources CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.5.5

U t t a r P r a d e s h : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
C C o t t o n 3 , 1966X67 t o 1901X92.

Source: CMIE: Basic S ta t i s t i c s Relating to Indian Economy,
1993 and 1994.

1992,
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Year

1966X67

1971X72

1976X77

1981X82

1986X87

1991^92

AreaC'OOO hec3

391
C5. 363

328
C 4. 373

389
C S. 523

261
C3. 513

123
C1. 763

159
C1. 833

Produr.t.lonC * O00tons3

283
C6. d23

183
C2. 963

233
C4. 433

254
C3. 523

111
C1.893

115
C1.633

YieldCKgXha3

711

558

599

973

9O2

826

Year

1966X67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC *OOO hec3

62
CO. 793

56
CO. 723

23
CO. 333

30
C O. 373

22
C 0. 323

14
CO. 183

ProductionC'OOOtons3

31
CO. 593

27
CO. 393

14
CO. 243

22
C 0. 283

18
C O. 263

16
CO. 163

YieldCKgXha3

82

82

104

125

139

186



Table 2 .9 .5 .6

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CSugarcane}, 1966/67 to 1991/92.

Source: CMTE: Basic S t a t i s t i c s Relating to Indian F.conomy, 1992,
1993 and 1994.

Notable increase in Suyar cane area was noticed fromP.44 T/he

in 1966/67 to 1883 T/he in 1991/92. This is nearly equal to 41. O3

% in 1966/67 to 49.74 'A in 1991/92. A three fold increase took

place in production i . e 347B7 T. t in 1966/67 to 1O8433 T. t in

1991/92, which is equal to 37.48 % in 1966/67 to 43. SO V. in

1991/92. Almost a double time increase in yield was noticed from

35632 Kg/he in 1966/67 to 57E588 Kg/he in 1991/92 respectively.

2.9.6 WEST BENGAL:

In case of West Bengal, as i l l u s t r a t ed in tables 2.9.6.1 to

2.9 .6 .3 . the area under r i c e crop accounted for 4233 T/he in

1966/67, and increased to S681 T.ho in 1991/92. or equal to 12.00

Year

1 966X67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC * OOO hec)

944
C 41. O3)

1874,
C53. 31)

1456
C 50. 81 )

1652
C51.74)

1678
C54. 50)

1883
C49. 74)

Prorluctlonf " OOOtons)

34787
C37.48)

49354
C43. 46)

65216
C 42.62)

76440
C 41.02)

84736
f 45. 53)
108433
C 43.50)

YlelrtfKgXha)

35632

38739

44791

46271

5O498

57S88

82



y, in 1966/67 to 14.21 ^ in 1891/92. Contrary to th i s a two fold

Increase in production took place from 5O11 T. t in 1966/67 to

11756 T. t in 1991/92. This i s equal to 16. 46 V. in 1966/07 to 15.96

d in 1991/92. In the same manner yield ra te increased from 1076

Kg/he in 1966/67 to 2O69 Kg/he in 1991/92 respectively.

Area sown for Wheat noticed a marginal change from 267 T/he

in 1966/67. which was s l igh t ly raised to 269 T/he in 1991/92, as

equal to O. S2 'A In 1 9B&/67 to 1.17 V* in 1991/92. Tn case of

production it was 269 T. t in 1966/67, la ter raised to 53O T. t in

1991/92. This is equal to O. 61 % in 1966/67 to O.96 % in 1991/92.

With respect to yield, i . e 1O22 Kg/he in 1966/67. which has

Table 2.9.6.1

West Bengal : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice3, 1966/B7 to 1 9 9 1 / 9 2 .

Source:CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

83

Year

1966-^7

1971/^2

1976^77

1981^82

1986^87

1991^92

AreaC•000 hec3

4233
C12. 003

4991
C13. 223

5205
C13. 52}

5210
C12. 80}

5376
c 1 3 . oe:>

5681
C14. 215

Product! onC * O00t.ons5

5011
C16. 463

6308
C15. l l )

5949
Cl 4.195

5833
CIO.953

8463
C13.983
11756
C15. 963

YieldCKgXha3

1076

1304

1143

1120

1574

2O69



Table 2.9.6.2

West Benga l » AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CWheaO, 1986/137 t o 1 9 0 1 / 9 2 .

Source: CM1E: Basic S t a t i s t i c s Relating to Indian Euunuiuy, 1992,
1993 and 1994.

Table 2 .9 .6 . 3

West Bengal : AREA, PRODUCTION, AND YIELD OK PRINCIPAL CROPS
CSuyai i_an>K>, 1966/67 to 1 9O1 /92.

SourcerCMIE: Basic S t a t i s t i c s R e l a t i n g to Indian Economy, 1992,
1993 and 1994.

Year

1966/67

1971 /72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec3

67
C O. 523

422
C2.2O3

515
C2. 463

214
CO. 97}

398
C1.723

269
Cl .175

Product ionC *OOOtons3

69
C O. 61 3

921
C3. 493
1O51
C3. 623

389
C1. O43

683
C1. 543

53O
CO. 963

YleldCKg/ha3

1022

2183

2041

1818

1716

197O

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1 991/92

AreaC * OOO hec3

23
C1 . 003

34
Cl. 423

3O
C 1. O53

23
C 0. 723

13
CO. 423

12 •
CO. 323

Product ionC'000tons3

1O71
C 1 . 153

1657
C 1.463

1812
C1.183

1411
CO. 763

757
CO. 413

859
CO. 343

YieldCKg/ha3

41O81

48735

6O4OO

61348

58231

70434

8 4



increased to 197O Kg/he in 1991^92 respectively. The area under

sugar cane was completely neglected in West Bengal. It was 23 T/he

in 1966/67, that was later declined to IS T. he in 1991/92. This is

almost equal to 1 . OO % in 1966/67 to O. 32 V. in 1991/92. The

production has also declined from 1071 T. t in 1966/67 to 659 T. t

in 1991/92, or froml.15 'A in 1966/67 to 0.34 % in 1991/92. On the

other hand yield rate? maintained the growth from41081 Kg. he- in

1966/67 to 704,34 Kg/he in 1991/92 respectively.

2.9.7 ALL INDIA:

The tables 2.9.7.1 to 2.9.7.6 i l l u s t r a t e s the nature of

cropping pattern in all India from 1966/67 to 1991/92. The al l

India level scenario showed t.hat . t.hp area under r ice accounted

35K51 T/he in 1906/67, which was later increased to 423O8 T/he in

1991/92. On the other hand production increased from 3O438 T. t in

1966/67 to 73664 T.t in 1991/92. Where as the yield rate recorded

863 Kg/he in 1966/67, has increased to 1741 Kg/he in 1991/92

respectively. However, wheat area which noticed 12838 T. he in

1966/67, has Increased to 2298O T. he in 1991/92. A five fold

increase in production took place from 11393 T. t in 1966/67 to

SS087 T. t in 1991/92. Where as a three time Increase in yield was

witnessed from 887 Kg/he in 1966/67 to 2397 Kg/he in 1991/92

respectively.
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A decline in area under Jowar was noticed from, 18054 T/he In

1066/67 to 1 2592 T/he In 1991/92. Contrary to this production

noticed fluctuations, i.e 9234 T. t in 1966/67. then raised to

12O62 T. t in 1981/82. but later declined to 8357 T. t in 1991/92.

On the other hand, yield level also noticed variations i.e 511

Kg/he in 1960/67. which raised up to 727 Kg/he in 1981/82, and

then declined to 576 Kg/he in 1986/87, but increased again to 664

Kg/he in 1991/9£ respectively. In case of cotton, th© area was

7836 T/he in 1966/67, and declined to 769S T/he in 1991/93.

Interestingly, the production which was 5266 T. t in 1966/67. has

increased to 9836 T. t in 1991/92. This Increase in production took

place due to stable yield rate. Yield wai, recorded at 114 Kg/he in

1966/67. later gone up to 217 Kg/he in 1991/92 respectively.

Table 2.9.7.1

ALI. INDIA s AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice), 1966/67 to 1991/92 .

Source:CMTE: Ba^ic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

8 6

Year

1966X67

1071X72

1976X77

19R1XRS

1980X87

1991X92

AreaC'OOO hec3

35251

37758

38511

4O7O8

41167

423O8

ProductionC " OOOtons!)

3O438

43068

41917

53248

60S57

73664

YieXdCKgXhaS

863

1141

1088

1308

1471

1741



Table 2.9.7. 2

ALL INDIA t AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CWheat}, 1906X67 to 1901X92.

Source: CMIE: Basic S t a t i s t i c s R e l a t i n g to Ind i an Economy, 1902,
1993 and 1994.

Table 2.9.7.3

ALL INDIA : ARKA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CJowar}, 1966X67 to 1991X92.

SourcezCMIE: Basic S t a t i s t i c s R e l a t i n g to Ind ian Economy, 1992,
1993 and 1994.
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Year

1 966/67

1971X72

1976X77

1981X82

1986X87

1991X92

AreaC'000 hec3

12838

19139

2O922

22144

23131

22980

ProductionC *000tons5

11393

26410

29O1O

37452

44323

5SO87

YieldOCgXha!)

887

1380

1387

1691

1916

2397

Year

1966/67

1971 X72

1976X77

1981X82

1986^87

1991X92

AreaC* 000 hec)

18O54

16777

15772

16599

15948

12592

ProductionC *OOOtons3

9224

7722

10524

12O62

9185

8357

Yi el df Kg/ha}

511

460

667

727

576

664



Table 2.9.7.4

ALL INDIA i AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CGround n u O , 1 966X67 to 1991 X92.

Source: CM1E: Bas ic S t a t i s t i c s R e l a t i n g to Ind i an Economy, 1902,
1993 and 1994.

Table 2.9.7.5

ALL INDIA : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CCottonD, 1966X67 to 1991X92.

Year

19CDX67

1971X72

1976X77

1981X82

1986X87

1991X92

Areat'OOO Y\cr~>

7299

7510

7043

7429

6982

8672

Produt t ion t 'OOOtons)

4411

6181

5264

7223

5875

7066

YioldfKgXha)

604

823

747

972

841

815

Year

1966X67

1971X72

1976X^7

1981^82

19U6X87

1991X92

AreaC'OOO hecD

7836

78OO

O885

8O57

6048

7695

ProductionC * OOOtoi^sD

5266

6950

5839

7884

BOOS

9836

YieldCKgXKaD

114

151

144

166

167

217

Source: CMIE: Basic S t a t i s t i c s Re l a t i ng to Ind ian Economy, 1992,
1993 and 1994.
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Table 2. 9. 7. O

ALL INDIA » AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CSuo a r c*n e 5» 1966/67 to 1991/92.

Source: CMIE: Basic S t a t i s t i c s Rela t ing to Indian Economy, 1992,
1993 and 1994.

Sugar cane. experienced noticeable growth i . e 23O1 T/he in

1966/67 to 3786 T/he in 1 991 /9ft. A three fold increase in

production has recorded from 92836 T.t in 1966/67 to 249256 T.t in

1991/82. The yield structure also noticed positive trend namely

from 4O342 Kg/he In 1966/6/to 6S836 kg/he in 1991/92 respectively.

The compound growth rates of different crops grown in the

states showed interest ing picture. Compound growth rates of

changing cropping pattern in A. P is shown in tables 2.9.1.7 to

2.9.1.12. In case of Andhra Pradesh, rice area showed a negative

yi-owth ra te I .e -O. 3S % In 1971/72, and 1 ator i nc i <-.j;.r-d at the-

rate of 2.54 % in 1991/92. On the other hand production of r ice

increased from 3. 3O >4 in 1971/72 to 7.50 'A in 1991/92. Where as

80

Year

1966X67

1971X72

1976X77

1981^82

1986X87

1991X92

AreaC* OOO hec3

23O1

2390

2866

3193

3079

3786

ProductionC•OOOtons)

92826

113570

1S3007

186358

186090

243256

YieldOCgXtuO

4O342

47519

53387

58365

60438

65936



yield level has Increased from3. S8 'A in 1971/72, next in the

period a negative growth rates were experienced. in 197S/77,

1981/82. and 1986X87 respectively. The growth rate of jowar

area was 2.03 'A in 1971/72, has derreased by later negative -4.O6

V. in 1991/S2. Production showed significant fluctuations. The

yield structure accounted negative growth rate i .e -0.48 'A in the

bigining but overall ended up with an increase of 6.58 'A in

1991/92. Regarding wheat area shown has increased at rate of 10.O7

'A in 1971/72, later noticed negative growth rates of -5. O3 and

-8.34 'A in 1981/82 and 1980/87. Production i ncreaspd at the rate

41.60 'A in 1971/72. and later increased at a decreasing rate of

14.87 'A per annum in 1991/92. Mean while yield rate noticed a

22.14 'A per annum in 1971/72. with some fluctuations i t finally

increased at 14.84 >S per annum in 1991/92.

Ground nut area increased at a rate of 8.45 >S per annum in

1971/72 and 9.49 'A in 1991/92. Production raised at the rate of

?.. 82 '/,. ppi- annum In 1S71/7P, 1 Fit t»r at t.hi> rate of 2.86 % in

1991/92. Yield rate which noticed 1.03 % per annum in 1971/71. has

increased to 6.19 'A per annum in 1991/92 respectively. Cotton area

accounted at the rate of 1.24 'A per annum in 1971/72. but later it

increased at rate of 1O.27 'A in 1991/92. The production

experienced 3.98 'A pc-i annum in 1971/72. and later increiitied at

increasing rate of 1O.65 'A per annum in 1991/92. Contrary to th i s ,

rate of growth of yield was 3.21 'A per annum in 1971/72, later

Increased at a rate of 3.89 'A per annum in 1991/92. However, sugar

cane area witnessed 0.69 y. per annum in 1971/72. has a substantial
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Table 2.9.1.7
ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS CRlceJ , 1966/67 to 1991/92 .

Source:CK1E: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.1.8

ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
yjKI.D OK PRINCIPAL CROPS C Jow;»r3, 1OG6/B7 to 1OO1/92.

Source: CMIE: Basic Stat is t ics Relating to Indian Economy, 1992,
1993 and 1994.

Year

1966/^67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hecD

- O. 3S

3. S3

1.41

- 1.98

4.33

Product.lonC *OOOtons3

3. 3O

O. 88

9. 8O

- 3. 48

9.47

YleldCKg/hjO

3.58

- 2.28

- 7.65

- 1.52

8.88

Year

1966/67

19/1 /72

1976^77

1981/82

1986/-87

1991S92

Areat•OOO hoc)

2. O3

- 4.19

1.82

- 5. O4

- 4.O6

Product 1onC * OOOtons)

1.09

- 1.34

4.61

- 5.71

O. 32

YieldCKg/ha3

- O. 48

2.97

2.93

- O. O7

6.58
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T a b l e 2 . 9 . 1 . 9

ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS CWheatD, 1966x67 to 19O1XQ2.

SourcetCMTE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.1.10

ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS ( G r o u n d n u t ) , 1966X67 to 1991X92.

Source: CMIE: Basic S t a t i s t i c s R e l a t i n g to Ind ian Economy, 1992,
1993 and 1994.

Year

1966X67

1971/72

1976X77

1981X82

1986X87

1991X92

AreaC'OOO hec>

1O. 07

O.93

- 5. O3

- 8.34

O. OO

ProductionC *OOOtons)

41.80

4.10

- 3.28

-1 4. 59

1 4. 87

YleldCKgXha)

22.14

3.O2

2.41

- 9.61

14.84

Year

1 966X67

1971X72

1976/77

1981X82

1986X87

1991X92

AreaC•OOO hec)

8.45

- 7.27

6.66

i.eo

9.49

Product, i onC * OOOtons)

2.82

-12. 22

19.77

1O. 94

2.86

YleldCKgXha!)

1.03

- 6.O7

12.27

- 3. 4O

6.19

92



T a b l e 2 . 9 . 1 . 1 1

ANDHRA PRADESH I COMPOUND GROWTH RATFS OF ARFA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS f C o t t o n } , 1966X67 to 1991X92.

Source: CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2 .9 .1 .12

ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS C S u g a r c a n e ) , 1966x67 to 1991X92.

Source:CM1E: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966X67

1971/72

1976X77

1981/82

1966/97

1991X92

AroaC* O00 hec)

1.24

- P.. 98

10. 43

- 2.77

1O. 27

ProductionC * OOOtons}

3.98

8.32

2O. SO

- 1 . 69

10.65

YicldOCgXrwO

3.21

11.59

9.11

1.15

3.89

Year

1966/67

1971X72

1976X77

1981X82

1980X87

1991x92

AroaC *OOO hec}

O. 69

4.17

4.28

- 5.18

6.15

Pi uduc 11 out ' OOOLoiiO

3.76

- O. 5S

7.79

- 7. 22

5.73

YiclUCKgXfia?

2.99

- 4. 54

3.42

- 2.46

- 0.61



rate of increase of 6.15 V. per annum jn 1991/92. Production

noticed 3.76 V. per annum in 1971/73, and the final year growth

rate was 5.73 % per annum in 1991/92. But the yield increased at

2.99 X in 1971/73, but ended up with a negative growth rate of

-0.61 y- in 1991/92 respectively. The overall scenario show that

the yield structure, was not maintained at a steady rate over the

time period.The area irrigated under specific crops, due to this

product. 1 on rate Is also fluctuating over this time.

Area under Rice in Bihar, as stated in the tables 2.9.2.5 to

2.9.2.8; it was noticed a 1 . O9 V. per annum in 1971/72, and later

increased at a rate ofS. 41 "A per annum in 1991/92. On the other

hand production was 4.60 % pc-i annum in 1971/72, and it further

increased at a rate? decreasing rate of 3. OO 'A, pe-i annum in

1991/92. The yield rate also experienced 2.16 % per annum in

1971 /7ft, and later Increased at a rate of 4.76 '/. per annum in

1991/92. Regarding Jowar, negative growth rates were experienced

i.e -12.98 V. in 1971/72, later growth rate was continued to be

negative -3.58 V. per annum in 1991/92. Production and yield was

also recorded negative growth rates namely -19.73 and -5.99 in

1971/72 to -9.71 and -9. OS in 19«1 /W» rp«;p«H.ively.

Wheat area has increased at a rate of 7.02 V. pel annum in

1971/72, later it Increased at a rate of 2.92 V. in 1991/92.

Production has Increased at a rate of 22.61 V> in 1971/72, which

further increased at a rate of 1O.O6 % in 1991/92. even though
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there are some negative growth ra tes In between. However, yield

rate was i ncrwased at 17. Al V. per annum In 1971/7??, la ter raised

a t a r a te of 6.30 Ji per annum in 1991/92. respectively. Area under

sugar cane increased at 5. S3 V. per annum in 1971/72, and it

further raised at a ra te of 7.12 'A in 1991/92. Production has

increased at 2.25 V. per annum in 1971/72, l a te r in the period it

increased at a r a t e of 18.20 V. per annum in 1991/92. Contrary to

this , yield ra te showed a negative ra te of growth at -1 .23 in

1971/71, but la ter it hsrome posi t ive ra le at 1^.67 V, p#»r annum in

1991/92 respectivoly.

Table 2 .9 .2 .5

BJhai : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS CRlceD, 1966/67 to 1 0 9 1 / ^ 2 .

Source: CMIE: Basic S ta t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966X67

1971 X72

1976X77

1981X82

1988X87

1991X92

Areat* OOO hec)

1.O9

- 0.38

0.22

O. OO

5.41

ProductlonC * OOOtons3

4. 6O

- 2. O6

- 2 . 1 8

7.27

3 . OO

YipldfKgXha^

2.16

- 1.7O

- 2.39

7.26

4.76



Table 2.3.2.0

Bihar : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS CJowari), 1966/67 to 1991/92.

Source: CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2 .9 .2 .7

Bihai : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS CWheaO, 1966/^7 to 1901/92.

Year

19©O/«7

1971/^2

1976/77

1981 /82

1986/87

1991/92

AreaC•OOO hec3

-12.95

17. O8

0. OO

-11.42

- 3.58

ProductionC *OOOtons3

-19.73

?>4.58

3.13

- 6.51

- 9 . 7 1

Yi e l dC Kg/ha :>

- 5.99

6.88

4.52

6.87

- 9. O8

Year

1966/67

1971^72

1976/77

1981/^2

1986/^7

1991/^2

AreaC * OOO hec>

7.02

6.84

- 3.35

2.33

2.92

ProductionC *000tuns3

22.61

- O. 97

- 2.28

5.38

1O. O6

YieldCKg/haD

17.41

- 6.58

1.12

2.97

6.20

Source:CM1E: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1OQ3 ;nill 1994.
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Table 2.9.2.8

Bihar : COMPOUND OKOWI'H RATES OK AkKA, PRODUCTION, AND YJEI.D OF
PRINCIPAL CROPS CSugarcaneS, 1986/^7 to 1991X92.

Source: CMTF: Basir S ta t i s t ir<; RF-1 at 1 ng to Tnrliari Frnnomy, 1992,
1993 and 1994.

Tile tables 2.9.3.6 to £.9.3.10 I l l u s t r a t e the compound growth

i-atus of L-i-opplny pat tern in Punjab ag r i cu l t u re , noticed pos i t i ve

rate of growth in r i c e area i . e , 8.23 'A per annum in 1971/7£,

and.6. 04 X pe?r annum in 19£n/9r:. Where as pi oducti on JriL.re^sed at

17.89 'A per annum in 1971 /7£, and fur ther it increased at a ra te

of 4.83 >£ per annum in 1 991/9S. On the other hand y ie ld ra te

inr.rMsftd at 9. 8fi 'A per .innuin f n t.hrv boylnnlnrj, and ended up wi th

a yruwth ra te of3. 79 '/. i n 1901 X93. A; w undci wheat at-fDiiulod 6. 6S

*< per annum in 1971/^7S, whi cli fur ther increased at a rate of 4.69

54 per annum In 1 991 /"9S. Mean while production increased at 27.12 %

in 1971^72, and la ter it Increased at a ra te of 6.84 % por annum

-1 n lUUl-'&a. Central >• to tl i ia,, y i e l d l u i nulir.o<l i«)-,:l.ivc growth

Year

19D6/ti7

1 971/V2

i 976^77

1981X82

1986^87

1991^92

AreaC * OOO hec)

b. 63

- 2.05

- 0.63

- 2. 01

7. 12

Product lonC * OOOt.onsD

P. f»5

- 1.33

O. O2

- 2.26

18. 2O

Yieldf ICg-̂ haD

- 1 .23

-33.23

O. O2

B1 . 44

13.67
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rate of 8.22 V. per annum in 1971/72 and 9.71 V. in 1991/93

respectively.

The ground nut recorded negative growth r a t e s . -2.75 and

-17.94 'A per annum in 1971/Y2 and 1991/92 respectively. Production

has also experienced negative growth rates of -2.81 and -17.53 in

1971/72 and 1991/9?; respectively. Where as yield, showed a

positive growth ra te of 1 . 2£ >S per annum in 1971/72, but la te r

it experienced negative growth rates l ike -0. O4 V. per annum in

1991/92. Regarding cotton, area sown increased at a ra te of 3.76 '/•

pen- annum \n 1O71/^7S. which vras further i nrreased »t, a ra te of

5.07 '/i per Annum in 1991/92. Product.ion noticed 6. 64 'A growth per

Table 2.9.3.6

Punjab : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF

PRINCIPAL CROPS C R i c e i , 1 9 6 6 / 6 7 to 1 9 9 1 / 9 2 .

Source:CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966/B7

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC • OOO hecJ

8.23

17.34

13. SI

7.33

6. O4

ProductlonC ' OOOtonsi

17.89

13.61

16.62

9.91

4.83

Yi el rIC Kg/ha)

9.88

4.79

2.74

2. 4O

3.79



TMMP P.. 9. 3. 7

P u n J a b ! COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS CWheat ) , 1966X67 to 1991X92.

Source: CMIE: Bas i c S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992,
1993 and 1994.

I ;ibl <-• 2. 9 . 3 . 8

Punjab : COMPOUND GROWTH RATFS OF AREA, PRODUCTION, AND YTF.I.D OF
PRINCIPAL CROPS CGround n u t ) , 1966X67 to 1991^92.

Source: CMIE: Baiic S t a t i s t i c s Relating to Indian EuuiKimy, 1992,
ior»3 and 1994.

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

ArftaC'OOO hec)

6.65

2. Ol

2. 49

1.80

4.69

Pr odur.t.i onC * OOOt.onO

?:r. 1 f.

-14.42

27. O9

R.O3

6.84

YielcK Kg/ha3

8.22

O. 22

3.81

O. 23

9.71

Yi-ar

1066/a-i7

1971/^-2

1976X77

1981/^2

1986/87

1991/^2

Ar-fiifOOO licvr)

- 2. 73

- 1.18

-10.92

-14.11

-1 7. 94

P r o d u c t ii.ui( •OOOto i i ' - J

- 2.81

- 3.90

- 9.71

-14.14

-17. SS

Yi r-1 iH K c | / h n " >

1.22

- 2. 73

1 . 34

- 0.02

- O. O4
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Table 2.9.3.9

Punjab : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS CCot to rO, 1 9 6 6 / 6 7 to 1991X92.

Source:CM1E: Bas i c S t a t i s t i c s R e l a t i n g t o I n d i a n Economy, 19O2,
1993 and 1994.

T a b l e 2 . 9 . 3 . 1 0

Punjab : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS t S u g a r c a n e S , 1 9 6 6 / 6 7 to 1991 /92 .

100

Year

1966 /67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec)

3-70

3.24

4.16

- 3. 63

5.O7

ProductlonC'OOOtons}

6.64

2. O3

2.22

b. 89

7.35

YlcldCKg/haD

2.84

- 1.17

- 1.85

9.92

2. 9O

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec3

- 3.01

1.87

- 1.27

- 1.76

S. 54

ProductlonC'OOOtons5

- 1.41

8.54

O.16

- 0.03

O. O5

YieldC Kg/ha :>

3.60

6.55

1.45

1.76

0.55

Source: CMIE: Basic S t a t i s t i c s Relat ing to Indian Economy, 1992,
1993 and 1994.

annum in 1971/72, and l a te r increased a t a r a t e of 7.35 'A per

annum in 1991/92. On the other hand, yie ld r a t e was 2.84 V. per



annum in 1971/"VS. and raised to 2. 9O *J rate per annum In 1991/93 .

Sugar cane area showed a negative growth of - 3. O1 >: in 1971/72,

and later increased at a rate of 5. 54 Ji per annum in

1991/92- Production showed a negative growth of -1 .41 54 in

1971/72, l a t e r it has a p o s i t i v e r a t e of growth at O. O5 "A per

annum in 1991/93. Yield a lso has a r a t e of growth of 3.60 V. in

1971/72. and l a t e r i t increased at a r a t e of 0. 35 'A per annum in

1991/92 respec t ive ly .

As shown in t ab les 2 . 9 . 4 . 6 to 2 .9 .4 .10 , Tamil Nadu

experienced pnslt.ivp growth in i l r p prorhir:* inn. namply H. 78 "A per

annum In 1971/7??, but l a t e r a negat ive growth r a t e was not iced,

-1.45 % in 1Q91/92. Here jv-or1>n 11 . >i > In . j i..,;...l rft 5.79 % in

1971/72. and l a t e r it increased at a r a t e of around 4.94 % per

Table- 2 . 9 . 4 . 6

Tamil Nadu : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS (Rice), 1966/67 to 1991 /92 .

Source: CMIE: Basic S t a t i s t i c s Relat ing to Indian Economy, 1992,
1993 and 1994.
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Year

1966/67

1971X72

1976/77

1981/82

1986/87

1991/92

Areat'OOO hue5

2.78

- 3.23

1.5S

- 4.55

- 1.45

Pror i i i r t ionl ' OOOt ons.)

5.79

- 4. 48

5.87

- l.OO

4.94

Yir- lr iC Kg /haD

5.63

- 1.30

4.26

3.72

5.63



annum in 1M1/S?;. The- rat.p of growth for y ie ld was R. 63 'A per

annum in m71//"2, and latoj it mui ntoi neJ <J i inil lai yi uwl], i . i tc of

fi.fi? '/• in 1 PQ1 /9?. ffspm.-ll vt>]y. Htivr-vpr , Jowar arrnuiitnd negat ivp

growths of -O. 39 % in 1971/72, and mj^ln a negat.Wp growth rat.p of

-23.29 5i in 1 993/9ft. Mean while pioduution showed ney-itivc growth

-0.23 >4 in 1971/72, and was l a te r it become p o s i t i v e at 0.36 'A in

1991/92. Yield r a t e a l s o noticed negat ive growth r a t e of -O. 22 'A

in 1O71/V2, latr?i it wl t u o ^ f d a posit ive- gi owt.h i a t e of 6. O8 'A

per annum.

Area under yi uund nut increased at the r a t e ol b. 72 'A per

annum in 1UY1/72, .uid 3..lr-. It i n t . i c r . c i .,t ^ i j l f nf 4.18V.

perannum in 1991/92. Production a l s o not iced a growth r a t e of 9.17

'A in 1971/72. and it. increased at a rate? of 3. O6 'A per annum in

19Q1/92. Yield i a t e was reasonable at 3.82 >; per annum in 1971/V2,

and late-i it intn. 'a i t 'd at a i a to of 1.99 % poi annum. Cotton crop

L-xpeilL'iiced noyat ivc yi owl h r a t e of -O. Y£i % in ]y71./"72, l a t e r

brae-time primitive at T.R1 ^ pt*r anntm in 1 9P1 /P2. Whf̂ re as

prorlurtion i n r . r p s ^ d at a rate- of ?!. BS '/. i n 1 O71 /77> anti R 24 *•{ per

annum in 1991/P.r:. Yield r s t p ws<: p o s i t i v e at 5.95 % in 1971/72.

and it was 13.27 'i per annum in 1991/92. Area under sugar cane,

increased at a r a t e of 1 . 80 % per annum in 1971/72, and l a t e r it,

increased at a r a t e of 4-. 13 "A per annum in 1991/92. Production

not. lrf-d a growth r a t e of 3.71 V* p*r annum In 1 Q71 /72. and l.RR '/!

pfir annum in 1 991 /<*=: r e spec t ive ly . The r a t e of growth of y ie ld was

1.26 M per annum in 1971/72, which has expi;i lun-uJ ^ negative-

growth r a t e of -1 .73 ?4 per annum in 1991/92.
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Table- 2 . 9 . 4 . 7

Tamil Nadu : COMPOUND GROWTH RATES OF AREA, PRODUCTION, ANT) YIELD

OK PRINCIPAL CROPS t JowarO, 19R6/67 to 1Q91/92 .

Source:CMTE: Ba*1r. S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2 .9 .4 .8

Tamil Nadu : COMPOUND GROWTH RATES OF AREA, FRODUC11OH, AND YIELD
OF PRINCIPAL CROPS (Ground n u t ) , 1 9 6 6 / 6 7 to 1 9 9 1 / 9 2 .
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year

1966/67

1 971 /72

1976/77

1981X82

1986/87

1991/92

Ar eaC • 000 heO

- O. 39

3.27

- 4.50

1.76

-83.29

Product!onC 'OOOtonO

- 0.23

9. O2

- 7. 6O

4.30

O. 36

YieldCKg/haD

- O. 22

5.58

- 3.26

2. 5O

6.08

Year

1966/67

1971/72

1076/77

1981/82

1986/B7

1QU1/92

AreaC'OOO hoc3

5.72

- 4. 44

2.62

- 2.40

4.18

Product ionC ' OOOtons?

9.17

- 9.22

9.54

- 2. 46

3.OG

YipldCKg/'ha")

3.82

- 5. OO

6.74

- 0. OG

1 .99

Source:CMIE: Basic S t a t i s t i c s Rela t ing to Indian Fionomy, 1992,
1993 and 1994.



Tab! r- P. &. 4 . 9

Tamil Nadu : COMPOUND GROWTH RATES OF ARF.A, PRODUCTION, AND YIELD
OF PRTNCIPAI CROPS C Cot t o n ) , 19Tifi/fi7 to 1P.P.1 / 9 2 .

Som-i.e: CM1E: Basir: S t a t i s t i c s RelaLJny to Indian Economy, 1002,
1O93 and 1994.

Table 2.9. 4.10

Tamil Nadu : COMPOUND GROWTH RATFS OF ARF.A, PRODUCTION, AND YI F.LD
OF PRINCIPAL CROPS C S u g a i x a n e ) , 1 9 6 6 / 6 7 to 1 9 9 1 / 9 2 .

Suui cu: CMJ K: B;j=>.i c S t a t l s.t J us Re la t ing to Indian Economy, 19O2,
1993 and 1994.
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Year

1966/67

1971/72

19/6/7/

1 9H1 /H2

1 986/87

1 991 / 92

ArpaC'OOO hec3

- 0. 75

- 5. 17

O. OO

- 0. 17

3.81

ProduLtlonl'000tons5

2.63

- 3.27

- 4. 39

O . OO

8.24

YieldCKg/'hiO

5.95

2.07

- 4.42

0.20

13.27

Year

1966/B7

1971/72

1976-C77

1981/82

198B/87

1991/9£

AreaC ' OOO heel)

1.80

5.79

5.34

- 0.50

4.73

ProductlonC"OOOtonsJ

3.71

8. i e

7.24

1.35

38.21

Yi e l dC Kg/ha :>

1.26

2.24

1.81

1.86

35. 4O



Area under rice in Uttar Pradesh, as Illustrated in tables

3.0. S. 7 to 2.9. S. 12. accounted a growth rate of O. 23 V. per annum

In 1971/72, and the growth rate in 1PP1 /PS was P. R« */i per annum.

Contrary to this production recorded of 4.63 >s per annum in

1971/72, the rate of increase in 1991/92 was8.06 Jt per annum. It

is important to that the yield showed 2.13 >i rate of growth in

1971/72 and 8.22 X. per annum in 1991/92. Jowar area witnessed

negative growth rate of -6. 8B in 1971/72, and ended up with

negative growth rate of -1.31 '/i 1 n 1991/92. Production noticed

negative growth rate of -11.96 in 1971/72, which has become

positive at a rate of 2.17 V* per annum in 1991/92. Yield rate

also witnessed negative growth rate in the beginning -6.39 54 in

1971/72, but Increased at a rate of 5.12 \ per annum in 1991/92

respectively.

Compound growth rates of area , production, and yield of

whoat crop in tht» slat.R not \ rod pn l̂ II VP yi-owt h ratns of5.30,

7.20. and 1. 33 V. per annum in 1971/-V2 respectively, and later the

area and production increased at a rate of 1.40 V. and 4.50 M per

annum, where as yield increased at a rate of 8.27 JS per annum in

1891/^2. Ground nut noticed fluctuations in growth rate namely

negative at in the beginning of at -3.45 '/* In 1971/7P. and later

increased at a rate of 5.27 % per annum (n 1991/92. Production

experienced negative yr owlh rates of -8.33 5i in 1971/72, and later

a modest growth rate of O. 71 'A in 1991/92. The yield rate was

negative through out the observation period of 4.70 % in

1971/72, and -1.74 in 1991/9R respectively.
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The cotton crop witnessed negative growth r a t e of -2.Ol fc

per annum in 1971/72. and -2.89 V. per annum in 1991/92. Production

recorded negative growth ra te of -2.72 'A. in 1971/72, but

la ter there was no change in 1991/92. Yield r a t* experienced

negative r a t e of -O. O7 in 1971/T2. but l a te r i t increased at a

rate of O. 56 V. per annum in 1991/92 respectively. Sugar cane

noticed almost posi t ive growth in case of area, production, and

yield. The area growth was fi.18 'A p*»r annum in 1971/72, which

increased to 2.80 y. in 1991/92, production witnessed 7. 25 'A pc-r

annum in 1971/72, which raised at increasing ra te i . e ft. 21 V. per

annum in 1991/92. A five t.J mn increase in yield took place i . e

Tahle 2 .9 .5 .7

U t t a r P r a d e s h : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS CRiceD, 1 9 6 6 / 6 7 to 1 9 9 1 / 9 2 .

Source:CMIE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.
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Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC* 000 heci

O. 23

- O. 29

2.98

O. 56

2.88

ProductionC'OOOtonsi

4.63

2.58

6.57

4.95

8.06

YieldCKg/ha)

2.13

2.88

3.50

4.35

8.22



Tahlo ?.. 0. 5. 8

Ul tar Pradesh : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND

YIELD OF PRINCIPAL CROPS CJowar), 1966-^67 to 1PP1/^K.

Suuice:CMlE: Bas ic S t a t i s t i c s R e l a t i n y to I n d i a n Economy, 1992,
1993 ami 1994.
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Source: CMIE: Basic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1993,
1093 JJUI 1994.

Table 2.9.5.9

U t t a i Pi a d o s h : COMPOUND GkOV<] H k ' A l t S Ol AkLA, 1'kODUL I 1 OU, AND
Y1EIX) OF PRTNCTPA! CROPS ( Wheat } , 1 PRR/^!7 i.ft I P P l y ^ l K .

Year

1966/67

1 971 /7et

1976/77

1 981 /f*2

1966/T37

1991/92

Al eaC *000 hecD

- 6.86

?. SI

- 0. 49

- 3. 34

- 1. 31

Pi oduutiont'OOOtunsJ

-11 . 96

1fi. 7"5

4.56

- 'o. OO

2 . 1 7

YicldCKg/hiaD

- 6.37

13. 3O

S. O9

- 1.74

5.12

Year

1966/«7

1971/72

1976/'/'7

1981-^82

1986/^B7

1991/^ia

AreaC * 000 hec3

5.30

1.84

3.25

1.58

1.40

ProduvtionC"OOOtonsD

7.20

3. 4-4

7.36

4.95

4.50

YieldCKg/haD

1.33

1.57

3.97

3.33

8.27



Table 2.9.5.10

Ut ta r P r a d e s h : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OK PRINCIPAL CROPS C Ground nu t 3 , 1QB6X67 to 1O91 X9J>.

Source: CMTE: B»«:ic S t a t i s t i c s R e l a t i n g to Ind ian Economy, 1992,
1993 and 1994.

Table 2.9.5.11

Uttar P r a d e s h : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD 'OK PRINCIPAL CROPS CCottorO, 1O66X15/ to 10D1XQ2.

Source: CMIE: Basic S t a t i s t i c s Relating to Indian Rrc.nr.my, 1992,
1993 and 1994.
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Year

1966X67

1971 X72

1976X77

1981X82

1986X87

1991X93

AreaC • OOO hec.5

- 3 . 4 5

3.47

- 7.67

-13 . 97

5.27

ProductlonC * OOOtons}

- 8.35

4.95

1.74

-15.26

O. 71

YleldtKgXha)

- 4. 7O

7.35

10.19

- 1.50

- 1.74

Year

19B6X67

1971X72

1976X77

1981X82

1986X87

1991y92

AreaC*OOO hec)

- 2. Ol

-16. 30

5.46

- 6. O2

- 2.89

Product.ionC 'OOOtonsi

- 2.72

-12.31

9.46

- 3.93

O. OO

YleldfKgXha)

- O. O7

4.87

3.75

2.15

6.56



Table 2.9.5.12

Uttar Pradesh : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS ( S u g a r c a n e ) , 1968/67 to 1991/92.

Source: CM1E: Basic Sta t i s t ics Relating to Indian Economy, 1992,
1993 and 1994.

from a annual growth rate of 1 . 69 'A per annum in 1971/V2 to 6.09

% per annum in 1991/92 respectively. It was observed that, yield

r a t e h a s not. shown a n e v e n g r o w t h r a t e over t h e p e r i o d o f t.i me. A t

tin.1 i,.j!i;;_' t i l ing pi u d u t l i o n o l ^ , o n o t i c . J n y fJ u c t u . t l . 1 i>sii, i n th"? t i m e

period.

C o m p o u n d g r o w t h r « t t?>» t i f c : r u p p l n y p i i t t . r M i i I n Wt»^t R r - n g a l i s

shown in tables 2.9.6.4 to 2 .9 .6 .6 . The area under r i ce crop in

West Bengal Increased at a r a t e of 3. 35 V. per annum In 1971/72,

later it raised at a r a t e of 2.26 M 1n 1991/92. Production noticed

a growth ra te of S. 37 H per annum in 1971/72, and increased at a

rate of 5.82 ^ per annum in 1991/92. The Yield ra te also noticed

3.92 % pCv annum in 1O71//2, which i *iii.cd ît U. IS % ±i,
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Year

1966/67

1 971 /72

1976/77

1981/"82

J 986/87

1991/^2

6.18

2.71

2.56

0.31

2.80

Produfit . i onC • OOOt.on^")

7.25

5.73

3.23

2. OS

8.21

YifilrfCKg^haD

1.O9

2.95

O. 65

1.76

6.09



T a b l e 2 . 9 . B. 4

West Bengal : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD

OF PRINCIPAL CROPS CRlce} , 1966X67 to 1991X92.

Source:CMTE: Basic S t a t i s t i c s Relating to Indian Economy, 1992,
1993 and 1S94.

110

Year

1966/^*7

1971X72

1976/77

1981X82

1986X87

1991X92

AreaC * OOO hec)

3.35

O. 84

0.02

O. OO

2.26

ProdurtlonC * OOOtons)

5.37

- 1.78

- O. 39

7.73

5.82

YieldCKgXha:>

3.92

- R. OO

- 0.41

7.O4

5.15

Year

1966X67

1971X72

1Q7GS77

1981-^82

1986/B7

1991/^2

AreaC • OOO her")

44.91

4.O6

-16.11

13.21

- 6.O

Pror!»irt 1 onf * OOOt.on«c')

67.91

2.68

-18. O2

11.92

- 4 . 3 8

Yl *>1 <ir Ifg/^iai

16.39

- 1.34

- 2.29

- 1.15

5.35

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table- 2.9.6.5

West Benga l : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD

OF PRINCIPAL CROPS CWheatD, 1966X67 to 1991X92.



Table 2.9.6.6

West B e n g a l : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS f S u g a r c a n e ) , 1 9 6 6 / 6 7 to 1 9 9 1 / 9 2 .

SourcerCMIE: Ba«:)r S t a t i s t i c s Relating to TnrMan Economy, 1992,
1993 and 1994.

negative yrowth r a t e of -6.61 'A per annum in 1991/93. Production

was at a r a t e of S7. 91 '/i in 1971/72, was la ter witnessed negative

growth r a t e of -4.38 % in 19PA/92. Yield per hectare increased at

a r a t e of 16.39 V. per annum in 1971/72. and la ter it increased at

a r a t e of S. 35 '/i per annum in 1991/92 respectively. The area for

sugar cane noticed a yrowth r a t e of 8.13 V, per annum in 1971/72,

which ra i sed at a r a t e of 4.24 H per annum in 1991/9S. Production

growth r a t e war. 9.13 '4. per annum in 1971/72, and it was 6.4© V. per

per annum in 1991/92. Yield growth r a t e was 3.48 V. per annum in

1971/72, and S. 82 Ji per annum in 1991/92 respectively.
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Year

196S/*7

1971/V2

1976S77

1981SBZ

1 986/B7

1991X92

AreaC'OOO h«c)

8.13

- P.. 47

- 5 . 1 8

-10. 78

4.24

Product i r»nC * OOOt.onO

9.12

1.8O

- 4.88

-11 . 71

6.46

YlelrirtCg/ha:)

3.48

4.38

0.31

- 1.04

5.82



On *11 India level, as stated in the tables 2.9.7.7 to

2.9.7.12. r ice area increased at 1.39 V. in 1971/72. later i t

increased at a rate of 1. OOV. per annum in 1991/92. Production

growth rate was at 7.18 V. por annum in 19Y1/V2. later int.rea.sed at

a rate of 4.57 ?*per annum in 1991/92. Yield growth rate was at

S. 74 'A in 1971/72. later it increased at a rate of 4.83 V. per

annum in 1991/92. Area under wheat Increased at a rate of 8.31 V.

in 1971/72. and later a negative gi owth wai recorded at -O.13 'A

por annum in 1PQ.1/9S. Produrtion' not.i rpri a 18.31 V growth rate

in 1971/72, was later it Increased at a rate of 4.44 V. in 1QQ1/Q3

respectively. Yield growth rate raised was9. 24 'A in 1971/72, which

increased at a rate of 4.S8 'A in 1991/92 respectively.

Jowar area, production, and yield showed almost negative

growth rates of -1.46, -3.49, and -2. O8 V. in 1971/72

respectively. They later continued the negative growth rate of

-4.fi!=, -1.87, and a positive growth of ft. 88 'A for yield in

19Ql/9£. Ground nut crop area increased at. a rate of O. 51 M per

annum in 1971/72, was later the growth rate w.-is4.43 'A pc.i .nnnum in

1991/92. Production accounted for 0.98 'A growth rate per annum

in 1971/72, later increased at a rate of 3.76 'A per annum in

1991/92. The Yield component noticed a growth rate of 6. 38 'A per

annum in 1971/72, and later a negative of -O. 63 V« in 1991/92

»'Oiipot:ti vely. Coni-idoi iny aica under cotton a i><_-y«iti. vc yi owth of

-0.09 "A per annum was noticed in 197O/71 , and an increased growth

rate of 2. O6 'A in 1991/92. The rate of growth in production was at

5.70 'A in 1971/72. and later it wui. at 7.33 '/. per annum in
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Table 2.9.7.7

ALL INDIA t COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND

YIELD OF PRINCIPAL CROPS C R i c e J , 1966/057 to 1991 • 9 2 .

Sources CMTE: Basic St.M.lsf.trs Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.7.8

ALL INDIA : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS CWheat?, 1966^67 to 1991^92.

Source: CMTE: Basic S t a t i s t i c s Relating to Inrflan Economy, 1992,
1993 and 1994.
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Year

J986^67

1971/72

1976/"77

1981/T32

1986/^7

1991^92

AreaC'OOO hec3

1.39

O. 39

1.11

O. 22

l.OO

ProductionC * OOOtons)

7.18

- O. 54

4.90

2.C0

4.57

YieldCKg/haJ

5.74

- O. 94

3.75

2.37

4.83

Year

1966^67

1971/V2

1976/^-7

1981^82

1986^87

1991/^2

AreaC•000 hecD

8.31

1.80

2.96

O. 88

1.56

ProductionC'OOOtons?

18.31

1.90

5.24

3. 43

5. O5

YleldCKgXha}

9.24

0.10

4.04

2.53

4.56



Table 2.9. 7. 9

ALL INDIA : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS CJowarO, 19O6/B7 to 1991•SE.

Source: CMTE: Basic S ta t i s t i c s Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.7.1O

ALL INDIA : COMPOUND GROW I'll RAILS Ol AREA, PRODUCTION, AND YTELD
OF PRINCIPAL CROPS CGround nutD, 1 9 6 6 / 6 7 to 1991 /92 .

SOUJ co: CM1E: Basic S t a t i s t i c s Relatiny to Indian Eiruiiumy, 19O2,
1993 and 1994.

1 1 4

Year

1966/87

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec)

- 1. 4O

- 1.33

1.O3

- 0.80

- 0.34

ProductionC *000tons3

- 3.49

6.39

2.77

- 5. 3O

6.92

Yi el dC Kg/ha :>

- 2. O8

7.71

1.74

- 4.55

9.75

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

AreaC OOO hec)

0.57

- 1.27

1.07

- 1.23

S. 70

Product.ionC 'OOOtonsD

6.98

- 3.16

6.53

- 4.05

5.95

Yi *>1 df Kg/ha}

6.38

- 1.92

5.41

- 2.85

3.73



Table 2.9.7.11

ALI. INDIA : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS CCottorO, 1968/87 to 1991/92.

Source: CMTE: Basic Stal l s t i e s Rel »t 1 ng to Indian Economy, 1992,
1993 and 1994.

Table 2 .9 .7 .12

ALI. INDIA : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS ( S u g a r c a n e ) , 1966/S7 to 1 9 9 1 / 9 2 .

Source: CM1 E: B a s i c S t a t i s t i c s R e l a t i n g to Tnrtian Economy, 1992,
1993 and 1994.
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Year

1966/67

1 971 /72

1976/77

1981/82

1986/87

1991/92

AreaC'OOO hec5

- O. 09

- 2.46

3.19

- 2.92

4.1O

ProductionC * OOOtons)

5. 7O

- 3 . 4 2

6.19

- 2.62

7.90

YieldCKg/haD

S. 78

- 0.94

2.88

O. 35

12.01

Year

1966/67

1971/72

1976/77

1981/82

1986/87

1991/92

Ar fiat* OOO hf»r">

0.76

3.70

2.19

- O. 73

6. Ol

Productionf 'OOOtonO

4.12

6. 14

4. O2

- O. O3

7.83

Y1*"ldf Kg/ha5

3.33

2.36

1.80

0.70

2.46



1S91/S2. The Yield growth r a t e was at 5 .76 V. per annum in 1971/73.

and l a t e r it i nc reased at a r a t e of 5 .38 5s per annum in 1991/S2.

The Area undei iuyai cane r a i s e d at a i «ite of O. 70 'i p<--i annum in

1071/72, later- it recorded a growth r a t e of 4. R2 % por annum in

1991/92. Product ion r a i s e d at 4 .12 X per annum in 1971/72, and

la t e r i n c r e a s e d at a r a t e of 6.02 % per annum in 1991/92. The

Yield showed a growth r a t e of 3 .33 54 per annum in 1971/72, and t h e

growth r a t e was 1.72 5S per annum in 1991/92 r e s p e c t i v e l y .

2.10 INDEX NUMBERS OF AREA, PRODUCTION, AND YIELD OF PRINCIPAL

CROPS:

Consider ing indexes of a r e a , p roduc t ion , and y i e l d of

selected principal crops are very much essential to identify the

performance of crops in Indian agriculture. This section will deal

with the indices of selected crops from 1966/87 to 1991/92. With

regards, to rice crop, the ui ua index CAi was 95. £ in 19S6/E57, and

lat.pr H. i nc.rc.vvsx'd »o 11R 1 \-.y 1fW1./C)?. whci t ;J?, tht> production

index CP3 raised from 77.8 in 19O6/C7 to 157.3 in 1991/92.

However, yield index CY3, raised from 81.7 in 19OG/67, to 142.8 in

1991/92 respectively.

With respect to wheat, area index increased from 80.9 in

1906/07, to 156.7 in 1991/92. similarly the production index

raised from 63.2 in 1966/67 in P91 . 3 in 1991/92. The yield index

rate was at 78.1 in 1966/B7, and later increased to 177.4 in
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Tabl . 1O. 1

ALL INDIA INDEX NUMBERS OF AREA, PRODUCTION AND YIELD OF PRINCIPAL
CROPS, FROM 19OC/«7 TO 1991/92.

C Base Year: 1069-70 = 100 3

Source: H. L. ChandhoJt and The Policy Group: Indian Data Bavo: The
Economy, Vol.1, 1990.

1991/92 respectively. On the other hand Jowar area index raised

from 97.2 in 1966/67. but later declined to 91.3 in 1991/92. The

production index for cotton was 93.S in 1966/67, later improved to

101.4 in 1991/92. Interestingly the yield index showed

fluctuations over the time period, from 1966/67 to 1991/92, i . e

86.2 in 1966/67, 123. 7 in 1976.-V7, 108.6 in 1986/87. was later

i nt:rf»«v;(»ti ^C| 1 ?>o. 6 Jn 1 901 /P.S rmpect,! vely.

1 1 7



Area indpx of ground nut raised from 1OO.P !n 1PB8/B7 to

104.7 in 1991/92. Production index was also showed positive growth

from 83.4 in 1966/67 to 121.7 in 1991/92. However, the yield index

recorded 84.9 in 1S66/C7, and later raised to 125.6 in 1991/92

respectively. Meanwhile, the sugar cane area index raised from

94.2 in 1966/67. to 138.7 in 1991/92. Production index almost

doubled from 78.3 in 1966/67 to 168.4 in 1991/92. Contrary to

this, yield index improved from83. 1 in 1966/67. to 132.4 in

1391 /9P rpsppcl.J vfily. However , cotton arpa i nrli=»v r*»r-r>rrl*»d 1 OO. 8 in

1S66/67. it later declined to 93.4 in 19P.1/9R. Interestingly

production index showed a positive trend i . e the Index increased

from 94.1 in 1966/67 to 131.4 in 1991/92. On the other hand yield

index witnessed improvement fiom 93.4 in 1966/67 to 145.7 in

1991/92 respectively.

Compound growth rates of r ice crop index w.r . t , area,

production, and yield showed interest ing picture. The area index

of rice increased at a ra te of 1.39 'A in 1971/72, the later growth

rate was 1.28 "A per annum in 1991/92. Prodm-t (on Index raised at a

rate of 7.P1 "A In 1971/72. and the growth rate ws«-1 "SO */i per annum

in 1991/92. However, yield index accounted 5.74 'A growth ra te per

annum j n the? beginning of 1971/72, which raided latoi at a ra te

of 0.48 'A per annum in 1991/9K. Wheat area index increased at the

rate of 8.31 'A per annum in 1971/72 and 1.56 'A per annum in

1991/92. Notably production index recorded a hiyh yrowth ra te of

18.29 *A in 1971/72, but the ra te of yi owth was only3. 48 M in

19S1/RS respectively. The? yield 1 nr1f»v al«;n raised at a ra te of

1 1 8



Table 2.1O. 2

COMPOUND GROW IH RAVES OK ALL INDIA 1NDLX NUMULK^ OF AREA,

PRODUCTION AND YTF.I.D OF PRINCIPAL CROPS, FROM 1966 /67 TO 1 9 9 1 / 9 2 .

C Base Year : 1969-70 • 100 3

Source: H. L. Chandhok and The Policy Group: Indian Data Base: The
Economy, Vol.1, 1 99O.

9. P.S "A per annum In 1971/72, but t h i s r a t e of growth decreased

t o 1 . O 2 % p r - i . . n i i n i n 1 r i 1 P Q . 1 , - D r - : 1 1 • - ) « • . l . i v . l ) . . T . - i w . . : . - I I T . - A 1 n d i ' - x

evpr e?<=;*er) negat ive gr owth r a t e of 1 . 41 S< per annum In 1971./72,

but luLloi J inprovi->r1 .it ;i i ,itp of yi owl h cif 1 . S7 V. prM /itmum i n

1991/93. Production and yield Indices also experienced negative

yi owtli rate of -3.49 and -2.04 per annum in 1971/72, but later

the yrowth rates were positive- at 1.72 'A and 2.12 'A per annum in

991 /92 r espect i vsly.
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Area Jndox fur ground nu t , was O. 77 5i yrowtli i «ite per annum

in 1971/72. it was inc reased to a growth r a t e of 1.71 54 per annum

in 1991/92. Product ion index no t i ced a r a t e of growth of 6 .99 54

in 1971/72, and gone up to a r a t e of growth of 1 . 42 54 per annum i n

10.91/9?:. The y i e l d Index a l s o Increased a t a r a t e of 6 .39 54 per

annum in 1971/72, luttfi the- r a t e of i m.i c.v..i.- w.*_ only 1.19 54 per

annum in 1991/92. Regarding sugar cane, a rea index showed a growth

r a t e of O. 77 54 per annum in 1971/72, and the growth r a t e was 1.68

% in 1991/9?:. The product.1 on r a i s e d at. a r a t e of 4. O3 54 per annum

in 1971/72, even though t h i s r a t e has come down to 1 . 54*; per annum

in 1991/9?!. The? yi r»l d 1 nd^x r a i smi at. 3 .23 % pt-i .innum In 1971/72

and a t l . 60 "A r a t e per annum in 1991/92 r e s p e c t i v e l y . The a rea

J ndt?x under cu l lun t'Xp?i i em . r>ri n fyd l ivc yruwlli j-iito of -O. OS 54 pt?r

annum in 1971/72, t h i s has s l i g h t l y improved to a growth r a t e of

0.92 5j per annum in 1991/92. The product ion index showed p o s i t i v e

mobil i ty at r a t e of S. 71 54 per annum in 1971/72. and i t s decreased

to 1 . 3O 54 pe»r annum in 1991/92. However, y i e ld i ndox i nr:i ossed at

6.78 5j per annum In 1971/^2, but it Ini i o.jvmi at Mprresslng r a t e

of 1.06 54 per annum in 1991/92 r e s p e c t i v e l y .

2.11 INDEX NUMBERS OF NET AREA SOWN, CROPPING INTENSITY, CROPPING

PATTERN, AND PRODUCTIVITYC YTFXKM

I n d e x ' s of ne t a rea sown in a l l Tndia showed an index of 99.O

in 19G6/t37, which has, r a i d e d to 3 12.4 in 1991/92. Tho c ropp ing

i n t e n s i t y index was 97. O in 1966/67, and i t l a t e r r a i s e d to 115 .7

iri 1991/98. Croppiny p a t t e i n index i n t i c a s e d f; OJII 98. ij i n 19S6/G7
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to 1.16.81 I n 1BP1/P?. On t h e o t h e r hand p r o d u c t ! vi ty I n d e x

i n d i c a t e d a r i s e from81 . 5 i n 1 9 6 6 / 5 7 , t o 1 7 1 . 7 i n 1Q91/-92

r e s p e c t i v e l y .

T a b l e R. 1 1 . 1

ALL INDIA INDEX NUMBERS OF NET AREA SOWN, CROPPING INTENSITY,
CROPPING PATTERN AND PRODUCTIVITY PER HECTARE OF THE NET AREA
SOWN.

C Base Year : 19G9-7O • 1OO 3

Source: H. L. Chandhok and The- Pol icy Group: Indian Data Base: The

Economy, Vol .1, 199O

Considering the compound growth r a t e s , the net area sown

index lncrea-^od at a growth r a t e of O. 4£ % per annum in 1971/72 to

1.47 '/i growth pF?r annum in 1 PP.1/PS. C.r opp i ng i n t e n s i t y index

raised up from a growth r a t e of 0.71 J4 per annum In 1971/72 to

1-73 'A per annum in 1991/92. Cropping pa t t e rn index had a growth

ra te of O. DO >; per annum in 1971/72 and it i s gone up to 1.52 %

per annum in 1991/Q2 respec t ive ly . Mean while p roduc t iv i ty index

(yield) rai«5i»d a t a r a t e of growth of fi. 1 8 ><; in 1P71/7R, and l a t e r

t-h© r a t e of growth was 1.56 V. per annum in 1991/E)£ ros.pc.-ctively.
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2 . 1 2 AVERAGE ANNUAL RAIN FALL IN INDIA AND SELECTED STATES!

Rain fall is one of the foremost Important deterministic

factor In ayrlcullure product Inn, whi ch decide*; the growth

performance of agriculture over a period of time. There were

several draught years noticed in Indian agriculture, due to lack

of sufficient rain fal l . Often Indian agriculture experience

declining in cropping Intensity and yield levels. Nevertheless

rainfall does have a control on agriculture production in recent

years. The water level has been declining in icvpia] stat.ps, due

to unfavorable monsoon conditions, and over exploitation of water

for wet crops such as rice, sugar cane etc. Thus, the present

section dt?als with thc> nature of ijinf.')) ] '•.11 uM.ion In .'ill India

and selected states from 1 966/67 to 1 991 /PJi? respectively.

Coni.1 dei 1 ny Andhra Pj-itdc-sh, the avui-agc rain f «il 1 accounted

882 mm In 1966/C7. which h*s declined to 839 mm 1n 1 P.Q1 /92. Where

as Bihar expo lunced a raise in rainfall from 805 nun in 1966/67 to

1O17 nun in 1991/92. Contrary to this Punjab scenario is quite

interesting. Here the rainfall fall from518 nun in 1966/67 to 418

nuii in 1991/92. Tamil Nadu t>xpei ienced di u±>Uc decline in average.-

rainfall namely from 1155 mm in 1966/67 to 362 mm in 1991/92. On

the? other hand U. P situation was far better in the sense that, the

average rainfall i ivrL-a-jod from Y99 mm in 19RP'T57 tr>1l5P mm in

1986/87. but. later declined to 97S mm in 1991/©;?. West Bengal

accounted 1D157 umi in 19SG.X»7'. Lht--n u i i c d to 2i333 nun in 1O71/72,

but later declined to 1273 mm in 1976/77, and again raised to 2335

mm In 1981/82, then declined to 15OS mm in 19P,i /9S respectively.
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Table 2.12.1

Average Annual Rainfall in India, from 1966^57 to 1901X92.
CMi ]]imeters3.

Source: S t a t i s t i c a l Abstract ol" India , Various issues 1966 to 1991,
Agricul tura l S t a t i s t i r s at Glance, 1992 and 1994.

O.Figures in the brackets indicates compound growth rates.

All India picture showed wide flutt-uations in rainfall . At

all India level the average rainfall was97i mm in 1966/67, it

raised to 1337 mm in 1971/72. later declined to 971 nuji in 1976/77,

then increased again to 1215 mm in 1981/82, and again declined to

8S3 mm in 1991/92. The overall picture indicates that, the rain

f a l l x i l u . i t . j t j n I ; , c r i m p ! r . M . r - 1 y v i l . i t l i t ? n o t n n ! , i n t j v : •! .•=>! 1 I n d i a

but also with reipeut to individual s tates . This ia the prime

cause for declining output over a period of time in Indian

agriculture. Which implied that favorable rainfall it. very much

essential to meet the necessary water requirement in agriculture

sectoi producing more food and non-food grains.
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On the other hand the compound growth rates of average

rainfall, showed that there i s negative growth rate of -1.87 ){ in

1971/72 In Andhra Pradesh, and also in the final year of

study-O. 1O M in 1991/92. Bihar experienced an increasing in

rainfall growth rate of 17.41 % pci annum in 1971/72, but later it

was negative -4. 7O 'A per annum in 1991/93.

In Punjab, the rainfall growth rate was 4.55 "A per annum in

1971/72. but it has declined to negative growth of -8.73 in

1991/92. Contrary to this Tamil N.jrin shewed «-i1im,.t ncy.il.lve growth

rate throughout the study period of -a. 19 in 1971/Y2 and -15.50 'A

in 1991/92 respectively. U.P has some what better rainfall

experience of 9.78 V, per annum in 1971/72, to 4.40 'A pei annum in

1981/82, later experienced negative growth rate of -3.31 'A per

annum in 1991/92. West bengal experienced positive growth In the-

beginning period of 8.73 'A per annum in 1971/T2, but later i t was

negative growth of-6. 33 in 1991/S2. All India sjtenario show that

the average rainfall experienced a. growth r*ite of 6.61 'A per

annum in 1971/72. and negative growth of -b. 75 "A per annum in

1991/92 respectively.

2.13 PER CAPTTA WATER AVATLABTLTTY BY REGION:

Per c a p i t a water a v a i l a b i l i t y by d i f f e ren t ri»gt one, va r i ed

xiynl.fi c an t i y over the- p . - i ioJ UI.JLT -.t.nrjy. Pr-r- c a p i t a water

availability differs from one region to another region due to

unfavorable monsoon and rainfall rate. This settion docils. with a.
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brief s c e n a r i o of water a v a i l a b i l i t y per c a p i t a in the world with

respect t o d i f f e r e n t reg ions .

In Afr ica , t h e per c a p i t a water a v a i l a b i l i t y was 20.6 T. hr in

1950. which has decl ined to S. 4 T. M3 in 1980. which i s expected to

dec l ine fu r the r 1.e 5.1 T. M by 2OOO AD. Where as Asia which had

S. 6 T. M3 in 19S0. has decl ined to B.I T. M3 in 198O, l a t e r wi l l I s

expected to d e c l i n e fur ther to 3 . 3 T. M by 2OOO Years. In cas.e of

Latin America, i t was 105.O T. M3 In 19SO. it decl ined to 48 .8 T. M3

in 1980 and is expected to d e c l i n e fu r the r to28. 3 T. M by 2OOO

Table 2. 13.1

PERCAPITA WATER AVAILABILITY BY REGION, SELECTED COUNTRIES 19S0 TO

2000C 1000 m 3 3

Source: N. B. Ayibefelu 1992.

years. However. In Europe t.he p e r c a p i t a water a v a i l a b i l i t y was 5.9

T. M3 in 1950, but i t is l a t e r expected to dec l ine to 4.1 T. M

by2OOO A. D. F i n a l l y . North American exper ience was t h a t , it was

37.2 T. M3 In 1S3O.deel1ned to 2 1 . 3 T. M3 in 198O, and fu r the r

expected to d e c l i n e to 17.5 T. M by 2OOO A. D.
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Reglon

Africa

Assia

Latin America

Europe

North America

1950

20. 6
C—3

9.6
C--3

10t>. 0
C--3
5.9

C--3
37.2
C—3

I960

16.5
C-2. 19)

7.9
C-1.933

80.2
C-2.665

5.4
C-0.883

3O. 2
C-2. O63

1970

12.7
C - 2 . "583

6.1
C-2.353

61.7
C-2. 593

4.9
C-0.973
25.2

C-1.793

CProjection}
1980 2OOO

9. 4
C-2.9G3

5.1
C-1. 783

48.8
C-Z. 323

4. 4
C-1. 073

21 .3
C-1.673

5. 1
C - 3 . Ol 3

3. 3
C-2. 153

2 8 . 3
C-2. 693

4. 1
C-0. 333

17.5
C -O. 983



A measure of compound growth r a t e s i n d i c a t e , a nega t ive

growth r a t e a l l over t he world. In case of Afr ica , almost n e g a t i v e

growth exper ienced i . e -2 .19 5i in 1Q8O to - 3 . Ol V. to 2OOO A. D.

Asia a l s o accounted nega t ive growth of - 1 .93 5i in 198O and - 2 . 1 5

to 2OOO y e a r s , Lat in America and Europe no t iced nega t ive growth

r a t e s of - 2 .66 % and -O. 88 V. 1 n 1 98O to -2 . C9 'A and -O. 35 J4by2OOO

Years. F i n a l l y Nor tli Ahieiici a l s o no t i ced nega t ive gi owth o f -2 . O6

in 1980 and -0 .98 by E000 Years r e s p e c t i v e l y .

2.14 SUMMARY AND CONCLUSIONS:

In this chapter the data rpi at,1 ncj to the rroppi ng pattern and

cropping intensity in Indian ayi lculture and :ielcn_ted iilates was

analysed. Along with this somr? other issues like profiles of

selected s ta tes , factors affecting growth performance, area

irrigated by different sources, net s ta te domestic product from

agriculture, economics of crops cultivation, potential yields of

HYVs, index numlx?) s of area, production, and yield of principal

crops, index numbers of net area sown, cropping intensity,

cropping pattern, and productivity, average- annual rainfal l , and

percapital water availabil i ty were also analysed. The main

findings are l isted as follows.

It is clear indication that, the states which have tremendous

development in agriculture scene were showing relatively higher

development. index, while compared wi t.h agriculturally less

riftvel opment states. Regarding factors af f prt i ncj growth
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performance, observed that, di fffriMirt» In averagp «lze of holding,

Intensity of cropping, percentage area under HYVs, percentage area

irrigated to total cultivated area, fert i l izer use per hectare,

and credit availability are the some Important, factors which

explain regional disparities. The analysis relating to source- wise

irrigation indicate:, that, the area undc-i tiinal i. has boon slightly

declining, where as the area under tube wells and other wells was

increasing drastically. Thl s is a clear indication that. the

pressure on energy sources such as diesel and elect.ricity is

increasing faster rate.

In t-aso of ni»t state domestic produt-llon from ayi'i till t ure,

the analysis was showed that fluctuations over time due to several

causes. It may be due to declining area under irrigation,

unfavourable monsoons and changes in cropping pattern, and

cropping intensity etc. It was observed that, the ye;jr 1991/92

iliowod dtv 1 i nl J>y yi uwlli i jto^ not only in whole- India Lai ."ilso in

almost all t.hp states. The analysis with respect to economics of

Liopi cultivation obi.fi ved that, in all ;nc>̂ t all the states,

sugarcane is showing higher cost of cultivation while comparing

with other crops, due to high application of inputs with more

operational act ivi t ies . However, the empl oyniont, irrigation, and

avei age net Income is also high In c:a«r= of sinj.ircarie.

The observations with respect to cropping pattern and

cropping intensity were identified that, the area under rice and

Jowar slowly declining, where as the area under wheat and
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sugarcane- Increasing at fas»tei ra te . However, cotton and ground

nut shovwd fluctuations over a period of time, with rhangi ng

shares In overall ag i icul tura l production. Croppiny in tens i ty was

also showed fl uctuat I oni uvei * pp-i 1 od of 1 line, rjiji? to

unfavourable rainfall and drastic decline in irrigated area. The

data analysis relating to potential yields of HYV seeds indicate

that, there is a clear difference between potential yiold and

actual yield with respect to different rrop<;. There are several

fatter i which influence yield mcchjiilsni in Indian agriculture.

&?nm a) ly the yield component was Influenced by several factors

such as availability of water, fertilizers, and other inputs,

especially application of inputs at efficient level, which are

related to the farm management skills in production.

In case of rainfall the analysis observed that, the rainfall

sltuat.Jon completely volatile not only in overall Tndian but also

with respect to individual states. Thi s Is the prime- cause for

declining output over a period of time in Indian agriculture.

Which implied that favourable rainfall is very much essential to

meet the? necessary watoi requirements in agriculture sector

producing more food »nd non-food grains. Bas-ed on t.hpsn findings

the next chapter will demonstrate the nature of factor shares in

Indian agriculture with respect to selected states.
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CHAPTER 3

FACTOR SHARES IN AGRICULTURE SECTOR

3.0 INTRODUCTION:

In recent years, the introduct ion and spread of modern

technology have brought about a substantial increase in

agricul tural productivi ty in India. But the gains of such

increased productivi ty are said to have been shared unevenly by

various factors of production and admtnl^traH VP regions. There

was evi rtenci? from different s tudies tha t there is some defjree of

growing Inequali ty in factor shares in agr icul tural production.

Howevei . iliiCL- mos»t of the^e ^tudic^ did not have any ay^Leiriatic

riat.a base over timo and space, the resu l t s reported remained

largely in rnnrl n^ive. Beside*?, there were noticeable changes in

factor use in farm product,ion in the 3 at.e seventies and the

nature, extent and impact of buch changes at the jiuiei o level have

not thu:> far bi-cii explored.

The share of capital in the to ta l cost should increase and

that of labour and land should decl ine with the advance, in the

level, of agr icul tura l technology. The impact of technology, which

is generally land-^ubati tu t ing , on the sliare of liiiiJ uuxy be p a r t l y

nul l i f ied due to r e l a t i ve ly faster increase In the value of land

as compared to other category of factors mainly because of i t s

scarci ty , investment. of capital in it and increase in i t s

productivity. The share of labour would decline because both wage

rate and the use of labour has been increasing M a much slower



raLtf v J s - a - v J i other f « t l n t v of produr-1.1 cin. Wi th in .J rog lon a

t e c h n o l o g i c a l l y .idv.mi:i?d CJ op would have a lowt i i.h.w <_• of l.md and

labour and a higher share of c a p i t a l a«: compared to other crops.

Under homogeneous a g r o - c l i m a t i c c o n d i t i o n s , the share of f a c t o r s

foi a c rop should not d i f f e r much aniony the reg ions .

3.1 FACTOR KNDOWMKNTS IN INDIAN AOKTCU1 .TURF AND SKLECTKD STATES:

While comparing the statewlsp variations tn agricultural

production and factors combinations, it is rele-vant to discuss the

aval 1 abl tv resources which endowed by states ovei a pc-i iod of time.

Factor endowments wi l l always talks about the- spoci a l l nation or

dominance of particular factor which is abundant in the respective

region. Depending on this factor avai labi l i ty the variations in

agricultural production wi l l took place in between states. In the

pie-jcnt bludy the- fuctoi i conild'-'rer) arc, arcs under ci op, labour ,

draught powsr , capi t al C agr i ni l tural machinery and 1 mpl pments.1 ,

fer t i l izers, pesticides, and energy in paiticular.

H c j W t . - V t i l , i t i -r. l n t n i P v l I n r j t O 1 r->r>V ; 1 I \ ) i \ - i j l J M C . t u I C - , 1 f 3

part icular factor i s abundant, in selected s ta te , that state can be

produced more output by considering those factors. Suppose, Bihar

and West Bengal lias> s»ti l l having much amuuril of huiiu-u. ^iid draught

power, so that thrv^r; si al.ps r:an dr-jji-nd foi noinc- t i m.-- on th i s

swirciis, which can be supplemented in pi ar.iv of commercial energy

N c j u . r c - , . O n I h r - c.it.lu..-i h o i u l l . l u - . r - ' . 1 ; i l r - . , . : i ; . l . . j i _ : i u j l i . v . . - . 111.1 i r . b e - r o f

tractors and pump sets as comparing with othe-r states, much number

of wooden and iron ploughs has noticed in these states.
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Similarly, Punjab and U.P has recorded high number of

tractors and pump sets with reletively less number of labour and

draught power. In this context, these states were mechanized their

farms at faster rate In order to reach the reqni rement.s of the

state. So, the above analysis indicates, that, factor endowments

are very much essential to over come the statewi se variations. It

can be further iuygeited that by c<->n:»ide-i ing above mentioned

observations one can meet the uni'i yy roqul i rrnrMit >., .«>; well as

alternative energy resources which are very much essential for

producing self sufficient food grains in Indian agriculture.

Factor combinations and factor shares in agriculture depend

on a number of factors such as thc> rwource i;r«i"wmi»iils of the

region, the type of crops grown, level of technology used, factor

prices and Government policy. Distribution of factor shares and

their change over time, and space is important in the context of

economic growth and social Justice. Estimate-;, uf factors shares in

agriculture can be viewed in two ways. One approach is to estimate

the contribution of various factors in the total agricultural

output through the method of production function analysis. Another

method is to estimate the factor proportions in the total cost of

proclur-t.ic.in and thei r shares in the total value of output, and to

det.fir ml ne how these shares vary Among different crops, over time,

â  well as among different regions and to indicate the reasons

thereof.

One should be aware uf changes in factoi JJ.JI tit-ipotion from

t-radJ tional type to modern type that have created enough pressure

or> energy demand in recent modern agriculture. It should be

131



noticed that the efficiency of modern Inputs are always higher

while comparing with traditional inputs. Keeping this into

consideration the preceding section will discuss about the

existing literature available in factor shares oi substitution in

Indian agriculture.

Waghmare, R. E and Dhoi\gadbe(. 1983~) analysed, inpu t -ou tpu t da t a

of important ci ops studied undui cost of cultivation schemes

opiyrated in the state of Mah.ii ashtra. They exdudncd the- changes in

factor shares due- to use of high- yieldiny vai ie-tyt HY V3 seeds,

irrigation, and improved method of cultivation over the use of

local varieties, unirrigated cultivable and traditional method of

i:u!U val.lon rp^pprt.ively. The* «st udy rovered the crops of

paddyC1973-743 . bajraC1973-743. JowarClS71-72, 1973-74,1977-783.

cotton C1976-773. WheatC1975-763 and sugarcaneCl973-74 and

1977-783.

A comparison of the factor shares in respect of local and HYV

paddy, unirrigated and irrigated wheat indicated that their

relative share of capital has increased as against a decline in

the iihare of labour, ini1lc.aL.iny Lht_-i t_-by a substitution between

labour and capital that has taken place in HYV paddy and irrigated

wheat.

The study of hired labour sharpy due to i mprovsrl technology

in Jowar, cotton, paddy and wheat showed a marginal decline over

thp traditional technology. However, over a period of time, the

share of hired labour in the cultivation of juwai ^nd iuyar cane

crop showed an increase. Comparing the changes in the factor
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shares for sugarcane and Jowar over a period of time , it was

observed that there was a decline in the share of pi of it in

sugarcane cultivation while there was neither an increase nor a

decrease in the share of profit in Jowar cultivation.

Another interesting study was by Bhatia.M. S e t. alCl98Z0, who

did analytical wort based on s ta te wise data of factor cost and

returns In the cultivation of whomt JUJ IILU foi the yt:.ii 1971-72

to 1980-B1 that was gf»nt»rat.r?d undw the " c-omprohensi VP scheme for

studying the cost of cul t.i vaii on/protiurt,1 on of principal crops of

the Directorate of Economics i»nd S ta t i s t i c s , Ministry of

Agriculture. Government of India.

The main conclusions drawn in th is study were: The rising

capital-labour ra t io without af f ect.i ng the obsolute share of

labour in yrosy output would hf»l p not. only Increasing farm output

but also in maintaining an egali tarian order in the economy. The

states, l ike Assam, B1 har , Orissa, Wf>st Bengal and MadyaPradesh

were showing low capi tal-labour rat.io and low productivity, exist

simultaneously. In addition, the resul ts indicate that more

increase in the use of capital would not ra ise factor productivity

in s tates l ike West Bengal and MadyaPradesh, unless supported by

othc»i- nr>a«;ur(*s such as t Rc-hnol oy I t:a1 and institutional changes.

With an abrupt increase In the prices of oil products since

1973-74 the cost structure and input -ndx in farming have been

r?xpt-i J r-nr-i ny a rapid i.lwny^. Tli is. h*i:., -iffr-. ..tod tin- .il 1 or ation,

uti l isation and payment of various factor* of production.
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According to Bal.H.K et.al Cf9833. who did extensive work, to

examine the efficiencies, factor share and the productivity of

various factors in crop cultivation in the- central d i s t r i c t s of

Punjab at two points* or time, namoly CO pro price hick

periodC1972-733 and CiO post-price hick periodC 1980-81 :>. The data

of 50 holdings from the " comprehensive schemes to study the cost

of nil t.l vat.i on of prinripal crops" for the above two time periods

were laken and Cobb duuyla^ uiodel VJS ojnpl oyc-J fu thii. analysis.

However labour , draught power , i r i i yatiun, fi-i t.i 1 i y.tit s value

including weedi t.ides, and rental value of land were taken as the

independent variables and value of the farm uutputCcrops only} as

the dependent vni lable.

It w.-î  noted that the el ast 1 ri tl*»=; of proHurt 1 onf i n value?) of

human labour, drauyht power and rental value of land have declined

in 1 9RO 81 over 1 H7P: V.-i. but Mi.'-t of i r. I u.,1 1 ,. „. I,.,-, i , u , . ..-..--d over

this, poi iod. Pei I'luclii! o use of human labour has dei.r eased from

636.11 man-hour in 1972-73 to 368.11 man-houi in 1980-81. The

average level of use of other factors has increased over the

period. This indicates substitution of human labuui with other

factors, mainly with i r r igat ion. fe r t i l i ze! $. and weedicides.

Marginal value of productivity in both the time periods were

higher than the factor cost with human labour and f e r t i l i ze r s

having sufficiently higher marginal value productivity. This

indicates; that, productivity Cin valn«» t w i e l r-an h«» 1 nrrpased

further at tho siamo level of not y.-iin.
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Pandey.U. K. et. aK/9635 , analysed the fat-toi bluie-- and value

shares of output in Haryana agriculture under different periods

and the impact of tochnol oyi t:al rhangp on factor proportions and

their shares in output based on total factor productivity

approach. The study involves the measurement of growth rates of

output anti input. indices for r>.irh of Hie i-even dis t r ic ts in

Haiyana duriny puiiod I Cprc-yj oc-n involution poiiod, 1UU6-57 to

19B5-663 and period II Cgreen revolution period. 1966-67 to

1973-743 and ol oven distrit-ts during pciiod III Cpost green

revolution poiiod. 1974-75 to 1981 -833 with the help of secondary

data.

The study reveals that the traditional input accounted for

the bulk of total factor inputs during the pre-greon revolution

period while in the subsequent periods Cgreen revolution and post

green revolution periods} the share of modern inputs has

considerably inci oasod. Due to yroon revolution the output growth

has t.-rvi-si dnrably I nrrreassri amongst d is t r ic ts and state*.

Undoubtedly, considsi able gi owth lias octui red in modern inputs

during t hr> po-t -yi-nnn i-pvnl ui Ion pf>r i orl In it prrvinrM 1 vl t y h.is also

fallen steeply amongst the districts, iind in the iLate. Trie

districts which has better resource endowments hai real 1 tied th&

benefit of technological change In the state.

One of the important study by Singh. J. PC 1 °S?5 , looks at the

factor sharws In Indian agriculture. The main objective was- to

"faitii ne the «vtent of variation in fart or «:hare<=: In agriculture

aiuong this regions and also ovei a pei iod of time iind to find 4,Y>&

reasons for these variations.
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The share of factors has been worked out in the total cost of

production. This approach is based on the assumption that the

return;, to scale are constant and prices of various factors of

production are proportional to their marginal value products. The

data used for deriving factor shares comes from the " studies in

the economics of Farm Management" and the " comprehensive scheme

for the study of cost of cultivation of principal crops". The farm

management studies data have been used for three out of five

dis t r ic ts foi which l.lio situdl <̂  wf?re=» i updated.

The main findinys of this study are. the sluu-c- of land has

declined and that of capital has increased in regions with better

agricultural perfQI nuiice . The* share of labour declined in al l the

regions. The factor shares for wheat are found to be quite close

among the major wheat growing s ta tes . This is because the

agro-climatic conditions and the extent of adoption of new

technology are fa i r ly similar in the major wheat growing s ta tes ,

bu* differ widely among the major r ice growing 5tt.at.es. Capital is

found to be the most important factor in Punjab where as labour is

found to be the most important in Orissa.

According to Gxthja. SC1990) , who did analytical study on

changes in labour intensi ty in Indian agriculture by taking farm

level data from four periods commenr-1 n^ with the 18BO; In order to

study the vaiiation in labour use for diffui uit i_rup£. The main

»l)':frv;U.ion for t.lilw «~-(.uHy ( «; that ayri fill t ural 1 y progressive

ari^i, showed dci-lJiiu in laLuui inlrn^ity by the lffiOs, while

increases are observable else where. It is largely showing that
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modernization in agriculture is replacing the labour force, which

means substitution of 1 nputs are taking place to improve the

efficiency of agriculture with notable productivity.

Ramasxnamy. C and Suresh. kwruzr. DC19932, who did extens ive work-

on inter-regional variations in agrarian labour productivity in

North-Western zone of Tamil Nadu. The main objectives of this

study are, estimating the labour productivity and marginal

productivity of labour in across regions, to examining the various

factors influencing variations in the cunstl tnr=rit components of

labour productivity across regions and prescribing policy measures

to Increase the labour productivity and to reduce i ts regional

variations . For this study two different regions were selected on

the basi b of irrigation intensity. One rcpi L-jcnling high

irrigation intensity and another low irrigation intensity. Thirty

farm households were selected randomly to represent, each region.

The main evident from the analysis that, the man-land ratio,

fertllizer.cropping pattern index are the major factors

Influencing vai iations in yield. Man-land i aliu is the most

prominent factor. Cropping intensity is the single dominant, factor

explaining variations in the man-land ratio across all regions.

Tractor power *;how>; siynjf Irwnl ruwĵ tivp i tif 1 u^nce tin tht» man-land

ratio. Development of major and minor irrigation, net sown area

a n d n i A . i i - r i y . i t t ? d ; i r « = » a w i l l s i i l i - . l - n i l I .< 1 1 y 1 i v i i • - i - . i - . t h o l a b o u r

productivity. Increased use of yield augmenting inputs like HYV

seeds, fertilizers also augment labour productivity.
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In a recent study conducted by ScztyaPaul arvd Raj&sh

HehtaC1991>, they ex.pl or od the fact or dom.ind and subst.J tut.l on In

Indian agriculture. Translog cost function has boen used to

p l - u v J d f mc-u-.urt?-. o f far- l .o i - dom.-ind, t^ti-.-l i r - j 1 . l t « . o f - . n h s t . l t u t i o n ,

biases of technical change and to test hypothesis about the-

s t i u i . l i i r o o f p r o d u r 1 i vf t y t p r h n n l n y y i n I n r l l ; i n .'irji l i u l l u r c - . T h e

study covers the pei iod 19S0-61 to 1983-83.

The results based on this approach reveal that the

agricultural technology hai been biased towards the use of labour

and capital , and towards the* saving of fort. 1 1 1 v.(*rs and other

inputs. Since the prices of all the Inputs have Increased, the

labour and capital u^lng biases of technology seem to be the

outcome of biased innovation possibi l i t ies . There exist strong

substitution (jossil)l litl«."j bc»twor?n labour and capital and between

capital and fer t i l izers . This is of great importance for India and

otliiM l o i i d o v o l u p e d ci-njiii. i -ir.»s. I n ^ t u a d tjf nub. i . i v c u \ .o o f c a p i t a l

f s u r h a<; t r a c t o r , e t c . 5 , t h *»«:*» r r m n * r 1 e=; c a n ma)f»> o y t pt>cl v p u s e o f

chomlc- . i l fc-i tJ 1 i-c<-:i :•. . imi I n u w n l . i l v m i i t , ui di -i t o i n c r e a s e

agriculture production. The low value of price elasticity of

demand for fertilizer and other Inputs is also of closer

Importance. It suggests that a marginal change in i ts pi ice level

Ctliouyh for t i l i*:cT uub-.idy oi othr-i pnl J r.y iii^:,uiLi) i ;. i.ot. l ikely

to affert i t s consumption substantially in Tndian agriculture.

According to Ranuesh. CCt9865. who did analytical study on

effects of input and output prices on input demand in Punjab

agrieulture» CO to estimate the systems of input demand equations

f°r major crops of Punjab. CIO to compare the inter and Inter
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crop effects in input-output prices and some other exogenous

variables in input use, C l i o to study the effects of price

changes on growth of input demand. This study has used profit

function rather than production function for estimating effects of

price and non-price variables on input demand. The data used for

this study available under * comprehensive achc-mc- for studying the

cost of cul t ivat ion ' collected under the aspirin of Directorate of

Economics and S ta t i s t i c s , Ministry of agriculture, Government of

India.

The resul ts showed that , all fixed Inputs appear t.o be

Important in influencing inputs use, and tholi offei_t on different

inputs and in diffc-i ent crops is not uniform. Expenses for the

I nvo'.f rm'nt in I r r i g;it I on I m-r f;i>-!»H I hnl r r1t?in.i:id for «1 1 t.ho input

and In almost al l the crops. I t s effect was more pronounced in

paddy compared with other crops. Capital expenditure which

consisted mainly of investment in fixed assets/farm machinery was

olwwvuJ to be- î pcM-fcs(,t substitute- of bullock l^U'ur . An lncroisf

in capital expenditure at the rate of 10 percent would displace

the bullock labour at the rate of about 9 percent in wheat, 5

percent In paddy and cotton respectively, and about 4 percent in

gram.

A sum of e l a s t i c i t i e s of Input use with roipect to capital

expenditure-, i r r igat ion iiiid land pruvidus the ;,tjlc t̂ l jiiti cl ty

which gives the simultaneous Pff*x-t of all the fixed Inputs on

input if-.r-. With I.!):.- innr-.v.i> In t hr - -.c..lc. of J,I <.AiiK.t.i on human

labour use increased at diminishing rate in wheat and paddy but it

'^creased in cotton and gram. The scale e las t i c i ty of bullock
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labour was n e g a t i ve I n wheat and n e a r l y z e r o in paddy. S c a l e

e l a s t i c i t y o f f e r t i l i z e r demand were q u i t e uniform as in wheat ,

paddy and c o t t o n and they ranged between 1.01 to 1.05

respectively.

3 . 2 LABOUR ABSORPTION FOR MAJOR CROPS IN SELECTED STATES:

Ashok Gulati, Praduep. K. Sharma?199O5, analysed the absorpt ion

o f l a b o u r f o r c e for major c r o p s i n s e l e c t e d s t a t e s , b y rons.i de-r ing

man days per h e c t a r e o f c r o p p e d a r e a under d i f f e r e n t c r o p s . The

t a b l e 3 . 2 . 1 l l l u i l i j t o 1 aboui a b i u i p t l o n fui major t.i ops i n

sol e r t .*»H Rt.at*"! A^rnrHI ng to them In Andhra P r a d e s h t h e r i c e c r o p

demands *»J uur.d lLiO. JJE m..ni cl.a_> •_, .')i<_ , .-. ., ->y<> '• n .1 j<_.w.;i tjt.). OO man

d a y s / h e , where a s g round n u t and s u g a r c a n e a b s o r b i n g 8 6 . 3 6 and

344.88 man d a y s / h e r e s p e c t i v e l y . I t was o b s e r v e d t h a t s u g a r c a n e

i s demanding much l a b o u r n e x t t o r i c e .

Table 3 . 2 . 1

I.AROUP AHSORrM 10N( M.m diiy./iirO !(>!? MAJOJ! CI'OI'S JN SDICIIT) STATES

Sta tes

Crop .

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

A. P

150.58

SO. O9

86.26

344. 88

BJ bar

1O7. 37

9P.O3

122. 41

Punjah

1O4.77

51.54

101 . 27

T. N.idu

159.36

10b. 88

332.54

U. P

108.80

77.34

137.45

W.Bengal

129.19

Weighted
average .

101.84

66. O3

61.63

80.16

99.76

191.76

Source: Ashok Gulati , Pi adoep K. Sharma, 1990.
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HoweviM in Bihar-, i Inn ahsorLing 1O/.37 m.-.n d..y-..4ic, wheat

noticed Q2. O3 man day«;/rH» and sugar cane 122.41 man days/he. In

cast? of Punjab rlcfi not.) cod 1O4.Y7 m.-i, cJ.jy-./lio, noxt ttomos wheat

around F31 . 54 man days/he and cotton 1 O1 . 27 man days/he

iX'^pt'Ltively. Rico di-nuawdi wy iuu<-li ljljuur comp.ii od with other

ti ops. Tamil Nadu noticed 159.36 man days/he in r ice production,

next was 1O5. 88 and 332.54 man days/he in ground nut and sugar

cane r«sper»1 w l y . Sugar cane demanding murh labour force,

compared with other crops.

Uttar Pradesh noticed, 1O8. 80 man days/'he in r ice

cult ivat ion, 77.34 man days/he and 137.45 man days/he in case of

wheat and sugar cane respectively. We5»t Bengal accounted 129.19

man days/lie in i l c e cul t ivat ion. On the whole, based on the

woi yhtrvj uvorayi-, H. IK no1 1FT-.F1 that , d r c , w)n.-.it., jowvir, ground

nut, cotton, and sugar cane are absorbing 1O1.84, 6fi. O3, 61.63,

80.16, 99.76, and 191.76 man days/he cropped area. Overall

observation witnessed that sugar cane demanding mure labour force,

next is i l c e , cotton, ground nut, wheat, and Jowar respectively.

BRI:;IIJ>=S<» suysr i:;ins cul t ivat ion I nvol vt»̂  yii'»v«>ral ojicral Ions, next

to r ice cu l t iva t ion , consisting of operations such as land

preparation, plantat ion, ln te rcu l tu re , winnowing, threshing, and

transplantation e tc .

3.3 CROP-WTSE LABOUR ABSORPTION IN INDIAN AGRICULTURF:

According to Tyagi.D. SCI981>. who es t imated the c rop-wise

labour a b s o r p t i o n by t ak ing two pe r iods i . e 1970/71 and 1979/80.
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a S s tated in table 3 . 3 . 1 . the crop wise labour absorption in

Indian agr icul ture , noticed Interest ing observations. It

was observed that r i ce crop i s absorbing 1O9. 94 man days/he in

1 g/O/71 . l a t t e r it I ra:iivr:r>H to 110 CiA ,r..,u tl.iy-.'l.t In 1 97 9.'SO.

where as wheat demanding 80.46 man dayr;/he in 197O/71, whi cY, has

bt;r>n i-«Ised to &P.. 1 1 man riays/hp in 1979/8O. Tn case nf Jowar, it

is absorbing Ha. 75 man days/he in 1970/71, l a te r I t witnessed

58.09 man dayis/he in 1P)79rfiO. Labour steorpt I nn r a t e wa<; s l i g h t l y

declined in case of ground nut, which was 73.31 man days/he in

19/0/71, la ter dc-clinc-d to 73.01 man djy;i/he in 1979/80. Cotton

and sugar cane accounted 81.98 and 217. YS man day?s/ht» in 197O/71,

which was further Increased to 83.98 and 219.92 man days/he in

1979/80 respectively.

Table 3.3.1

CROP-WISE LABOUR ABSORPTION IN INDIAN AGRICULTURE.

(Nan d a y ' s per h e c t a r e )

Crop Tyagi E s t i m a t e s ,

1970X71

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

1O9. 94

80. 46

55. 75

73. 31

81.98

217.75

Triennlum ending

1979/^0

110. 04

82.11

58. O9

73.01

83.98

219. 92

Ashok Gulati Study
average of 1 QSO/'Sl
to 198R/«7.

1O1.84

66.03

61. 63

80.16

99.76

191. 76

Source: Tyagi , D.S, 1981.

Ashok Gulati, Pradeep K. Sharma, 199O.
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Ashoh GulatiCi9901, has also estimated the labour absorption

rate In different crops in Indian agriculture by taking the- period

average of 1680/81 to 1986/86. He noticed that, rice is demandino

101.84 man days/he, where as wheat, Jowar, ground nut, cotton, and

sugar cane on the average from 1980/81 to 1986/87 where demanding

around 06.03. 61.63. 80.16, 99.76. and 191.76 respectively.

In both the estimations it was ubiei V(_-d that sug«jr cane

absorbing much amount of labour force, next is r ice, cotton,

ground nut, wheat,, and Jowar respectively. Thf ft iiiditalou that the

labour absorption is s t i l l much high in different crops, even

though modern technology was introduced in Indian agriculture. It

i m p l i e - : . L h ^ t ] ^ 1 I M . . H f i . . i i . . . i •:_. •_. L . J 3 3 •: . - J . > t j n g < n 1 i : m g w i t h r i i o c i e > r r >

technology. This coriclusion 9«tvc J «*i se to a ] easonable- support to

the positive- CM: rmnml si ^ , wliori1 thr* srgi.iiw>nlf «»nl i gh*..otif>d that

riiodt.1 ii techmology improved the tfeinpl oymerit coiiditions in Indian

agriculture.

3.4, VALUE OF INPUTS IN INDIAN AGRICULTUREC AT CURRENT PRICES):

Value of Inpu t s is one of t he over emphasising i s s u e in

modern agricul ture , where the input costs are increasing at a

faster ra te . In order to identify the nature of inputs

contribution in agriculture, i ts» contribution towards output

production t-;iii br» r»x^mln«rl In th! x s«c-tlon. Tht» val un of input's in

TndJan ayi K.iiltun.' i >. SJIUJWI. i n t.,LI c S.4.1. PJi:-.tly, tho cost of

seeds used in Indian agriculture noticed, R-?. 7O8 crores in

1866/67. Increased to 4-287 crores in 1991/92, an equivalent of

21-9 M in 196o/B7 to 11. S V. in 1O91/93.
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O n D i e - o t . l u . T b . n u l m u l l i U l t . l o i , u f O j y . i n l . I n . u m . . . I l K T M S U d

a t , Rs.182 L-I ui e i in 19G6.-B7, which Iu;, r^ii-i.-J up UJ Us. 2156

r ror i«! In 1QP1-^O2, in pe rcen tage Iprms it I s almost equivalent . t.o

7.S V. in 19O6/B7 and 5 .6 >; in lgQl/vii . Chemical f e r t i l i z e r s

Table 3. 4. 1
VALUE OF INPUTS IN INDIAN AGRICUITURE SECTOR: 1966/67 TO 1991/92.

CAt Current P r l c e s 5 , Rs .Crores .

Inputs :

Seeds

Organic
Mriiiures

Chemical
FortJ1i zers

Maintenance
of assets

Fi?cd of
Live stock C

Irri gation
Charges

Market
Charges

Electr ic i ty

Pesticides &
Insecticides

Diesel Oil

L 966 /67

VOU
C21.93

182
I / . S3

185
CB. 43

127
C4. 63

1OCM

54.53

37
("1.53

68
C2. 33

23
CO. 73

30
CO. 53

68
C1.25

Total 3031
I n p u t s C1OO. O5

1971/72

743
C16.43

294
CO. 53

470
( 1O. 43

124
C2. 73

C52. 25

48
("1 .15

102
C2. 35

71
C1 .65

44
t l . 0 5

27O
C6. 03

4M24
f 100. 05

1976/77

1110
C13.13

584
( 6.93

1390
( 1 H. r¥)

227
C2. 75

300rJ
C4E. 45

133
n .fi3

161
C1.93

197
C2. 33

171
C2. 05

927
C10. 93

8!518
f1OO.O3

1981/32

1C41
C10. 95

753
( A. S3

3010
< 1 7 . R3

871
C5. 25

HJJLJ
C 49 .33

147
f O. 95

Q60
C3. 95

314
C1.95

31 O
C1.83

658
C3. 93

16PPP
C1OO. O3

1986/87

.2403
C9.93

1260
< 'J. O5

5051
( 2O. 03

1638
C6. 53

11 DGO
C46.25

195
CO. 85

946
C3. 75

530
f 2 .15

431
C1.73

1O7O
C4.23

2S283
r 1 oo. 05

1991SSZ

4287
C11.15

2156
C5.63

6398
C16. 53

3019
C7.85

17914
C 46 . 23

267
CO. 73

1670
C4. 35

643
Cl . 7 3

488
C1.33

1881
C4.93

38713
C1OO. O3

Source-: CMli:: I5.i-.ii SI ; i t i o t i • ».: Pr-1 uMuH I n 1 li^ I n d i a n
EconomyC19943

C Figures in the brackets will Indicate percentage share of
Iiiputs3.
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increased at faster rate I .e Rs. 183 crores In 1866/07 to Rs. 6398

crores in 1091/92. In percentage terms it equals S. 4 V. in 1966/S7

to 1991/92 respectively. Malntenence of assets raised from Rs. 127

rrnrfw in 1966/67 to Rs. 3O1 9 crores in 1991/92, percentage wise

4.6 ?• in 1966/67 and 7.8 V. in 1991/92. Animal feed noticed Rs.

1604 crores in 1966/67, la ter i t has gone up to Rs. 17O1 4 crores

in 1991/92. or from S4. S 'A in 1966/B7 to 4£. 2 '<. in 1091/92

rev»'p(«:tl vr«l y.

In iga t lon rli.ii ge^ 1 ^ised from Rs. 37 rrores in 19»5H/R7, to

Rs. 1 2E57 t;rc3i-t>5> In 19P1/9S, or from 1 . f3 % In 1 QRR/67 to O. 7 % in

1991/Sri. Market charges also yone up from Rs. 68 crores in

1966/67. to Rs. 1670 u u e i in 1991/92. oi fium ideal to 2. 3 Ji in

1956/67 to 4.3 X in 1991/92. E lec t r l t : i t y is ono of thr? ! mpor tant

energy <sourre in a g r i m l t n r e , whirh noticed a jump from Rs. S3

u ui cs in 1 9uL>/C)7, LoRs. 64P t . oi cs in 19^1 .^32., in ptM rent., age

terms it is O.7 '/< in 1966/67 to 1.7 V. in 1991/9S respectively.

Regarding pesticides and Insect ic ides, which Increased from

Rs. 3O crores in 1966/67 to Rs. 488 crores in 1991/9S, or O. 5 >i i n

1966/67 to 1.3 'A in 1991/92. Diesel o i l is another important

energy component in agr icu l tu ra l production process, which

wl trws-'jed an Inn-rasp from P«?. RR r r n r w In 1 O.RR /TV7, to Rs. lftftl

crores in 1991/92, or 1.2 % in 1960/67 and 4.9 '/. in 1991/92

respectively. Total value of inputs experienced <± twelve times

Increase in value i .e Rs. 3031 crores in 1966/67 to Rs. 38713

crores in 1991/92. This is a clear indicat ion that , the input

burden is ra i s ing at a faster rate in agr icul ture sector in modern

agr icul ture. Due to th is reason farmers shi f ted their production
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from food crops to commftrr.ial c rops , where commercial crops a r e

more prnfi \.n\A <> while- uuinp.i r I ny wl t h frj>ori crops.

On the other hand, as s t a t ed in the t a b l e 3 . 4 . 3 . compound

growth r a t e s show iuae i n t e r e s t i n g icui idi io: Seed increased at

0.97 V. per annum in 1971/72. l a t e r it was r a i sed at i nc reas ing

ra te 11.45 V. per annum in 1891/92. Organic manures not iced a

growth r a t e of 1O.O7 >£ per

Table 3. 4 .2

COMPOUND GROWTH RATES OF VALUE OF INPUTS IN INDIAN AGRICULTURE SECTOR:
1966/67 TO 1 991 / 9 2 .

CAt C u r r e n t P r i c e s ) , Rs. C r o r e s .

1 4 6

Source: CMIE: Basic Statistics Relating to tho Indian
Frnnnmvf 1 QQ11

Inputs

Sends

Organic
Manures

Che mi r a l
Fer t i l izers
Mai ntenance
of assets

Feed of
1.1 ve stock

Irr igat ion
Charges

Market
Charges

Electr ici ty

Pftst.J r ides 8
Iiisi-'L-tl clde-s

Diesel Oil

Total
Inputs

1966/^7 1971 /-"72

0. Q7

1 0 . O7

HO. SO

-0.48

8.03

5.34

8. 45

7.96

31. 49

8.34

1976X77

B. S3

14. 71

2 4 . S?>

12.86

8.87

22.61

9.56

P.P.. 64

3 1 . 19

27.98

13.49

1981 /«2

1 O . !51

5.22

16.71

3O.86

18.22

2. O2

32.60

ft. 77

1 2. 63

-ti. 63

14.68

1986/87

(3. 23

1O. 84

10. PI

13. 46

6.96

5.81

7.47

11 . O4

6.81

10. 21

8.40

19«1 /"92

11. 45

11.34

4.84

13.01

8.95

6.49

12.04

3.98

2.52

11.95

8.89



annum In 1971/72, and 11.34 V. in 1991/92. where as chemlctl

fer t i l izers increased at the rate of 20.50 'A per annum in 1971/72,

but later witnessed a decreasing rate of 4.84 *A in 1991/92.

Maintenance of assets experienced negative gi owt-h 0.48 'A in

19V1/72. was latei Jiu.nayed to have a positive yi uwlh rate of 13. Ol

•A In 1991/63.

However feed of live stock increased at 8. OS 'A per annum in

1971/72. later raised to 8.95 % in 1991/92. Irrigation charges

note a growth rate ol' S. 34 'A per annum in 1971/72, but later

showed at. Increasing rate of 6.49 'A per annum in 1991/92. Market

charges was accounted at 8.45 'A per annum in 1971/72, which

increased at increasing rate ofl2.04 'A per annum in 1991/92. Mean

while e lec t r ic i ty was; noticed at a rate of 25.29 % per annum in

1971/72, has raised to a rate of 3. OR 'A per annum in 1991/92. On

the othi-M hond pi.-jL j t.i dc?s. ami in-iOLtlcidL-j KILI^JJ^J o.t trie rate

of 7. 9F5 'A. In 1 971/72, further \ n<- reaped at a rate of P. 52 >S per

annum in 1991/93. Contrary to th is , Diesel oil accounted a growth

rate of 31.49 'A per annum in 1971/72. and furthei yune up at a

rate of 11.95 'A per annum In 1991^92. On the? whole it was observed

that, total inputs increased at 8.34 *A per annum in 1971/72, which

raised up to 14.68 'A per annum in 1981/82, later sl ightly declined

to 8. 4O 'A per annum in 1986/87, which then increased at a rate of

8.89 'A per annum in 1991/32 respectively.

3.5 VALUE OF AGRICULTURAL OUTPUT AND INPUTS IN INDIAN

AGRICULTURECAT CURRENT AND 1080/81 PRICES)

A comparative- a n a l y s i s has been dmio in th i i. s u c t i o n , to
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identify thr» t nt c»r HojitMvionro lx>l wi\-n value of output ,md value of

inputs by taking cui i ent and 1S8O/B1 prices. The tumpatative

picture of value of inputs and output in Indian agriculture is

shown in table 3.3.1. It was observed that at current prices, the

value of output noticed. Rs. 12223 crores in 1966/C7, which raised

tr> I?*. 129O15 crores in 1991. /92. As against this , value of Inputs

increased at Rs. 3O38 crores in 1966/67 to Rs. 38713 crores in

1991/93 respectively. Interestingly, a twelve fold increase in

value of output took pi acu between 196C/t37 to 1991/92. Contrary to

this 13 fold Increase in total value- of inputs was observed. Thi s

indicates that value of inputs was. very much high while compared

with value? of output. This lead-.* to worse position towards

fariwfi's, where? thoy ;jn< fat I ny moi r- I nput bui de>n Cpi 1 [:ni!) ,ond le-ss

output prices over a period of time.

Table 3.S.1

VALUE OF AGRICULTURE OUTPUT AND INPUTS IN INDIAN AGRICULTURE
CRs. c ro res?
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Year

1966/67

1971 <̂ 72

1976/77

1081 /82

1980/87

1991 /92

CAt current prices?
Val Uf of Val uc of
output Input

12223
C—)
17843
C7. 865
27876
C9. 23)
5O88O

C12.79)
72990

C7. 44)
129O15
C12. O7)

3038
C—)
4524

C8. 29)
8518

Cl 3. 49)
16892

C14. 68)
25283
C8. 40)
38713
C8. 89)

CAt 1980/81 prices)
Valu.. of Valu..- of
Output Input

35395
C—)
46803
C5. 75)
49721
C1.22)
601 63
C 3. 89)
66041
C1.88)
80887
C 4. 1 4)

8837
C—)
11078
C4. 62)
12601
C2. 61)
1588S
C 4. 74)
18O3G
C2. b/)
20666
C2. 76)

Source: CMIE: Basic S ta t i s t i cs Relating to the Indian Economy,
1994.

O . Figures In the bracket* Indicates compound growth ra tes .



However, at 1980/81 pilcos, tho val uc- of output accounted Rs.

3S39G crores in 1966/67. was later raised to Rs. 80887 crores in

1691/92. On the other hand value of inputs raised from Rs. 8837

crores In 1966/B7 to Rs. 2O666 crores in 1991/92 respectively. It

was showed that the valur.- of output .and I njjut.s 1 nc-ro-T-od .at Z

times more from 1966/67 to 1991/92 lcvel i respectively.

The value of output and input at current prices indicates

that, the growth ra te was 7.86 % per annum in 1971/72, was later

incrpasfid at a rate i . e 1R.07 % In 1 9P.1/PS. Where a<=; inputs value

noticed a growth rato of 8.29 'A poi annum in 19/1/ffi .ind 8.89 Ji

pei- annum in 1OO1/92 i CipixLlvcly. On the- utlu.i li.ji.d v/iluo of

output and inputs at 198O/81 prices, observed that, value of

output raised at 5. 75 'A in 1971/72, which further increased at a

rate of 4.14 'A per annum in 1991/92. Value of inputs recorded a

growth ra te of A. RP 5<; in 1971/7?*, and the growth rate wa«: R. 76 'A

per annum in 1QO1."J£ i c_,p_._ti voly.

3 .6 TOTAL NUMBER OF CULTIVATORS AND AGRICULTURAL LABOUKLRS IN

INDIA AND SELECTED STATES:

Labour part.iri pal.lon in agriculture sector in India,

witnessed several controversial observations since green

revolution J.o m 1 d-s» f v t. i <=>«;, iiur̂  to adopt J on of im->rlr>, n t r.-r.hiii-qs in

agriculture sector. There are two important schools of thought:

o n e ? • . •ur j r jc - , t , i , t h . - i t , O i - f - i - n i i . - v o l n l I ' i n ) • . ' ! i • ' • p i : i f f 1 t h f t l . " . ! . . , . u r f o r c e

i ri agriculture, on the other hand it was mentioned that. Green

r e v o l u t i o n j m p r n v ' 1 ) lu-- l.-ibmn- nhstn jit I • m in Tn'H.-ii-j . HJI i i ill t u r e-

due to many operations C involved in HYVs production). Under

these suggestions, the present section will concentrate t.he labour
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force p a r t i c i p a t i o n in se ]ec t ed s t a t e s and whole Ind ia from

1966/67 to 1991/92 r e s p e c t i v e l y .

As s t a t e d in the- t a b l e 3 . 6 . 1 , tho t o t a l number of c u l t i v a t o r s

and a g r i c u l t u r a l l aboure r s in Andhra Pradesh no t iced . 121.93 lakhs

in 1966/67, which was Increased to 389.08 lakhs in 1991/93, in

percentage terms it is Q. 79 'A In 1966/67 to 1O. PO 'A in 1991/92

respect ively . Bihar wi t.np<;s(?d 14O.P5 1 »kh^ in 1ORR/R7, that, r a i sed

to 413.60 lakhu in 1O91/92, which in pu tunlayc LL-I nt., it is 11.28

V. in 1966/67 t o 11.16 'A in 1991/92. However Punjab experienced

loss labour force p a r t i c i p a t i o n compared with other s t a t e s i . e

21.38 lakhs in 1966/67 to 67.78 lakhs in 1931/92, or 1.73 X in

19RR/67 to 1.83 'A in 1991/OS r e s p e c t i v e l y .

Table- 3 .6 .1

TOTAL NUMHhP OK OH .Tl VATOFS ANP ARPTrMI TIFPA! ! AF>mipFP«N, 1966X67
TO 1991X92 .

Cln Lakhs).

Stales

Andhr a
Pradesh

hi har

Punjab

Tamil
Nadu

Vttar
Pradesh

Wost
Bengal

AH India

1&GGSGY

121.95
C9. 79)

140.56
C11.28)

21.38
C1.7*>

88. 31
C7. 09)

2O6. 27
ri6.ss)

65.48
C 5. 255

1246.25
C1OO.O)

1971 /V2

126.23
C9. 97)

143.86
C11. 365

24.52
Cl.941

90.98
C7.18)

211.52
C16.70)

72.27
C5. 71)

1266.61
C1OO.O)

1 9VO/-7/

139.37
C9. 97)

151.2O
Cl O. 81)

27. O7
r i .94")
11 0. 44
C7.90)

222.31
C 1 5. 90)

79. 79
C5. 71)

1398.44
C1 OO. O)

1981/82

157.33
CIO. 63)

1 64. 09
C11.09)

28. 6O
Cl.93)
l i b . 97
C7.83)

241 .35
C16. 31)

84.82
C5. 73)

1480.23
C1OO.0)

1986/87

242.07
CIO. 63)

252. 47
C11.10)

44. OO
C1.93)
170.39
C 7. 43)

371.35
C16.32)

130.51
C5. 74)

2275.52
C1OO. 0)

1991yQZ

389.08
CIO. 50)

41 3. 6O
Cll . I f i )

67.78
C1.83)
271 . 50
C7. 33)

595.98
C16. O9)

217.44
C5. 87)

37O4. 76
C1OO. O)

Source: All India Census Reports 1961, 1O71, 1981, and 1991
respectively.
Statistical Abstract of India various issues from 19C.6 to
1991.
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On the other hand, Tami 1 N;idu accounted 88.31 lakhs in

1066/67. that has gone up to 271 .SO lakhs In 1991/92, which

translates to a 7.09 V. in 1966/67 and 7.33 'A in 1991/92. Uttar

Pradesh is the only s ta te where highest labour participation was

witnessed i . e 206.37 lakhs in 1966/67, to 59S. 98 lakhs in 1991/92,

or 16.S3 'A share in 1966/67 to 16. O9 'A in 1991/92 respectively.

Next Is t.he Wt»̂ t Bengal , arrotml.lng for fifV 4ft lakhs In 1966/67,

and 217.4,4 lakhs in 1991/9£, or 5. 33 V. in 1966̂ 137 and 3. 87 ^ in

All India picture was quite impressive where the labour force

raised from 1246.25 lakhs in 1966/67 to 37O4.76 lakhs in 1991/92.

It Js almost three times increase in labour participation in

agriculture sector. But s t i l l several studies wurc noticed raise

of unemployed labour force in agriculture sector. The main reason

for this ia that, the existing agricultural sector not in a

position to absorb the entire labour force, due to unfavorable

mon>voun»», and uuis.onal draw- iMuki i n Indian ayiic.ul1.nrtr- scenario.

Considering compound growth rates in the table 3.fi.2, the

total number of cultivators and agricultural 1 sboiirsrs Increased

at the rate of O. 69 5-i per annum in 1971/72, which increased at a

rale of 9.95 V. per annum in 19Q1/92.

As against this Bihar showed 0.49 X per annum in 1P71/73,

which has raised at 10. 38 'A pi=?r annum in 1991/92. On the other

liuiid Punjab t-Ap<-:i l cuccd ti yi uwth J a t e uf •':. 7C ": p..i uiimira in

1971/72, and 9.03 % per annum in 1991/92 respectively.
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Source: All Ind ia Census Reports 1961, 1971, 1981, and 1991
r e s p e c t i v e l y .
S t a t i s t i c a l Abstract of Ind ia various i s sues from 1966 to
1 991.

Tamil Nadu accounted, O. RO 'A, per annum in 1P71/7S, ami l a t e r

I t lm. roa ied at a r ^ t e of Q.77 "A per annum in 1991/92.

Iiitf?ri»s,t,j nyly a twenty t.l mot* i m.iuj:.e in growth r a t e w.i-; observed

in U. P from 0.5O 'A p*»r annum in 1671/72, to 9.92 '/i in 1991/-92.

However, West Bengal showed only 1.99 '/I growth per annum in

l°71/7£. which l a t e r r a i s ed to 1O. 7S 'A per annum in 1991/93

reiiput. l i v e l y . All India SCUIWI iu wi LiiL-i.<.ed 0.32 'A yi owth per annum

iii 1R71/7R, which I nrrpa 'pH at a r a i p of 1 O. PA 'A p*»r annum in
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States.

Andhra
Pi adesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All Tndla

196G/G7

—

1971/72

0.69

0. 49

2. 78

O. 6O

O. 50

1.99

0.32

1976/77

2 . OO

l . O O

2 . OO

3.95

1.00

7t. 00

1.99

1981/82

2.45

1.65

1.11

0.98

1.66

1.23

1.15

1986/87

9 . OO

9.00

e. oo

8.00

9.OO

P . OO

8.98

1991 /92

9.96

1O. 38

9. O3

9.77

9.92

10.75

1O. 24

T»hle 3.6.2

COMPOUND GROWTH RATES OF TOTAL NUMBER OF CULTIVATORS AND AGRICULTURAL
LABOURERS, 1966/67 TO 1991/92.

Cin Lakhs}.

inm.̂ QP: l l-.j»H<tlvfly.



3.7 TOTAL DRAUGHT POWER IN INDIAN AGRICULTURE AND SKLECTED

STATES:

Draught power i t i l l i s a main s o u n e of enci ay i n Ind i an

a g r i c u l t u r e , due to i t s ruasonabl e anti mrvst, convpnlBnt s o u r c e to

^mall and marginal f a rmers . But most of t he s t u d i e s observed t h a t ,

the maintenance of d raugh t power is very much expens ive than o t h e r

sources . T h a t ' s why t h e d e p l e t i o n of animal power took p l a c e

especially in recent years, from Green revolution onwards. Here

the Interesting feature is that . anJ nial feedCfood energy} i s much

expensive as comparing with output energy produced by animal. On

this grounds the present section will evaluate the available-

draught power" In InHlan ayr i r:ul 1 HIT* from 19(M'./H7 to 1991/92

respectively.

Thr; t.ibe 3.Y.1 I l lus t ra te the total draught power available

in all India and selected s ta tes , from 1966/67 to 1991/32. Total

number of t a t t l e «iiid buffaloes u-_.cd foi work in Andhra Pradesh,

was 6390 thou^wnd* in 1HR6/67, whlrh I nt:ri»a«.'»r! to BOB7 thousands

in lQ9i/Q2( o r frOm 8.14 fc in 1966/67 to 6.71 V. in 1991/92. Bihar

accounted 7641 thousands in 196R/67, that Increased to 1O034

thousands Jn 1991/92, or a 9. 73 'A i n 196B/67 to 8. 345-S in 1991/92.

However Punjab recorded lesser draught power, which was around

2703 thousands in 19QD/67, that later diminl^liiid to liiOC thousands

lr> 1991/92. This is equal to 3.44 >i in 1966/67 to 1.32 V. in

1991/92 respectively.
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Table 3.7.1

TOT Al- NUMBER OF CATTLE AND BUFFALOESCDROUGHT POWERS USED FOR WORK
ONLY, 1966/T3/ TO lOQl / t Ja .

fThoiisanris I n Number 3 .

Stmrce! S t a t i s t i c a l Abstract of India , Various TSSIIPS from 1966
to 1991.
Indian Livestock Census var ious Issues .
Livestock Census of s e l ec t ed s ta te : , from 1966 to 1991.

On the other hand Tamil Nadu witnessed 5O6O thousands in

1966/67. which further r a i s ed t o 7323 thousands in 1991/92, or

6.44 \ in 1966/67 to 6. O9 '/. in 1991/Q2. Uttar Pradesh recorded

highest draught power compared to other s t a t e s . Here t he re were

14403 thousands in 1966/67. l a t e r increased to 17335 thousands in

1991/92, or from 18.34 V. In 1966/67 to 14.41 X In 1991/92. Where

as West Bengal showed BtO3 thousands in 1966/67. tha t r a i sed to

UK3D thuw-.:mr1-. in 1 «O1 *x-\ ITu-, i :•- in pn • . -i •.'- - . j - • lr.. >„-. f',. P0 % in

1966/67 to 4.35 V. in 1991/a£ r e spec t ive ly . All India s i t u a t i o n

sl>i,w;vl 1 h M . 11,r.i . . u...i r. H . iu ih .1 7fil;i 7 I I K . H - . H I - K I n 1 nP.LV-f.7, l ^ t e r

^L r u t u i J t d 1 2 O 2 9 7 t - l iou^ui i i J^ i n 1UO1.-Q3 1 c •s.j.^t. t i v o l y .
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States.

And hi a
Pi adesh

BJhar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966XO7

6390
C8.14)

7641
C9. 73)

2703
C3. 44)

5060
C6. 44)

144O3
C18.34)

S1O3
f6.50)
78517

C1O0. 0)

1971 xY2

6417
C8. OS)

8038
CIO. 04)

1733
C2. 17)

4931
C6. 16)

14926
Cl8.65)

5003
C6. 25)
8OO26

C100. 0)

1976X7/

6271
C7.7b)

808?
C9. 98)

1521
C1.88)

4900
C6.O5)

15227
C18.81)

4922
C6. O8)
80949

C100. 0)

1961S&Z

6893
C7.90)

936?
CIO. 73)

1628
C1.87)

5975
C6. 85)

16728
C19.17)

5235
C6. 00)
87239

C100. O)

198GX87

7013
C7.7/)

9938
C11. 01)

1350
C1.50)

6021
C6. 67)

16969
C18.8O)

4978
C5. 52)
90246

C1 00. 0)

1 991SU2

8O67
C6. 71)

1OO34
C 8. 34)

1598
C1.32)

7323
C6. 09)

17335
("14. 41)

5236
C4.35)

120297
C 100.0)
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As reported in t ab le 3 .7 .2 , compound growth ra tes observed

that. Andhra Pradesh experienced negative growth ra tes i . e -1.87 V.

in 1071/72 to -0. 1O 'A in 1991/92. As against t h i s . Bihar noticed

17.41 54 per annum in 1971/72, l a t e r witnessed negative growth at

-4.70 '/- in 1991/92. Where as Punjab showed 4. 55 >4 growth per annum

in 1971/72. l a t e r experienced negative growth r a t e of -8.73 >t in

1991/92. Contrary to t h i s Tamil Nadu also showed negative growth

Table 3.7.2

COMPOUND GROWTH RATFS OF TOTAL NUMBER OF CATTLE AND BUFFAl OFSCDROUGHT
POWERS USED FOR WORK ONLY, 1 9 6 6 / 6 7 TO 1 9 9 1 / 9 2 .

( T h o u s a n d s i n Number3.

Source: S t a t i s t i c a l Abstract of India , Various Issues from 1966
t o 1991.
Indian Livestock Census var ious i s s u e s .
Livestock Census of s e l ec t ed s t a t e s from 1360 to 1991.

i-e -2.19 % in 1 H71 /72 to -IS.SO is in 1991/9R. On thp r>t hor hand

u -P accounted 9,78 % per annum in 1671/72, wtii rh has fur ther

witnessed negative- growth of 3. 3O V. per annum in 1991/92

respect ively.

States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966/67

— -

1971/72

-1 .87

17.41

4.55

-2.19

9.78

8.73

6.61

1976/77

4.98

-6.68

3.38

-3.15

-7.78

-12.86

-6. O8

1981/82

O. 29

O. 82

-6.95

4.29

4.40

12.90

4. 46

1986/87

-2.55

-0.42

4.37

-5. O3

1.90

-2.18

-1.15

1991/92

-0.10

-4.7O

-8.73

-15. 50

-3.30

-6.33

-5.75



In case of West Bengal, 8.73 'A growth per annum noticed In

1971/72. was later it observed a negative growth rate of -6.33 V.

per annum In 1991/92. Mean while All India picture showed that.

6.61 'A per annum in 1971/72. but i t has a negative growth of -5.75

y. per annum in 1991/93. Overall picture gave a imprest ran that the

year 1991 SOP. «sh<~>ŵ-ri negative growth In al m<~.e;t »] 1 the states and

whole India, due to substitution of modern technology in place of

traditional tools such as wooden and iron ploughs. Tractors

population was increased drastically in recent years, especially

agriculturally advanced states l ike. Punjab, U.P. A. P. and Tamil

Narlu respectively.

3.8 CONSUMER PRICE INDEX NUMBERS FOR AGRICULTURAL LABOURERS:

In case of consumer p r i c e index numbers for a g r i c u l t u r a l

labourers Jn al) I nd i an and >;ol t>t.-Lc.»d i t a l ^ from 1966/67 to

1991/92 is shown in t a b l e 3 . 8 . 1 . Index numbers of a g r i c u l t u r a l

labourers at 1960/61 pi i c e s in Andhra Pradesh no t i ced 1SS in

19Q6/67, which, has l a t e r r a i s e d to S10 in 1991/92. In case of

Bihar, i t was around 210 in 196O/67, l a t e r i t haa gone up to 695

in 1991/82. However. Punjab recorded 161 in 1966/67, l a t e r r a i s e d

to 713 In 1991/92 r e s p e c t i v e l y . On t h e other hand. Tamil Nadu

showed an index of 167 in 1966/67. which l a t e r r a i s e d to 67S in

1991/92. U. P wl lnc i sed 191 in 1UUD/B7. which lias 1 nti ea^ed to 676

in 1991/92. S i m i l a r l y , West Bengal had an index of 190 in

1966/67, and l a t e r it ra i sed to 712 in 1991/92. As against t h i s

all India level index showed tha t it wss 181 in 1966/67, has

Increased almost f ive times to an index of 675 in 1991/92

'" «~i pen. 1.1 vely.
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Table 3.8.1

CONSUMUk I'RlCfc l.NUKX NUMBLRS FOR AGRICULTURAL LABOURERS- GENERAL
INDEX, FROM 1906X67 TO 1 9 9 1 / ^ 2 .

C 1 9 6 0 / ^ 1 B a s e Year3

Source: H. L. Chandhok and Po l i cy Group: Ind ian Data Base, The
Economy, Volume 1, 1990.

CD.Figures i n t h e b r a c k e t s i n d i c a t e s compound growth r a t e s .

Mean wh i l e . compound growth r a t e s of Index numbers of

a g r i c u l t u r a l l a b o u r e r s in Andhra Pradesh showed t h a t , 3.04 %

growth per annum In 1971/72. andl . f»S V« In 1991/92. Bihar no t i ced

negative growth of -0 . S8 X in 1971/72, but l a t e i showed a p o s i t i v e

growth of 3.37 'A per annum in 1 OO1/O2. I nlt«rc?*tj nyl y Punjab

noticed 4 .43 V. growth per annum In 1971 /VS. was fu r ther gone up to

a growth r a t e of 3 .44 'A per annum in 1991/92 r e s p e c t i v e l y .

Next is Tamil Nadu showing 1. 96 V. per annum in 1971/72. which

ncreased to a r a t e of 3. b'S "A per annum in 1991/Q2. Contrary to

-his U. p accounted nega t ive growth of -O. 64 % in 1971/72. but l a t e r
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Sla tes

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Prarlosh

West
Bengal

All India

1906-^67

1SS
C—3

210
C—3

161
C—3

167
C—3

191
C—3

ISO
C—3

181
C—3

1971X72

180
C3. 043

204
C-O.583

2O0
C4. 433

184
C1. 963

185
C-0. 643

2O8
C 1 . 833

196
C1.603

1976/^7

273
C 8. 693

285
C6. 923

298
C8. 3O3

R90
C9.533

267
C7.613

315
C 8. 663

293
C8. 3/3

1981 ^82

405
C 8. 213

460
CIO. 053

461
C9.123

436
C8.5O3

452
(11.1O3

433
C6. 573

444
C8. 673

1986/^7

480
C3. 463

589
• C5.073

602
C5. 483

567
C5.4O3

590
(5.473

600
C6. 743

572
C5. 203

1991S9Z

510
C1.223

695
C 3. 373

713
C3. 443

675
C3. 553

676
C2. 763

712
C3. 483

675
C3. 373



witnessed a p o s i t i v e r a t e of 3 .78 M per annum in 1991X92. West

Bengal recorded 1. 83 V. growth per annum in 1971/72, and r a i s e d to

a r a t e of 3 .48 V. per annum in 1991 /P.?:. Whole India Index r a i s e d at

1.60 y. per annum i n 1971/72. and l a t e r i t r a i s e d at a r a t e of 3.37

y, per annum in 1991/92 r e s p e c t i v e l y .

3.9 INDEX NUMBERS OF WHOLE SALE PRICES OF DIFFERENT AGRICULTURAL

COMMODITIES AND INPUTS:

Ind ian ayi i cu lLura l p roduct ion has experienced higher c o s t s

during thr> l a s t thror> dr>cad'*<:. Thi» rpason for th! R IN t h a t a l l

most a l l the pr ices of agr icu l tu ra l inputs and a l l i ed equipment

havp i ntjreaped di ;i^t 1 <;s 1 1 y riur" to SPVCI .-il reasons. PiMroloum basod

inputs such as d i e se l , pe t ro l , f e r t i l i z e r s , pes t ic ides , and other

lubricants pr ices gone up «><ipe>ri al 1 y from 1P73 onwards, where

there were great o i l pr ice hikes in world. On the other hand

agricultural machinery and t mpl pm«-n* pr1c*»«5 al «;o raided at faster

rate while comparing with agr icu l tu ra l production.

The general observation is tha t pr ices of inputs increased at

faster r a t e than pr ices of agr icu l tu ra l products. On the other

side i t was highlighted that energy inputs prices raised at faster

rate than energy output pricesCfood pr ice} . Due to th i s reason

major changes took place in Indian agr icu l tu re especial ly since

Green revolution. By keeping t h i s in to cons! delation the present

section discusses the Index numbers of whole sa le prices of

agricul tural commodities and Inputs from 1966/67 to 1991/92

res pot "•*•! vely.
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As stated in the table 3.9.1, the index numbers of whole sale

prices of r ice, has noticed, a index of 83.8 in 1966/67, later

Increased to 363.7 in 1991 /92. As; against this wheat Index raised

from 85. 2 In 1900/67 to 292.0 In 1991/92 respectively. JOWAT index

which recorded around 1O9.9 in 1966/67, has later witnessed 311.9

in 1991/92. Where as cotton Index was 60.9 in 1966/67, has

increased to 3O6. 3 in 1991/92. Interestingly ground nut. index

raised at faster rate from 88.4 in 1966/67, to 427.8 in 1991/92.

Sugar cane index raised from 7O.9 in 1966/67, to 282.2 in 1991/92

respectively. It was also observed that, out of six crops ground

nut index increased faster rate than other five crops, next comes

rice, Jowar, cotton, wheat, and sugar cane. It is further observed

that, in case of sugar cane, which have high cost of production

Its own price has less increase in price index. This was the

reason why farmers often raised the issue of support price to the

sugar cane crop.

With respect to the agriculture Inputs, petrol inHcy had an

index of 74.9 in 1O136/B7, has later drastically Inoie^ed in

1976/77 to 28S. O, which was due to great oil hick in world

scenario, and later it has further increaiu'd to 734.0 in

1QP.1 /OS. Diesel oil index also witnessed similar trend from 98.5 in

1966/67, it increased to 690. O in 1991/92. Light s.peed dicsel oil

noticed an increase from 106.4 in 1971/73, to 929.3 in 1991/92.

Finally the high speed di esel oil raised from 1O3.3 in 1971/72 to

4S0.7 in 1991/92 respectively.
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T a b l e 3 . 9 . 1

INDEX NUMBERS OF WHOLE SALE PRICES OF DIFFERENT AGRICULTURE RFXATED

COMMODITIES, FROM 1960X67 TO 1991X82.
( B a s e Year : 197O-71 • 1OO3

contd. . .

160

I t em Weight

Rice

Wrw**-

J o w a r

Cotton

Groundnut

Sugar cane

Petrol

I)J P5.fl Oi ]

Light Die-
sel Oil
High Speed
Diesel Oil
Electr ic i ty

Animal Feed

Fer t i l izois

Nl trogen

Pfiosphatic

^ota^sic

5.13

3. 42

0.84

2.25

1.82

1.64

0. 80

1.7a

0.34

1.37

2. 4O

O. O4

1.2b

0.84

O. 35

0. OG

1 966X67

83.8
C—3

85.2
C—3

89.9
C--3

60. 9
C — 3

88.4
C--3

7O. 9
C--3

74.9
C—3

91:1. 5
C—3

C--3

C—3
9 1 . 3
C—3

C—3

7U. 1
C—3

C—3

C—3

C - O

1971X72

1O3. 0
C 4 . 213

99.5
C3. 783

109.9
C4. 103

107.8
C12. 1O3

87.7
C-0.163

100.6
C7.253

116.5
CIO. 443

104.9
C1.27J

IOC. 4
C—3

1O3.3
C—3

102.5
C2. 343

99.2
C—3

100.0
C5. 743

99.8
C—3

1 OS. 8
C—3

98.6
C—3

1976X77

156.9
C8. 783

152. O
C 8. 843

163.6
C8. 283

197.5
C12. 873

142.2
CIO. 153

125.8
C 4. 5/3

285.0
C 19. 593

£13. 9
C15.323

267.7
C20.273

160.1
C9. 163
171.6

CIO. 863

149.0
C8.483

180. t.
C13.143

180.2
C1 3 . 283

19O. 6
C13.143

167. 4
C11.173

1981X82

226.1
C7.583

191 .6
C4. 743

241.5
C8. 1O3

227.3
C2. 853

27O.5
C13. 733

189.9
C8. 583

505. 5
C12.143

5y;-\ <a
C20. 923

732.5
C 22.303

373.3
C18. 453

279.6
CIO.263

210.4
C7.153

273. 0
C7.973

281. O
C8.583

262. 8
C6. 633

23b. 8
C6.243

1986X87

302.1
C 5. 973

238.6
C 4. 493

200.7
C1. 543

184. 7
C-4.073

372.4
C6. 603

251. 4
C5. 773

642.6
C A. P?")

090. 8
C 3. 723

929.3
C 4. 873
452.2
C3. 913
564. 6

C15.093

231.3
C1. 913

288.8
C1.093

303.3
C 1.543

262.0
C-0.063

246.6
C1.713

1 991 X92

363.7
C 3. 783

292. O
C 4.123

311. 4
C 3.623

3O6. 3
CIO.653

427.8
C2. 813

282.2
C2. 343

734.0
C2.7O3

69O. 0
C-O.O23

929.3
CO. 003
450.7

C-0. O73
656.6
C3. 073

297.4
C5.163

288. 4
C-0. O33

303.3
C O . OO3

260.4
C-9.123

246.6
CO. OO3



T a b l e 3 . 9 . 1 Ccoritd)

INDEX NUMBERS OF WHOIF SALE PRICES OF DIFFERENT AGRICULTURE RELATED

COMMODITIES, FROM 1966/67 TO 1 9 9 1 / 9 2 .
( B a s e Year : 1970-71 * 1OO3

Source: H. L. Chandhok and P o l i c y Group: I n d i a n Data Base , The
Economy, Vol uutr- 1, 1990.

C3. F i g u r e s Jn t h e hraclret.5! I n d i c a t e 1 ; rnmpnimfl g rowth r a t e s .
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Item Weight

Pes t i c ides O.SP.

Tractors 0.26

Ag. Spreyers O.Ol

Dl RSI>] O. 21
Enyl ns

Powi»r Dri venO. 27
Pumps

F l e c t r i c O.27
Motors

Ag.Commod 40. 42

Non-Ag. 59.58
Commodities

Total Food 43.12
Group

Total Nun- 56. 88
Food Group

1966/^57

86.9
C—3

C--3

C--3

C- -3

C -3

C—3

8 2 . O

C—3

83.3
C—3

84.1
C--3

81.8
C—3

1971z-72

101.4
C3.133

112. 3
C—3

1OO.7
C—3

1 OO. O

t - i

101 . o
C--3

1OO. O
C—3

1O4. 4

C4.953

1O9. 1
C5.553

1O6. 4
C 4. 823

lOLi. 0
C5.123

1976/T7

232. 4
C18. 043

203. O
Cl2.bVJ

154.6

C 8. 9S3

1 38. O
CL>. ULO

1 R S . 4
C10.3/0

141.7
C7. 223

158.5

C8.713

188.9
C11.6O3

165.7
C 9. 263

1O4. 0
f 11 . 97D

1981/^2

351.8
C8.653

331. O
CIO. 273

187.8

C 3.973

1B4. O
t ' j . 023

271 .O
( 1O. 3UJ

248.7
C11. 913

236.5

f 8. 333

311.7
CIO. 533

254.8
C 8. 993

301.4
i CIO.283

1986^87

469.3
C5.933

428.7
CS. 313

289.8

C9. 063

?1 f.. 2
I 3. a83

34R. 5
C i>. 1 63

3 5 1 . 6
C7 .173

329.9

Cfi. 8R3

408.6
C5. 563

392. O
C 9 . OO3

IHVJ. 6
C5. 593

1991^92

525.4
C2. 293

492.6
C3. 823

311.3

C 1.443

277.7
C5.133

414.3
C3.523

458.1
C5. 433

4OO. 7

C3. 963

458-8
C2. 353

411.5
CO. 973

453. 4
C2. 773



Electricity index was 81.3 in 1966/07. that raised to 658.6 in

1991/92. However, animal feed accounted for a index number of

99.2 in 1971/72. has gone up to 297.4, in 1991/92. Fertilizer index

raised from 76.1 in 1966/67. to 288.4 in 1991/92 respectively.

However i nitrogen, phosphate, and potas»s»i uw indexes, wuit at 93.8.

1O2.8. and 98.6 in 1971/72. have later increased to 303.3. 260.4,

248.6 in 1991/92 respectively.

A drastic 1ncrea^e in pesticides index, namely 88.9 in

1966/67. to F5S4.4 in 1991/9?=:. Tractors whole sale price index

introabcd from 11S.S in 1971/73, to 49^.6 in 19Ol/9r:. On the- other

hand agricultural sprayers increased from an (ndpx of 1OO.7 in

1971/72. to 311.3 in 1991/92. Irrigation equipment such as, diesc-1

engines-, power driven pump--, ;jnrl olec-t tit; motui s I nrloxw were also

noticed an increase from 1OO.0, 1O1.O, and 1OO.O in 1971/72, to

£77.7. 414.3. and 458.1 in 1991/9ft respectively.

It was observed that, agriculture commodities index increased

from 82. O in 1966/67, to 4OO. 7 in 1PP1/OH. Where as non-

agriculture commodities raised from 83.3 in 1966/67 to 4S8.8 in

1991/92. It is a clear evidence that, indexes of non-agriculture

commodities increased faster rate than agriculture commodities.

This leads to unfavorable terms of trade towards agriculture

sector. This is one of the important drawback, where agricultural

development i s s t i l l in volatile nature in India.

However, there i s another evidence that, the total food group

noticed a rise- in index from 81 . S in 1966/67, to 411.3 in 1991/92.
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As» ayalnsl t h i s tot.-O non-food yi oup r;iisr»d at. 81 . R In 1966/67,

was la te r gone up to 453.4 in 1991/Q2 respectively. Here a lso it

was recognised that , the index of non-food group increasing faster

ra te than food group. This i s another important cause for

unfavourable growth in Tndian agricul ture.

Compound growth ra tes with riiipc-ct to index numbers of whole

sale prices of r i ce . Indicate a 4.21 *-: por iiimum growth ra t e in

1971/72, and 3.78 'A per annum growth ra t e in 1991/92. Wheat index

accounted 3.78 'A growth per annum in 1971/72, and it raised at a

ra te of 4.12 'A in 1991/92. Jowar index showed posi t ive growth

ra te of 4.1O 'A per annum in 1U/1/72 and 3. £>'<! % in 1001/33. Where

as cotton noticed 12. 1O 'A growth per annum in 1971/72, and raised

at a r a t e of 1O. 63 'A per annum in 1991/92. Ground nut experienced

negative growth of -0.16 'A in 1971/72, and increased at posi t ive

growth r a t e of R. 81 5i per annum in 1991/92. Next, is the sugar

cane which gone up at a ra te of 7. R5 X, in 1971/TP and P. 34 'A in

1OO1 /92 r o;;pm 1. i ve-1 y.

However petroleum inputs noticed, i . e pe t ro l , at a growth

rate of 1O. 44 X in 1971/72, was la ter a growth ra te of 2. 7O 54 per

annum in 1991/92. In case of diesel oi l it recorded a growth r a t e

of 1.27 V. in 1971/72, later growth was O. 02 in 1O91/92. Light

speed diesel oil accounts for a r a t e of 2O. BY 'A in 1971/72, and

noticed O. OO *i in 1991/9H. High spet«d di osel oil raised at a r a t e

of 9.16 V. in 1971/72 and a negative growth of -O. O7 X in 1991/92.

Elec t r ic i ty noticed 2.34 V. per annum in 1971/72, which was gone up

to 3.07 X in 1991/92. Against th i s the animal feed raised at the

'•ate of 8.48 "A per annum in 1 97O/71 . and lal.m- raised at a r a t e
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of S. 1O 'A per annum in 1991/92. Regarding fer t i l izers the ra te of

growth was S. 74 5i pt»r annum In 1971/72, and O. O3 'A in 1OQ1X92

respectively. Interestingly, nitrogen, phosphate, and potassium

fertl)lzeis> witnessed. 13. 28. 13.14. ;nu1 11. IV 'A in 1876/77, which

later recorded 0. OO 'A, -9.12 'A. and 0.00 *A growth rates in 1991/92

respectively.

Pesticides accounted, 3.13 'A per annum in 1976/77. which

further raised at a rate of 2.29 *A per annum in 1901/92. However ,

tractors noticed a growth rate of 12.51 'A per annum in 1976/77,

and 3. 82 Ji per annum in 1991/92. Agricultural sprayers recorded

6. 95 "A growth in 1976/77, latei it inci cuuud at a r.ite of 1.44 'A

per annum in 1991/92. Irrigation equipment such as diesel engines,

power driven pumps, and el er.tr ic motors also recorded a growth

rate of o. OS 'A, 10.37 'A, and 7.32 >i in 1OVB/Y7, and 3. S2 'A, 5.43

J-i, and 3.96 'A per annum in 1991/92 respectively.

On the other hand agricultural commodities noticed a growth

rate of 4.95 'A per annum in 1971/72, which further increased at a

rate of 3.96 'A per annum in 1991/92. Moan while, non-agriculture

commodities increased at 5.55 54 in 1971/72, and2. 35 'A per annum in

lRR.1/9r>. Tot.."*] fr-.r,d ;<nti lion food yi UU|J i nrirvx r ;, I -:rv1 ,-,t ;i rate- of

4.82 'A per annum in 1971/72, which has increased later at a ra te

of 0. 97 'A and 2.77 'A per annum in 1991/92 re^pftLively.

3.1O SUMMARY AND CONCUISTONS:

In this chapter, the data analysis hai> undui taken to identify

the factor shares and substitution possibilities in Indian
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agriculture and selected states. Along with this some Indicators

such as labour absorption under selected crops, value of inputs

and output, number of cultivators and agricultural labourers,

total draught power. tnHpv numbers of agr 1 nil t.ural labniircrs, and

index numbers of different agricultural comuiodi tics and inputs

were also analyzed.

Firstly, the data analysis with respect to labour absorption

witnessed that sugar cane demanding more labour force, next is

rice, cotton, ground nut, wheat, and Jowar respectively. Because

sugar tine cultivation involves several operations, next to rice

cultivation, consisting of opeiatl uni. i»ueh a;i lund preparation,

plantation, interculture, winn^wtng, threshing, and

transplantation etc. This indicates that the labour absorption is

st i l l much liiyli in different tiups, even though jut>di_-i n technology

was introduced In Indian agriculture. It implies, that labour force

is s t i l l Hxlsti ng along wi t.h modern technology. This conclusion

gave raise to a reasonable support to the positive economists,

where the arguments enlightened that modern technology improved

the employment conditions in Indian agriculture.

Next total value of inputs experienced a twelve times

increase in value i .e Rs. 3O31 crores in 1966/67 to Rs. 38713

crores in 1991/92. This is a clear I. ndi cation that, the input

burden i* raising at a faster rate in agriculture sector in modern

agriculture. Due to this reason farmers shifted their production

from food crops1 t o mmiiwrrl al crop', whr»r»» r-nim»»rr( al crnps are

*>t>re profitable while comparing with food crops.
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Regarding Net State Domestic Production from agriculture,

overall pitlure gave a Impression that the year 1001^82 showed

negative growth in almost all the states and whole India, due to

substitution of modern technology in place of traditional tools

such as wooden and iron ploughs. The farmers are facing more input

burden, especially from 198O's onwards. Tractors population was

ini:re3sr>d drastically in rerpnt years, e^prvl al 1 y acjr1 cul tur al 1 y

advanced states like. Punjab, U. P, A. P. and Tamil Nadu

respectively. It was also observed that out of ^.i.*. trops ground

nut index increased faster rate than other five crops, next comes

rice, Jowar, cotton, whpat, and «;ugar ca.no. Tt 1 <t further observed

that, in case of sugar cane. which have high cost of production

its own pi ice has les»:» increase in price index. Tlii >.* was the

reason why farmers often raised the ifisup <~>f support price to' the

s.iiy-11 c.-iine c rop .

Finally. it. is a clear evidence that, indexes of

non-ayi i m l l u r e i:oiiiniudi ti i_-_. i nci ua^wj fa^ti':i i .-itu tli^in tiyi i cu l tu re

commodities. This leads to unfavorable terms of trade towards

agriculture sector. This is one of the important drawback, where

agricultural development is s t i l l in volatile nature in India.

Here also it was recognized that, the index of non-food group

increasing faster rate than food group. This Is another important

cause for unfavorable growth in Indian agriculture.

Based on these findings the next chapter will demonstrate the-

nature of agriculture mechanization in Indian agriculture and

selected states.
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CHAPTER 4-

MECHANIZATION IN INDIAN AGRICULTURE

4.0 INTRODUCTION

Farm mechanization is the main plank of modern agriculture

and many of the progressive countries have already mechanized

their agriculture. Of course, it i is alsop true that the- conditions

in many of these countries were favourable for mechanization. Most

Important reasons for u?se of agr i cul t.Mr<=» i mpl *»m«»nt.« and marhinpry

were high rate of ayiiculture labour, laryo size uf farms, high

cropping intensity, higher percentage of irrigated area and more

adoption of high yielding technology.

As cultivable land resources are limited, increased

agricultural production can only be- attained in most countries of

the world through increased yields per unJ t iii-oa of land and

Improved preservation of already produced commodities.

Technologic al Inputs mû l be- applied wisely and economically to

bring about the desired Increased outputs of production.

Mechanization is one of the critical Inputs of production followed

by preservation of food crops. Mechanization can increase yields

through the improvement of water control, bettei soil preparation

for planting, more efficient w*»«»ri ami I nscrt. control and t-he

proper hai vt?s»tlny, handling, drying, ;»toiiny and piuecss.ing of

food, feed and fiber crops. So that, agricultural mechanization is

*-he art and scientific application of mechanical aids for
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increased production and presorvatjon of food and fiber crops with

less drudgery and increased efficiency.

One of the interesting study is by Ray. A. KC19932, who

analyzed the status of agricultural mechanization in Indian

agriculture. The main objectives of this study were that,CO to

examine the present status of agricultural mechanization in

dJ f f erent staLoi of India, f iO to ex.iml no t.lio constraints of

mechanization of agriculture in different states of India. Data

for this study have been mainly collected from the published

secondary sources of the Ministry of agriculture. The period

chosen for thia *tudy was from 1973 to 1987.

ThR main conclusions drawn from this study ar* t h<» following.

The use of ti aditlonal implements is much more popular as compared

L o t . h c * i m p i " o w 11 i I U J J I ( - • n n ' i i ) • . ; i n c ) m . i f t l i n : ' i y . A v . r n . t 1 } f \ i i m >» i 7 : e ? 1 o w

adoption of HYV seed, Jiic.ii ye- pci ccntayc of UJ ca undcj ii i igation,

poor cropping intensity, higher wage rates and poor holding size

are some of the constraints for non-adoption of agricultural

implements and machinery in most of the states, in both the

periods under study.

Binswanger. U.PCi976>. has analyzed the economics of tractors

in south Asia, by considering different studies In recent years.

The main effort of this work is to review the studies, and present

thai r findings In a way which m-ikos them f:niii]Wi .ihle across

ayroc)imatic zones.

The researcher have apparently two contradictory views
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reg1*'"'̂  nO 'hr» Ixmeflt." or l.partnr^. (V»p 1 «; t hp vuhv-t,) tut! on view

which looV.i- a.t Li ALLU ;. am] ,i n 1 mi 1:- a^ two diffcii-ut pcjwr-i sources

which technically are 'perfect substi tutes, i . e , any operation

which a tractor with i t s Implements can perform is assumed to be

also feasible by a combination of animal power, animal-drawn

implements, and hand labor. Under this view the switch from animal

poww to tractor powt'i i i. pi inu; i ly yuidod by factui pi icesCcr

factor scarci t ies) . The second is the net contributor view of

Liactors, which in a more extreme forms, argues that power Is a

primary constraint to agricultural production almost, regardless of

factor pr1r»> .̂ The power of tractors allows mori1 t hroucjh or deeper

ti l lage than with bullocks. Tractor machinery such as seeders,

levellers, and i ntur c-ul Curt? equipment alao achieve- ii higher 1 c-vel

of precision. Both factors would lead to higher yields.

Furthermore, tractors may be able to recline land which cannot be

operated by bullocks at all . Finally, the high power and speed

Li actoi s would allow more timely opc?i jl,iun;», thu— cjonti Ibuting

both to higher yields; and to a more extensive practice of double

cropping. Higher yields and double cropping would lead to higher

levels of output, requiring more labor in operations, riot performed

by the tractor. The tractor could therefore contribute to

increased production without necessarily displacing labor.

Trac-Lori^ulloii would be coiii»i L.L<_'nt with ompl o>iiu--nt obj&ir.ti ves,

even in low-wage countries.

C&zer G. Salas, srCt 987J>, has done pioneering study on

mechanized r ice production in Philippines agriculture, riirrl ng the

period from July 1976 to June 1982. The mechanized farm operations

done were of the nature of field and seed bed preparation,
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transplanting, w»ed control, pest control, harvesting and

threshing.

The main conclusions are, that the farm mechanization should

be practiced by farmers especially in seed bed and field

preparation because of the shorter time involved at the s»ame cost.

Arff?4'JS>te irrigation throughout the yo-ir wl .1 1 yi vc • t.hcj fm -ni'-rs all

the chances to plant rice three times a year, thus, Lhei e is a

greater possibility of increasing yearly income of the farmers.

Mechanized method of transplanting and field care, on the other

hand, is yrcater in tost than the non-mechanized. But in terms of

labour requirement non-mechanized transplanting and field care is

twice greater than the mechanized. By Taking the option of

mechanized transplanting and field care it will give the farmer

ample time? for other farm activities to be done.

Total mechanization of rice production from seed bed

preparation to threshing will deprive the peasant masses of their

source of livelihood, since not all agricultural family have

fields to be formed by mechanisation. Th© livelihood of many of

them depend on paid labour for transplanting rice, weeding and

harvesting. Thus, field preparation and threshing which are the

most laborious farm activities found i t s way to be mechanized

first. Once these property-less workers will have alternative work

in place of farm activity, the field mechanization of rice

production will find i t s way as in developed country, where farm

labour is scarce.

Ba.lish.ter, et.alC19912, who did analytical work on impact of
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farm mechanization on employment & farm productivity in Mathur

d i s t r i c t of U. P, where CD block clwumnli.-in w.̂ r. selected

purposively out of 12 community development block in the d i s t r i c t ,

keeping In view the larger number of t rac tors In use of modern

inputs. Ten villages out of a total of 47 vil lages in the CD.

block, werr -10I or_ti?d randomly fur thi >-. j-.t.ut1y tiuri rig the period

1984-83 crop year.

The main conclusions that emerge from th is study are, the

average value of farm assets in mechanized farms was about 8 times

more than that In non-mechani zed farms and about 4 times more than

that in par t i a l ly mechanized farms. Tho avui aye ci oppiny intensi ty

is the highest in mechanized farmsCaO6.4>O followed by par t ia l ly

mechanized farms C176.65O and the non-mechani zed farms Cl 43. 8*O .

The mechanized fiJima al locate more area under high Income crops as

compared to par t i a l ly mechanized and non-mechanized farms. In

compel! son to nun -inO'Cli'inl ;ic?d f;ji HIS , Che por ho<- t.u t_> ylrOd w.3S high

by about 1O to 27 percent in mechanized farms and by about 2 to 16

percent high in par t i a l ly mechanized farms in al l the major crops

grown in these farms. The net returns per hectare in mechanized

farms i s about 49 percent higher than in the par t i a l ly mechanized

farm?, anri About 29 pi?i cent higher thon In t.hf> nnn nnrhanized

farms. The labour use per hectare of cultivated area i s about 197

man days in non-mechanized farins, RO8 man days In par t ia l ly

mechanized farms and 212 man days In mechanized farms. This

indicates that in absolute terms there is no decrease in human

labour employment due to mechanization. Rather there is an

increase, which is due to increase in the cropping intensi ty and

shift in cropping pattern from less labour Intensive cropsClow

171



Income crops} to more labour intensive cropsChiyh income crops).

The marginal value of productivity for land, seed, fert i l izer is

higher in mechanized farms than that in non-mechanized farms.

Anot.hrrr i nteresl J ny study by Hemtrirrl F. McCol lyC t 97.35 , ox.imi nc-d

the factors influencing agricultural mechanization in different

as)an countries.

T h o i i u i i u c o u i - 1 u u J u i i L . o f t l i ! - . . L L U J ^ i i i d i ' . i l f M i . t t t . h r » r u r a l

sector* of the- les<s developed countries 1 «s difficult, and continues

bat puiblble slowly. Unfavui ible 1 jnd tenure- [HIILM ns have

sustained the poor traditional social and economic conditions in

many of the a«;1an eonn'.ries. I.and reform program In Taiwan, Japan,

Korcu and a few uthu LOUJILI lc^ luî  itiinulaLod u.yi 1 cultural

production and rural development. Rural development can only come-

about through the increased returns per capita. Mechanization, if

planned and timed properly with other technological inputs can

play an Impoi ttknt role in in<_ress»lny productivity i_-f lmid and man.

Mechanization must enhance mul ti-cropping and di vtnaifl cation of

crops.

One of the interesting counter study was by Bina

Agarwa.lCl984}, who traced out th© cropping intensity effects of

tractors and tube wells in the Punjab. The? rcbi.>arc)ici identified

some of the limitations existed in earlier studies. Firstly many

of them do not take into account the tractors as a source of

irrigation, the level of irrigation, farm size and agro-climatic

*one«;, which could also significantly affect cropping intensity.

Secondly, most studies, use the ownership of a tractoi ^ a proxy
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for usage: farms where tractors are hired in are counted as

bullock- farms. Thirdly. in all the noted studies. cropping

intensity is defined conventionally as the ratioCexpressed as a

percent, a g*O of gross cropped area to net. sown are. While this

index Js stralyhtf ui WJI d to Inlirrpret, I t uuf ft.-i i. from one major

weakness: it takes no account of the differences between farmers

in their abi l i ty to intensify cultivation.

The data used relate to a sample of R37 farm«= tsVpn from the

principal wheat-growl ny arc-as of Punjab, and covering 20 tehsils

spread afrrR«! all t.hw dt >-U p i cjt.« of *.hr» <5lnto Thra rtsta arp for the

crop-year 1971-72, and were collected under the 'Comprehensive

scheme of studying the cost of cultivation of principal crops' by

the Punjab agricultural university, for the Directorate of

Rconomlcs and Sta t is t ics . New Delhi.

The main conclusions are, that tractorsCin particular owned

tractor} and Lubf wcl 1 w wore associated with ,'. hiyhpi t r oppi ng

intensity, as measured by each of the indices, in comparison with

bullocks and canals respectively. However, the advantage of tube

wells over canals was much greater than that of tractors over

bullocks. That irrigation, in particular, tube well irrigation, is

a more important factor in increasing croppiny intensity, than the

use of tractors in lieu of bullocks, which has been emphasised in

other situdic*^ a'j well. On 1 nri) vi ciu;i) fin-nri, 1 hc-i - t.-f ore, tractors

need not lead to a diversion of land under fodder to other crops,

and at the ni.jit-i o -1 ovel , say, for Punjab as a whole, wht?t,hc?r or not.

factorisation significantly reduces the area under fodder would

depend on how substantial a reduction In bullock requirements and
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h«*nce In the bullock population that, help^ to bring about.. On the

whole, the cropping intensity advantages of trat;Lori.nation in the

Punjab appear to have been overstated.

4.1 AN OVKRAU. VIEW OF TRKNDS IN AORTCin.TWRAI. TNPUTSs

General trends In agricultural Input*, showsd quite

Interesting picture. As stater) in the table 4 .1 .1 , It was observed

that, the total geo-graphical area in Indian agriculture noticed

338.8 M. he in 1960/61, later maintained almost similar i . e 328.7

in 1992/Q3. Where as net sown area recorder! 1 ^ £ M. he In 1 960/C1 ,

was later raised to 142.2 M.he in 1992/93. As V. of geo-graphical

area witnessed i t was 4O. 5 V. i n 196O/61. which has gone up to 43.4

'/i In 1992/93. On the? other hand nt-t i i i i gated .:u fvi accounted 24.7

M.he In 196O/R1 but raised to 47.4 M he in 1OP?>/P3. However, as V.

of nul sown art?.* it recorded 18. b 'A in 1960/61, ;iiid r.jisiud to 33.3

'/. by 1992/93 respectively.

Interest ingly, gross cropped area recorded 152.8 M. he in

1960/61, la ter raised to 182. S M. he in 1992/93, and at, percentage

of geo-graphical area it records 48. 55 V- In 1OfiO/61, and increased

to S3. C Ji in 1992/93. Gross i r r igated area wlLnc-^c-d 28.0 M. he in

19(30/61. and h«\. yonu ii|. to R1 . R M. hr-- in 19O2.'93, .i . pejtjent of

gross cropped area it accounts nearly 18.3 « in 1960/61 and 33.4 %

In 1992/93 respectively.

Area under HYVs, witnessed around 1S.S M.he in 197O/71. which

has gone up to 66.1 M. he in 1992/93. as equivalent to 17 >t in

overall area In 1970/71. Th1 «: h*c raiser! alirtfwt four t 1 m»=- to 69 'A
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Tabl e 4 . 1 . 1

AN OVERALL VIEW OF TRENDS IN AGRICULTURAL INPUTS, FROM 1960X61 TO
1992X93.
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year 1960^61 1970^71 1Q8O^B1 1 985/^6 1989^90 1990X91 1993X93

Item) Unit

Geogiaphi- Mln. 328.8 328.8 328.8 32U. / 320.7 328.7 328.7
Cal Area. hec

Net Sown Mln. 133.2 140.8 140.0 140.9 139.5 139. S 142.2
Area. hec

As X of Geo- X 40. S 42. 8 42. 6 42. 9 42. 4 42. 4 43. 4
graphical
Area.
Net. J r r lga-Mln. 24 .7 31.1 3R. 7 42.1 46. f» 45.1 47.4
tod Area hec

As X of NSA X 18. S 22.1 27 .6 29.9 33.1 32 .3 33 .3

Gro** Crop-Mln. 152.8 1D5.8 172.6 178.8 182.2 181.1 182. S
ped Area hec

As X of Geo- X 46. S 5O. 4 «5;>. R 54.4 B*?. 4 55.1 55. 6
giaphical
Area

Gross Ti l l -Mln. 28 .0 38.2 49 .8 54.7 59 .5 60.0 61 .8
gated Area hec

As X of GCA X 18 .3 23.0 28 .9 30.6 32.7 33.1 33.4

Area under Mln. — IS . 5 43.1 5S. 4 61.2 63.9 66.1
HYVs hec C173 C45) t58) C633 C693 C693

Rice " — 5.6 18.2 23 .5 26.2 28.1 28 .3

C 1 \>J C 4L>J C ! } / j C Ot>7 \ u y j t DoJ

Wheat " — 6.5 16.1 19.1 20 .3 20.4 22 .2
C 36D C 73) C 833 C 81 ~i C 915 C 91)

Jowar " — 0.8 3 .5 6.1 6 .9 6 .7 6 .9
C5) C223 C30) C46) C52) C53)

F e r t i l i z e r Lakh 2.94 22. OU S3. 16 84.74 11B. 68 12S. 4D 121.52
Consun^it 1 onTonne

N " 2.11 14.79 36.78 56.61 73.86 70.97 84.26
(71.83 C6S. 6> COD. 73 C66.8) C63.93 163. 73 C69.30

P " 0 .53 5.41 12.14 20.05 30.14 32.21 28.42
C18. 03 C24.03 ( 22. 03 fK3./3 120.13 tiili. 73 C23. 43

K " 0 .29 2.36 6.24 8.08 11.68 13.28 8.4
C9.93 C1O.53 C11.33 C9.53 CIO.13 CIO.63 C6.93

IW hori ),r(> tfg. 1.9? 13.R1 31.96 47.39 63.49 69. ?>8 66.59
Con;* unn >t. 1 on
uf NPK

Contd . . .



Table 4 .1 . lCContd 3
AN OVERALL VIEW OF TRENDS IN AGRICULTURAL INPUTS, FROM 1960/61 TO
1992/^3.

Source: CMIE: Basic S t a t i s t i c s Relat ing to the Indian Economy,
August, 1994.

in 1992/93. Rice noticed 5.6 M. he in 197O/71, tha t has gone up to

28.3 M. he in 1992/93. Where as wheat t ha t has 6.5 M. he in 197O/71.

later increased to 22.2 M. he in 1992/92. On the other hand jowar

witnessed O. 8 M. he in 1970/71, which has further ra ised to 6 .9

M. he in 1992/93 respec t ive ly .

Regarding f ei t.i 1 i zei s , 2.94 lakh Loims was retoi ddd in

19B0/B1. which has gone up to 121.52 lakh tonns in 1992/93. Out of
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year 1960/61 1970/71 1980/81 1985/86 1989X90 1990/01 1992 /93

Item| Uni t

Pumps e t s &
Tractors

E l e c t r i c a l Lakh 1.60 16 .20 43 .20 0 1 . 5O 85 .00 91.OO 96. 2O
I r r i g a t i o n Nos
Pumpsets

Diesel " 2 . 30 15 .60 28 .10 37.70 47. OO 48.50 52 . OO
I r r i g a t i o n
Pumpsets

Power Mln. 833 4470 14489 234?.?! 44O*5r5 494R9 64OOO
Cuiu.unij-'t 1 on Kw

Cons unction ICwh 5.5 f»7.0 R3.9 131 .0 P41.8 P73. R 350.7
of power in
Ay l ie ult ore
Per 1000 ha
of GCA

Tractors LakhO. 31 1.40 5.20 9.00 13.16 14.68 17.58
Nos

Pesticides '000 8.6 24.3 45.0 52.0 72.0 82.4 79.4
Consumption Tonns



this Nitrogen riM-l.HI/crf. nnt I ,-.'H P.. 1 1 laVli t.cmn-. In 1 960/61 ,

which has. Increased to 84.26 lakh tonn in lUU.'2/93. or in

percentage terms71.8 '/i share in total consumption in 1960/61, This

has declined to 69.30 V. in 1992/93. As against th is , phosphate

noticed O. 53 lakh t.onn«s In 19RO/fi1. later r»1«5«»H up to f»R 42 lakh

tonns in 190,2/93. This is equivalent to 18. O V. share in 196O/61 to

33.4 % in 1993/93. It implies that the phosphate fe r t i l i ze r

coiis>'JHiption has increased reasonably over a pf»r i nd of t i mo. On the

other hand Potassium consumption recorded O. 29 lakh tonns in

1960/61, which raised to 13.28 lakh tonns in 1990/91. later

declined to 8.4 lakh tonn in 1992/93. In percentage terms it is

9.9 V. in 196O/61. to 1O. 6 V. in 199O/91 . later down to 6.9 V. in

1992/93 respectively. Per hectare consumption of fertilizorsCNPIO

was accounted at 1.92 Kg/he in 1960/61, which raised to 66.59

Kg/he in 1992/93. As almost a th i r ty times increase in consumption

from 1960/61 to 1992/93. This is a clear indication how

roi-t.l 1 i y.r>i-!s played an i IILI (MS! ng role? In Indiuii dyi lt.ultural

production, production.

Regarding mechanical devices foi I n igation i . P otorl.r ic and

diesel pump sets the data InHirstes 1 BO and P. 3O lakhs in

1960/61, which raised up to 96.20 and 32. 00 lakhs, in 1992/93

robipwi 1 vfily. Howevn1, powc.-i i.uu-.uuipt i un nut. I i.r-d O33 M. kw in

1960/81 . and increased to 64OOO M. kw in 1993/93. As against th is

consumption of power por 1OOO hectares of gross cropped area, it

was 5. S Kwh in 1960/61, and raised to 330. 7 Kwh in 1992/93

respecti vely. This ia a clear indicat.ion that, power consumption

has increased almost sixty times more from 1960/61 to 1992/93.
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Tractors were O. 31 lakhs in 1960/61. then raised to 17.68

lakhs in 1992/93, equal to a twelve times increase in t rac to rs

population from 19OO/61 to 1992/P3. Pt̂ st.i c:1 Hr-̂  cronvumption was a t

8.6 Thousand tonns in 1960/61. which raised to 79.4 Thousand tonns

In 1 ?39;'̂ /J33, cat i^ual t.o ;i n! no It int---, lalst^ In consumption over

this, period.

As stated in th© table 4 .1 .2 , the compound growth ra tes for

total geo-graphi cal area noticed O.OO '/! per annum in 197O/71, but

It raised at a ra te ofO. 96 *A per annum in 1992/93. As a percent of

geo-gr aphl cal area it wasO. SS 'A per annum in 1970/71, which has

gone- up to 1. IB "/. pur .innum in 1 1392/93 n?-,pt •< :t 1 ve-1 y. Nr?t. i n igatc-d

area raised at 2.33 'A in 1970/71. andS. BS 'A per annum in 1992/93.

As a percent of net sown area it increased at 1.79 *A in 1970/71,

to 1.54 'A per annum in 1992/93.

Gi-osia; cropped iirea raised at O. 82 'A per annum in 1870/71, and

0.37 ?•£ per annum in 1QQ1/93. As a poi cent of geo-yi apliical are i it

ret:rM-rir»d 0. ftl >; In 1 97O/71 and O. 4R ?« In 1992/93. Gi-ciss Irr igated

area witnessed 3.15 'A growth ra te per annum in 197O/V1 , which

further introaied iit a r a t e of 1.49 M in 1992/93. The percent of

gross cropped area noticed 2.31 'A in 197O/71 , and in 1992/93 it

was 0. 46 'A per annum.

Arua under H"iVt. noticed 1O. 77 % pc.-r uiuium in lOQO.'Sl. which

lnr:rRa««»H at. a ra te of 1.71 '/i per annum In 1992/93. However , r i ce

a i t > . j . n i . i i . i c o d l ^ . ' o l *; p c - i - I T u i i i n : y i • ' " • ' ! • i . . l . . i n 1 n r : O , ' n i , h u t w a s

'at.er i t increased at a rate of O. 36 >{ per annum in 1992/O3. As

a9ainst this, wheat aiea increased at a yrowth rate of 0.47 'A per
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annum in 1980/81, and la ter it raised at a ra te of 4.32 V. in

1Q92/93 respectively. Jowar accounted O. OO V. in 1980/81. but it

has gone up to a growth rate of 1.48 V. per annum in 1992/S3

respectively.

Fer t i l izer consumption increased at 22.60 M per annum in

1970/71. that has further noticed negative growth ra te of-1.58 V*

In 1992/93. The nitrogen f (»rt,i ] ) 7«»r<? ron<?umpt i on recorded a growth

rate of 2O. 77 % per annum in 1970/71, and raised a ra te of2. 64 %

per Miimim In 1092/93 Tho Phosphate i-niivumptioii noticr-d O. 00 '/. per

annum in 1S7O/71, later it experienced a negative growth ra te

of-6. O7 V> per annum In 1992/93. The Potassium fe r t i l i z e r s was also

noticed ^imilai trend i . e O. 00 V. in 1970/71, and later it

experienced negative growth rate of -20.47 jn 19&'-;/&3. In the sanit-

manner per hert Are con«:umpt \ on nf fert 111 7<>r«; 1 nrres<r?d at. Rl . 63 >£

pel' jiinum in 1U/0/71, which l a l u l̂iuwcd u ncyjLi vc yi'owth i ate- of

-1 . 96 'A per annum in 1 PP2'^)3 respectively.

I r r iga t ion equipment such as elei_ti ic and diosol pu;np sets

increased at 26. OS V. and 21.10 >4 per annum in 1970/71, which

increased at a ra te of 2. 8 V. and 3. 54 'A pej annum in 1992/93. The

Power consumption witnessed 18.29 V. growth per annum in 197O/71,

which later i-iii s»-od slowly at a l a t e of 13.74 '< pel annum in

1992/93. Contrary to th is consumption of power per 10OO hectares

of gross cropped area recorded at 17.25 X growth per annum in

197O/71, which i;jir;t»d at. 1 3. 3O V. jx?i ,miiuin in 1992/93

'"esptjcti vely.
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Table 4 . 1 . 2

COMPOUND GROWTH RATFS OF AN OVF.RAU. VIEW OF TRF.NDS TN AGRICULTURAL
INPUTS, I-ROM 1O60/O1 TO 1992 /93 .
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year - 19B0/61 1970/71 1980/^1 1985/86 1989/9O 1990/91 1992/93

It.f»m| Uni t

Geoyi apJil Mln. -- O. OO 0 .00 - 6 . OO 0 .00 0 .00 0 . 0 0
cal Area. hec

Net Sown Mln. — 0 .56 -O. O6 O. 13 - 0 . 2 5 0. OO O. O6
Area. hec

As X of Geo- X — O. HS - 0 . O!5 O. 14 - 0 . 2 9 0 .00 1.18
graphical
Area.
Net irrlga-Mln. — 2.33 2.21 1.70 2.35 -2.38 2.52
ted Area hec

As X of NSA X — 1.79 2.25 1.61 2.57 -2.41 1.54

Gross Crop-Mln. — 0.82 0.40 0.71 0.47 -0.611 0.39
ped Area hec

As X of Gfto- X — O. 81 0. 41 O. 71 O. 46 -O. 55 O. 46
yi aphl ra l
Area

Gross Irr i -Mln. — 3.15 2.69 1. 9O 2.17 0.66 1.49
gated Area hec

As X of GCA X — 2.31 2.31 1.15 1 . R7 1.22 0.46

Area under Mln. — — 1 0 . / / L>. IB 2.52 4.41 1.71
HYVs hec

Rice " — — 12.51 5.24 2.76 7.25 0.36

Wheat " — — 9. 49 -16. 59 32.94 O. 49 4.32

Jowar M — — 0. OO 11.75 3.13 -2.90 1.48

Fert i l izer Lakh — 22. 6O 9. 3y 8.07 8. OO ft. 46 - 1 . 58
Cons Luiipt 1 onTonne

N " — 20.77 10.20 9.01 6.88 8.27 2.64

P •• — O. OO B.4P. 1O.55 1O.73 fi. 87 -6 . O7

K •• — O. OO 10.21 5.30 9.65 13.7O -20.47

per hectare Kg. — 21.63 8.91 8.20 7.59 9.12 -1.96
Consumption
of NPK

Contd.. .



Tabl e 4.. 1 . 2 C C o n t d . . 3

COMPOUND GROWTH RATES OF AN OVERALL VIEW OF TRENDS IN AGRICULTURAL

INPUTS, FROM 1 9 6 0 / 6 1 TO 1992/"93.

Source: CM1E: Basic S t a t i s t i c s Relating to the Indian Economy,
August, 1994.

I n t o r e s t i iiyly, t r a c t o r s popula t ion which 1 ncrejsed a t O. 00 Ji

in 1970/"71, ha<5 r a i s e d at 9 .43 'A per annum in 1 SQfVOS Where as

Pest ic ides consumption inLieased at a r a t e of 10.93 V. per flnrium in

1970/71, has l a t e r experienced nega t ive growth r a t e of -1 .84 % per

annum 1 n 1 QQa/93.
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Year 1QtiOStil 1 970/^1 1 980/81 1 985X86 1 989/^0 1990-^91 1992/"Q:-

Item| Unit

piiiiipsets &
Tractors

Electr ical Lakh — 215.05 10.31 7. 32 8.43 7.06 2.81
I r r i ga t ion Nos
Pumps et s

Diesel " — 21.10 e. O6 6. OS 5.66 3.20 3.54
I r r i ga t ion
P limps e t s

Pow*»r Mln. — 18.29 12.48 10.08 17.11 12. SO 13.74
Consumption Kw

Coiib:uiiq>« i o n Kwh — l / . P S 1 2 . Ol 9 . 3 2 1 6 . R R 1 2 . 9 9 1 3 . 3 O
of power in
Agriculture
Per 1000 ha
of GCA

Tractors Lakh — 0.00 14.02 11.59 9.97 11.55 9.43
Nos .

Pesticides ' 000 — 10.95 6.36 2.93 8.48 14.44 -1.84
Consumption Tonns



On the whole* the 1 npuLs demand picture 1* quite clear. It has

Increased drastically from 197O/71 onwards, and agricultural

machinery and power consumption witnessed very mur.li impressive

growth rates. This I ndi cate<! that, there wi ] ] be a greater demand

for energy sources in near future. On this grounds the preceding

section will analyse the nature of agriculture machinery and

implements Cmechanlzationi in Indian agriculture with respect to

selected states, i ts demand over a period of time, and also look

at the substitution possibilities of different agi icultural

equipment.

4.2 GENERAL NATURE OF FARM MF.CHANT SATI ON IN INDIAN AGRIOILTURE:

Mechanization in Ind ian a g r i c u l t u r e wa«; over emphasised s i n c e

Grot ' i i i tvvijl ul . i can o n w . n d ^ C dut_- to t J nuvly t_oJiij/< t.-'. i ai» o f o p e r a t i o n s

in HYVs cult ivation}. Ber.iuse of th is reason .substitution took

place from traditional equipment replaced by model n machines.

However, increasing application of machines, leads to not only

increase in capital toils, in ayi icul tui o pi eduction but also

created t1e»marjd for r»nr»rgy i nput s Tn view of this , the table 4. 2. 1

I l lus t ra tes the general nature of farm lut-Oiam .iuitioii in Indian

agri culture.

The Gross cropped area was 1S5 M. he in 1966/13V, which has

increased to 181 M. he in 1991/92. Regardiny tractors, there

wpreO. 54 lakhs in 19(50/̂ 57. which raised to 13.16 lakhs in 1991/93.

Where as t ractors per lakh hectares recorded 34 in 19*56/67, la ter
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Table 4.2. 1

FARM MECHANIZATION IN INDIAN AGRICULTURE: 1066-^67 TO 1991SQ1.

Source: CMIE: Ba«=Jc S t a t i s t i c s Rela t ing to t.h<» Tndlan Fconomy,
1994.

O . Figures in the bracke ts i n d i c a t e s compound growth r a t e s

from the previous year .

it has yoiie up to 727 in 1991/93 respec t ive ly . On thp othnr hand

the number of o i l engines was 4. CPS 1 alrh^ In 196P/R7, It ha? gone

up to 47. OO lakhs in 1991/92. The o i l engines per lakh hec ta res

was RH1-3! in 19RR-̂ V7, >i.i-. i-jj ua ! to ii'S/'V, in 1 991/QS.
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Item

GOAfMln. hec3

Tract 01s:

Lalch No's

Per Lakh
Her t a r e s

Oil Engines

Lakh No's

Per Lakh
Hectares

Elect r ica l ly
operated
PumpsetsX
Tubewells

Lakh No's

Per Lakh
Hectarfis

Consumption
of power C)OM
per ' OOO'
Hectares

1 ODO/'e/

1S5
C--3

O. 54
C—3

34
C—3

4. BS
C—3

295
C—3

5.13
C—3

330
C--3

)

1?!. 4
C—3

1971/Y2

166
C 1. 383

1. 43
C5. 313

86
C2O.393

1 'J. GO
ff>7.3rV>

7.25
Cl9.7O3

16.20
C25.863 (

977
t24.243 (

27. 0
f16.843 (

1976/"77

171
C O. 7*i3

2. 8O
C11.S83

163
f 13. 643

HJ.ISO
( ft. 6fS3

1.34
f11.223

27.34
C11. O43

1S9S
L10. 303

S1.0
: i 3 . 563

1981^82

173
CO. 233

5. 20
C13. 183

301
C13. OB3

28. 1O
f 3. SR3

1623
C5. 633

43.24
C9.603 (

2U0S
C 9. 4S3 i

84. 0
C1O.4Q3

1986/^7
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r o. mo

8.99
Cl1.b73

503
CIO. G23

3/.70
ffi. Oft")

2O88
C5. 173

61.52
C7.313

3440
to.as3

731 . 0
CB4.143

1991-^92

181
CO. 223

13.16
C7.923

727
C7. 643

47. OO
C 4. 51 3

2575
C4. 283

85. OO
C6. 683

4658
C6.2U3

241.8
C-19. 743



Tnterr»s.ti ngly, e le r l r i ra l ly opr?r;ited pump sets were

significantly increased fromS. 13 lakhs in 19B6/67, to 85.OO lakhs

in 1991/Q2. Electrical pump sets per lack hectare recorder) 33O In

1Q.fie/B7 and raised to4S58 in 1Q91/93 This indicates that, the

density of tractors, oil engines, and electric pump sets increased

at faster rate from 196G/B7 to 1991/S3.

On the other hand, consumption of power per 1O00 hectares

accounted 12.4 KWH in 1960/67, was later raised to 241.8 KWH in

IOPJI/P.?!. This indicate*; a twelve f nl d increase in power

consumption duiing 196Q/67 to 1991/92. NL-VUI tholcis., intrtaso in

a y i " i t : u ) t . u r c m a c h i n e r y : « m 1 I i t i p l f r i n r » n 1 « I t M t i v t . t> m u c h j j r c » * ; > - . - u r e o n

energy sources such a.& diesel o i l , petrol , and C1C-<_LJ ici Ly. Which

msans there is a direct relation bolweon fa.i m msr.lianl zat.ion and

energy resource demand in agr i r-ul t ure production.

With respect to compound growth rates , gross cropped area

increased at 1.38 *; in iyvi/72, wa;» incic.aL.ed al J<.vi cubing ra te

i .e 0.22 >i per annum in 1991/92. Tractor population raiuod at S. 31

'A per annum in 1971/72, which has increased at an increasing ra te

of 7. 92 V, per annum in 1991/92. As against th is , tractors per lakh

hectares rai-jud at a rate of 2O. 39 '•'. per annum in 1971/i'2, and has

further raised at a rate of 7.84 'A. per annum in 1991/92.

Oil engines; have increased at a rate nf ?>7 Sfi X per annum in

1971 /7£, and at a i ate of 4. S % per aiiuujn in lUUl.'U .̂ In othor

words the number of Oil engines per lakh hectare- recorded 19. 7O >i

growth per annum in 1971/72, and the growth rate diminished to4.28
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y. per annum in 1991/92. On the other hand elocti ically operated

pump sets grew at 23. 86 'A per annum In 1971/72, and later they

have raised at a rate of 6.68 Si per annum in 1991/92. Mean while

electric pump sets per lakh hectares increased at a i ate of 24.24

% per annum in 1971/72, and6. 25 % per UIIHUIH in 1991/92.

Consumption of power per thousand hectares recorded 16.84 'A per

annum in 1971/72, and later experienced negative growth of-19. 74 V.

pei- annum in 1991/92 rt-ipcutivply.

4 . 3 TOTAL NUMBER OF AGRICULTURAL MACHINERY AND IMPLEMENTS IN

INDTA AND SELECTED STATES:

Modernization of Indian a g r i c u l t u r e gave path to r a i s e in

a g r i c u l t u r a l machinery and implements. Due to t h i s reason

.•substitution of a g r i c u l t u r a l equipment took place •, i ncc 1 9©E>

onwards. Bet ter equipment r ep laced t h e 1 e<;s e f f i c i en t ones. The

a v a i l a b l e a g r i c u l t u r a l machinery and impl outputs from 19C/G-'o7 to

1991/92 in whole India and selected i U t e s is shown in tables

4. 3. 1 to 4. 3. 6.

Agricultural machlnc-iy and 1 mpl cmenti in A. F, uiuaiui1 od by

tho numljcM- of wooden anti I rciTi pi ouylis wise at 3S1 O and ©5

thousands in 1906/67. and later they raided to a li_-vu-l of 4285

and 881 tliou^jnds in 1539:1/93 i o^pt"t-t J vely. An equivalent of 8.11 *A

and 1. 7OV, in 19B6/67 and 8.6 and 11.3 % in 1991/92 respectively.

Contrary to tli!-; s-uyar ran? ciiKhpr? run by bullork and power

accounted for 227.11 and 47.48 hundreds in 19B6/67. th is has

further increased to 225 and 1O3 hundreds in 1991/92. an

equivalent of 3. Bfi X; and 1 t . O5 'A in 196fi/o7 to P.. fi« and 6. OO 'A in
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1091/62 res»pocti vely. However, pump sets run by diesel and

electr ici ty were 47 and 37 thousands in 1906/67 to 399 and 7O3

thousands in 1991/92. In percentage terms thi s» is equal to 1O. 41 Ji

and 14.tV.5 'A. In 1 PF5?5/«7 to 8. ?5 % and 8. "3 5< in 1 RP1 /PP respectively.

Interestingly tractor population inci cviî cd at a larger extent

namely, 29 hundreds in 1966/67 to 38S hundreds in 1991/92

respectl vely.

Table 4.3.1

TOTAI NUMHKR OK AOK1CUI TURA1. MACHTNKRY AND TMPI.KMFNTS TN I N D I A ,
1006/67.

Source: S t a t i s t i c a l Abs t rac t of I n d i a , DESAg., Govt, of I n d i a ,
1966 t o 1970.
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Item — Ploughs Sugarcane Puwpsets Tractors
• Crushers

State 1
Wooden I ron Bullock Power D1 *»«s*»l F l e c t r i c

COOO') CNo's)

Andhra 3238 54 22711 4748 46741 57225 2911
Pradesh C 8 . l l ) Cl. 70) C3.5tO C11.O5) C1O.41) C14.65) C5.39)

Bihar 38S3 164 45881 2417 3698 6854 2132
C9.65) C5.17) C7.20) C5.63) fO.8S) Cl. 76) C3.953

Punjab 1472 4/8 91534 2111 8138 8774 154S9
C3.D9) C15.O7) C14.35) C4.91) Cl. 82) C2.25) C28.7O)

Tamil 34f»3 348 14740 SS8JR3 4PBR? POR485 3278
Nadu C8. S7) CIO. 97) C2. 31) C13. 88) C9. 54) C53. 39) C6. 07)

Uttar ybUS O29 3O6147 37DO 28146 1O1O7 10139
PrailoshCIB.tW) CPQ. 3O) f«57. 41) Cfi. 77) ffi. ?7") (P.. l°81 > C18.79)

Wi.-*t 2421 C SO72 6C8 41 tt O2O 1548
Bengal C6.06) CO. 19) CO. 80) C1.60) CO. 93) CO. 16) C2.87)

All 39923 3171 637671 42959 449O89 3P.O5O5 53966
India C1OO. O) C100. O) C1OO. 0) C 100.0) C100. O) C 100.0) C 100.0)



Source: S t a t i s t i c a l A b s t r a c t of I n d i a , DESAa., Govt, of I n d i a ,
1971 t o 1977.
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With respect to Bihar, wooden and iron ploughs recorded 38S3

and 164 thou-;*nds in 10O6/B7. whi c;h h;»^ i ncreaspti to S34S and 744

thousands in 1991/92, as equivalent of 9.65 'A and 5.17 >S in

1966/67 to 1O. 7 V. and 9. S >i in 1901/92 r e s p c L i voly. Where as

Sugar cane crushers run by bullocks and power were 459 and 241

hundred in 1966/67, and l a t e r decreased to a level of 392 and 99

hundreds in 1991/92. It was almost equal to a growth r a t e of 7.20

Table- 4 .3 .2

TOTAL NUMBKR OK AOR1CUI TUP A! MACHTNFRY AND TMPI FMFNTS IN I N D I A ,
1071/72.

Itom - Pl()iKjh«; SinjiiiLriivv Piimp'Tî t s T r a c t o r s
. Crushers

Wooden I r o n Bullock Power Diese l E l e c t r i c
COOO'3 COO*) tOOO'D COO*3

Andhra 3510 83 286 70 111 145 63
Pradesh C8.933 C1.593 C4.R83 C8.055 C7.125 C8.985 C4.255

Bihar 4O55 R64 502 24 42 53 56
CIO. 32) C4. 935 C7.4.05 C2. 765 C2. 705 C3.285 C3.785

Punjab 654 755 780 93 248 79 424
C1.665 C14.095 C11. 505 C10.925 C15.925 C4.885 C28.595

Tand 1 300G 011 113 1 Ol iiO7 001 54
Nadu C7.8O5 C11.4O5 C1.675 C11.615 C13.295 C42.095 C3.64)

Uttar 7990 1681 4011 285 203 106 276
PradeshCSO. 335 C 3 1 . 375 (59.155 C 32. 765 C13. 03) C6. 555 C18. 61)

West 1318 4 8 — 5 2 7
Bengal 0 3 .35) CO. O7) CO. 125 CO. 3?5 CO. 1P5 CO. 47)

Al 1 3!),>Ll.l 'Si\M tt/81 tt/0 1 !>'̂ n 101S 1463
India C100.05 C100.0) C1OO.O) C1OO.O) C1OO.O5 C100.0) C1OO.O)



y. and S. 63 V. in 1966/67 to 4 .9 V. and 5 .7 >i in 1Q91/98

r e s p e c t i v e l y . I n t e r e s t i n g l y . d i e se l and power pump s e t s were3. 7

and 6.S thousands in 1Q66/67, whi rh l a t e r inc reased to 3O1 and 158

thousands i n 1991/92. This is equal to a growth r a t e of 0.63 V.

and 1.76 V. in 1966/67 to 6.4 and 1.9 V, in 1991/92. On the other

hand t r a c t o r s popula t ion not iced S1 hundred in 19E3U/B7, has gone-

up to 225 thousands in 1991/92. In percen tage terms i t i s equal to

3. 93 ;--. in lUfiO-'UV to 1.71 ?•£ in 1 QH1 .'££•» ro^pec t ive ly .

Table 4.3.3

TOTAL NUMBER OF AGRICULTURAL MACHINERY AND lMl'LLMLNTS IN I N D I A ,
1 070S77.

Source: S t a t i s t i c a l Abstract of I n d i a , DESAg. , Govt, of Ind ia ,
1977 t o 1986.
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Item PIoughs Sugarcane Pumpsets Tractors
• Crushers

State 1
Wooden I r o n Bul lock Power D iese l E l e c t r i c

COOO') COO') COOO') COO" 3

Andhra 3427 135 252 141 199 234 111
Pradesh C8. 35> C2. O7) C3. 77) f 12. 953 C8. 44D C9. 5O5 C4. 02)

Bihar 4269 343 441 43 13? 93 1O5
CIO. 4O3 t S. 2LO t L>. f.O) <- 3. 00 i < 'J. U03 C 3. 8 i .") C 3. 80)

Punjab 6O2 907 75S 166 323 129 667
C1.47) C13.92) M l . 3 0 ) C 1 5. 24) C 1 3. 69) C5.29) C24.18)

Tamil 3O57 583 101 121 239 783 65
Nadu C7.4H) C8.95) M . 51 ) M l . 1 1 ) M 0. 1 3) C 32. 20) C2.36)

Ut tar 778O 2188 4109 296 48O 172 713
Pradesh C18. 963 C33. 58) C61.48) C27.18) C20. 34) t /. 053 C25. 84)

West 1318 4 8 — — 0.4 7
Bengal C3.21) CO. OB) CO. 12) CO. O2) CO. 253

A l l 41031 litjlO C5683 108Q 2359 243£f 2759
Ind ia C100.0) C100.0) < 1 00. 0) (1OO.O1 HOO.Ol M 00. 0) C100.0)



In case of Punjab, wooden and i ron ploughs accounted 1472 and

478 thousands in 19B6/67. which noticed further at 433 and 255

thousands in 1991/92. In other word a growth r a t e of 3.69 V. and

15.07 M in 1966/87 to O. 9 V. and 3.3 V. in 1991/92 respect ivoly . In

rase of sugar r;ant» c:ru«5h«»rs run by bill 1 orV. anrl pnw»r thw;e were

913 and 21 hundreds in 19C56/B7 but im.i c-a-̂ ed to 893 and 572 in

1991/9P. Tills fs equal to a pnrcr«iilagp t m-rpacp of 1 4 . 35 54 and

4.91 >S in 19B6/67 to 11 . 2O 5* and 33.1 >S in 1991/92 respec t ive ly .

Diesel and power pump s e t s accounts 8.2 and 8.8 thousands in

Table 4 .3 .4

TOTAL NUMBER OF AGRICULTURAL MACHINERY AND IMPLEMENTS IN INDIA,
1981 /^2.

Sources S t a t i s t i c a l Abstract of India , UESAg., Govt, of India,
10H7 t •> 1990.

1 8 9

Item

Sta te |

Andhra

Pi aiiosh

Bihar

Punjab
Tamil
Nadu

Ultar
Pradesh

West
Briny.->1

All
I n d i a

PIuuyhs

Wooden

3317
i t / . 773

44 45
f 10 . 42)

581
C1.363

3251
C 7. 62)

79S2
i C18.R4)

2439
< H.723

42665
C1OO. O)

I r o n

247
C3. 6PO

158
C2. 36)

107
C1.6O)

596
C 8. 91 3

2434
C 3O. 3«>

60
CO. 903

6688
C1OO.O3

C r u s h e r s

Bui loci

196
t 2 . 83)

363
C5. 283

758
C 1 1. 04)

110
C1.603

4419
ffi t .33)

33
CO. 4B)

6869
C1OO. 03

c Power

7R
C6. 46)

59
C 4. 883

293
C 24.423

1O5
C8. 693

395
f 3?.. 7O)

4
I O. 333

12O8
C1OO. 03

Pumpsots

Diesel

f>Sl
C 7. 6,»3

264
C8. 013

448
C13. 593

205
C 6. 22)

822
f24.94)

195
c!S. n^)

3296
C100. 03

T r a c t o r s

Elec t r ic

438
112.233

111
C3. 103

215
C6. 003
945

126.39)

279
C7. 79)

13
CO. :*(.)

3581
f 1OO. O)

215
C4.153

146
C 2. 82)

1O65
C20.543

144
C2.78)

1422
f 27.43)

19
CO. 37)

5185
C1O0.O3



1066/67, they further increased to 623 and 473 thousands in

1991/S2. or 1.82 % and 2. 25 'A in 1966/07 to 13.3 'A and 5.6 'A in

1991/92 rc-speulivply. Whpre as tractors wprpifffi hundreds in

1966/B7, has raised to 172S hundred* in 1991/92. which in

pt-rc:i*ntayt? t.cMin-. nqua] t.r. RR. VO t-i in 1 0RR/^7 )n n . 1 '/., j n 1991x133

re^pucti vely.

Table 4.3.5

TOTAL NUMBER OF AGRICULTURAL MACHINERY AND IMPLEMENTS IN INDIA,
1986^87.

Source : Liyt.-i.tuck. Census of d i f f e r e n t S t a t e s , from 1989 to 1 9 9 1 .
CM1E: Bas ic S t a t i s t i c s R e l a t i n g to I n d i a n Economy, 1992.
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Item

Sta t e |

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All
India (

PIoughs

Woodon

4O23
C8. 83

5123
C 5 1. 23

412
f O. 9)

39O8
C8. 83

7995
C17. 53

P.PA 1

C4.83

45623
riO0.O3

I ron

S33
C7. 23

611
C8. 33

223
C3.13

762
CIO. 33

r»923
C 39. 63

68
CO. 93

73/5
< 1OO. O3

S u g a r c a n e
C r u s h e r s

Rut 1 o.-l(

203
C2. 83

375
C5. 33

861
C1 r>. 1 3

121
C1.73

5P.23
C73. 33

44
CO. 63

7123
flOO. O3

Powi=>r

85
C 0. O63

76
C5. 43

3/1
(PfS. 13

135
C9. S3

423
C29. 83

8
CO. 63

1419
C1OO.O3

Puiiijvspts

323
C8. 63

r>89
C7. 73

t>45
f 1 4. 53

343
C 9. 1 3

945
C 25. 1 3

P.7.4
C5. 93

3770
C100.03

Flert . r i<

625
C1 O. 13

135
C2. 23

3Q8
< n. 53
1023

C10. CO

375
C6.13

15
CO. 23

6152
noo. m

Trac to r s

342
C3. 83

203
C2.33
1561

C17.43
165

f 1.83

1735
C19. 33

23 ..
CO. 33

8990
n o o . <v>



Tamil Nadu noticed 3423 and 348 thousands of wooden and Iron

ploughs in 1966/67. it la ter raised to 41S3 and 898 thousands in

1991/92. or 8. S7 V. and 10.97 >i in 1966/67 to 8.3 Ji and 11.5 Ji in

1991/9P respectively. On the other hand sugar cane crushers run by

bul ] ock and power were at a level of 147 and 60 hundreds in

1966/E57, Iwi yuiif up to 143 and 160 huii<Jii_J^ in 19Q1/9H. This is

equal to 2.31 V, and 13.88 % in 1966/67 to 1 . 8 and 9.3 'A in 1991/92

respectively. Mt_»an while diesel and powu; pump ;;ott. d i ta showed

that there were43 and 21 thousands in 1UOD/67. thun l i l s ed to 391

and 1231 thuu^.indi, in 1991/92. ui 9. G4 % and S3. 39 'A in 1966/67 to

8.3 and 14.S X in 1991/SS respprt ively. With respect to t rac tors

recorded, there were 33 hundred in 1966/67 and i t has risen to 182

hundred in 1931/9^, ui Ij. O/ ... in 1 UUt'j, '157 Lo 1.4 % in 1OQ1/93.

Table 4.3.6

TOTAK NUMBF.R OF AGRTCU1 TURAI. MACHINERY AND TMPI.FMF.NTS TN I N D I A ,

mm/"as.

Sources Livestock Census; of different State:., from 1901 to 1993.
CM1E: Basic S t a t i s t i c s Relating to Indian Economy, 1S94.
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Item — Ploughs Suy.irc.-ane Pumpsets Tractors
• Crushers

State 1 - — — • —
Woodr»n I r o n Bill l o c k Power D i e s e l E l e c t r i c

Andhra 4X85 881 2 2 5 1 0 3 399 703 385
P r a d e s h C 8 . 6 ) C11 .33 C2 .83 C6.O3 C8.53 C8.33 C2.93

B i h a r S34S 744 3 9 2 99 301 158 225
CIO. 75 1 9 . 5 J C4 .93 I B . 73 C6. 4) 1 1 . 9 3 C l . 73

Pun jab 433 2S5 8 9 3 572 6 2 3 473 1725
c o . 9 3 C3.:r> c i i . ? 3 c ^ * . i 3 c i^ .^"» r«s.«v> r i 3 . i 3

Tamil 4123 898 1 4 3 160 391 1231 182
Nadu C8. 33 C11 .53 C1 .83 C.U. 33 C8.33 C14.53 C1.43

U t t a r 8125 3111 5 4 2 5 6 4 3 1010 473 2 1 2 3
P r a d e s h C16 .33 C39 .93 CB8.33 C37 .23 C21.S3 CS.63 C16.13

West 2641 83 58 12 240 2 3 31
Bengal C5 .33 C1 .13 CO. 73 CO. 73 CR. 13 CO.33 CO. 23

All 4U/85 7 8 0 3 7041 1727 4700 BliOO 131G1
I n d i a C1OO. 03 C100. 03 C100. 03 C100. 03 C100. 03 C100. 03 C100. O3



In the s t a t e of Uttar Pradesh there were7555 and 920 thousands

wooden and iron ploughs in 1966/67. which hay raised to 8125 and

3111 thousands in 1991 /&?.. An equivalent of 18.92 »tand 39.30 'A in

1960/07 to 16.3 V. and 39.9 54 in 1991/92. The sugar cane crushers

run by lull 1 orrl ;mr1 p. .'...TH wi-ro 3661 and 3R huiu It •-1-"- i r, 1 ftfT.8/137 have-

lm.icaaid to B425 and 643 hundred in 1 !5!)1 /HH. It. 1 >; cijui valent of

57.41 and 8.77 % In 1966/67 to 68.3 and 37.2 i{ in 1991/Q2

respectively. Diesel and powe-i pump ae t i which recorded 38 and 1O

thousand* Jn 19RR/R7, 1I;IK yrmc- up to 1 O1 O and 473 tlnnii.-,nds in

1991/92. It is equal to 6.27 and 2.61 V. in 1966/67 to 21.5 and 5.6

*/. in 1991/92 respectively. SCLUHJ highest Lraclu i population was

witnessed in U. P whore there w&i & 101 hundreds in 1966/67 and

that raided to 2123 hundreds, in 1991/92, of 18.79 :-; in 1966/67 to

16. 1 y. in 1691 /92.

The to ta l number of wooden and iron ploughs in West Bengal

accounted for around 2421 and R thousands in 1966/67, and they

later Increased to 2641 and 83 in 1991/92. In percentage terms it

was 6.06 and 0.19 'A in 1966/67 to 5.3 and 1.9 'A in 1991/92

respectively. As against this sugar cane crushers run by bullocks

and powoi were 51 and 7 hundred* in 1966/67,- which has raised to

SB and 1P hundreds in 1 9P1/P? rpspprt I wly . It is alm^t equal to

a pci (..i.-ntuyt..- >.,lun y of 0. 8O *. and 1 . U0 *. AM 1006-157 to 0.7 'i and

0.7 J< in 1Q91/92 r expert, i vely. Where as di esel and power pump sets

r.iiNod rrcjm4.7> ;ind n n Hv«i-,in.K in 1 nfV*. .-"rV7, to ?>4 0 ,'ind 23

thouiaiidi in 1991/92, oi from O. S3 and 0.16 « in 1365/67 to 5.1

iiiui O. 3 >f. in 1 OP11/P2 rt>sper:ti vely. On the r>t h>-r hand tract.or

Population was negliyiblc- in Wû t Bo-nyal sin^e it was as 15
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hundreds in 1966/67, has risen to 31 hundred in 1991/92, or 2.87 'A

in 1OQB/67 to O. S V. in 1991/92 respectively. On th* whole it has

been observed that, total number of agricultural machinery and

implements were less in West Bengal, compared to other states in

India. The reason for this may be institutional set up in the

state.

All India picture was shows quite positive trend in case of

ayi itullural machinery and implements. For example the number of

wooden and iron ploughs were 39923 and 3171 thousands In 1966/67,

have raided to 49785 and 78O3 thousands 1n 190.1/0;= resperttvely.

As against this , sugar c.j.nc- I_I u-.h<_'i ;» i un by bullock and power

J n c i i . - K i - . r n i f r o m Wf7 a n d 4 3 O I U J I i i i r r > r K I n 1 H R R / l ? 7 t . n 7 0 4 1 , n d 1 7 ^ 7

hundreds in 1991/92 respectively. The diesel and power pump sets

rocuj Jed a 1 uvol at 4 49 and 391 thousands in 1 E3tiD/f:i7, they have-

increased to 47OO and 8500 thousands in 1991/92 respectively.

Huwc-vfi t i - i i c t o r p o p u l a t i o n whi r-h vtvjv ; i t i i 4 O lnj:i.l: t-iJ^ i n 1 96t:>/f=i7,

has gone up to 13161 hundred:, in 1991/92 respectively.

Considering compound growth rates of agricultural machinery

arid j nip] omc-nt?-, in Andhra Prndr-=h the? yrowth r.itp of woode-n and

iron ploughs increased at 1 . 63 % and 9.5O 'A per annum in 1971/72,

and later wooden ploughs was increased at a rate of 1 . 27 V. per

annum and iron ploughs increased at a rate of 10. SI % per annum in

19Q1/92. Aii ayaliiit this auŷ ii- cane ciuiiliera run by bullocks and

puwnr nol.i rpvl a yrowl h rate or 9.73 'A and R. PP ^ pr»r annum in

1971/72. w» Increased at a rate of P..OO and 3 Ol ^ In 1991/92

respectively. Diesel and power pump sets have raised at 18.75 and

20.53 'A per annum in 1971/72. was later recorded at a yrowth rate
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of 4.32 'Annei 2.38 'A per aimuoi in 1QO1/92 roi-petti vely. Tractors

m:t:rviri» -»»<i Ttir 1 PS Yf? ^ y rowt l i i . i t i - pr-i omuim In 1 H 7 1 / 7 2 , w h i c h

l a t o r incn-MM.'i i at a i a t e of 2. 4O % pi.-i .innum i n 1991/9 :5 .

Bihar accounted, wooden and ijon ploughs growth i u le i at 1 . O3

>tind 0. 09 'A par snmjni in 1071/72. whi.fli further ralsod at 0.85

%and 4. OS J4 per annum in 1991/92. On the other hand sugar cane

crushers run by bullocks and power i etoided a growth i j t e of 1.81

'A and O. OO 'A \v*r annum in 1H71/72, iind la te r raised at a r a t e of

0. SQ 'A and R. 43 X per annum in 1 QQ1 /9S rsspert 1 v»1 y Moan while

d l r ? - . o ] . a n d p c j w . j i . i i i a , . . - . - I . ^ w j l . i i t : . .» . 1 . i ( j ; u v l l , i . i l . i - D I " E H . S l ! > V . a n d

50.34 Jt in 1Q71^7'R, and has gone up to at a rate of O. 8R % and 3. SO

'/, per annum in 1991/92 1-K.petLlvely. TiiLtuii int.ie.ii.ed at a rate

of 21.67 V. per annum in 1O71/72. and2. 08 % per annu/i, in 1991/O3

respectively.

Wooden ploughs in Punjab noticed a negative compound growth

rate of -14.98 and iron plouyhi. a positive growth rate- of 9. 57 >i

per annum in 1971/72. Thuue growth rates later become positive

where in wooden and iron ploughs has a growth rate of1.00 and 2.54

V. per annum in 1991/92 roapetti vely. On the othtsr hand iugar cane

crushers run by bulJock-.- and power not i rf>d growth rates of -3.14 '/•

and 35.24 V. per annum in 1971/72, and hs=; gone up to 0.73 and 9.04

'/. per annum in 1991/92 respectively. Diesel and powoi pump sets

increased at a rato of97. 76 V. and S3. 10 'A per annum in 1971/72,

and later raised at 2.71 and 3. SI 'A per annum in 1991/92

rp^pc-r-ti vely. Wlvro as l.rarlra-^ nnl.lrpii a rate of yrowth at 22. S9

'A per annum in 1971/72, which has gone up at a rate of S. O2 54 per

annum in 1Q91/62 respectively.
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Tamil Nadu noticed negative growth in wooden ploughs i . e

-3.18 V. and posi t ive growth ra te for iron ploughs of 11.92 V. per

annum In 1971/73, la ter raised at O. 63 Xand 3.34 54 per annum in

1991/93 respectively. In case of sugar cane t;i ushers run by

bullock there was negative growth of -5.13 54and for power units

the? growth i-al.i> w,i<;1 n. P8 5i pr»r unrumi In 1 R71 /7p, la ter both have

increased at a ra te of 3.40 5s and 3.4.6 V* per annum in 1991/93

rCipetLl voly. Interest ingly, dlo*it*l and power pump sots increased

at 36.93 V* and 1OO. S4 54 annum in 1971/73, and later i ncrpsspd at a

rate or 2.65 54 and 3. 7754 in 1991/93 respectively. Tractors

noticed a 1O.35 5i per annum in 1971/73, later increased at a ra te

of 1.98 54 per annum in 1991/93 respectively.

U. P is thr» s l a t e , whore there arc- highest number of

agricultural machinery and implements. In <-»̂*=- of wooden and iron

ploughs the ra te of growth was at 1.12 54 and IB. 59 'y. pc-i annum in

1971/73. and later increased at a r a t e of 0.33 5iand 1.25 5; per

annum In 1991/93. Sugar cane crushers run by bullock and power

accounted a ra te of 1.84 54 and 49.63 5i in 1971/73, was later

noticed the growth rates at 0.76 % and 8.73 y. per annum in 1991/92

respectively. Diesel and power pumps raised at 48.63 54 and 61 .35 V.

per annum in 1971/73, later increased at a ra te of 1.34 % and 4.75

'••'- pc-i- annum in 1091/92. However, t ra t lu i s> recorded a growth ra te

of 33.37 V. per annum in 1971/72, and 4.13 V. per annum in 1991/93

respectively.

Royai ding West Bengal, wuwlui oiid iron plouyhi. c-xpoi i enced

negative growth i . e -11.45 V. and -7.79 V. in 1971/^3, 1 ator it was
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become- positive at 3.62 V. and 4. O7 X pci ,in,u,i» in 1991/92.

However, sugar cane crushers run by bullocks and power noticed a

growth rate of-30. 69 V«and 0. OO 'A per annum in 1971/72, then raised

at 5.68 'A and 8.45 V. per annum in 1991/92 respectively. Pump sets

run by diesel and power accounted 3.55 'A and 0.00 'A per annum in

1971/72, then increased at a ra te of 1 . 39 'A and 8.92 'A por annum

in 1991/92 respectively. Tractoi population also raised at a

nuyative growth rate of -14.14 'A in 1971/72, but later the growth

r a i t ? w ; i \ O . 1 ^ "A p r - » i ; H I I H . I M I I n 1 . n n i .""XT', r r > . . j , i - , l i v e l y .

I n C J ; , I _ - u f a l l I n d i a , W L J L J C 1 C ; U . J I U J i i u i i p i u u y l , : - , i , u . i i . - . j : - , w d a t a

r a t e of -O. 32 'A anri 1 1 . OR •/ In 1971/72, was la»,**r noticed the

growth r a t e at 1 . 76 Ji and 1.13 V. per annum in 1991/93. However,

^ u y . i r L : a n t : c i n l - l n -f ^ r u t i \ i y 1 n i l 1 ( " \ , i M I 1 j •> •'.••• : ! i r i > . ; ; •; J .* t , 1 . S 4 ^

and 15.14 V. per ^nnum in 1971/72. and l a t e i i a i sed at 2 .29 >£ and

4.01 % pr_-i annum in 1991/92. Ai. ayiainil this: , the- cli C-T-LVI and

power pump «?*»•.«; r a i s e d at 28 .25 'A and 3r>. P5 ^ pf»r annum in

1971/72, and l a t e r it. i nc r ea sed at a r a t e of 4.51 'A and 6 .68 'A

per annum in 1 991/9P. r e s p e c t i v e l y . Mean while t r a c t o r s i nc reased

at 22 .39 'A per annum in 1971/72, and l a t e r they iai i .od up at a

r a t e of 7 .92 'A per annum in 1U91/92 i <--_.pecti vel y.

4 . 4 SUMMARY AND CONCLUSIONS:

The p r e s e n t c h a p t e r h a s a n a l y z e d t h e n a t u r e o f m e c h a n i z a t i o n

i n I n d i a n a i j r i c u l ' . u r f and sn l pr-l..«l s t a t e s . Along w i t h t h i s some

o t h e r i s s u e s l i k e , t r e n d s i n a g r i c u l t u r a l i n p u t s , and g e n e r a l

n a t u r e of f;irm m-.'c li^ni iiixli un J. n TiiJi^in -iji i i . n l l u i L- was a l s o

analyzed.
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On the whole the inputs demand pic ture is quite clear. It has

incroased d: ai,ti i.:al ly from 197O/71 onwaid;,. and agricul tural

machinery and powor consumption w1 t. nested w r y much Impressive

growth r.itr?s. This, indltal.fs tha t , there will be- ;.i yi u-jt-t-r demand

for energy sources in near future.

The d;-if ;i ;inslysls reflating to Sijilrull m ,-,1 n,.,i:hi HOI y and

implements in whole India and selected s t a t e s hai identif ied tha t ,

the tradi t.ional equipment l ike wooden ploughs, sugarcane crushers

run by bullocks, and di^sel pump se t s were replaced by modern

equipment such iron ploughs, sugarcane rriRhftrs run by power, and

e lec t r i c pump se t s . It shows tha t , there is a subst i tut ion

poss ib i l i t i e s among the agricui t.ural equipment in Indian

agricul ture . The highest t ractor population Wat. rutui-dud in Punjab

and U. P, next comes to A.P, Rih»r, Tami 1 Nadu, and West Bengal .

The lowest t ractor population has witnessed in West Bengal. The

s ta tes l ike Punjab, U. P, A. P, and Tamil Nadu were wore at t racted

fur adopt I ny modf-i n t w liiiol uyy, wht.-i e as thr.' s ta tes 1 1 Vo Bihar and

West Bengal s t i l l exist ing with t radi t ional technology.

The- ni_-jtt chapter will i>xuiiiiiiL'i tlio natuj i_ uf f-_i t i l i^er and

pesticide* demand in Indian agr icul ture and selected s ta tes .
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CHAPTER 5

FERTILIZER AND PESTICIDES CONSUMPTION IN INDIAN AGRICULTURE

5.0 INTRODUCTION:

Fertilizers play a vital role in the modern agriculture

technology. Increased use of fertilizers has increased food

production which is conspicuous in the last two and a half decades

when the consumption of nutrients N, P, and K increased from 0.78

million tones(1965-66) to 10.3 million tones (1988-89). During

this period the food grain production also increased to over 170

million tones from a level of 73 million tones. The projected food

grain requirement of 240 million tones by the turn of the century

is to be achieved mainly through fertilizer use and improved farm

technology.

Several studies are available which attempt: (1) to estimate

the contribution of fertilizers to increased agricultural output

over time or (2) to estimate the proportion of agricultural output

which is accounted for by the fertilizer input. In general, the

developing countries have only a small proportion of total food

output attributable to fertilizer use, but the contribution of

fertilizer to subsequent increases in output is much higher. A

more balanced relationship exists within most developed countries.

The contribution of fertilizer depends heavily upon the sources of

increased output increased area brought under cultivation or

increased yield per hectare cultivated. Although fertilizer
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applications may be necessary to bring new land under cultivation,

its major influence is through the yield-increasing component.

The commercial energy required to produce a pesticide can be

substantial. The raw materials for modern pesticides mostiy come

from the petrochemical industry, and further inputs of energy are

required in manufacturing. Thus pesticides are the most energy

intensive agricultural input. Nevertheless, continued growth in

the use of pesticides appears unavoidable. Their expanded use is

particularly needed in developing countries, where crop loss(both

pre- and post harvest), because of inadequate pest control, are

very large. The declining share of world pesticide use projected

for the developed countries probably mainly reflects environmental

concerns.

Raymond H.Ewell(1974), who examined the success failure of

Green revolution in Developing countries by taking the fertilizer

as limitting factor. The main issues focussed in this study are

(1). of the three primary agricultural inputs - seeds, water and

fertilizer- fertilizer is the most critical input since it

involves the greatest investment both by individual farmers and by

the national economy. (2) very large quantities of fertilizer will

be required by the developing countries during the next decade in

order for agricultural production to keep pace with population

growth. (3) Under-utilization of fertilizer is likely to be the

limiting factor in increasing agricultural production in the

developing countries during the next decade.

The main conclusions drawn in this study are that,
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under-utilization of fertilizer is likely to be the limiting

factor in agricultural production in the developing countries

during the 1970's and 1980's rather than under-utilization of

improved seed varieties or under-utilization of agricultural

water. Under-utilization of fertilizer in the developing countries

is the most likely cause of the green revolution falling short of

the expectations, (the world's people now have for it, if that

should happen).

Another interesting study by Chauhan.K.K.S and

Misra.R.V(1989), who analyzed the Nitrogen fertilization in Indian

agriculture. The main observations of this study are that,

application of nitrogenous fertilizers is a key factor in the

overall fertilization programme of Indian agriculture. Due to

widespread nitrogen deficiency in Indian soils, need for adequate

nitrogen fertilization is being felt more and more, especially

with the increasing coverage under short duration of high yielding

varieties and removal of substantial quantities of nitrogen in

intensive cropping systems.

Nitrogen being an energy intensive and costly nutrient, it

becomes necessary to plan for scientific and efficient use of

nitrogenous fertilizers. The nitrogen requirements for different

crops and varieties under various agro soil-climatic situations,

promotion of efficient fertilizer materials, complementary use of

organic , in-organic and biological sources of nitrogen, and a

sound technology transfer programme should form essential

components of the strategy to promote efficient use of nitrogenous

fertilizers.
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Tandon.HLS(1993), who examined the fertilizer consumption in

Indian agriculture by taking data from fertilizer statistics,

(Fertilizer Association Of India), during the period 1970 to 1992.

The major findings are, The season-wise fertilizer consumption

pattern has gradually undergone major changes over the years.

During the 1970s and early 1980s, 60-65% of annual fertilizer

consumption took place during the post-monsoon(rabi) season and

35-40% in the monsoon season (kharif). This ratio has been

narrowing down. Narrowing down of this ratio can be taken as an

indicator for three possible developments (i) increasing

acceptance of fertilizers on kharif crops particularly rice (ii)

increasing fertilizer use on rain fed crops during kharif in the

assured rainfall areas (e.g. kharif sorghum in Maharashtra), and

(iii) widening of the base of fertilizer consumption.

Punjab is the only state to have application rate above 100

kg/ha for an individual nutrient(N). Highest mean consumption

rates for PgOgare also found in punjab followed by Andhra Pradesh.

Tamil Nadu and Kerala lead the other states in terms of mean

potash application per unit area. Out of about 400 districts, 25%

of the total fertilizer is used in 27 districts, 50% in 76

districts and 75% in 151 districts. This clearly demonstrates the

concentration of fertilizers in a few favorably endowed areas. It

is apparent that not all high-consuming districts have a high

nutrient application rate per unit area. Some districts are in the

high consumption category because of their large cropped area,

some due to high application rates per hectare and others due to a

combination of both area and intensity of use.
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Donald B.Ibach and Moyle S.Willlams(1971), has conducted the

economic analysis of fertilizer use in agricultural sector in

general. The main objectives of this work are that, the economics

of changes in fertilizer use at different levels of other

technology on the individual farm, and general changes in

technology and fertilizer use and their effects and implications

for agriculture as a whole. The main hypothesis farmed here is

that, with continuous inputs such as fertilizers, irrigation

water, plant population, the physical principle of decreasing

increments of output provides the basis for the economic principle

of diminishing returns.

The results gave an indication that through improved

technology a specified higher total output occurs at the lower

yield indexes, while at the same time less fertilizer in the

aggregate is used. But it is emphasized that crop land-fertilizer

combinations derived from yield responses reflect, in addition to

the annual rate of application, residual effects of proceeding

fertilizer use at rates that would sustain the associated yields.

Improved technology, including profitable use of fertilizer, is

increasingly essential as farming becomes more complex and

production depends more on off-farm inputs. Individual farmers

need to keep in close touch with, and act on, new developments.

But in view of the general effects, commensurate adjustments in

crop land area use as well as in capital to the economic health of

agriculture.

One of the pioneering study by Khera.M.S et.al(1990),
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analyzed the use of potassium in Indian agriculture. This study

presents an overall view of the past, present and likely future

trends of K use in Indian agriculture. It was observed that about

one fifth of the districts in India fall in the Low-K category.

Depletion of reserve K in soils especially with intensification of

agriculture and consequently more areas likely to become deficient

in K are emphasized. About 41% of the total low-K districts in

India were located in U.P alone. Goa, Meghalaya, Mizoram,

Nagaland, Pondicherry and Tripura were in the low-K category,

while the entire Gujarat was in the high-K category. Nearly 50% of

total consumption of K fertilizers is accounted by southern zone

in which Tamil Nadu state gets a major share. But the consumption

figurers of different states do not relate to their K fertility

status. More than 50% of K fertilizers are being consumed by rice

followed by wheat (15%).

Prem Narain, et.al(1990), analyzed the long term fertilizer

use and yield sustainability in Indian agriculture, with the

objectives, to identify the economics of long term fertilizer use

in crop production, to estimate the yield trends from continuous

application of fertilizer and, to trace out the factors affecting

yield sustainability in long term fertilizer experiments. The data

for the study have been drawn from the long term fertilizer use

experiments conducted at 8 cooperative centers under All India

coordinated research project on long term fertilizer experiments

for the period 1971-86.

The results showed that, the economics of long term

fertilizer use and yield sustainability in various agro-climatic
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zones of the country indicated the need for applying balanced dose

of NPK at recommended levels for increased crop productivity and

economic returns. Response to application of N and P was

conspicuous at all the centers except at Pantnagar. However,

application of K did not show beneficial effect for 15 years of

continuous cropping at Coimbatore, Jabalpur, Hyderabad and

Pantnagar because of high availability of the nutrient in these

soils. At most of the centers, the available data suggests that

there is a need for revision of nutrient levels for obtaining

sustainable crop yields.

In the scenario of agricultural modernization, fertilizers

and pesticides are the important inputs to up lift the

agricultural production at larger extent. The former will act as a

direct input in production, the later act as a external factor

which decide the level of production. At the same time much energy

can be consumed in the production of these inputs. Higher

consumption of fertilizers and pesticides accounts much amount of

energy demand in agriculture sector. Due to this in the last two

decades agricultural sector is experiencing much demand for energy

resources. To examine this, the present section will concentrate

on the nature of fertilizers and pesticides consumption in Indian

agriculture.

S.I AREA UNDER HIGH YIELDING VARIETIES OF FOOD GRAINS - ALL

INDIA:

The introduction of HYVs in Indian agriculture from 1966

onwards, gave a path to much demand of inputs. So that, it is very
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much essential, at foremost for discussion, to identify the area

under high yielding varieties, which again will provide a path to

identify the nature of fertilizers and pesticides demand in Indian

agriculture.

The table 5.1.1 illustrate the area under HYV seeds in Indian

agriculture from 1966/67 to 1991/92. The area under HYVs of rice

in all India was accounted, to be 887 thousand hectares in

1966/67, and later it has gone up to 27235 T.he in 1991/92, from a

2.5 % share in 1966/67 to 62.7 % in 1991/92. As against this wheat

area recorded 540 T.he in 1966/67,

Table 5.1.1
AREA UNDER HIGH YIELDING VARIETIES OF FOOD GRAINS - ALL INDIA

CThousand Hectares)

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

which further raised to 21237 T.he in 1991/92. This shows that, a

five fold increase in area from 1966/67 to 1991/92, or equivalent

of 4.2 % in 1966/67 to 88.4 % in 1991/92 respectively. Jowar area

witnessed, 190 T.he in 1966/67, was later recorded at 6125 T.he in

1991/92. This is almost equal to more than thirty times increase

in area from 1966/67 to 1991/92 respectively. This is equal to 1.1

X share in 1966/67 to 38.3 % in 1991/92.

205

Year |
Crop 1

RJ.ce

Wheat

Jowar

1966/67

887
C2. 53

5*0
C4. 23

190
C1.13

1971/72

7410
C19. 6)

7860
C 41.13

686
C4. 13

1976/77

13337
C34. 6)
14522
C69. 45

237O
C15. 0)

1981/82

19687
C48. 4)
16751
C75. 63

3882
C23. 4)

1986/87

24026
C58. 43
19142
C82. 83

5500
C 34.53

1991/92

27235
C62. 73
El 237
C 88, 43

6125
C 38. 33



Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

per annum in 1991/92 respectively. As against this Jowar area has

29.4 % per annum in 1971/72, which raised to a rate of 2.18 % per

annum.

S.2 AREA UNDER HIGH YIELDING VARIETIES OF RICE, WHEAT, AND JOWAR

IN SELECTED STATES AND WHOLE INDIA:

The area under HYV seeds in selected states and all India

from 1966/67 to 1991/92 is shown in tables 5.2.1 to 5.2.6.

Considering the states in India, the area under rice in A.P was at

275 T/he in 1966/67, and has gone up to 3861 T/he in 1991/92. As

equal to 31.0 % share in 1966/67, later at 14.2 % share in 1991/92

respectively.
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However, as stated in table 5.1.2, compound growth rates

noticed, rice area increased at the rate of 52.9 % in 1971/72, and

later increased at a rate of 2.54 % in 1991/92. Interestingly

wheat area witnessed 70.84 % growth per annum in 1971/72, later

increased to a rate of 2.10 %

Table 5.1.2

COMPOUND GROWTH RATES OF AREA UNDER HIGH YIELDING VARIETIES OF FOOD
GRAINS - ALL INDIA

CThousand Hectares)

Year |
Crop '

Rice

Wheat

Jowar

1966/67

_ _

1971/72

52.89

70.84

29.41

1976/77

12.47

13.06

28.14

1981/82

8. 10

2.90

10.37

1986/87

4. O6

2. 7O

7.22

1991/92

2.54

2.10

2.18



Bihar recorded 67 T/he in 1966/67, later it has raised to

2891 T.he in 1991/92. This is equal to 7.6 % in 1966/67 and 10.6 %

in 1991/92. As against this, Punjab accounted 7 T/he in 1966/67,

which increased to 2037 T/he in 1991/92, in percentage terms

from0.8 % share in 1966/67 to 7.5 % in 1991/92. Tamil Nadu noticed

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

152 T/he in 1966/67, and later increased to 2213 T/he in 1991/92,

this is equal to 17.1 % in 1966/67 to 8.1 % in 1991/92

respectively. U.P recorded 69 T/he in 1966/67, which has increased

to 4125 T/he in 1991/92, a share of 7.8 % in 1966/67 to 15.2 % in

1991/92. However, West Bengal noticed 26 T/he in 1966/67, which

raised to 2623 T/he in 1991/92. The share equal to 2.9 % in

1966/67 to 9.6 * in 1991/92 respectively. All India level scenario

showed that, 888 T/he in 1966/67, has raised up to 27235 T/he in

1991/92 respectively.
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Table 5 .2 .1

AREA UNDER HIGH YIELDING VARIETIES OF RICE, 1966/67 TO 1991/92.
C'OOO Hectares)

S t a t e s

Years |

1966/67

1971STZ

1976/77

1981/82

1986X86

1991/92

A. P

275
C 3 1 . O)

725
C9. 83

2O24
C15. 23

3086
C15. 73

3250
C13. 53

3861
C14. 23

Bihar

67
C7. 63

44O
C5. 93

998
C7. 53
1500
C7. 63
2748

C11. 43
2891

CIO. 63

Punjab

7
CO. 83
311
C4. 23
579

C4. 33
1207
C6.13
1709
C7.13
2037
C7.53

T.Nadu

152
C17.13
2245

C30. 33
2170

C16. 33
2300

C11. 73
1860

C7. 73
2213

C8.13

U. P

69
C7. 83

994
Cl3 . 43

1679
C12. 63

2665
C13. 53

3701
C15. 43

4125
C15. 23

W.Bengal

26
C2. 93

704
C9. 53
1290

C9. 73
18O7

C9. 23
2244

C9. 33
2623

C9. 63

ALL
I n d i a

888
C1OO.O3

7410
C100.O3
13337
C1OO.O3
19687
C1OO.O3
24026
C100. O3
27235
C 1 O O . O 3



Considering compound growth rates of HYVs of rice,Andhra

Pradesh recorded, 21.40 % in 1971/72, which increased at a rate of

3.51 % per annum in 1991/92. Bihar noticed 45.71 % per annum in

1971/72, was further increased at a rate of 1.02 % per annum in

1991/92. Interestingly, Punjab noticed 113.57 % per annum growth

in 1971/72, and has gone up to a rate of3.57 % per annum in

1991/92. Tamil Nadu recorded 71.35 % per annum in 1971/72, later

it has raised at 3.54 % per annum in 1991/92. Where as U.P

witnessed 7.47 % growth per annum in 1971/72, and later it has

gone by 2.19 % per annum in 1991/92. West Bengal recorded 93.43 %

Table 5.2.2

COMPOUND GROWTH RATES OF AREA UNDER HIGH YIELDING

VARIETIES OF RICE, 1966/^67 TO 1991 •92.

C'OOO Hectares)

States

Years

1906SG7

1971/72

1976/77

1981/82

1986/86

1991/92

A. P

—

21.40

22.80

8.80

1.04

3.51

Bihar

~

45.71

17.80

8.49

12.87

1.O2

Punjab

—

113.57

13.24

15.83

7. 2O

3.57

T.Nadu

—

71.35

-0.68

1.17

-4.16

3.54

U. P

~

7.49

11.06

9.68

6.79

2.19

W.Bengal

—

93.43

12.88

6.97

4.43

3.17

ALL
India

—

52.86

12. 47

8.10

4. O6

2.54

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

per annum in 1971/72, was further raised at a rate of3.11 X per

annum in 1991/92. At all India level it was 52.86 % per annum in

1971/72, which slowly increased at a rate of 2.54 % per annum in

1991/92 respectively.
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Area under HYVs of wheat in Bihar noticed 25 T.he in 1966/67,

later it has gone up to 2425 T.he in 1991/92, which is equal to

4.6 % in 1966/67 to 11.4 % in 1991/92. Punjab accounted 59 T.he in

1966/67, which further increased to 3673 T.he in 1991/92. Which is

Table 5. 2. 3
AREA UNDER HIGH YIELDING VARIETIES OF WHEAT, 1966/67 TO 1991/92.

C'OOO Hectares)

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

equal to 10.9 % in 1966/67 to 17.3 % in 1991/92. As against this

U.P accounted 363 T.he in 1966/67, and later raised to 8241 T.he

in 1991/92, in percentage terms from 67.2 % in 1966/67 to 38.8 %

in 1991/92. Contrary to this West Bengal witnessed 8 T.he in

1966/67 to 532 T.he in 1991/92, which equivalent to 1.5 % per

annum in 1966/67 and 2.5 % in 1991/92. At all India level it

recorded , 540 T.he in 1966/67, later increased to 21237 T.he in

1991/92 respectively.
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States

Years

1966/67

1971/7Z

1976/77

1981/82

1986/86

1991/92

Bihar

25
C4. 63
1213

C15. 43
1417

C9. 83
1800

C9. 8)
21OO

C11. 03
2425

C11. 45

Punjab

59
CIO. 9)
1695
C 21. 65
2376
C16. 43
2883
C15. 73
3178
C16. 63
3673
C17.33

U. P

363
C67.23

2200
C 28. 03

4800
C33.13

6193
C33. 83

7431
C 38. 83

8241
C38. 83

W.Bengal

8
C1.53
385
C4. 93
6O0
C4.13
389
C2.13
397
C2. 13
532
C2. 53

ALL
Ind ia

540
C1OO.03

7860
C1OO. O3
14522
C100. O3
18325
C1 OO. O3
19142
C100.O3
21237
C100.O3



Regarding compound growth rates, Bihar witnessed 117.36 % per

annum in 1971/72, which further raised to 2.92 % per annum in

1991/92. Punjab noticed 95.73 % per annum in 1971/72, and

Table 5.2.4
COMPOUND GROWTH RATES OF AREA UNDER HIGH YIELDING VARIETIES OF WHEAT,
1966x67 TO 1991X92.

C'OOO Hectares)

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

increased at a rate of 2.94 % per annum in 1991/92. As against

this U.P, noticed 43.38 % per annum in 1971/72 to 2.09 % per annum

in 1991/92. Interestingly, West Bengal recorded, 117.01 % per

annum in 1971/72, and later it raised at a rate of 6.03 % per

annum in 1991/92. Where as all India picture showed a70.84 % per

annum in 1971/72, and2.10 % per annum in 1991/92 respectively.

Area under HYVs of Jowar in A.P noticed 36 T.he in 1966/67,

which was raised to 510 T.he in 1991/92. which is equal to 19.0 %

from 1966/67 to 8.3 % in 1991/92. Tamil Nadu recorded 10 T.he in

1966/67, which further raised to 385 T.he in 1991/92, this is
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States

years 1

1966X67

1971X72

1976X77

1981X82

1986X86

1991X92

Bihar

117. 36

3.16

4.90

3.13

2.98

Punjab

95.73

6.99

4.78

1.97

2.94

U. P

43.38

16.89

5.23

3.71

2.O9

W.Bengal

117.01

9.28

-8.30

0.41

6. O3

ALL
India

70.84

13. O6

4.76

O. 88

2.10



equal to 5.3 % growth in 1966/67 to 6.3 % growth in 1991/92. On

the other hand U.P noticed 2 T.he in 1966/67, which has later

recorded 3 T.he in 1991/92. This is equal to 1.1 % in 1966/67 to

0.1 % in 1991/92 respectively. At all India level it was observed

Table 5 . 2 . 5
AREA UNDER HIGH YIELDING VARIETIES OF JOWAR, 1966 /67 TO 1 9 9 1 / 9 2 .

C *OOO Hectares)

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

that, 190 T.he was the area under HYV inl966/67, was further it

has gone up to 6125 T.he in 1991/92 respectively.

Compound growth rates recorded in A.P was 0.55 % per annum in

1971/72, was later raised 2.54 % per annum in 1991/92. Where as

Tamil Nadu noticed, 12.47 % per annum in 1971/72, to -0.96 %

growth in 1991/92. U.P noticed almost 0.00 % growth in 1971/72 to

1991/92. All India level picture witnessed 29.28 % per annum in

1971/72, which has later increased at a rate of 2.18 % per annum

in 1991/92 respectively.
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States
Years |

1966/^7

1971 /V2

1976/V7

1981 /^E

1986/86

1991 /*92

A. P

36
C19. 0)

37
C5. 4)

150
C6. 3)

449
Cl1 .63

450
( 8 . 23

510
C8. 33

T.Nadu

10
C5. 33

18
C2. 63

185
C4. 53

4O4
C7. 43

385
C6. 33

U. P

2
C1.13

1
CO. 23

2
CO.13

1
CO. O33

3
CO. 13

ALL I n d i a

190
C1OO. O3

686
C1OO. 03

2370
C1OO. O3

3882
C1 00.O3

5500
C1OO. 03

6125
C1OO. 03



Table 5.2.6
COMPOUND GROWTH RATES OF AREA UNDER HIGH YIELDING VARIETIES OF JOWAR,
1966/^7 TO 1991 ̂ 2 .

C'OOO Hectares)

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

5.3 THE QUANTITY OF PLANT NUTRIENTS RECEIVED FROM SOIL BY

DIFFERENT CROPS:

Fertilizers absorption from soil can differ from crop to crop

according to its biological structure. As we know the legume crop

will demand less amount of fertilizers as compared to other crops

such as rice, wheat, jowar, sugar cane and cotton. According to

ICAR (1987), fertilizer absorption can differ from crop to crop

and region to region due to soil differences. The tables 5.3.1 to

5.3.1 discusses the fertilizer absorption by different crops under

consideration.
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States
Years |

1966/^7

1971 /V2

1976/77

1981 ^ 2

1986/^6

1991^92

A. P

O. 53

32.31

27.18

-2. OS

2.54

T.Nadu

12.47

16.91

-O. 96

U. P

0.00

0.00

0 . OO

0 . OO

O. OO

ALL I n d i a

29.28

28.14

10.32

7.22

2.18



Table 5.3.1
THE QUANTITY OF PLANT NUTRIENTS RECEIVED FROM SOIL BY DIFFERENT
CROPS CKg. per hectare}

Source: ICAR Hand Book of Agriculture: Facts and figures for
farmers. Students and all Interested in farming 1987.

Regarding rice crop, it was noticed that2240 Kg/he yield can

demand 34 kg. nitrogen, 22 Kg phosphate, and 67 Kg potassium. As

against this, wheat with 1568 Kg/he will demand 56 Kg nitrogen, 24

Kg phosphate, and 67 Kg Potassium. On the other hand jowar demands

56 Kg nitrogen, 15 Kg phosphate, and 46 Kg potassium, which

produces 1792 Kg/hectare of output. However, sugar cane with 67200

Kg/he yield, a demands 90 Kg nitrogen, 17 Kg phosphate, and 202 Kg

potassium respectively. Meanwhile Ground nut with 1904 yield,

consumes 78 Kg nitrogen, 22 Kg phosphate, and 45 Kg potassium.

Next comes to cotton with 448 Kg/he productivity, which demands 30

kg nitrogen, 17 Kg phosphate, and 45 Kg potassium. respectively.

It was observed that sugar cane demands high amounts of

fertilizers while comparing with other crops. Next comes ground

nut, wheat, jowar, rice, and cotton respectively.
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Crop

Ri.ce

Wheat

Jo war

Sugar cane

Groundnut

Cotton

Yield Grain
C Kg/'haa

2240

1568

1792

67200

1904

448

N

34

56

56

90

78

3O

P2°5

22

24

IS

17

22

17

K2°

67

67

46

202

45

45



Another study by FAK1990), identified the potassium removal

ratios to nitrogen and phosphate for million tonns of yield

production for different crops. It showed that, Rice demands 20.1

Table 5.3.2
K REMOVALS RELATIVE TO N AND P/MT OF YIELD PRODUCTION FOR
DIFFERENT CROPS UNDER FIELD CONDITIONS IN INDIA.

Source: Soil fertility and Fertilizer use. Vol. IV, 1990.

nitrogen, 11.2 phosphate, and 30.0 potassium for Kg/he production.

With respect to wheat, it recorded 24.5 nitrogen, 8.6 phosphate,

and 32.8 potassium for kg/he of production. Ground nut demands

58.1 nitrogen, 19.6 phosphate, and 30.1 potassium for Kg/he

production. Next to cotton and sugar cane demand 44.5 and 1.7

nitrogen, 28.3 and 0.2 phosphate, and 74.7 and 2.0 potassium for

Kg/he production respectively.

On the other hand the ratio of potassium and phosphate

relation to nitrogen showed that, (by considering nitrogen is 100)

rice noticed 55.7 Kg phosphate and 149.3 Kg potassium, wheat

accounts 35.1 and 133.8 Kg phosphate and potassium respectively.

Where as ground nut noticed 33.7 and 51.8 kgs phosphate and
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Crop Kg/'tonne Produce Ratio of K_o and P^o- r e l a t i v e to N

N P_o K o N P.o_ K_o
2 5 2 2 5 2 •

Rice 20.1 11.2 30.0 1OO 55.7 149.3

Wheat 24 .5 8.6 32.8 1OO 35.1 133.8

Ground-58. 1 19.6 30.1 1OO 33.7 51.8
Nut

Cotton 44.5 28.3 74.7 1OO 63.6 167.8

Sugar- 1.7 0.2 2.0 100 11.8 117.6
cane



potassium respectively. Mean while cotton and sugar cane noticed

63.6 phosphate and 11.8 potassium, and 167.8 phosphate and 117.6

potassium respectively.

On the whole it is observed that, the rate of phosphate and

potassium increasing at faster rate in Indian agriculture. But

according to this study it has been observed that, the soil which

have abundant potassium will demand less potassium, where as the

soil which had scarce potassium demands more amount of potassium.

5.4 FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE:

Fertilizer consumption is steadily increasing in Indian

agriculture over a period of time. Due to this, the demand for

fertilizers increased at a faster rate, in India. Especially

chemical fertilizers consumption is increasing at faster rate than

farm yard manures. The chemical fertilizers are expected to give

immediate results in agricultural production. On these grounds the

present section will discuss fertilizer consumption in Indian

agriculture.

As stated in table 5.4.1, fertilizer consumption in India

recorded, nitrogen at 738 Thousands in 1966/67, and it increased

to 8046 T.t in 1991/92. Phosphate fertilizers accounted for 558

T.t in 1966/67, has gone up to 3321 T.t in 1991/92 respectively.

However, potassium fertilizers consumption recorded 114 T.t in

1966/67, has later gone up to 1361 T.t in 1991/92. On the whole

total fertilizer (NPK) witnessed 1101 T.t in 1966/67, which has

raised to 12728 T.t in 1991/92.

215



Table 5.4. 1
FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE: 1966X67 TO 1991X92.

CThousand tonns of Nutrients).

Source: Fertilizer Statistics, Fertilizer Association of India
1966 to 1991.

C). Figures in the brackets indicates compound growth rates.

Interestingly per hectare consumption of fertilizers recorded 7.0

Kgs in 1966/67, has increased to 69.7 Kgs in 1991/92. Mean while

the subsidy on fertilizers accounted for 60 crores in 1976/77,

which has raised to 4800 crores in 1991/92 respectively.

Contrary to this compound growth rates for nitrogen noticed

19.49 % per annum in 1971/72, which raised at a rate of7.08 % per

annum in 1991/92. Phosphate fertilizers increased at rate of

17.51 % in 1971/72, and further gone up at a rate of9.82 % growth

per annum in 1991/92. Similarly potassium fertilizers increased at

21.43 % per annum in 1971/72, which was later raised at a rate of

9.87 % per annum in 1991/92 respectively. The total NPK accounted

for a growth rate of 19.27 % per annum in 1971/72, was later

increased at a rate of 8.05 % per annum in 1991/92 respectively.
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Nutrients :

NltrogenOO

PhosphateC P3

PotasicCIO

Total CNPK)

Kgs.Per
hectare of
cropped area

Subsidies
CRs.crores)

1966X67

738
C—)

249
C—)

114
C—)
11O1
C—)

7.0
C—3

1971 X72

1798
C19. 49)

538
C17.513

3O1
C 21. 43)

2657
Cl9. 27)

16.1
C18.13)

1976X77

2457
C6. 45)

635
C2. 623

319
Cl.173

3411
C5. 123

2O. 4
C 4.853

60
C—)

1981X82

4O69
CIO. 62)

1322
C15. 80)

673
C16.10)

6O64
C12. 19)

34.6
C11•15)

381
C44. 73)

1986X87

5716
C 7. 03)

2079
C9. 48)

850
C 4. 78)

8645
C7.35)

48.9
C7. 16)

1898
C37.87)

1991X92

8O46
C 7. 083

3321
C9.82)

1361
C9.873
12728
C8.O53

69. 7
C7.353

4800
C 30.393



On the other hand fertilizer consumption per hectare of cropped

area increased at 18.13 % per annum in 1971/72, which increased at

a rate i.e 7.35 % per annum in 1991/92 respectively. Where as

subsidies raised at 44.73 % per annum in 1981/82, was further

raised at a rate 30.39 % per annum in 1991/92 respectively. The

above analysis showed that, the fertilizer consumption is

increasing at decreasing rate over a period of time from 1966/67

to 1991/92. The reason for this is due to, raise in prices of

fertilizers since 1973 onwards.

5.S FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE WITH RESPECT TO

SELECTED STATES:

Fertilizer consumption differs from state to state, according

to their requirements and utilization pattern under different

crops. On the other hand soil differences between state to state

will also influence the consumption of fertilizers. On these

grounds the table 5.5.1 illustrate the fertilizer consumption with

respect to states and whole India.

Fertilizer consumption in A.P noticed 2.3 lakh tonns in

1966/67, and later it increased to 16.3 lakhs in 1991/92

respectively. This is equivalent to 13.29 % share in total

consumption in 1966/67 to 12.54 % in 1991/92. As against this

Bihar recorded 0.9 lakh tonns in 1966/67, and further gone up to

6.0 L.t in 1991/92, equal to 5.20 % in 1966/67 to 4.62 % in

1991/92. Punjab accounted 2.4 L.t in 1966/67, which raised at 11.8

L.t in 1991/92. This is equal to 13.87 % in 1966/67 to 9.08 X in

1991/92.
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Table 5 . 5 . 1

FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE, FROM 1966/07 TO
1991/92.

(Lakh t onns )

Source: Indian Agriculture in Brief, Various issues 1966 to 1991.
Fertilizer Statistics, Various issues 1981 to 1993.

Tamil Nadu noticed 3.0 L.t in 1966/67, later it has raised to 9.2

L.t in 1991/92, which is equal to 17.34 % in 1966/67 to 7.08 % in

1991/92 respectively. Where as U.P accounted 4.2 L.t in 1966/67,

which raised to 23.5 L.t in 1991/92, in percentage terms24.28 % in

1966/67 to 18.08 % in 1991/92. Mean while West Bengal noticed 0.72

L.t in 1966/67, and later increased to8.4 L.t in 1991/92 Which is

equal to 4.05 % in 1966/67 to 6.46 X in 1991/92. All India picture

shows that it was 17.3 L.t in 1966/67, which has increased to

130.0 L.t in 1991/92 respectively.

As stated in the table 5.5.2, compound growth rates of

fertiliser consumption in A.P accounted, 5.46 % per annum in

1971/72, was later raised at an increasing rate of 12.61 % per
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States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966>'67

2.3
C13. 29)

0.9
C 5. 2O)

2.4
C13. 87)

3. O
C17. 34)

4.2
C24. 28)

O. 7
C 4. 05)

17. 3
C1O0.O)

1971 /72

3.0
C11.28)

1.1
C 4.14)
2.9

CIO.90)

3. S
C13.16)

4.6
C17.29)

1.0
C3. 76)
26.6

C1OO. O)

1976/77

4.3
C12. 61)

1.8
C5. 28)
3.5

CIO.26)

4. O
C11.73)

5.1
C14. 96)

1.9
C5. 57)

34. 1
C1OO.0)

1981/82

6.6
CIO.89)

2. 1
C3. 47)
8.2

C13. 53)

5.3
C8. 75)

12.7
C2O. 96)

2.6
C 4. 29)
60.6

C1OO. 0)

1986/^7

9. O
CIO.30)

5.3
C6. O6)
11.2

C12. 81)

6.7
C7.67)

17.7
C2O.25)

5. O
C5. 72)
87.4

C100. O)

1991SQZ

16.3
C12.54)

6.0
C 4. 62)
11.8
C 9. 08)

9.2
C7.08)

23.5
C18. O8)

8.4
C6. 46)
13O. 0

C1OO. O)



West Bengal has no growth( 0.00 % growth)in 1971/72, but

later it has increased at 10.93 % per annum in 1991/92. All India

picture showed that, 8.98 % per annum in 1971/72, which has

further raised at a rate of8.26 % per annum in 1991/92

respectively.
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annum In 1991/92. Bihar noticed 0.20 % per annum in 1971/72, and

Table 5.5.2

COMPOUND GROWTH RATES OF FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE,
FROM 1966/T57 TO 1 9 9 1 X 9 3 .

CLakh t o n n s )

Source: Indian Agriculture in Brief, Various issues 1966 to 1991.
Fertilizer Statistics, Various issues 1981 to 1993.

further raised at a rate of 2.51 % per annum in 1991/92.

Interestingly Punjab accounted 3.86 % per annum in 1971/72, which

was gone up at a rate of 1.05 % per annum in 1991/92. However,

Tamil Nadu noticed, 3.13 % growth per annum in 1971/72, which has

further increased at a rate of 6.55 % per annum in 1991/92. U.P

was accounted 1.84 % per annum in 1971/72, and5.83 % per annum in

1991/92.

States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966X67

—

1971/72

5. 46

0.20

3.86

3.13

1.84

0 . OO

8.98

1976/77

7.47

10.31

3.83

2.71

2 . O8

O. OO

5.09

1981X82

8.15

3.13

18.56

5.79

20.02

6.39

12.19

1986X87

6.40

2O. 34

6.43

4.80

6.87

13.97

7. 6O

1991X92

12.61

2.51

1.O5

6.55

5.83

1O. 93

8.26



5.6 PER HECTARE CONSUMPTION OF FERTILIZERS IN INDIAN AGRICULTURE

WITH RESPECT TO SELECTED STATES:

Per hectare consumption of fertilizers are differing from

state to state over a period of time since last two decades.

Fertilizer consumption per hectare is one of the important

component for deciding yield rate in agriculture production.

Theoretically as Recardo said , land have original and

indestructible powers, in fact which have been slowly declined in

recent years, due to over exploitation of land resource. To

compensate this fertilizers came in to existence, so that

Table 5.6.1

PER HECTARE CONSUMPTION OF FERTILIZERS IN INDIAN AGRICULTURE, FROM

1966/67 TO 1991/92.

CKg. per hectare)

Source: Indian Agriculture in Brief, Various issues 1966 to 1991.
Fertilizer Statistics, Various issues 1981 to 1993.

O . Figures in the brackets indicates compound growth rates.
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States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966/67

17.7

8.7

41.8

38.4

15.7

9. O

10.1

1971 /72

23.5
CS. 835

1O.1
C3. O3)

5O. 6
C 3 . 9O)

45.3
C 3. 36)

20.1
C5. O6)

13.1
C7. 80)

16.1
Cl2. 34)

1976/77

30.2
C5.14)

14.4
C7. 35)

62.9
C4. 45)

41.7
C - 1 . 64)

32.0
C 9. 75)

19.8
C8.61)
20.8

C5. 26)

1981/82

50.3
CIO. 74)

19.3
C6. 03)
118.3

C13.47)

74.2
Cl2.22)

51.3
C9. 90)

34.9
Cl2.00)
34.3

CIO.52)

1986/87

77.1
C8. 92)
50.6

C21.26)
154.6
C5.50)

103.6
C6. 90)

66.6
C5. 36)

60.8
C11.74)
48.9

C7. 35)

1991/92

124.0
C9. 97)
57.9

C 2. 73)
168.3
C1. 71)

130.1
C 4. 66)

89. O
C 5. 97)

90.7
C8.33)

7O. 7
C7. 65)



fertilizer consumption will pave a path to declining in yield

structure in Indian agriculture. By keeping this in view the

table 5.6.1 will look at the per hectare consumption of

fertilizers over a period of time from 1966/67 to 1991/92 in whole

India and selected states.

Per hectare consumption of fertilizers in A.P noticed, 17. 7

Kg in 1966/67, which has later increased to 124.0 Kg/he in

1991/92, this is equal to a nine times increase in consumption of

fertilizers per hectare. Bihar accounted, 8.7 Kg/he in 1966/67,

which has further been increased to 57.9 Kg/he in 1991/92. As

against this Punjab witnessed tremendous change i.e 41.8 Kg/he in

1966/67, to 168.3 Kg/he in 1991/92. Tamil Nadu witnessed 38.4

Kg/he in 1966/67, and was later recorded 130.1 Kg/he in 1991/92

respectively. However, U.P noticed 15.7 Kg/he in 1966/67, and is

further gone up to 89.0 kg/he in 1991/92. Mean while West Bengal

recorded 9.0 Kg/he in 1966/67, and later to 70.0 Kg/he in 1991/92

respectively.

Compound growth rates of per hectare consumption of

fertilizers in A.P, witnessed 5.83 X per annum in 1971/72, and

9.97 % per annum in 1991/92 respectively. Bihar noticed 3.03 % per

annum in 1971/72, which has later increased at a rate of 2.73 %

per annum in 1991/92. As against this, Punjab recorded 3.90 % per

annum in 1971/72, and further increased at a rate of 1.71 % per

annum in 1991/92 respectively.
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Tamil Nadu experienced, 3.36 % per annum in 1971/72, which

raised to 4.66 % per annum in 1991/92. U.P recorded 5.06 % per

annum in 1971/72, and later raised at a rate of 5.97 % per annum

in 1991/92 respectively. West Bengal showed 7.80 % per annum in

1971/72, and later gone up at a rate of 8.33 % per annum in

1991/92. All India picture witnessed a growth rate of 12.34 % per

annum in 1971/72, and later raised at a rate of 7.65 % per annum

in 1991/92 respectively.

5.7 TOTAL PESTICIDE CONSUMPTION IN INDIAN AGRICULTURE AND

SELECTED STATES:

Adoption of HYVs technology gave path to much increase in

pesticide demand in Indian agriculture, due to increase in plant

diseases. To remove pest problem, pesticides and insecticides

demand has been increased, at larger extent, over a period of

time. As discussed above, pesticide production requires larger

amount of energy, which is again used in agricultural production.

This shows the extent of energy demand in Indian agriculture. The

table 5.7.1 explains the nature of pesticides consumption in

selected states and whole India from 1966/67 to 1991/92

respectively.

Pesticides consumption in A.P noticed, 2.3 thousand tonns in

1966/67, and later it increased to 16.7 thousands in 1991/92, ora

growth rate of 14.29 % share in 1966/67 to 19.69 % in 1991/92. A

seven times increase took place in pesticides consumption in A.P

from 1966/67 to 1991/92 respectively. As against this Bihar
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noticed 0.6 T.t in 1966/67, later increased to 3.9 T.t in 1991/92.

As equivalent of 3.73 % in 1966/67 to 4.60 % in 1991/92. Punjab

experienced 1.5 T.t in 1966/67, later gone up to 8.9 T.t in

1991/92. This is equal to 9.32 % share in 1966/67 to 10.50 % in

1991/92 respectively.

Table 5.7.1
TOTAL PESTICIDES CONSUMPTION IN INDIAN AGRICULTURE, FROM 1966/67
TO 1991/1992.

C Thousand tonns).

Source: Indian Agriculture In Brief, various issues 1966 to 1991.
Agricultural Statistics at Glance, 1991, 1992, and 1994.

Tamil Nadu accounts, 1.8 T.t in 1966/67, which raised to 13.3

T.t in 1991/92, or 11.18 % in 1966/67 to 15.74 % in 1991/92. Uttar

Pradesh recorded at 1.2 T.t in 1966/67, further gone up to 9.5 T.t

in 1991/92, or 7.45 % in 1966/67 to 11.20 % in 1991/92. West

Bengal witnessed 0.7 T.t in 1966/67, and later increased to 7.2

T.t in 1991/92. This is equal to 4.35 % in 1966/67 to 8.49 % in
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States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966S67

2.3
C1 4. 29)

0.6
C3. 735

1.5
C9. 323

1.8
Cl1.185

1.2
C7. 455

0.7
C 4. 355

16.1
C1OO.05

1971/72

7.6
C 29.465

1.7
C 6. 595

2. 3
C8. 915

3. O
Cl1.635

3. 4
C13. 185

1.2
C 4. 655

25.8
C100. O5

1976/77

10. 4
C 30.145

1.8
C5. 225

3.5
Cl0.145

5.3
C15.365

5.1
Cl4. 785

1.9
C5. 515
34.5

C100. 05

1981^82

15.5
C32.985

2.6
C3. 315

4.4
C9. 365

8.5
C18. 095

8.2
C17.455

2.7
C5. 745
47.0

C1OO. O5

1986/87

9.1
C13. 525

2 . 0
C2. 975

5.8
C8. 625

11.0
C16. 345

6.6
C9. 815

5.1
C7. 585
67.3

C1OO. 05

1991 /"92

16.7
C19. 695

3.9
C 4 . 6O5

8.9
CIO. 505

13.3
C 15. 745

9.5
C11. 205

7.2
C8. 495
84. 8

C100. 05



1991/92 respectively. All India picture recorded a 16.1 T.t in

1966/67, and further raised to 84.8 T.t in 1991/92 respectively.

As stated in the table 5.7.2, compound growth rates of

pesticides consumption in A.P noticed, 27.00 % per annum in

1971/72, and later increased at a rate of 12.91 % per annum in

Tamil Nadu witnessed 10.76 % per annum in 1971/72, which was

further increased at a rate of3.87 % per annum in 1991/92. Where
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Table 5.7.2
COMPOUND GROWTH RATES OF TOTAL PESTICIDES CONSUMPTION IN INDIAN
AGRICULTURE, FROM 1966/67 TO 1991/'1992.

CThousand tonns).

Source: Indian Agriculture In Brief, various issues 1966 to 1991.
Agricultural Statistics at Glance, 1991, 1992, and 1994.

1991/92. As against this, Bihar experienced negative growth of

-0.40 % per annum in 1971/72, and later a growth rate of 14.29 %

per annum in 1991/92. Punjab recorded, 8.92 % growth per annum in

1971/72, was further gone up to 8.94 % in 1991/92 respectively.

States

Andhra
Pradesh

Bihar

Punjab

Tamil
Nadu

Uttar
Pradesh

West
Bengal

All India

1966/67

—

1971/72

2 7 . OO

-0.40

8.92

10.76

23.16

3.55

9.89

1976/77

6. 47

1.15

8.76

12.06

8.45

9.63

5.98

1981/82

8. 31

7.63

4.68

9.91

9.96

7.28

6.38

1986/87

-10.10

-5.11

5.68

5.29

-4.25

13.56

7.45

1991/92

12.91

14.29

8.94

3.87

7.56

7.14

4.73



as U.P noticed 23.16 % per annum in 1971/72, which was raised at a

rate of 7.56 % per annum in 1991/92. On the other hand West Bengal

witnessed 3.55 % per annum in 1971/72, has later increased at a

rate of 7.14 % per annum in 1991/92. At all India level 9.89 % per

annum in 1971/72, was noticed and it further raised at a rate of

4.73 % growth per annum in 1991/92 respectively.

5.8 SUMMARY AND CONCLUSIONS:

In this chapter, the fertilizer and pesticides consumption in

Indian agriculture and selected states was analyzed. Along with

this some other indicators such as area under HYV seeds, the

quantity of plant nutrients received from soil by different crops,

and per hectare consumption of fertilizers were analyzed.

At first, the data analysis relating to quantity of plant

nutrients received by different crops was observed that sugar cane

demands high amounts of fertilizers while comparing with other

crops. Next comes ground nut, wheat, jowar, rice, and cotton

respectively. Next the data analysis for fertilizer demand in

Indian agriculture is observed that, the rate of phosphate and

potassium increasing at faster rate in Indian agriculture. But

according to this study it has been observed that, the soil which

have abundant potassium will demand less potassium, where as the

soil which had scarce potassium demands more amount of

potassium.Application of nitrogenous fertilizers is a key factor

in the overall fertilization programme of Indian agriculture. Due

to widespread nitrogen deficiency in Indian soils, need for

adequate nitrogen fertilization is being felt more and more,
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especially with the increasing coverage under short duration of

high yielding varieties and removal of substantial quantities of

nitrogen in intensive cropping systems.

In case of per hectare consumption of fertilizers in all

India and selected states, the analysis indicate that Punjab has

showed highest per hectare consumption of fertilizers, next comes

to Tamil Nadu, A.P, West Bengal, U.P, and Bihar respectively.

Finally, the data analysis with respect to pesticides consumption

in all India and selected states has shown that, Andhra Pradesh is

demanding much amount of pesticides, next to Tamil Nadu, U.P,

Punjab, West Bengal, and Bihar respectively. The preceding chapter

will examines the nature of energy demand and energy intensities

in Indian agriculture and selected states.
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CHAPTER 6

ENERGY DEMAND IN INDIAN AGRICULTURE SECTOR

6.0 INTRODUCTION:

Energy is a basic requirement of human life, just like in

agriculture, industry, transportation, communication and all other

economic activities of the present civilization. So far India is

concerned, agriculture constitutes foundation for the

socio-economic structure, Seventy percent of the population is

engaged in activities related to crop-animal-aqua production,

processing and marketing.

Man gets his energy from the food he eats, An average Indian

lives on a diet of 2000 food calories(unit of food calorie = 1000

units of calorie or 1 food calorie = lkcl), and produces 60 watts

of power when he works for 8 hours a day. Thus he generates energy

roughly equal to 0.5 kwh. At a rate of Rs.5/day/man, this amounts

to a cost of Rs. 10 per kwh for heaveed energy. A human being is

an expensive source of energy. It is better to use him to

organize, manage, steer, direct and govern rather than as a energy

source.

Energy is both fuel and feed stock for agriculture. Primary

energy is the fuel, solar energy is the feed stock material. Both

are essential in industrialized agriculture concern for the

efficient and proper use of energy, is evidenced from many

questions, non-agricultural sources. Widely differencing proposals

have been made for changes in agricultural policy in response to
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the energy-related concerns. Controversy exists over the

correctness and feasibility of many of these proposals. It is of

extream importance, therefore, to identify the energetic

relationships of agricultural systems and to be understood. We

must be able to correctly identify and measure the flow of energy

in the system comparing the crop and livestock production, food

processing, distribution and preparation. We call such activities

as agricultural energytics.

Agriculture is the business of capturing solar energy in

growing plants and using them for organisms sustained by that

energy to produce food and fiber needed by human beings. Like most

other aspects of alternative energy in agriculture,

energy-efficient cropping is a long-range proposition. At least,

it is for most commercial farmers. There are short-term ways to

conserve energy in crop production, irrigation, harvesting, and

crop processing. But, for the most part, this involve trade-offs.

Either production is decreased for all or part of the acreage of a

substantial investment, or alternative energy system is required

to maintain production currently achieve by impact of purchased

energy.

Now an exercise will be made to review the existing

literature in this regard, and understand the energy flow pattern

in different farm systems in agriculture, in general, and Indian

agriculture in particular.

One of the interesting study in this regard was by Singh.L.R

and Singh.B(1976), who conducted a farm survey in Tarai region of

U.P. The main objective was to estimate the energy use pattern and
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Its cost on bullock and tractor operated farms. In this study

information was procured from a survey conducted in five

purposefully selected villages in Rudrapur block of Nainital

district during the year 1974-75. The original sample of 25 farms

was selected to represent small(<3 hec), medium (3 to 6 hec) and

large(6 to bellow 12 hec) size farms from these five villages, and

were reclassifled in two categories i.e. bullock farms and tractor

farms.

The energy used in different farm operations, supplied by

different power sources and the cost of energy was calculated as

follows. To account for the energy supplied from various sources

like - human, bullock and mechanical and converted into energy by

using the conversion factor: one adult man on an average develops

0.10 H.P of energy and one pair of bullock develops 1.00 H.P of

energy. In case of mechanical power sources, their individual

rated H.P was taken in to account. The cost of hired human labour,

bullock labour as well as hired machinery used in different farm

operations was estimated at the prevailing rate, in the study

area. The cannal irrigation water was also converted into

equivalent of tube-well irrigation water.

The main observations drawn in this study are, paddy, wheat,

sugarcane crops are more energy intensive as compared with other

principal crops. This is one of the often noticed observation in

many studies. This study also noticed that tillage operation

consume the bulk of energy, in the production of crops, irrigation

and threshing are the other operations where too a size-able

amount of energy is used. Energy use per hectare, of operated

area, by the tractor operated farm is more than double of that
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used on a bullock operated farms. Approximately nine-tenth of

energy content is supplied through Mechanical sources.

This micro-level observation is a land mark, even though it

pertain to a single district. The investigation under taken, here

refers to macro-level coverage of Indian agriculture. The main

objective is to compare the micro-level study with macro-level and

check the reliability of information. It is often observed that,

the micro-level information does not match with the macro-level,

due to data bottle-necks prevailed in various studies.

Singh. R.P, et.al(1976), have made an attempt to estimate the

level of energy consumption of the two important crops, namely

bajra and wheat from different sources. They also examine the

operation wise use of power in bajra and wheat separately and to

estimate the power requirements for getting maximum production

from high yielding varieties of bajra and wheat crops with full

package of practice.

Their study basically focused on Gurgan and Rothak districts

of Haryana which comprise the main zone of bajra-wheat

cultivation. The data from 40 farmers having National

demonstration plots during 1974-75 and following, bajra(HB-3),

wheat(K-227) rotation were collected from the N.D diaries

maintained by the Haryana Agricultural University Experts.

The study shows that cultivation of high-yielding varieties

of wheat consumed energy three times more than the growing of

hybrid bajra. In both the crops nearly 82 percent of the total

power used was observed before harvesting and remaining 18 percent
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was used in harvesting, threshing and winnowing operations.

Roger Revelled978), Who did analytical study on requirements

for energy in the rural areas of developing countries, to find the

economic feasibility of different energy sources in agricultural
J.

sector.

The main conclusions drawn in this study imply that in

choosing among energy sources and uses for the rural areas of

developing countries, we must be concerned with scarce resources

and their most economical allocation, both the natural resources

like land, water, fertilizers, metals, and fuels, and the human

resources of capital labour, human energy etc.A second need for

new sources of energy is to reduce costs. The most expensive form

of energy is human energy, as can easily be seen if we consider

how much food it takes to keep a man going at hard manual

work.Animal energy also expensive. Consider for example the

opportunity costs of feeding bullock. A farmer can use part of his

land to grow fodder for his bullock, but he could grow wheat or

rice or corn on that same land.

According to this study, any energy source for developing

countries at the present time should be manpower-intensive rather

than capital-intensive. Its development should use people rather

than capital, because people are less expensive and more abundant

than capital in most less developed countries.

One of the interesting study by David Pimentelf1973),

analyzed the food production and the energy crisis in O.S

agriculture, during the period from 1945 to 1970. The approach is
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to select a single crop, corn(maize), Hhich typifies the energy

inputs for crops in general, and to make a detailed analysis of

its production energy inputs. With the data on input and output

for corn as a model, an examination is then made of energy needs

for a world food supply that depends on modern energy intensive

agriculture. When energy resources become expensive, significant

changes in agriculture will take place.

To investigate the relationship of energy inputs to crop

production, he selected corn for the following reason. Corn

generally typifies the energy inputs in U.S. crop production for

it is intermediate in energy inputs between the extremes of high

energy-demand fruit production and low energy-demand tame hay and

small grain production. The main observations are, Corn yields

increased about 240 percent from 1945 to 1970, the labour input

per acre decreased more than 69 percent. Intense mechanization

reduced the labour input. Fuel consumption for all farm machinery

rose from slightly more than 3.3 billion gallons. The use of

fertilizer in corn production has been rising steadily since 1945.

The use of pesticides in corn has been increasing rapidly during

the past 20 years and this parallels the general increase in

pesticide use in the United States. The trends in energy inputs

and corn yields confirm several agricultural evaluations which

conclude that the impressive agricultural production in the United

States has been gained through large inputs of fossil energy. He

also suggested the alternative energy resources to reduce the

commercial energy resources in U.S agricultural.

Gasser.J.K.B(1977), has analyzed the efficiency of energy

used in the production of carbohydrates and lipids in U.K

231



agriculture. The period under consideration was, from 1950 to

1970. The notable conclusions are, under most normal farming

practice, increases of 5-10 percent of average yields are

sufficient to justify the energy involved in production and use of

fertilizer. In most situations, economic criteria will restrict

fertilizer use before energy criteria. When considering energy

input/output relationship for fertilizers, it appears desirable to

consider the total energy output of the crop and not restrict the

balance to the main product.

Bhatia.R.C, et.al(1992), did extensive work on energy use

pattern in 15 villages of different zones of punjab. The main

objective of the study was, to analyze the Zone-wise variation in

the amount and type of energy use for agricultural activities, to

find out the type of energy used in agriculture and to estimate

the share of each type of energy to total energy used in

agriculture, to study the relationship between the farm sizes and

the agricultural energy consumption level, to determine the

factors responsible for low or high level of energy consumption in

agriculture.

The method of data collection involved day-to-day details of

the sample farms are carefully recorded on specifically prepared

and pretested schedules. To determine the factors responsible for

low or high level of energy consumption in agriculture, six

independent variables viz., annual income, family size, total

cropped area, irrigated cropped area, unirrigated cropped area and

cropping intensity have been included. The main conclusions are,

the zone-wise and source-wise energy use pattern which shows that

the form of energy use varies from 1.60 percent of chemical energy
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to 27.25 percent of fertilizers. The electricity occupy the second

place which requires 2724796 Mj of energy per annum to cultivate

crops in 741.42 hectares of land. On the average it consumes

18964.71 Mj of energy per hectare of crop area per annum for

agriculture operations. Energy input through fertilizer for zone

III was maximum as compared to other zones because total cropped

area under zone III was much larger than other zones. Energy input

through fertilizer for wheat was more than all other crops and the

energy input used through diesel was larger for paddy as compared

to other crops. On the whole, energy requirements per hectare for

raising paddy has more than wheat but less than sugarcane. Energy

input through fertilizer for raising sugarcane crop was 10.725 Mj

per hectare which was greater than the recommended dosage.

One of the important study was by Mittal.J.P, et.al(1985),

who did analytical work on Energy requirements in agricultural

sector, under the supervision of Indian council of agricultural

research, All India-coordinated research project, with the

objectives:to study crop potentiality on important crop rotations

by adopting increased inputs and machinery having more efficient

systems, and to make an economic engineering study of the existing

power and energy sources in agriculture on all India basis their

limitations by carrying out studies on sample forms in various

regions, to investigate the energy requirements for all farming

systems, i.e, crop, livestock and agriculture-cum-acquaculture

production system including household activities, to investigate

the energy requirements for each soil, agronomic region and for

all operations from tillage to transportation by using simple

human, animal, and mechanical and electrical power with machinery

implements, and machinery having greater efficiency at various
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intensities.

The field studies were conducted at the farms fields with a

view to find the energy requirements for crop production at the

existing level of farm technology. The farms were classified as,

bullock-farms(farm having bullocks as source of draft power and

not tractors), Tractor - farms (farms having tractor as source of

draft power and not bullocks), mixed-farms(farms having both

tractor and bullocks as source of draft power). This study was

under taken during the period from 1971 to 1981, at different

research centers and field surveys.

The main conclusions of this study are, the irrigation of

crops was found to be energy intensive operation. Efforts should

be made to minimise the energy and also to minimise conveyance

losses. The use of energy for the cultivation of various crops had

direct relationship with the productivity of farms. About 69 to 95

percent of the total energy for the cultivation of crops was only

for chemicals, fertilizers and seeds. The field operations had

average share of less than 7 percent, hence research effort should

be directed towards reducing the components of chemicals,

fertilizers, and seed through better application and proper

management. It was found that the irrigated farms required an

additional amount of 375.83 mj/ha of bullock energy, 770.46 mj/ha

of human energy and about 16107.12/mj/ha of electrical energy over

rain fed farms. Irrigation operation was the highest energy

consuming operation for puddling of paddy, planted sugarcane and

ratoon crop of sugarcane. In case of maize and wheat crops, the

highest energy consuming operation were seed bed preparation and

threshing. In sugarcane crop, harvesting and collection of
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sugarcane was a costlie operation which required about 29 to 30

percent of total energy. The manual operation of paddy

transplanting was costliest operation which accounted for 26 to 34

percent of the total energy cost.

The yield of paddy was found to be highest on tractor farming

i.e 40q/ha followed by bullock farming 33q/ha and by power tiller

farming 26.2 q/ha. The yield on tractor farms was high because of

good quality of puddling. The total output-input(energy intensity)

ratios in tractor farming was found to be highest (11.0 followed

by bullock farming 9.37 and power tiller farming 7.61). The

tillage operation consumed 30 to 31 percent of the direct energy

followed by irrigation 28 to 30 percent. Harvesting and threshing

operations consumed 20-25 percent of the direct energy, The

tillage, irrigation, harvesting and threshing operations consumed

together about 85 percent of the direct energy.

Rutger.J.N and Grant.W.B(1975), had estimated the energy use

in rice production in U.S agriculture, during the period 1974 to

1976. The main conclusions are, rice is grown on about 1 million

hectares per year in the U.S. Average rice yields at 5.1 rot/ha

were more than double the world average yield of 2.4 mt/ha.

Irrigation is supplemented by rainfall during the growing season

in all areas except California. Even though the greatest amount of

irrigation water per hectare is used in California, irrigation

energy costs in California are lowest, since at least

three-fourths of the irrigation is from surface water collected

behind dams and distributed largely by gravity or with relatively

low lifts. California's low irrigation energy costs and high grain

yields result in the highest output/input ratios(1.76) among the
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Table 6 . 0 . 1

ENERGY INPUTS PER HECTARE OF RICE, SACRAMENTO VALLEY, CALIFORNIA,

1977 .

Source: Pimental. D (1980).
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Item

Labour

Machinery

Gasolin

Diesel

Electricity

Nitrogen

Phosphate

Zinc

Furadan

Parathion

Molinate

MCPA

Copper sulphate

Seed

Irrigation

Drying

Transportation

Total

Rice yields

Protein Yield

Quantlty/ha

23.6 hr

37.7 kg

55.2 1

225.4 1

29.7 kwh

132.3 kg

56.0 kg

9.8 kg

0.5 kg

0.085 kg

3.4 kg

0.6 kg

11.2 kg

180.5 kg

250.0 cm

6969.0 kg

451.3 kg

Output

6513.0 kg

373.8 kg

Kcal output/kcal input

Kcal output/hour of labour

KcalXha

742460

558017

2572716

85031

1944810

168000

49000

42650

7387

294440

59946

56000

722000

2138886

1393800

115984

10951127

19226376

1.76

814.677



O.S rice areas. The above table 6.0.1 illustrate the energy inputs

per hectare of rice, in California, 1977.

Brlggle.L.W(1976), estimated the energy use in wheat

production in O.S agriculture, during the period 1970 to 1972

respectively. The main conclusions drawn are, more energy is

required for producing wheat user irrigation than under any other

management system. Heavier rates of fertilizer are used, more

tillage operations are required if one includes land leveling,

ditching, field corrugation, and similar operations relating to

water application, and of course the energy required to pump water

is probably the largest expenditure. Under rain fed management

system in the eastern states, in the Palouse region of Pacific

northwest, and in the higher rainfall area of the plains states

heavier rates of fertilizer are required than in the central and

western parts of the plains states where little or no fertilizer

is used in some parts. Generally weeds are less of a problem where

there is lower rainfall, so fewer herbicides are required.

Considering only the wheat part of the double cropping system,

less energy is required than if wheat was the only crop during

that season. Yields are lower, however, than if wheat was seeded

in tilled ground and usual rates of fertilizer were applied.

Another interesting study by Ray Ricaud(1976), estimated the

energy input and output for sugarcane in Louisiana state of U.S,

during the period 1976 to 1977. The important observations

identified in the study based on the data on energy input and

output for sugarcane in Louisiana showed that, the quantity of

each input is the best estimate available of the actual use of

inputs by growers. Sugarcane requires large inputs in labour for
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planting and in heavy equipment for cultivating and harvesting.

Most of the crop is planted with hand labour. Diesel fuel is the

largest single input because of the numerous operations required

with large equipment.

The output in sugar yield is a state average over several

years. There are many growers producing more or less than the

average with similar inputs. The yield per hectare is usually

smaller on large or medium size farms. Louisiana produces more

hectares of sugarcane, but less sugar per hectare, than the other

producing states. It has a relatively low ratio of energy output

to energy input. This is mainly due to the short growing season in

Louisiana as compared to the other states.

Sathyajith Mathew, et.al(1993), estimated the energy flow

pattern in rain fed paddy cultivation under three puddling

treatments using a bullock-drawn plough, a power tiller, and a

tractor, the investigation was carried out at the KCAET farm,

Tavanur in Kerala.

The main findings of this study are, Energy input in paddy

cultivation was minimum when tractor was used for puddling and

maximum when power tiller was used. Fertilizer and chemicals were

found to be the most energy-intensive inputs. Hence, attempts

should be made to reduce their share by conservation practices and

substitution with bio-fertilizers. Involvement of human labour in

transplanting and harvesting should be minimised by selective

mechanization of these operations. Output:input ratio was maximum

in the case of tractor, followed by that of bullock and power

tiller.
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Kamaruddin.A, et.al(1987), have been estimated the energy

requirements in Indonesia agricultural, during the period from

1977 to 1981. The main objective was to determine, how energy is

related to the production of food in Indonesia, It covers the

problems of power availability as related to the mechanization

strategy for the country. The discussions will also describe the

comparison between the energy input situation particularly in wet

and dry land paddy farming on Java and on the Outer islands.

The important conclusions drawn form this study are,

Indonesia is already self sufficient in rice, and this condition

can be maintained in the future at the current level of energy

input, major energy conservation can be expected by substituting

the current use of inorganic fertilizer to biomass fertilizer.

Alternative energy may have greater role in post harvest

activities ( drying, threshing, storage) due to the increasing

production output.

6.1 CONVERSION OF DIRECT AND INDIRECT SOURCES OF ENERGY:

The total consumption of energy in agricultural sector by

different sources can take place threw conversion process. All the

energy sources can be converted in to a single measure for

estimation of energy demand under selected crops. The table 6.1.1

illustrates the conversion of different energy sources in to

single measure i.e Giga joules. According to the ICAR (1988), the

conversion of energy sources were analyzed as stated in the

preceding manner.
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Human energy can be measured in the form of man-hour, which

was equal to 1.96 Giga Joules. Woman power is measured in woman

hour i.e 1.57 Giga joules. Where as bullock power measured in

Table 6.1. 1
EQUIVALENTS OF DIRECT AND INDIRECT SOURCES OF ENERGY

Source: Indian Council of Agricultural research, 1988.

pair-hour, was equal to 10.10 Giga joules. However diesel and

petrol energy was accounted in liter i.e 56.31 and 48.33 Giga

joules. Electricity measured in Kw-hour, was around 11.93 Giga

Joules. Prime movers other than electric motors were measured in

kgs i.e equal to 64.80 Giga Joules, farm machinery energy measured

in Kgs, which equals to 62.70 Giga joules.
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ITEM

Man

Woman

Bullock

Diesel

Petrol

Electr ici ty

Prime movers other
than e lect r ic motors

Farm machinery

Nitrogen

Phosphorous

Potassium

Paddy

Straw

UNIT

Man-hour

Woman-hour

P a i r - h o u r

L i t r e

L i t r e

IC11 owat t -hour

Kg

Kg

Kg

Kg

Kg

Kg

Kg

EQUIVALENT ENERGYCGJ)

1.96

1.57

10.10

56. 31

48.53

11.93

64.80

62.70

60.60

11.1O

6.70

14.77

IE. 5O



Nitrogen fertilizers energy can be accounted in Kgs i.e equal

to 60.60 Qiga Joules. Where as phosphate and potassium energy is

measured in Kgs i.e 11.10 and 6.70 Giga joules. Energy component

in paddy measured as Kgs i.e 14.77 Giga joules. Next comes to the

straw, which accounted in Kgs, was equals to 12.50 Giga joules of

energy equivalent. On the basis of this conversion rate, energy

consumption per hectare under different crops were estimated and

analyzed in the preceding sections. Among all the sources prime

movers was accounted higher energy equivalent, next comes the farm

machinery, nitrogen, diesel, petrol, and electricity respectively.

6.2 POWER UTILIZATION IN INDIAN AGRICULTURE:

Power consumption in Indian agriculture is increasing day by

day due to much adoption of electric pump sets in place of diesel

ones. Nearly 2 0 - 2 5 % of the total energy was utilized in

agriculture sector in recent years. Electricity consumption was

increased at faster rate especially from 1966 onwards, when the

modernisation of agriculture took place with Green Revolution. The

table 6.2.1 explains the power consumption in agriculture sector

from 1966/67 to 1991/92 respectively.

The total power sold in agricultural sector was29128 MKW in

1966/67, which increased to 207645 MKW in 1991/92. as equal to a

seven times increase in power consumption from 1966/67 to 1991/92.

Where as the power consumption percentage was noticed around 7 . 2 %

in 1966/67, which has later increased to 28.2 % in 1991/92. This

is equal to a four times increase in power consumption in

percentage terms from 1966/67 to 1991/92. Compound growth rates
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Table 6.2.1

POWER UTILIZATION IN INDIAN AGRICULTURE: 1966X67 TO 1991^92

Source: CMIE: Basic Statistics Relating to the Indian Economy
1994.

C). Figures in the brackets indicates compound growth rates.

of total energy sold in agriculture sector recorded, 8.13 % per

annum in 1971/72, and later it increased at a rate of 8.84 % per

annum in 1991/92 respectively. Contrary to this, the percentage

consumption of power raised at 0.97 % per annum in 1971/72, which

increased at a rate of 11.45 % per annum in 1991/92 respectively.

This analysis implies that the power utilization in

agriculture sector increased at a faster rate, especially since

last two decades due to more electrification of pump sets in

agriculture sector. The main reason for this is that, due to

unfavorable rainfall. A major part of Indian agriculture depends

up on ground water irrigation. On the other hand, through ground

water utilization, the farmers are in a position to supply water

for crops in time, a guaranteed way, which provides stable

agricultural production.
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Year

1966X67

1971 X72

1976X77

1981X82

1986X87

1991X93

Total Energy SoldCMKW)

29128

c—)
43063

C8.133
666O9

C9.12)
90245

C6. 26)
135952
C 8. 54.3
207645
C 8. 84.3

Power ConsumptionCJO

7.2
C—)
10.6

CO. 973
14.4

C8. 53)
16.8

CIO. 51)
21.7

C6. 23)
28.2
C11.45)



6.3 ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN INDIAN

AGRICULTURE:

The rate of energy consumption by different resources can

differ from crop to crop, due to the operations involved in crop

production. Energy consumption in agriculture sector under

principal crops has been classified in to direct and indirect

energy sources, depends on the replenishment. So that, human,

bullock, seeds, and FYM can be treated as renewable energy

sources, where as electricity, diesel, fertilizers, and farm

machinery considered as non-renewable energy sources. By

considering this, the present section will look at the nature of

energy consumption by different crops in Indian agriculture.

6.3.1 AVERAGE ENERGY REQUIREMENTS FOR PRINCIPAL CROPS IN INDIAN

AGRICULTURE:

The table 6.3.1.1 illustates the average energy consumption

under selected crops in Indian agriculture, rice crop noticed,

47498 Mega jouls, out of this human energy accounts 3604 M.J,

animal, seed, and FYM energy was around 648, 459, and 2476 M.J

respectively. On the whole the total renewable energy for rice

crop recorded at 7187 M.J per hectare. On the other hand the total

non-renewable energy recorded 40311 M.J per hectare, out of this

diesel, electricity, fertilizer, and machinery was nearly 17298,

10670, 11509, and 834 M.J per hectare respectively. It was

observed that in rice production much energy was consumed from

diesel and next comes the fertilizers, electricity, and canal etc

respectively.
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Per hectare average energy consumption for wheat accounted

for 15771 M.J, out of this human, animal, seed, and FYM recorded,

853, 286, 1383, and 245 respectively. Overall the total renewable

Table 6.3.1.1

AVERAGE ENERGY REQUIREMENTS UNDER PRINCIPAL CROPS IN INDIAN AGRICULTURE

CMJ-'hjO

Source: ICAR: Energy Requirements in Agriculture, All India
Co-ordinative Research Project, 1985 to 1988.

energy consumed was 2767 M.J per hectare. Where as the total

ion-renewable energy accounted for 13004 M.J, out of this diesel,
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Crop |
Energy 1
Source

Human
Labour

Animal
Labour

Seed

FYM

Diese l

Electr i-
city

Fe r t i l i -
sers

Machi-
nery

Canal

Total
Renew-
able

Total
Non-Renew
able

Grand
Total

Rice

3604

648

459

2476

17298

1O67O

115O9

834

4O98

7187

40311

47498

Wheat

853

286

1383

245

5293

752

6268

O91

364

2767

13004

15771

Jowar

1O98

996

358

2362

92O2

2543

2181

742

52

4814

14668

19482

Ground
Nut

5221

349

1388

10174

2346

131

1O295

327

19

23132

13099

36231

Cotton

1623

358

449

381

3107

4O8

4074

334

529

2811

7923

1O734

Sugarcane

7035

788

35525

9553

3O492

3119

7974

4462

479

52881

46047

98928



electricity, fertilizers, and machinery witnessed 5293, 752, 6268,

and 691 M.J respectively. On the whole it was identified that much

energy is consumed from fertilizers and then comes to diesel,

seed, human energy etc respectively.

Jowar noticed 19482 M.J per hectare of total energy, of this

human, animal, seed, and FYM energy accounted, 1098, 996, 358, and

2362 M.J per hectare respectively. Overall the renewable energy

accounted 4814 MJ per hectare. However, total non-renewable energy

was 14668 MJ per hectare, out of this diesel, electricity,

fertilizers, and machinery recorded at 9202, 2543, 2181, and 742

MJ per hectare respectively. Jowar demanding much amount of

diesel, next is electricity, FYM, fertilizers, and human energy.

Ground nut noticed, 36231 MJ total energy per hectare, out of

this renewable energy accounted 23132 MJ per hectare, with human

energy, animal energy, seed, and FYM i.e 5221, 349, 1388, and

16174 respectively. Non- renewable energy noticed, 13099 MJ per

hectare, having 2346, 131, 10295, and 327 with diesel,

electricity, fertilizers, and machinery respectively. Out of this,

ground nut consumes much amount of FYM, fertilizers, human labour,

and diesel energy respectively.

Cotton demands 10734 MJ total energy per hectare, out of this

renewable energy accounts 2811 MJ per hectare, with 1623 MJ/he

human labour, 358 MJ/he animal, 449 MJ/he seed, and 381 MJ/he

respectively. As against this non-renewable energy accounted at

7923 MJ/he, having 3107, 408, 4074, and 334 MJ/he of diesel,

electricity, fertilizers, and machinery respectively. Overall

Picture showed that, cotton crop demanding much amount of
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fertilizers, next comes to diesel, human energy, and seed

respectively.

Finally, sugar cane demands98928 MJ total energy per hectare,

out of this renewable energy accounted 52881 MJ/he .with 7035

human energy, 788 MJ/he animal, 35525 MJ/he seed, and 9553 MJ/he

FYM respectively. On the other hand, total non-renewable energy

recorded at 46047 MJ/he , in which 30492 MJ/he diesel, 3119 MJ/he

electricity, 7974 MJ/he fertilizers and 4462 MJ/he machinery

respectively. The overall observation showed that, sugar cane crop

demands much amount of seed, then comes FYM, fertilizers, human,

and machinery respectively.

0.4 ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN

ALL INDIA AND SELECTED STATES:

Energy consumption by different sources were increasing at

faster rate in Indian agriculture. Especially since 1966 onwards,

the rate of energy consumption was very much high, which accounts

more than 20 % in all resources. The tables 6.4.1 to 6.4.7

illustrates the energy demand pattern under crops in selected

states, in Indian agriculture.

The estimated total energy consumption under principal crops

in Andhra Pradesh noticed that rice demandsl467.21 Lakh/MJ in

1966/67, has increased to 2932.83 Lakh/MJ in 1991/92. An

equivalent of 8.76 % share in 1966/67 to 14.59 % in 1991/92. Wheat

accounted, 2.05 Lakh/MJ in 1966/67, has later decreased to 1.26

Lakh/MJ in 1991/92. This is equal to 0.10 % share in 1966/67 to

0.03 % share in 1991/92.
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As against this, jowar witnessed 445.94 Lakh/MJ in 1966/67,

which was declined to 209.43 Lakh/MJ in 1991/92, or equal to

12.68% share in 1966/67 to 8.54 % share in 1991/92. However,

Table O. 4.1

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL

CROPS IN ANDHRA PRADESH.

CLakh Mega Jouls)

Source: I CAR: Energy r e q uirements In agriculture sector. All India
Co-ordlnatlve Research Project, 1985 to 1988.

ground nut recorded, 370.25 Lakh/MJ in 1966/67, was further

increased to 904.33 L.MJ in 1991/92. This is in percentage

termsl4.00 % share in 1966/67 to 28.78 % share in 1991/92. Cotton

crop witnessed, 33.92 Lakh/MJ in 1966/67, which gone up to 76.00

Lakh/MJ in 1991/92, or equal to 4.03 % in 1966/67 to 9.20 % in

1991/92 respectively.

Mean while sugar cane demands 113.77 Lakh/MJ in 1966/67, it

further increased to 200.82 Lakh/MJ in 1991/92. This in percentage
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Year •
Crop '

Rice

Wheat

Jo war

Groundnut

Cot ton

Sugarcane

Tota l

1966/^7

1467.El
C8. 763

2 . O5
CO. 10)

445.94
Cl2.683
370.28
Cl4. OO3

33.92
C 4. 033

113. 77
C 5. OO3

2433. 17
C 8. 683

1971S77

1444. 41
C 8. O53

3.31
CO.113

493.28
C14. 793
555.42
C 20. 41 3
35.96
C 4. 293

117.72
C 4. 983

265O.11
C8. 793

1Q76S77

1693. 3O
C 9. 263

3.63
CO.113

398.O2
C12.953
38O.79
C14. 923
30.91
C 4. 183

144.43
C5. O93

2651. O8
C8. 613

1981X82

1816. 32
C 9. 393

2.68
C O. O73

431.33
C13.343
525.71
C19. 533

50.77
C5. 873

178.07
C 5. 633

3002.48
C9. 163

1986/^7

1642.96
C8. 4O3

1.89
CO. 053

322.62
C10.383
569.19
C22.503

44.12
C5. 923

136.52
C4. 483

2717.3O
C8.333

1991/Q2

2932. 83
C1 4. 593

1.26
CO.O33

2O9. 43
C8. 543
9O4. 33
C 28. 783

76. OO
C9. 2O3
2OO. 82
C 5. 363

4324. 67
C12.763



terms 5.00 X in 1966/67 and 5.36 % in 1991/92. The total energy

consumption under six crops noticed 2433.17 Lakh/MJ in 1966/67,

which later increased to 4324.67 Lakh/MJ in 1991/92. This is

almost similar to 8.68 % share in all India in 1966/67 and 12.76%

in 1991/92 respectively.

Bihar noticed 2434.75 Lakh/MJ of energy in rice production in

1966/67, was later decreased to 2276.10 Lakh/MJ in 1991/92, which

Table 6.4.2

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN BIHAR.

CLakh Mega Jouls)

Source: ICAR: Energy requirements In agriculture sector,
Co-ordlnative Research Project, 1985 to 1988.

All India

in percentage terms equal to 14.54 % in 1966/67 to 11.33 % in

1991/92 respectively. Where as energy consumption under wheat crop

noticed 472.61 Lakh/MJ in 1966/67, was further decreased to 309.58

Lakh/MJ in 1991/92. Which is equal to 23.34 % in 1966/67 to 8.54 %

share in 1991/92. The lowest energy was consumed in jowar i.e 1.95

Lakh/MJ in 1966/67, was slowly it raised to 2.37 Lakh/MJ in

1991/92, or from 0.06 % in 1966/67 to 0.10 % share in 1991/92.
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Year •
Crop'

Rice

Wheat

Jo war

Groundnut

Cot ton

Sugarcane

Total

1966/'67

2434,. 75
Cl4. 54)

472.61
C 23 . 34)

1.95
CO. 06)

106. 84
C 4. 69)

3016.14
CIO.75)

1971 /TT7

257O.12
C1 4. 33)

220. 32
C 7. 30)

O. 97
C 0. 03)

14O. 48
C5. 94)

2931.89
C 9. 73)

1976X77

2522. 14
C13.79)

3O6.75
C9. 30)

5.22
CO. 17)

126.63
C 4. 47)

296O. 74
C 9.62)

1981X82

2549.69
C13.19)
258. 64
C 7. 41)

5.22
C 0.16)

122. 67
C 3. 88)

2936. 23
C8. 96)

1986/037

2549. 69
C13. O4)
290.19
C7. 95)

1.17
C 0. 04)

11O. 80
C3. 64)

2951.84
C9. O5)

1991X92

2276.10
C11. 33)

309. 58
C8. 54)

2.37
CO. 1O)

143.45
C3. 83)

2731.51
C8. O6)



On the other hand ground nut and cotton noticed nil energy

consumption from 1966/67 to 1991/92, due to negligence of these

crops, is the state of nature. In case of sugar cane these were

106.84 Lakh/MJ in 1966/67, which raised to 143.45 Lakh/MJ in

1991/92, or 4.69 % in 1966/67 to 3.83 % share in 1991/92.

Interestingly total energy consumption in the state under four

crops accounted for 3016.14 Lakh/MJ in 1966/67, was later

decreased to 2731.51 Lakh/MJ in 1991/92 or from 10.75 % share in

1966/67 to 8.06 % in 1991/92 respectively.

In Punjab the energy consumption under rice production was

143.92 Lakh/MJ in 1966/67, which has further increased to 985.11

Lakh/MJ in 1991/92, or from 0.86 % in 1966/67 to 4.90 % share in

1991/92. Where as wheat accounted 266.85Lakh/MJ in 1966/67, has

Table 6. 4. 3

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN PUNJAB.

CLakh Mega Jouls3

Source: ICAR: Energy re q ulrements In agriculture sector,
Co-ordlnative Research Project, 1985 to 1988.
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All Indli

Year |
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1966/67

143.92
C 0. 863
266. 85
C13.183

72.46
C 2. 743
42.51
C 5. 053

118. 71
C5. 223

644.45
C2. 303

1971S77

213. 74
Cl.193
368.25
C12.203

63. O4
C2.323
50.99
C6. 093

1Ol. 90
C 4. 313

797.92
C2.653

1976/77

32O.14
C1.753
4O6. 73
Cl2.333

59.42
C2. 333
59.79
C8.O93

111.79
C3. 943

957.87
C3.113

1981 S&Z

603.23
C3.123
460. O4
C13.173

33.33
C 1. 243
73.31
C8. 483

1O4.86
C3. 323

1274. 77
C3. 883

1986/^7

859.24
C 4. 393
502.93
C13. 793

15.58
CO. 623
60.86
C8.163
95.96
C 3.153

1534.58
C 4. 703

1991X92

985.11
C4. 9O3
5O9. 88
C14. O73

4.35
C 0.143
7O. 84
C8.583

1O7.83
C2.883

1678.01
C 4. 953



raised to 509.88 Lakh/MJ in 1991/92. This is equivalent of 13.18 %

share in 1966/67 to 14.07 % in 1991/92. Energy consumption under

Jowar crop showed nil energy consumption, due to negligence of

jowar crop in the state. On the other hand ground nut experienced

diminishing demand for energy i.e 72.46 Lakh/MJ in 1966/67, was

later to 4.35 Lakh/MJ in 1991/92. This in percentage terms from

2.74 X in 1966/67 to 0.14 % share in 1991/92.

Cotton showed 42.51 Lakh/MJ in 1966/67, which later increased

to 70.84 Lakh/MJ in 1991/92, or from 5.05 % in 1966/67 to 8.58 %

share in 1991/92 respectively. On the other hand energy

consumption under sugar cane recorded 118.71 Lakh/MJ in 1966/67,

was later decreased to 107.83 Lakh/MJ in 1991/92. This is equal to

5.22 % in 1966/67 to 2.88 % share in 1991/92. As against this the

total energy consumption under five crops noticed 644.45 Lakh/MJ

in 1966/67, which further increased to 1678.01 Lakh/MJ in 1991/92,

or from 2.30 % share in 1966/67 to 4.95 % share in 1991/92

respectively.

Energy consumption under rice crop in Tamil Nadu noticed,

1114.30 Lakh/MJ in 1966/67, which has decreased to 1089.13 Lakh/MJ

in 1991/92, or from 6.66 % in 1966/67 to 5.42 % share in 1991/92.

The energy consumption under wheat noticed negligible change over

a period of time from 1966/67 to 1991/92. Jowar recorded 142.41

Lakh/MJ in 1966/67, which was decreased to 112.61 Lakh/MJ in

1991/92, or from 4.05 % in 1966/67 to 4.59 % share in 1991/92.

Ground nut accounted 306.51 Lakh/MJ in 1966/67, which was gone up

to 373.54 Lakh/MJ in 1991/92. This is equivalent to 11.59 % in

1966/67 to 11.89 % share in 1991/92 respectively.
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Table O. 4. 4

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN TAMIL NADU.

CLakh Mega Jouls)

Source: I CAR: Energy re q uirements in agriculture sector. All India
Co-ordinative Research Project, 1985 to 1988.

Cotton and sugar cane noticed, 34.89 and 105.85 Lakh/MJ in

1966/67, which changed to 28.34 and 229.51 Lakh/MJ in 1991/92.

This is equal to 4.15 and 4.65 % share in 1966/67 to 3.43 and 6.13

% in 1991/92 respectively. On the other hand total energy

consumption in the state under five crops accounted, 1703.97

Lakh/MJ in 1966/67, which raised to 1833.13 Lakh/MJ in 1991/92.

Equivalent of 6.08 % in 1966/67 to 5.41 % share in 1991/92

respectively.

Total energy consumption under rice crop in O.P witnessed,

2006.32 Lakh/MJ in 1966/67, then raised to 2516.44 Lakh/MJ in

1991/92. This is equal to 11.98 % in 1966/67 to 12.52 % share in

1991/92 respectively. The wheat crop recorded, 736.66 Lakh/MJ in
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Year |
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966/^7

1114.30

ce.ee:>

142.41
C4. 053
306.51
Cl1.593

34.89
C 4.155

1O5.85
C 4. 653

1703.97
C 6. O83

1971X77

1278.17
C7.133

139.69
C 4. 273
404.7O
C14. 873

33. OO
C4. 013

115.75
C 4. 903

1971.90
C6. 543

1976X77

1O84. 85
C5. 433

164. O4
C5. 343
322.46
C12. 643

25.76
C3. 493

153.34
C5. 413

1750. 45
C 5. 693

1981X82

1171.78
C6. 063

130.33
C 4. 033
367. O2
C13. 643

25.76
C 2.983

198.85
C6. 303

1894. 74
C 5. 783

1986X87

928.59
C 4. 753

142.22
C 4. 583
324.99
C12.853

25.55
C3. 433

193. 9O
C 6.373

1615.24
C 4. 953

1991 X92

1089.13
C5. 423

112. 61
C 4. 593
373.54
C11. 893

28.34
C3. 433

229.51
C6.133

1833.13
C 5. 413



Table 6.4.5

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN UTTAR PRADESH.

CLakh Mega J o u l s 3

Source: ICAR : Energy requirements In a g r i c u l t u r e s e c t o r ,
Co-ord ina t ive Research P r o j e c t , 1985 to 1988.

All India

1966/67, and raised to 1360.41 Lakh/MJ in 1991/92. This is equal

to 36.38 % in 1966/67 to 37.54 % share in 1991/92 respectively.

Jowar decreased from 172.61 Lakh/MJ in 1966/67, 100.53 % Lakh/MJ

in 1991/92. It is equal to 4.91 % in 1966/67 to 4.10 X share in

1991/92 respectively. Ground nut recorded 141.66 Lakh/MJ in

1966/67, which reduced to 57.61 Lakh/MJ in 1991/92, or from 5.36 %

in 1966/67 to 1.83 * share in 1991/92 respectively. Cotton and

sugar cane noticed 6.66 and 933.88 Lakh/MJ in 1966/67, which

changed tol.50 and 1862.81 Lakh/MJ in 1991/92. This is equal to

0.79 and 41.03 % in 1966/67 to 0.18 and 49.70 % share in 1991/92

respectively. Total energy consumption under six crops in whole

state recorded at 3997.79 Lakh/MJ in 1966/67, which has raised to

5899.30 Lakh/MJ in 1991/92 respectively. An equivalent of 14.25 %

in 1966/67 to 17.45 % share in 1991/92 respectively.
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Year •
Crop '

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966/^7

2OO6. 32
Cl1.983

736.66
C36.383

172.61
C 4. 913
141.66
C5.363

6.66
CO.793
933.88

C 41. 033
3997.79
Cl4.253

1971X77

2242.86
C12. 513

953.51
C 31. 593

120.98
C3.753
118.84
C 4. 373

6.O1
CO. 723

1260.34
C53.313
47O2.54
C15. 603

1976>"77

2210. O8
C12. 083
1044. 67
C 31 . 663

136.96
C4. 463
14O. 94
C5.523

8. 47
CO.333

1440.39
C5O. 8O3
4973.51
C16.163

1981X82

2559.67
C13. 243
1225.72
C35.103

133.65
C 4.133

94.56
C3.513

3.22
CO. 373

1634.29
C51.743
5651.11
C17. 243

1986X87

2632.34
C13. 463
1325. 55
C 36. 343

112.80
C3. 633

44.56
C1.763

2.36
CO. 323

1660. Ol
C 54. 503
5777.63
C17.713

1991X92

2516.44
C12.523
1360. 41
C37. 543

1O0. 53
C4.1O3

57.61
C1.833

1.50
CO. 183

1862.81
C 49. 7O3
5899.30
C17.413



West Bengal noticed, 2010.59 Lakh/MJ energy consumed under

rice crop in 1966/67, and later increased to 2698.36 Lakh/MJ in

1991/92. This is equal to 12.01 % share in 1966/67 to 13.43 % in

1991/92. However, wheat recorded 42.11 Lakh/MJ in 1966/67, and

further increased to 42.42 Lakh/MJ in 1991/92. This is equal to

2.08 % in 1966/67 to 1.17 % share in 1991/92. Energy consumption

under jowar, groundnut, and cotton noticed almost no change, due

to negligence of area under respective crops.

Sugar cane witnessed 22.75 Lakh/MJ in 1966/67, and later it

decreased to 11.87 Lakh/MJ in 1991/92, or from 1.00 % in 1966/67

to 0.32 % share in 1991/92 respectively. Overall it was observed

that, the total energy consumption in the state under three crops

recorded at 2043.91 Lakh/MJ in 1966/67, which has further raised

Table 6. 4. 6

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN WEST BENGAL

CLakh Mega Jouls)

Source: ICAR: Energy r e quirements In agriculture sector,
Co-ordinative Research Project, 1985 to 1988.

All India
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Year |
Crop"

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1966/^7

2010.59
C12.O15

10.57
C 0.525

22.75
C1.OO5

2043. 91
C7. 295

1971^77

237O.63
Cl3.225

66.55
C2. 205

33.64
C 1.425

247O.81
C8.205

1976/"77

2472.27
C13. 525

81.22
C2. 465

29.68
C1.055

2583.17
C 8. 345

1981^82

2474. 65
C12. 805

33.75
C O.975

22.75
C 0. 725

2531.15
C7.725

1986/^7

2553.49
C13.O65

62.77
C1.725

12.86
CO. 425

2629.12
C 8. 065

1991 /*92

2698. 36
C13.435

42.42
C1.175

11.87
CO. 325

2752.66
C8. 125



to 2752.66 Lakh/MJ in 1991/92. This is equal to 7.29 % share in

1966/67 to 8.12 % in 1991/92 respectively.

In case of All India, the total energy consumption under rice

crop was around 16743.52 Lakh/MJ in 1966/67, which raised to

20095.45 Lakh/MJ in 1991/92. Where as wheat crop noticed, 2024.68

Lakh/MJ in 1966/67, and later increased to 3624.18 Lakh/MJ in

1991/92. Jowar noticed 3517.28 Lakh/MJ in 1966/67, and slowly

decreased to 2453.17 in 1991/92. Energy consumption under ground

nut recorded 2644.50 Lakh/MJ in 1966/67, and further increased to

3141.95 Lakh/MJ in 1991/92 respectively.

Interestingly cotton and sugar cane witnessed 841.12 and

2276.33 Lakh/MJ in 1966/67, and later gone up to 825.98 and

3745.41 Lakh/MJ in 1991/92. It was observed that, overall the

total energy consumption under six crops in all India raised from

Table 6.4.7
ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN ALL INDIA.

CLakh Mega JoulsJ

Year •
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1966X67

16743. 52

2024. 68

3517. 28

2644.50

841.12

2276.33

28O47. 43

1971X77

17934. 29

3018.41

3268. 50

2720.95

837.25

2364. 38

30143.78

1976X77

18291. 95

3299.61

3072.70

2551.75

739. O4

2835. 28

30790.33

1981X82

19335.49

3492.33

3233.82

2691.60

864. 84

3158.77

32776.84

1986X87

19553. 50

3647. 99

3106.99

2529.65

745.8O

3045.99

32629.92

1991X92

2OO95.45

3624.18

2453.17

3141. 95

825.98

3745. 41

33886.15

Source: ICAR:Energy r e quirements in agriculture sector. All India
Co-ordinative Research Project, 1985 to 1988.

254



28047.43 Lakh/MJ in 1966/67 to 33886.15 Lakh/MJ in 1991/92

respectively. Energy consumption under rice, wheat, ground nut,

and sugar cane increased at faster rate, where as jowar and cotton

showed declining trend in energy consumption over a period of

time.

As stated in the tables 6.4.8 to 6.4.14, compound growth

rates of energy consumption under principal crops in A.P i.e

rice, noticed negative growth at -0.31 % in 1971/72, and later

increased at a rate of 12.29 % per annum in 1991/92. As against

this wheat show 10.06 % per annum in 1971/72, and later negative

growth of -7.79 % in 1991/92. Jowar crop accounted a growth rate

of 2.04 % per annum in 1971/72, and later a negative growth of

-8.28 % in 1991/92. Where as ground nut accounted 8.45 % per annum

in 1971/71, which increased at a rate of 9.70 % per annum in

Table G. 4.8

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER

PRINCIPAL CROPS IN ANDHRA PRADESH.

CLakh Mega J o i i l s )

Source: ICAR: Energy r e quirements In agriculture sector ,
Co-ordlnative Research Project, 1985 to 1988.

All India
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Year,
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966X67

—

1971S77

- 0.31

10.06

2.04

8. 45

1.17

0.68

1.72

1976/77

3. 23

1.86

- 4.20

- 7.27

- 2.98

4.17

0.00

1981/82

1.41

- 5.89

1.62

6.66

10.43

4.28

2.52

19B6S87

- 1.99

- 6.75

- 5.64

1.60

- 2.77

- 5 . 1 8

- 1.98

1991 /^2

12.29

- 7.79

- 8.28

S. 7O

11.49

8. O2

9.74



1991/92. Cotton and sugar cane recorded 1.17 and 0.68 * per annum

in 1971/72, which further increased at a rate of 11.49 and 8.02 %

per annum in 1991/92. On the whole total energy consumption in the

state under six crops recorded a growth rate of 1.72 % per annum

in 1971/72, and then raised at a rate of 9.74 % per annum in

1991/92 respectively.

Bihar witnessed, energy consumption increase at 1.09 % per

annum in 1971/72, and later experienced a negative growth of-2.24

% per annum in 1991/92. Wheat recorded negative growth of-14.16 %

in 1971/72, and later become positive at a rate of 1.30 % per

annum in 1991/92. At the same time jowar noticed negative growth

i.e -13.30 X in 1971/72, and further increased at a rate of 15.16

% per annum in 1991/92. Sugar cane recorded, 5.63 % per annum in

1971/72, which raised at a rate of 5.30 % per annum in 1991/92.

Table 6.4.9

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN BIHAR.

CLakh Mega Jouls)

Source: ICAR: En e rgy r e qulrements in agriculture sector. All India
Co-ordinative Research Project, 1985 to 1988.
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Year •
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966/67

- -

1971/77

1.O9

- 14.10

- 13.30

5.63

- 0.56

1976/^77

- O. 38

6.84

- 27. 7O

- 2.05

0.20

1981SBZ

O. 22

- 3.35

0. OO

- O. 63

- 0 . 1 7

1986X87

0. OO

2.33

- 25.85

- 2.02

0.11

1991X92

- 2.24.

1.30

15.16

5. 3O

- 1.54



Total energy consumption under four crops in the state experienced

negative growth rate of -0.56 % in 1971/72 and -1.54 % in 1991/92

respectively.

On the other hand energy consumption in Punjab for rice crop

noticed has 8.23 % per annum in 1971/72, which was further

Table 6. 4.1O

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN PUNJAB.

CLakh Mega J o u l s D

increased at a rate of 2.77 % per annum in 1991/92. Where as wheat

reported a 6.65 % growth rate per annum in 1971/72, and later it

has gone up at a rate of 0.27 % in 1991/92. Ground nut recorded

negative growth rate of -2.75 % in 1971/72 and -22.50 % in 1991/92

respectively. Energy consumption under cotton and sugar cane

raised at 3.75 and 3.01 % per annum in 1971/72, which has further

increased at a rate of 3.08 and 2.36 % per annum in 1991/92. On

the whole the total energy consumption under five crops recorded
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Source: ICAR: Energy r e quirements In agriculture sector. All India
Co-ordinative Research Project, 1985 to 1988.

Year i
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1966/67

_ .

1971/77

8.23

6.65

- 2.75

3.75

- 3.01

4.36

1976/77

8.42

2.01

- 1.18

3.24

1.87

3.72

1981/82

13.31

2.49

- 1O. 92

4.16

- 1.27

5.88

1986/87

7.33

1.80

- 14.13

- 3.65

- 1.76

3.78

1991 /92

2.77

0.27

- 22.50

3. O8

2.36

1.80



4.36 % per annum in 1971/72, which has increased at a rate of 1.80

% per annum in 1991/92 respectively.

Mean while energy consumption under principal crops in Tamil

Nadu recorded a growth rate of 2.78 % per annum in 1971/72, which

has later increased at a rate of 3.24 % per annum in 1991/92.

Table 6.4.11

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN TAMIL NADU.

CLakh Mega Joulsi

Source: ICAR: Energy re q uirements in agriculture sector, All India
Co-ordlnatlve Research Project, 1985 to 1988.

Where as jowar noticed negative growth of-0.39 % per annum in

1971/72 and -4.56 % in 1991/92. Ground nut witnessed 5.71 % per

annum in 1971/72, and2.82 % per annum in 1991/92. Cotton crop

experienced negative growth rate of-0.75 X in 1971/72, and further

it become positive at 2.10 % per annum in 1991/92. Sugar cane

recorded 1.80 % growth per annum in 1971/72, and later increased

at a rate of 3.43 % per annum in 1991/92. Overall it has witnessed

that, total energy consumption under five crops recorded a growth

rate of 2.97 % per annum in 1971/72 and 2.56 % per annum in
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Year .
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1966/67 1971S77

£.78

- O. 39

5.71

- 0.73

1.80

2.97

1976/77

- 3.23

3. 27

- 4.44

-5.18

5.79

- 2.36

1981/32

1.55

- 4.50

2.62

0.00

5.34

1.59

1986/87

- 4.55

1.76

- 2.40

- 0.16

- 0.50

-3.13

1991/92

3.24

- 4.56

2.82

2.10

3. 43

2.56



1991/92 respectively.

Total energy consumption under principal crops in U.P

recorded a growth rate of 2.25 % per annum for rice in 1971/72,

and later experienced negative growth of -0.90 % per annum in

1991/92. Wheat crop recorded positive growth of 5.30 % per annum

Table 6.4.12

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER

PRINCIPAL CROPS IN UTTAR PRADESH.

CLakh Mega Jouls)

Source: ICAR: Energy r e qulrements in agriculture sector. All India
Co-ordlnative Research Project, 1985 to 1988.

in 1971/72, and was increased at a rate of 0.52 X per annum in

1991/92. Jowar experienced negative growth rate of -6.86 % in

1971/72 and -2.76 X in 1991/92. Where as ground nut recorded

negative growth of -3.45 % per annum in 1971/72, and further

raised at a positive growth rate of 5.27 % per annum in 1991/92.

Cotton crop also experienced negative growth of -2.03 X in 1971/72

and -8.67 % in 1991/92. In case of sugar cane, it increased at a

rate of 6.18 % in 1971/72, and further raised at a rate of 2.33 %
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Year,
Crop 1

Rice

IVheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966/67

^ ^

1971 /77

2. 25

5.30

- O. 86

- 3. 45

- 2.03

8.18

3.30

1976/77

- 0.29

1.84

2.51

3.47

- 16.29

2.71

1.13

1981/82

2.98

3.25

- 0.49

- 7.67

5. 45

2.56

2.58

1986/87

O. 56

1.58

- 3.34

- 13.97

- 6.02

0.31

O. 44

1991/92

- 0.90

0.52

- 2.28

5.27

- 8.67

2.33

0.42



per annum in 1991/92. However, total energy consumption under six

crops raised at 3.30 % per annum in 1971/72, which has been

increased at a rate of0.42 % per annum in 1991/92 respectively.

With respect to West Bengal, rice crop noticed a growth rate

of 3.35 % per annum in 1971/72, and later increased at a rate of

1.11 X per annum in 1991/92. Wheat recorded 9.59 % per annum in

1971/72. and later experienced negative growth of -7.54 % in

Table 6.4.13
COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN WEST BENGAL.

CLakh Mega Jouls)

Source: ICAR:Energy r e qulrements in agriculture sector,
Co-ordinative Research Project, 1985 to 1988.

All India

1991/92. On the other hand sugar cane recorded, 8.14 % per annum

growth in 1971/72, and later experienced negative growth of -1.59

% per annum in 1991/92. Total energy consumption in the state

witnessed a growth rate of 3.87 % per annum in 1971/72, and

further increased at a rate of 0.92 % per annum in 1991/92

respectively.
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Year j
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

Total

1 9 6 D / * 7

—

1971X77

3.35

44. 48

8.14

3.87

1976/77

0.84

4. O6

- 2.47

0.89

1981^82

0. O2

- 16.11

- 5 . 1 8

- 0.41

198BV87

0.63

13.21

-10 .78 -

0.76

1991X92

1.11

- 7.54

-1 .59

0.92



Energy consumption in all India under principal crops

witnessed a growth rate of 1.38 % per annum for rice in 1971/72,

which has further increased at a rate of 0.55 % per annum in

1991/92. Wheat, noticed 8.31 % per annum in 1971/72, and later

experienced negative growth of -0.13 % in 1991/92. Where as jowar

experienced negative growth of -1.46 % in 1971/72 and -4.62 % in

1991/92. Ground nut recorded 0.57 % per annum in 1971/72, and

Table 6. 4.1 4
COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN ALL INDIA.

CLakh Mega Jouls)

Source: ICAR:En e rgy r e qulrements In agriculture sector. All India
Co-ordlnative Research Project, 1985 to 1988.

later it raised at a rate of 4.43 % per annum in 1991/92. Cotton

experienced negative growth rate of -0.09 % in 1971/72, and later

it become positive at a growth rate of 2.06 % per annum in

1991/92. Sugar cane noticed 0.76 % growth per annum in 1971/72,

and further increased at a rate of 4.72 % per annum in 1991/92. On

the whole the total energy consumption in India witnessed a growth

rate of 1.45 % per annum in 1971/72, and later increased at a rate
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Year |
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

Total

1966/«7 1971S77

1.38

8.31

- 1.46

0.57

- O.O9

0.76

1.45

1976-^77

O. 39

1.80

- 1.23

- 1.28

- 2 . 4 6

3.70

0.43

1981y82

1.12

1.14

1.03

1.O7

3.19

2.18

1.26

1986^87

O. 22

0.88

- 0.80

- 1.23

- 2.92

- 0.72

- 0.09

1 991 z'92

O. 55

- O.13

- 4 . 6 2

4.43

2. O6

4.22

O. 76



of 0.76 % per annum in 1991/92 respectively.

6.5 ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN INDIA AND

SELECTED STATES:

So far in the earlier sections, much emphasis has been given

to energy consumption in selected crops over a period of time

across the states. But according to efficiency point of view, one

should look at the productivity of energy resource in agricultural

production. As discussed earlier, before 1966 Indian agriculture

was depended on traditional energy sources such as human, bullock,

and traditional equipment. After 1966 onwards efficiency of energy

resource substitution had increased at larger extent as a process

of modernization of agriculture. There is a need to identify the

energy intensity ratios in the production of agriculture output.

In general energy intensity in agriculture production can be

derived as, Energy used per unit of output in agriculture sector.

On the basis of this, this section will discuss the energy

productivity in different crops over a period of time in whole

India and across the states. Energy intensity can be measured by

taking the following formula..

The tables 6.5.1 to 6.5.7 illustrates the energy intensites

for selected crops in all India and selected states from 1966/67

to 1991/91. Energy intensity ratio under rice crop in Andhra
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Energy I n t e n s i t y
Total A g r i c u l t u r a l Product ion (T. t )

Total Energy Consumption(Lakh/MJ)



Pradesh noticed, 2.73 Lakh/MJ per unit of thousands tonns of

output in 1966/67, which has raised to 3.23 lakh/MJ in 1991/92.

Where as wheat accounted 0.98 Lakh/MJ per unit of thousand tonns

of output

Table 6.5.1
ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN ANDHRA PRADESH.

CThousand quintal Output/'Lalch M. J Energy?

Source: ICAR:Energy r e quirements in agriculture sector. All India
Co-ordlnative Research Project, 1985 to 1988.

in 1966/67, and further raised to 5.56 Lakh/MJ in 1991/92. As

against this jowar witnessed 2.42 Lakh/MJ in 1966/67, which has

increased to 3.21 Lakh/MJ in 1991/92. In case of ground nut the

intensity ratio recorded at 2.74 Lakh/MJ in 1966/67, was later

slightly come down to 2.47 Lakh/MJ in 1991/92. Cotton and Sugar

cane witnessed 4.25 and 77.25 Lakh/MJ in 1966/67, which has

further increased to 17.29 Lakh/MJ in cotton crop and a decline

trend showed in sugar cane crop of 73.86 Lakh/MJ in 1991/92

respectively.

On the whole it was observed that, energy was much efficient

in sugar cane production, while comparing with other crops,
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Year •
Crop 1

Rice

Wheat

Jo war

Groundnut

Cot ton

Sugarcane

1966/^7

2. 73

O. 98

2. 42

2.74

4.25

77.25

1971S77

3.26

3.32

2.31

2. 1O

4.87

89.80

1976/77

2.91

3.86

2.68

1.53

8.44

71.18

1981SBZ

4.33

4.10

3.09

2.73

13. O6

84.02

1986/^7

4. Ol

2.65

3. O8

2. 3O

13.80

75.34

1991SQZ

3.23

5.56

3.21

2.47

17.29

73.86



followed by cotton, rice, wheat, jowar, and ground nut

respectively. Which reflect that energy used in sugar cane

production was producing efficient level of output over a period

of time.

Interestingly, energy intensity ratio in Bihar under rice

recorded, 1.73 Lakh/MJ per unit thousands tonns of output in

1966/67, and later it raised to 1.96 Lakh/MJ in 1991/92. Wheat

recorded, 1.90 Lakh/MJ in 1966/67 and 11.52 Lakh/MJ in 1991/92.

Table 6.5. 2
ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN BIHAR.

CThousand quintal Output/l^akh M. J Energy}

Source: ICAR: Energy r e quirements In agriculture sector. All India
Co-ordlnative Research Project, 1985 to 1988.

Where as jowar showed a declining trend in intensity i.e 3.08

Lakh/MJ in 1966/67 to 1.27 Lakh/MJ in 1991/92. As against this

sugar cane noticed highest energy intensity i.e 37.39 Lakh/MJ in

1966/67, and later it has gone up to 49.33 Lakh/MJ in 1991/92

respectively.

In Punjab, the energy intensities accounted under rice crop
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Year |
Crop '

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

1966^67

1.73

1.90

3. O8

37.39

1971 S77

2. O5

11.32

2. O6

31.78

1976/77

1.68

8. O5

1.15

32.98

1981^82

1.67

8.51

1.34

34.08

1986/^7

2.37

9.86

4.27

33.66

1991 /"92

1.96

11.52

1.27

49.33



was around 2.81 Lakh/MJ per unit of thousand tonns of output in

1966/67, which has increased to 6.86 Lakh/MJ in 1991/92. Wheat

noticed 11.89 Lakh/MJ in 1966/67 to 24.11 Lakh/MJ in 1991/92. On

Table 6.5.3

ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN PUNJAB.

C Thousand quintal OutpufLakh M. J Energy)

Source: ICAR:Energy requirements in agriculture sector.
Co-ordlnative Research Project, 1985 to 1988.

All India

the other hand ground nut noticed a declining trend of intensities

i.e 2.91 Lakh/MJ in 1966/67 to 2.76 Lakh/MJ in 1991/92. Cotton and

sugar cane witnessed significant increase in the intensities i.e

17.55 and 36.44 Lakh/MJ in 1966/67, which further increased to

33.27 and 64.18 Lakh/MJ in 1991/92 respectively.

In case of Tamil Nadu energy intensities under rice crop

accounted 3.59 Lakh/MJ per unit of thousand tonns of output in

1966/67, and later increased to 5.44 Lakh/MJ in 1991/92. where as

especially for jowar, positive intensities were recorded i.e 3.66

Lakh/MJ in 1966/67 to 6.24 Lakh/MJ in 1991/92. On the other hand
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Year |
Crop'

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

1966/^7

2.81

11.89

2.91

17.55

36. 44

1971 S77

4.30

15.26

2. 9O

20.18

39.55

1976^77

5.44

15.42

2.52

19. O3

54.30

1981 z'82

6.22

18.59

2.70

17.32

58.36

1986^87

7. Ol

18.81

2.70

27.79

63.67

1991/92

6.86

24.11

2.76

33.27

64.18



ground nut experienced positive trend i.e 2.68 Lakh/MJ in 1966/67,

which has raised to 3.53 Lakh/MJ in 1991/92. Cotton and sugarcane

witnessed higher intensity i.e 10.35 and 75.80 Lakh/MJ in 1966/67,

and further gone up to 15.42 and 102.03 Lakh/MJ in 1991/92

respectively.

Table 6.5. 4

ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN TAMIL NADU.

CThousand quintal Output/Lakh M. J Energy}

Source: ICAR: Energy r e quirements In agriculture sector,
Co-ordlnative Research Project, 1985 to 1988.

All India

U.P recorded, energy intensities for rice crop at 1.50

Lakh/MJ per unit of thousand tonns of output in 1966/67, and

further increased to 3.62 Lakh/MJ in 1991/92. Wheat and jowar

showed, 7.24 and 2.50 Lakh/MJ in 1966/67, which has been raised to

14.82 and 3.84 Lakh/MJ in 1991/92. Ground nut noticed, inefficient

ratio i.e 2.00 Lakh/MJ in 1966/67 to 2.00 Lakh/MJ in 1991/92. As

against this, cotton and sugar cane witnessed highest intensities

of 4.65 and 37.25 Lakh/MJ in 1966/67, which has later increased to

10.67 and 58.21 Lakh/MJ in 1991/92 respectively.
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Year .
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

1966/67

3.59

3.66

a. 68

10.35

75. 8O

1971/77

4.15

3.69

3.15

12.23

83.16

1976/77

3.89

4.83

2. 43

13.51

92.90

1981 /82

4.79

4. 1O

3.37

10.79

1Ol.62

1986/87

5.74

4.63

3.36

10.88

111.42

1991/92

5.44

6.24

3.53

15.42

102. O3



Table 6.5.5
ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN UTTAR PRADESH.

CThousand q u i n t a l Output/Lakh M. J Energy)

Year |
Crop'

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

1966/67

1.50

7.24

2. 5O

2 . OO

4.65

37.25

1971/77

1.68

7.92

1.88

1.54

4.49

39.16

1976/77

1.94

8.55

3.53

1.65

5.67

45.28

1981/82

2.30

10.40

4.53

2.69

6.83

46.77

1986/87

2.85

12.25

4.15

2.49

7.63

51.05

1991 /92

3.62

14.82

3.84

2. O0

10.67

58.21

Source: ICAR: Energy r e qulrements in agr icul ture sector,
Co-ordinative Research Project , 1985 to 1988.

All India

With respec t to West Bengal, energy i n t e n s i t i e s for r i c e crop

has at 2.49 Lakh/MJ in 1966/67, and l a t e r it raised to 4.36

Lakh/MJ in 1991/92. Where as wheat showed, 6.39 Lakh/MJ in

1966/67, which

Table 6.5.6

ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN WEST BENGAL.

CThousand q u i n t a l Ou tpu t /Lakh M. J Energy)

Year .
Crop <

Rice

Wheat

Jowar

Groundnut

Cotton

Sugarcane

1966/67

2.49

6.53

- -

- -

—

47.08

1971/77

2.75

13.84

~

49.26

1976/77

2. 41

12.94

—

—

61.05

1981/82

2.36

11.53

—

—

—

62.02

1986/87

3.31

10.88

—

58.86

1991/92

4.36

12.49

—

—

72.37

Source: I CAR: Energy re q ulrements in agriculture sector. All India
Co-ordlnative Research Project, 1985 to 1988.
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increased to 12.49 Lakh/MJ in 1991/92. Finally sugar cane noticed

reasonably high intensities i.e 47.08 Lakh/MJ in 1966/67, and

72.37 Lakh/MJ in 1991/92 respectively.

At an all India level it has been observed that, all most all

the crops showed progressive trend in case of energy consumption

with respect to output production over a period of time, from

Table 6.5.7

ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN ALL INDIA.

CThousand quintal Output/T-akh M. J Energy)

Source: ICAR: Energy r e qulrements in agriculture sector, All India
Co-ordinative Research Project, 1985 to 1988.

1966/67 to 1991/92. Energy intensity for rice crop noticed at 1.82

Lakh/MJ per unit of thousand tonns of output in 1966/67, has later

increased to 3.67 Lakh/MJ in 1991/92. In case of wheat and jowar

it was 5.63 and 2.62 Lakh/MJ in 1966/67, which has raised to

15.20 and 3.41 Lakh/MJ in 1991/92 respectively. Ground nut also

noticed improvement trend from 1.67 Lakh/MJ in 1966/67, to 2.25

Lakh/MJ in 1991/92. Next comes cotton and sugar cane which also

noticed positive trend of 6.26 and 40.78 Lakh/MJ in 1966/67, and

further gone up to 11.91 and 66.55 Lakh/MJ in 1991/92

respectively.
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Year |
Crop 1

Rice

Wheat

Jo war

Groundnut

Cotton

Sugarcane

1966/67

1.82

5.63

2.62

1.67

6.26

4O. 78

1971 S77

2.40

8. 75

2.36

2.27

8.30

48.03

1976/77

2.29

8.79

3.43

2. O6

7.90

53.97

1981/82

2.75

10.72

3.73

2.68

9.12

59. OO

1986/87

3.10

12.15

2.97

2.32

9.26

61. O9

1991/92

3.67

15. 2O

3.41

2.25

11. 91

66.55



6.6 REGRESSION EQUATIONS FOR SELECTED CROPS AND STATES:

In the earlier chapters the importance of energy in

agricultural production has been discussed. The agricultural

output has been changing across the states due to,the intensity of

use of energy for different crops. It has been noticed that the

energy demand is expressed not only in terms of direct energy used

but also in terms of indirect energy applicable for agricultural

operations. The type of energy used for electric engines or oil

engines and tractors is direct energy. The energy used in

fertilizers and pesticides is also energy but it is in the

indirect form. Similarly the energy used by human beings(labour)

and animals(draught power) is also a kind of indirect energy. But

ICAR considered this as a form of direct energy. There is a need

to explain the variations in agricultural output in a functional

form.

Based on the literature reviewed so far, it is logical to

specify the agricultural output relationship(production function)

as a function of the following independent variables:labour,

draught power, oil engines, electric engines, tractors,

fertilizers, pesticides, and energy. It has been pointed out that

the variations in the extent of rainfall at various states (under

examination here) have an impact on the crop output. Similarly the

land utilization based upon the type of irrigation also play an

important role on the crop output. The variations in agricultural

output across states can also be due to the the factor endowments.
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6.6.1 OUTPUT MODEL:

Thus for a specific type of crop i, in the state j the following

production function has been specified:

Yij = f( Lnj, Lbj, Dpj, Oej, Eej, Trj, Fej, Pej, Enj, raj)

( ...6.6.1.1)

i = Crop type i.e Paddy, wheat, Jowar, Groundnut, Cotton,

and Sugarcane

j = Specific state i.e Andhra Pradesh, Bihar, Punjab,

Tamil Nadu, Uttar Pradesh, and West Bengal

The variables are specifically defined in the following

manner.

Y = Total output under crop( thousand tonns.)

Ln = Total Land under crop( thousand hectares.)

Lb = Labour power( physical units in lakhs.)

Dp = Draught power( thousands in number.)

Oe = Oil engines( thousands.)

Ee = Electric engines( thousands.)

Tr = Tractors( hundreds.)

Fe = Fertilizers( lakh tonns.)

Pe = Pesticides( thousand tonns.)

En = Energy( mega-jouls.)

Ra = RainfalK millimeters.)

A classical production function approach has been adopted

here. By assuming a neutral type of technological progress, the

above function can be expressed as
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Where T stands for time series which augments the .

technological progress in a disembodied manner. The production can

be explained in a linear or a non-linear iorm as".
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Y u = f ( L V L V D p j - O e y E e j - T r j - F e y P e j - Eny r a r T)

( 6.6.1.2)

Linear:

Yij = aOij + alij L nj + a2ij L bj + a3ij DPj + a4ij O ej +

a5ij E ej + a6ij T rj + a7ij F ej + a6ij P ej + a9ij E nj

+ a10ij R aj + allij T .-..(....6.6.1.3)

Non-linear:

alij a2ij a3ij a4ij a5ij a6ij
Yij = bOij + L nj L bj D pj O ej E ej T rj

T
a7ij a8ij a9ij a10ij allij

F ej P ej E nj R aj

( 6.6.1.4)

This in the double log form can be written as:

loe Yij = aOij + alij log L nj + a2ij loe L bj + a3ij loe D pj +

a4ij log O ej + a5ij loe E ej + a6ij loe T rj + a7ij lo*

Fe . + a 8 i j log Pe . + a g i . log En . + a^. log Ra . +

a., T ( 6.6.1.5)

Where a 0 1 J = log( b^. )

The co-efficients a-. . to a.., . in the linear equation will

represent the responsiveness of the independent variable on the

dependent variable respectively. In case of the non-linear

equation, expressed in the double log form, the co-efficients

indicate the elasticity of the dependent variable with respect to



the corresponding independent variable, with the exception oftrend

variable. The sign and size of the co-efficients will indicate the

degree and responsiveness. The data used for this analysis is the

same as the data analyzed earlier, under different headings. The

data covers six time periods of 5 years interval each in six

states under consideration. The estimation procedure includes

cross-section of time series data consisting of 36 observations.

In this procedure the regressions were estimated for individual

crops, under consideration here, by introducing the state wise

dummy variables (Gujarati 1984). The estimated regression equation

with dummy variables is written as:

Linear:

Y. = a Q 1 + a ^ Lr^ + a 2 i L ^ + a 3 i DPi + a 4 i Oe. +

a5i E ei + a61 T ri + a7i F ei + a8i P ei + a9i E ni + a10i

B ai + alli T + dl D Y 1 + d2 D Y 2 + d3 D Y 3 + d4 D Y 4 + d5

DY5 + dc DY6. .. (...6.6.1.6)
b

Where DY1, DY2 DY6 represent the dummy variables for

the states Andhra Pradesh, Bihar, Punjab, Tamil Nadu, Uttar

Pradesh, and West Bengal respectively. The dummy variables are

introduced with 1 0 0 0 0 0 for DY1, next to 0 1 0 0 0 0 , 0 0 1 0

0 0 , 0 0 0 1 0 0 , 0 0 0 0 1 0 , and 0 0 0 0 0 1 for DY2, DY3, DY4,

DY5, and DY6 respectively.

In the case of non-linear type of production function the

dummy variables have been introduced in the equation form as :
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log Y, = a^^ + Bj. log Ln. + a«j log Lb. + ag, log Dp. +

a., log Oe, + ag. log Ee, + 8g, Jog1 Tr. + a«. log

Fe^ + ag^ Jog1 Pe. + ag, log En. + a,j,. log Ba. +

alli T + dl D Y 1 + d2 D Y 2 + d3 D Y 3 + d4 D Y 4 + d5 D Y 6 +

dg DY6. .(... .6.6.1.7)

The significance (statistical) of dummy variable indicates

that the variation in crop output in that particular state is

significantly different from other states. In other words the

variation across states is estimated for each crop i by using the

relevant dummy variables.

6.6. Z ENERGY DEMAND MODELC INVERSE MODEL 3:

It is well established economic theory that the factor demand

functions are inverse functions of the production functions. In

other words the demand for factor input is a function of output,

other input variables. Thus the derived demand function for one of

the input, energy, is expressed as:

En = g(Y, Ln, Lb, Dp, Oe, Ee, Tr, Fe, Pe, Ra, T ).

(. . .6.6.2.1)

Here En is the energy demand as expressed earlier, and all

other variables as independent, defined earlier. In a linear form

this demand equation can be written as :

E ni = b0i + bli Yi +b2i L n + b3i L b + b4i D p + b5i O e + b6i

Ee + b7. Tr + b 8 i Fe + b g i Pe + b^.Ra + b n i T

( 6.6.2.2)

273



The respective co-efficients indicates the direction and

magnitudes of the response of independent variables on the

dependent variable. Here i stands for the respective crop.

In a non-linear form, particularly, double log form, the

demand equation is written as:

log En.̂  = b Q i + b 1 4 log Y. + b 2 i log Ln + bg, log Lb + b., log Dp

+ b 5 i log Oe + bg. log Ee + b ? i log Tr + bg, log Fe +

b g i log Pe + b 1 Q i log Ra + b n i T( 6.6.2.3 )

In this double log form the co-efficients indicates the

elasticity of the dependent variable with respect to the

independent variables. Depending up on the size and sign of the

co-efficients the degree and direction of elasticity can be

explained. These demand equations are also estimated using the

time series of cross section data spread over 6 states and 6 time

periods of five year intervals.

It has been observed, in the literature, that the demand for

energy varies according to the type of crop and also across the

states. Thus it is important to analyze the variations in the

energy demand across states by a dummy variable technique to check

for the inter state variations. The demand equations are estimated

for individual crops . The estimated equations are of the form:
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Linear:

E ni = bOi + bli Yi +b2i L n i + b3i L V b4i D p i + b5i O ei + b6i

Ee i + b ? i Tr i + b e i Fe i + b g i Pe i + b1().Rai + b m T +

dj DY1 + d2 DY2 + dg DY3 + d4 DY4 + d& DY5 +

dg DY6. (..6.6.2.4)

The significance (statistical) of these dummy variable

co-efficients will indicates the variations that are due to the

geo-graphical location. These equations were estimated with the

cross sections of time series data, using ordinary least squares

method of estimation.

6.6.3 ANALYSIS OF THE ESTIMATED RESULTS:

As explained earlier the output equations and the energy

demand equations were estimated using the time series of cross

section data, from 1966/67 to 1991/92, over the specified six

states. Ordinary least square method of estimation has been

applied for the reported equations. Whenever dummy variables are

used, to check for inter state variations, the constant was

removed from the estimated equations, to avoid estimated problems.

In some equations dummy variables are showed significant, which
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Non-linear:

log Eni = t>Oi + bli log Yi + t>2i log Lni+ b 3 i log Lbi+ b 4 i log Dpi

+ b 5 i log 0ei+ b g i log Eei+ b ? i log Tri+ b g i log Fe± +

b g i log Pei+ b 1 Q iio^ Rai+ b l l i T + d1 DY1 + d2 DY2 + d3

DY3 + d4 DY4 + d£ DY5 + dg DY6. ( 6.6.2.5)



reported in that particular equation depends up on the

availability of that particular crop in selected states. Some

crops are almost neglected in particular states, in that sense few

equations will show four or five dummies but not six.

First, the output equations are estimated for the specified

six crops, namely Rice, Wheat, Jowar, Groundnut, Cotton, and

Sugarcane, in that order. The reported equations are the best

equations selected on the basis of statistical significance as

well as consistency of economic theory. All other equations that

are not reported here are not satisfactory in that sense.

6.6.4 ESTIMATED OUTPUT EQUATIONS:

In case of output equations the above specified equations

were estimated for per hectare terms instead of aggregate output

terms for all the crops except jowar. It means that per hectare

variations are more important for all the crops except jowar.

Whenever the per hectare dependent variable is used the

corresponding independent variables are also expressed in per

hectare terms forlabour, draught power, oil engines, electric

engines, tractors, fertilizer, pesticides, energy, except for

rainfall variable. This decision was taken because land variable

showed collinearity with all other variables. It is also important

to note that, oil engines and electric engines are substitutes for

each other and thus showing a problem of multi-colinearity.

Whenever the problem of multi-colinearity arises the oil engines

were removed form that estimation.
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RICE:

The table 6.6.4.1 represents the estimated co-efficients of

the rice output equation expressed in per hectare terms. This

equation indicates that the per hectare output of rice is

explained significantly (at 5 % level) by the presence of draught

power(Dp), electric engines(Ee), and energy(En). The estimated
2

R is 0.9548 indicating 95.5 % of the variation in the dependent

variable is explained by this equation. Here the draught power

co-efficient is negative indicating that as draught power

decreased output per hectare increased. This implies that in place

of draught power other inputs are used for producing rice output.

Similarly the positive sign on electric engines and negative sign

on Energy is indicative of complimentary possibility among those

two form of inputs.

Table 6.6.4.1

Rice: PerhectareCwithout oil engines) Linear equation.

Number of observations = 36
Durbin-Watson = 2.3820

See 155.4144

R 2 = 0.9548
Degrees of freedom = 27

significant at 5 percent
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S.NO

1
2
3
4
5
6
7
8
9

VARIABLE

Constant
Lb
Dp
Ee
Tr
Fe
Pe
En
Ra

CO-EFFICIENT STANDARD ERROR

2239.0060
35.5589

- 927.6643
3.6226
19.4342

3782.2510
233528.7000

- 17.9490
0.0076

205.3346
79.3847

361.6638
1.3525

12.1800
2349.4880

141251.6000
3.7951
0.0055

T-STATISTIC

10.9042
0.4479

- 2.5650
2.6784
1.5956
1.6098
1.6533

- 4.7295
1.3639



WHEAT:

The estimated equation for wheat is shown in the table

6.6.4.2. Here a non-linear equation is more relevant than the

linear equation. In case of wheat the per hectare output equation,

indicating significant variations across the states in India, can

be explained by the presence of dummy variables. In this equation,

the significant co-efficients are electric engines, fertilizers,

pesticides, rainfall, and trend co-efficient, at 5 % level. The

sign on electric engines and fertilizer is negative where as for

other variables it is positive. It explains that, wheat crop will

demand less water while comparing with other wet crops, that's why

electric engines showed negative relation with output.

Where as pesticides, rainfall, and trend showed positive relation

with output, indicating that as output per hectare of wheat

increases with the presence of pesticides, rainfall, and trend

on the other hand when the rainfall variable showed positive trend

with output, obviously there should be a less amount of

fertilizers and electric engines. The co-efficient on trend

variable is positive indicating the technical progress. The

estimated R2 is 0.9221 indicating that 92.21 % of the variation in

the dependent variable is explained by this equation.
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Table 6.6.4.2

Wheat: Per hectare(without oil engines) Non linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10
11
12
13
14

VARIABLE

LLb
LDp
LEe
LTr
LFe
LPe
LEn
LRa
Trend
Dl
D2
D3
D4
D5

CO-EFFICIENT

0.0136
- 0.1661
- 0.2508
0.0327

- 0.4361
0.5787
0.0045
0.6289
0.0534
4.6898
5.6630
6.6832
5.9301
4.7065

STANDARD ERROR

0.2555
0.3427
0.0960
0.1266
0.1740
0.1586
0.2958
0.2577
0.0257
2.4664
2.7165
2.4411
2.6777
2.8436

T-STATISTIC

0.0532
- 0.4846
- 2.6122

0.2581
- 2.5065

3.6498
0.0153
2.4403
2.0757
1.9015
2.0847
2.7378
2.2146
1.6551

Number of observations = 30
Durbin-Watson = 2.0967

See 0.1827

R 2 = 0.9221
Degrees of freedom = 16

Significant at 5 percent

JOWAR:

The table 6.6.4.3 illustrate the jowar estimated equation in

which the aggregate output as the dependent variable, instead of

per hectare variable. Also in the equation there are no dummy

variables suggesting that inter state variations for jowar may not

be significant. The estimated equation is of non-linear nature

where the co-efficients indicate elasticity. This equation

indicates that the aggregate output of rice is explained

significant(at 5 % level) by the presence of land, labour,

pesticides, and rainfall. The estimated R2 is 0.9976 indicating

98.8 % of the variation in the dependent variable explained by

this equation.
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In this equation, the significant co-efficients are land,

labour, pesticides, and rainfall. The sign on labour, pesticides,

and rainfall is negative, where as for land it is positive. It

indicates that as aggregate out for jowar crop increases, the land

variable showed positive relation, where as labour, pesticides,and

rainfall with negative relation, in the sense that the jowar crop

demand less amount of labour, pesticides, and water, which is

treated as dry land crop in that sense.

Table 6.6. A. 3

Jowar: AggregateCwithout oil engines) Non-linear equatlor

S.NO

1
2
3
4
5
6
7
8
9
10
11

VARIABLE

CONSTANT
LLn
LLb
LDp
LEe
LTr
LFe
LPe
LEn
LRa
Trend

CO-EFFICIENT

9.0867
1.1102

- 0.8951
- 0.1963
- 0.0429
0.1870
0.3047

- 0.2233
- 0.1787
- 0.6329
0.0431

STANDARD ERROR

2.3821
0.1201
0.1575
0.2457
0.0510
0.1106
0.1697
0.0890
0.1028
0.1475
0.0237

T-STATISTIC

3.8146
9.2447

- 5.6851
- 0.7987
- 0.8570

1.6903
1.7960

- 2.5072
- 1.7378
- 4.2921

1.8215

Number of observations = 24
Durbin-Watson = 1.7795

See = 0.1088

R 2 = 0.9976
Degrees of freedom = 13

Significant at 5 percent

GROUNDNUT:

The estimated equation for groundnut is shown in the table

6.6.4.4. Here a non-linear equation is taken in to consideration.

In case of groundnut the per hectare output equation indicates

significant variations across the states in India, which

280



isdemonstrated by the presence of dummy variables. The significant

co-efficients in this equations are draught power, oil engines,

and fertilizers(at 5 % level). The sign on the draught power,oil

engines, and fertilizers is positive. It explains that, as output

per hectare increases, as reflected bythe increase in draught

power, oil engines, and ferlilisers. The dummy variables

alsoshowed significant variations across the states. Here the main

interesting feature is that groundnut isdemanding much amount of

fertilizers(FYM), by using draught power. When oil engines showed

significance with output, electric engines are not at all
_ p

significant in the equation. The estimated R is 0.7538 indicating

75.4 % of the variation in the dependent variable is expressed by

this equation.

Table 6. 6. 4. 4

Groundnut: Per hectareCwith oil engines) Non-linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10
11
12
13

VARIABLE

LLb
LDp
LOe
LEe
LTr
LFe
Lpe
LEn
LRa
Dl
D2
D3
D4

CO-EFFICIENT

- 0.2950
0.5416
0.1402

- 0.1030
- 0.2018
0.3069
0.2000

- 0.2400
0.1412
9.3834
9.7942
9.3543
9.5484

STANDARD ERROR

0.1631
0.1899
0.0459
0.0559
0.1260
0.1351
0.1293
0.2300
0.1633
1.3633
1.2692
1.3395
1.4566

T-STATISTIC

- 1.8091
2.8525
3.0539

- 1.8417
- 1.6016
2.2708
1.5463

- 1.0439
0.8646
6.8831
7.7171
6.9833
6.5554

Number of observations = 24
Durbin-Watson = 2.4113

See = 0.1141

R 2 = 0.7538
Degrees of freedom = 11

Significant at 5 percent
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COTTON:

The table 6.6.4.5 represents the estimated co-efficients of

the cotton output equation expressed in per hectare terms. Here a

non-linear equation is more relevant than linear equation. Here

tractors, fertilizers, trend variable showed significance at 5 %

level. Out of this tractors and fertilizers is showed positive

co-efficient where as trend variable expressed negative

co-efficient. It means that as the per hectare output of cotton

crop increases, the use of tractors and fertilizer increase in

their quantities. Which means there is a direct relationship

between per hectare output and tractors and fertilizers. The

estimated R2is 0.8409 indicating 84.1 % of the variation in the

dependent variable is explained by the equation. The trend

variable is negative indicating that, over time the per hectare

cotton output is declining.

Table 8.6.4.5

Cotton: Per hectareCwith oil engines) Non-linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10
11

VARIABLE

CONSTANT
LLb
LDp
LOe
LEe
LTr
LFe
LPe
LEn
LRa
Trend

CO-EFFICIENT

8.9968
0.7354

- 0.3545
0.0078
0.0663
0.4966
0.7553
0.1659
0.4262

- 0.1570
- 0.1297

STANDARD ERROR

1.4598
0.4727
0.2448
0.0877
0.1043
0.2373
0.2235
0.1797
0.3870
0.2083
0.0492

T-STATISTIC

6.1632
1.5558

- 1.4481
0.0886
0.6350
2.0930
3.3796 .
0.9231
1.1014

- 0.7537
- 2.6351

Number of observations = 24
Durbin-Watson = 1.9890

See = 0.2313

R 2 - 0.8409
Degrees of freedom = 13

Significant at 5 percent
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SUGARCANE:

The estimated equation for sugarcane is shown in the table

6.6.4.6. Here non-linear equation is more relevant than the linear

equation.In this equation, the significant co-efficients are

electric engines, tractors, and energy(at 5 % level). The sign on

electric engines showed positive, where as tractors and energy

become negative. This indicates that the per hectare output as a

response toincreases, electric engines increased,in the sense that

sugarcane crop treated as wet crop which demand much amount of

water,for that more electric engines are used in the production of

sugarcane output. Once the electric engines are increases it

reflects the complimentary problem with energy and tractors. The

estimated R is 0.7464 indicates that 74.6 % of the variation in

the dependent variable is explained by the equation.

Table 6.6. 4. 6

Sugarcane: Per hectareCwith oil engines) Non-linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10

VARIABLE

CONSTANT
LLb
LDp
LOe
LEe
LTr
LFe
LPe
LEn
LRa

CO-EFFICIENT

13.8443
- 0.0268
0.1108

- 0.0343
0.0873

- 0.1762
0.1251
0.0923

- 0.4375
- 0.0373

STANDARD ERROR

0.9900
0.1169
0.1677
0.0387
0.0384
0.0521
0.1034
0.0932
0.1731
0.1199

T-STATISTIC

13.9843
- 0.2293
0.6610

- 0.8874
2.2737

- 3.3798
1.2099
0.9902

- 2.5275
- 0.3108

Number of observations = 36
Durbin-Watson = 1.9653

See = 0.1868

B 2 = 0.7464
Degrees of freedom = 26

Significant at 5 percent
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6.6.5 ESTIMATED ENERGY DEMAND EQUATIONS:

The energy demand equations are derived as inverse of

production functions. The energy demand equations are estimated

for individual crops taking into account of dummy variables if

necessary, to test for variations across the states. The reported

results are the best equations, in statistical sense, as well as

that are in support of economic relevance.

The equations are estimated in per hectare terms(energy

consumption per hectare) for all the variables, for all the crops

except the paddy. For the reasons explained earlier the per

hectare equations are preferable than the aggregate equations.

Since the oil engines and electric engines are found to be

substitutes to each other, which reflects the problem of

multi-colinearity. Whenever the problem of roulti-colinearity

traced out, the oil engines were removed from the estimation.

RICE:

In case of paddy, it is aggregate energy demand equation that

has been estimated here in the linear form. Compared to the per

hectare terras the aggregate equation is more suitable to explain

the variation of paddy output. This is important to note that,the

area under paddy crop is relevant for the explanation.

In the estimated equation, variables like output, land,

draught power,Tractors, fertilizers are statistically significant
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at 5 % level. The sign on output, draught power, tractors, is

negative indicating that the aggregate energy demand increases, in

response to output, draught power, and tractors showing declining

trend, in the sense that, here rainfall influencing the energy

variable become inefficient due to draught, that's why output,

draught power, and tractors decreased. Similarly the sign

co-efficient for land, fertilizers, is positive indicating that,

theaggregate demand for energy increases, as a result ofmore land

and fertilizer are used in agricultural production.The estimated

R is 0.9686 indicating that 96.9 % of the variation in the

aggregate rice output is explained by the equation. Based upon the

estimated equation it is observed that the variation of rice

output across the states is not important (since there are no

dummy variables in the estimated equation).

Table 6.6. 4. 1

Rice: AggregateCwithout oil engines3 Linear equation with trend.

S.NO

1
2
3
4
5
6
7
8
9
10
11

VARIABLE

Constant
Y
Ln
Lb
Dp
Ee
Tr
Fe
Pe
Ra
Trend

CO-EFFICIENT

28.1098
- 0.0845
0.5951

- 0.4604
- 0.0352
- 0.0371
- 0.4007
89.0163
17.4956
0.0121

- 6.8715

STANDARD ERROR

92.6870
0.0381
0.0597
0.6245
0.0161
0.1285
0.1355

27.0518
11.7569
0.0847
4.5476

T-STATISTIC

0.3033
- 2.2153
9.9707

- 0.7372
- 2.1856
- 0.2885
- 2.9575
3.2906
1.4881
0.1431

- 1.5110

Number of observations = 36
Durbin-Watson = 2.0512

See = 142.4584

R 2 = 0.9686
Degrees of freedom = 25

Significant at 5 percent
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WHEAT:

The table 6.6.5.2 illustrate the estimated co-efficients of

the energy demand equation for wheatin per hectare terms. Here

non-linear equation is found to be more relevant than the linear

equation. Since there are no dummy variables, state wise

variations are not important for wheat crop. This equation

indicates that the per hectare energy demand for wheat is

explained significantly(at 5 % level) by the presence of draught

power, electric engines, and pesticides. The estimated R is

0.8809 indicating 88.1 % of the variation in the dependent

variable is explained by this equation. Here the draught power

co-efficient is positive. It indicates that as draught power

increases, the energy for hectare increased. It shows that draught

power is more important in production of wheat output. Similarly

positive sign on electric engines is anindication of better

irrigation facilities which are used in wheat production. On the

other hand negative sign on pesticides indicates that, wheat crop

demands less amount of pesticides compared with other crops, due

to better immunity of wheat crop. For example, wheat crop is

dominant in Punjab and Uttar Pradesh, where less amount of

pesticides use were reported compared with other states.
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Table 8.6.5.2

Wheat: Per hectareCwith oil engines) Non-linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10

VARIABLE

Constant
LY
LLb
LDp
LOe
LEe
LTr
LFe
LPe
LRa

CO-EFFICIENT

2.4559
0.1593

- 0.2220
0.9204

- 0.0424
0.1476

- 0.1472
0.0431

- 0.2770
- 0.2423

STANDARD ERROR

1.1596
0.0810
0.1147
0.1781
0.0343
0.0609
0.0750
0.0968
0.0876
0.1344

T-STATISTIC

2.1178
1.9657

- 1.9351
5.1667

- 1.2341
2.4235

- 1.9620
0.4455

- 3.1636
- 1.8028

Number of observations = 30
Durbin-Watson = 1.9201

See = 0.1459

R 2 = 0.8809
Degrees of freedom = 20

Significant at 5 percent

JOWAR:

The estimated equation for jowar is shown in the table

6.6.5.3. Here a linear equationis more relavant than the

non-linear equation. In case of jowar the per hectare energy

demand equation is found to be significant by the presence of

output per hectare, labour per hectare, draught power per hectare,

electric engines per hectare, rainfall, and trend co-efficients,

at 5 % level. The signs on output, labour, electric engines,

rainfall is negative, where as draught power and trend showed

positive. It indicates that, as known from the literature, jowar

is treated as a dry crop which can be used in most of the backward

and dry land areas where there areless irrigation facilities. Due

to this the yield level is found to be low even though there is

much amount of energy used per hectare. The estimated R is 0.7649

indicating that 76.5 % of the variation in the dependent variable

is explained by this equation.
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Table 6.6.5. 3

Jowar: Per hectareCwithout oil engines!) Linear equation.

S.NO

1
2
3
4
5
6
7
8
9
10

VARIABLE

Constant
Y
Lb
Dp
Ee
Tr
Fe
Pe
Ra
Trend

CO-EFFICIENT

46.8896
- 0.0456
- 17.6135
97.0497

- 0.1673
- 3.1168
180.3477

-14028.1400
- 0.0250

1.5039

STANDARD ERROR

12.5935
0.0170
7.1525

26.9145
0.0777
1.9011

201.0983
7603.6600

0.0085
0.7131

T-STATISTIC

3.7233
- 2.6889
- 2.4626 •
3.6058

- 2.1534
- 1.6395

0.8968
- 1.8449
- 2.9461

2.1090

Number of observations =
Durbin-Watson =

See = 7.0154

24 R 2 = 0.7649
2.8177 Degrees of freedom = 14

Significant at 5 percent

GROUNDNUT:

The estimated equation for groundnut is shown in table

6.6.5.4. Here linear equation is more relevant than non-linear

equation. In case of groundnut the per hectare energy equation

indicate significant variation across the states in India which

can be explained with the presence of dummy variables. In this

equation the significant co-efficients are output, labour,

tractors, rainfall that are negative where as for fertilizers it

is positive. It indicates that the energy per hectare is

increasing, irrespective of decline trend in output, labour,

tractors, rainfall. It is observed from national and international

level thatthe yield per hectare of groundnut crop in India is very

low even though India is treated as second in the world in

groundnut production. This argument is an evidence for the above

said observation, where the output, labour, tractors, rainfall
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decreased at the cost of increase in energy in demand. The

estimated R2 is 0.8652 indicating that 86.5 % of the variation in

the dependent variable is explained by this equation.

Table 6.6.5.4

Groundnut:Per hectareCwithout oil engines) Linear equation.

COTTON:

The table 6.6.5.5 illustrate the estimated co-efficients of

the cotton energy demand equation in per hectare terms. Here

linear equation is considered. This equation indicates that the

per hectare energy demand for cotton is explained significantly

(at 5 % level) by the presence of labour, tractor, fertilizers,

and rainfall. The estimated R2 is 0.8381 indicating 83.8 % of the

variation in the dependent variable is explained by this equation.

Here the labour, tractor, and rainfall co-efficient is negative,

where as fertilizer showed positive, and statistically

significant. It explains that energy demand per hectare of cotton
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S.NO

1
2
3
4
5
6
7
8
9
10
11
12

VARIABLE

Y
Lb
Dp
Ee
Tr
Fe
Pe
Ra
Dl
D2
D3
D4

CO-EFFICIENT

- 0.0228
- 13.3457

1.6729
- 0.0464
- 2.9616
327.2620
1121.3710
- 0.0213

73.6810
70.3882
76.1626
99.2188

STANDARD ERROR

0.0098
4.4964

23.4390
0.0667
0.8492

123.3531
6362.2570

0.0082
14.0360
12.7477
18.8545
19.1143

T-STATISTIC

- 2.3186
- 2.9681
0.0714

- 0.6966
- 3.4873
2.6531
0.1763

- 2.5795
5.2494
5.5217
4.0395
5.1908

Number of observations = 2 4 R = 0.8652
Durbin-Watson = 1.8424 Degrees of freedom = 12

See = 4.8538 Significant at 5 percent



crop increases, as a result of decline in labour, tractors, and

rainfall. On the other hand the fertilizer input was showed

positive relation with energy indicate that much amount of

indirect energy used in cotton crop production. Here dummy

variables are found to be significant indicating that, state wise

variations are prevailed in cotton crop production. Another

interesting feature is that the yield per hectare of cotton varies

across the states, due to input demand variations prevailed in

those states.

Table 6.6.5.5

Cotton:Per hectareCwith oil engines) Linear equation.

SUGARCANE:

In case of padtiy, as stated in the table 6.6.5.6 it is per

hectare energy demand equation that has been estimated here in the

non-linear form. Compared to the aggregate terms the per hectare

equation is more suitable to explain the variations of sugar cane

output, across the states with the help of dummy variables. Here
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S.NO

1
2
3
4
5
6
7
8
9
10
11
12
13

VARIABLE

Y
Lb
Dp
Oe
Ee
Tr
. Fe
Pe
Ra
Dl
D2
D3
D4

CO-EFFICIENT

0.1519
- 12.8011
- 9.5014
- 0.2601
- 0.0035
- 2.2262
311.1402

-1680.1900
- 0.0287

69.3150
53.3916
69.2728
98.3172

STANDARD ERROR

0.0272
4.9492

27.6668
0.1468
0.0779
0.9949

142.8759
7164.6890

0.0092
17.4276
17.1538
23.3328
23.4341

T-STATISTIC

0.5580
- 2.5865
- 0.3434
- 1.7721
- 0.0444
- 2.2375

2.1777
- 0.2345
- 3.1193

3.9773
3.1125
2.9689
4.1954

Number of observations = 2 4 R = 0.8381
Durbin-Watson = 2.1087 Degrees of freedom = 11

See = 5.3197 Significant at 5 percent



dummy variables are found to be significant, indicate that energy

demand varies significantly across the states prevailed in

sugarcane production.

In the estimated equation, variables like draught power and

tractors are statistically significant at 5 % level. The sign on

tractors is negative, where as on draught power positive

indicating that sugarcane crop production involved with several

operations, where draught power found to be suitable while

comparing with tractors. Because in sugarcane land preparation

involves complicated techniques, draught power with ploughs are

more suitable option than tractors. As shown in literature

sugarcane demands reasonable amount of animal energy in land

preparation, while comparing with tractor power. It indicates

substitution possibility in sugarcane production.

Table 6.6.5.6

Sugarcane:Per hectareCwithout oil engines) Non-linear equation.

Number of observations = 36
Durbin-Watson = 1.5066

See = 0.1389

R 2 = 0.8928
Degrees of freedom = 21

Significant at 5 percent

291

S.NO

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

VARIABLE

LY
LLb
LDp
LEe
LTr
LFe
LPe
LRa
Trend
Dl
D2
D3
D4
D5
D6

CO-EFFICIENT

- 0.4213
- 0.3253
0.4077

- 0.0098
- 0.1822
0.0157

- 0.0904
- 0.0367
- 0.0161
7.9250
7.9074
7.6135
7.6253
7.9541
7.3539

STANDARD ERROR

0.2777
0.1827
0.1985
0.0484
0.0880
0.1263
0.1111
0.1302
0.0176
3.3951
3.3161
3.1901
3.4825
3.3325
3.3954

T-STATISTIC

- 1.5170
- 1.7799
2.0534

- 0.2036
- 2.0707
0.1240

- 0.8136
- 0.2816
0.9161
2.3343
2.3845
2.3866
2.1896
2.3868
2.1659



6.7 SUMMARY AND CONCLUSIONS:

In this chapter the energy demand and energy intensities

under principal crops for whole India and selected states are

examined. Along with this some other issues like energy conversion

rates, power utilization, average energy consumption under

principal crops were also analyzed. Among all the sources prime

movers was accounted higher energy equivalent, next comes the farm

machinery, nitrogen, diesel, petrol, and electricity respectively.

Next comes to electricity consumption in Indian agriculture,

The analysis implies that,the power utilization in agriculture

sector increased at a faster rate, especially since last two

decades due to more electrification of pump sets in agriculture

sector. The main reason for this is that, due to unfavorable

rainfall. A major part of Indian agriculture depends up on ground

water irrigation. On the other hand, through ground water

utilization, the farmers are in a position to supply water for

crops in time, a guaranteed way, which provides stable

agricultural production.

Later, the average energy consumption by source under

principal crops was also examined in order to identify the energy

demand variations among the crops. It was emphasized that in rice

production much energy was consumed from diesel and next comes the

fertilizers, electricity, and canal etc respectively. Where as in

Wheat, much energy is consumed from fertilizers and then comes to

diesel, seed, human energy etc respectively. Jowar demanding much
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amount of diesel, next is electricity, FYM, fertilizers, and human

energy. Out of all the sources, ground nut consumes much amount of

FYM, fertilizers, human labour, and diesel energy

respectively.Cotton crop demanding much amount of fertilizers,

next comes to diesel, human energy, and seed respectively. Sugar

cane crop demands much amount of seed, then comes FYM,

fertilizers, human, and machinery respectively.

The data analysis with respect to energy demand in principal

crops was showed that, energy consumption under rice, wheat,

ground nut, and sugar cane increased at faster rate, where as

jowar and cotton showed declining trend in energy consumption over

a period of time.

Finally, the crop wise energy intensities have been examined

for selected crops in all India and selected states. The data

suggests that, energy was much efficient in sugar cane production,

while comparing with other crops, followed by cotton, rice, wheat,

jowar, and ground nut respectively. Which reflect that energy used

in sugar cane production was producing efficient level of output

over a period of time. In the next chapter, the overall

conclusions were summarized. Along with this some important policy

recommendations and limitations of the study were also highlighted

at the end.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.0 INTRODUCTION:

Agriculture is one of the dominant sector in India. After

Green-revolution, this sector was seriously influenced by modern

agricultural technology, such as farm machinery, HYV seeds,

fertilizers, and pesticides. These transitional changes in

agriculture led to more demand for energy. At the same time

pressure on irrigation sources has increased to alarger extent due

to unfavourable rainfall conditions. Due to this the area under

ground water irrigation is increasing at faster rate, which

demands large amount of energy sources in Indian agriculture.

It has been identified in several studies that, about 10

percent of energy sources are consumed by agriculture sector. But

the energy consumption in agriculture sector in India must be

around 15 to 20 percent, which may further increase in near

future. On these issues the present chapter highlights the major

conclusions drawn from the existing study.

There are several factors that influence the growth

performance in Indian agriculture across the states. This can be

traced out especially, from Green Revolution in Indian

Agriculture. Because Green Revolution it self will demand larger

amount of inputs in production process. But all the states which

294



have been existing are not in a position to provide all the

factors at larger extent. Due to this reason the disparities are

over veiling in different states.

Irrigation is one of the important device in modern

agriculture, where the HYVs seeds when implemented, will demand

much amount of water resources. In recent years, the irrigation is

affected due to unfavorable rainfall conditions. The area under

irrigation is changing continuously over a period of time.

The area under canals has been slightly declinine, where as

the area under tube wells and other wells were increasing

drastically. This is a clear indication that, the pressure on

Energy sources such as Diesel and Electricity is increasing at

faster rate. This is one of the important highlighting feature of

Indian irrigation system and Indian agriculture environment. Due

to this, the demand for energy is increasing continuously over a

period of time especially from 1966 on wards, when the Green

Revolution Programme was implemented in Indian agriculture. At the

same time the area under rain fed was fluctuating, due to

unfavorable rainfall conditions.

Here the interesting feature is that, sugarcane demands

higher rate of fertilizers, as comparing with other crops, next

comes to yield per hectare, real cost of production, rate of

profit, average net income, labour absorption, and irrigation in

sugarcane. On the other hand jowar consumes, low rate of

fertilizers, yield, real cost of production, rate of profit,

average net income, labour employment, and irrigation. It was
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observed that labour employment can be improved by cultivating

more of sugar cane. And the state scenario is showing that, for

farmers point of view sugar cane cultivation is more profitable ,

next to cotton, rice, and jowar respectively.

In all most all the states, sugarcane is showing higher cost

of cultivation compared with other crops, due to high application

of inputs with more operational activities. However, with respect

to employment, irrigation, and average net income is also very

high in case of sugar cane. But at this stage even though sugar

cane is much profitable than that of other crops, one should be

aware of the availability of water resources, and other input

equipment. For that alternative crops should be recommended in

order to remove shortage in inputs and avoiding over water use,

which is scarce resource in recent years in Indian agriculture.

7.1 CROPPING PATTERN AND CROPPING INTENSITY:

Due to changes in institutional set up in Indian agriculture

i.e the changing of traditional agriculture to modern agriculture,

the cropping pattern is changing over a period of time.

Incidentally in early years, the farmer concentrated on

subsistence crops, and later he diverted towards commercial crops,

where commercial crops are more profitable than food crops.

Because of this problem India still facing food scarcity, even

though she is treated as agriculturally self sufficient. Changes

in cropping pattern laidfoundation to the several controversial

problems such as resource crunch and input scarcity in Indian

agriculture.
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The whole scenario is shows that, the area under rice and

jowar slowly declining, where as the area under wheat and sugar

cane increasing at faster rate. However, cotton and ground nut

showed fluctuations over a period of time, with changing shares in

overall agricultural production.

There are several factors which influencing yield mechanism

in Indian agriculture. Generally the yield component was

influenced by several factors such as availability of water,

fertilizers, energy and other inputs, especially application of

inputs at efficient level, which talks about the farm management

skills in production.

In general it was observed that the traditional input

accounted for the bulk of total factor inputs during the pre-green

revolution period while in the subsequent period (green revolution

and post green revolution periods) the share of modern inputs has

considerably increased. Due to green revolution the output growth

has considerably increased in all most all the states.

Undoubtedly, considerable growth has occurred in modern inputs

during the post-green revolution period but productivity has also

fallen steeply amongst the states. The states which has better

resource endowments has realised the benefit of technological

change in Indian agriculture.

7. 2 FACTOR SHARES IN INDIAN AGRICULTURE:

Draught power still is main source of energy in Indian
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agriculture, due to its reasonable and most convenient source

forsmall and marginal farmers. But most of the studies observe

that, the maintenance of draught power is very much expensive than

other sources. That's why the depletion of animal power took place

especially in recent years, from Green revolution onwards. Here

the interesting feature is that, animal feed(food energy) is much

expensive as comparing with output energy produced by animal.

Indian agricultural production has experienced highly cost

intensive during last three decades. The reason for this is that

all most all the prices of agricultural inputs and allied

equipment have increased drastically due to several reasons.

Petroleum based inputs such as diesel, petrol, fertilizers,

pesticides, and other lubricants prices gone up especially from

1973 onwards, where there was great oil price hick in world

scenario. On the other hand agricultural machinery and implements

prices raised at a faster rate while comparing with agriculture

production.

The general observation is that prices of inputs increased at

faster rate as comparing with prices of agricultural products. On

the other side it was highlighted that energy input prices raised

at faster rate than energy output prices(food price), due to this

reason lot of changes took place in Indian agriculture especially

since Green revolution.

7.3 MECHANIZATION IN INDIAN AGRICULTURE:

Farm mechanization is the main plank of modern agriculture
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and many of the progressive countries have already mechanized

their agriculture. Of course, it is also true that the conditions

in many of these countries were favorable for mechanization. Most

important conditions for use of agriculture implements and

machinery were high rate of agriculture labour, large size of

farms, high cropping intensity, higher percentage of irrigated

area and more adoption of high yielding technology.

As cultivable land resources are limited, increased

agricultural production can only be attained in most countries of

the world through increased yields per unit area of land and

improved preservation of already produced commodities.

Technological inputs must be applied wisely, to economically bring

about the desired increased outputs of production. Mechanization

is one of the critical inputs of production and preservation of

food crops. Mechanization can increase yields through the

improvement of water control, better soil preparation for

planting, more efficient weed and insect control and the proper

harvesting, handling, drying, storing and processing of food, feed

and fiber crops.So that, agricultural mechanization is the art and

scientific application of mechanical aids for increased production

and preservation of food and fiber crops with less drudgery and

increased efficiency.

Mechanization in Indian agriculture was over emphasised since

Green revolution onwards, due to timely completion of operations

in HYVs cultivation. Because of this reason substitution took

place from traditional equipment to modern machines. However,

increasing in application of machines, leads to not only much
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capital costs in agriculture production but also it noticed over

demand for energy inputs. On the whole it was observed that,

inputs demand increased drastically from 1970/71 onwards. On the

other hand agricultural machinery and power consumption was very

much impressive, i.e more over a period of time. This indicates

that, there will be a greater demand for energy sources in near

future. The present section will talk about the nature of

agriculture machinery and implements (mechanization) in Indian

agriculture with respect to selected states, its demand over a

period of time, and also look at the substitution possibilities of

different agricultural equipment.

It was observed from the analysis that, substitution between

agricultural equipment, i.e less efficient to more efficient took

place from 1966/67 to 1991/92 in Indian agriculture. For example,

the number of wooden ploughs were declining, where as iron ploughs

raised at faster rate. With respect to sugarcane crushers run by

bullocks were replaced by sugarcane crushers run by power. In case

of oil and electric pump sets, number of oil pump sets engaged in

agriculture declined, where as electric pump sets raised at faster

rate. The tractor population has also noticed to be highest in U.P

next comes Punjab, Tamil Nadu, A.P, Bihar, and West Bengal

respectively. The lowest tractor population was noticed in West

Bengal, where still traditional agriculture exists. Interestingly,

comparative analysis between two factors such as labour and

tractors showed that, except Punjab all other states have showed

positive relation, such that introduction of tractors did not

affected the labour force participation. Where as Punjab has

noticed a declining trend in labour force participation in
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agriculture production. On the other hand still Bihar and West

Bengal are depending much on traditional type of equipment, due to

institutional set up.

7.4 FERTILIZER AND PESTICIDE CONSUMPTION IN INDIAN AGRICULTURES

Fertilizers play a vital role in the modern agriculture

technology. Use of fertilizers in increasing food production was

conspicuous during the last two and a half decades where the

consumption of nutrients N, P, and K increased from 0.78 million

tones(1965-66) to 10.3 million tones (1988-89). During this period

the food grain production also increased to over 170 million tones

from a level of 73 million tones. The projected food grain

requirement of 240 million tones by the turn of the century is to

be achieved mainly through fertilizer use and improved farm

technology.

The introduction of HYVs in Indian agriculture from 1966

onwards, gave path to much demand of inputs. So that, it is very

much essential as foremost discussion to identify the area under

high yielding varieties, which again will provide a path to

identify the nature of fertilizers and pesticides demand in Indian

agriculture.

Several studies are available which attempt (1) to estimate

the contribution of fertilizers to increased agricultural output

over time or (2) to estimate the proportion of agricultural output

which is accounted for by the fertilizer input. In general, the

developing countries have only a small proportion of total food
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output attributable to fertilizer use, but the contribution of

fertilizer to subsequent increases in output is much higher. A

more balanced relationship exists within most developed countries.

The contribution of fertilizer depends heavily upon the sources of

increased output-increased area brought under cultivation or

increased yield per hectare cultivated. Although fertilizer

applications may be necessary to bring new land under cultivation,

its major influence acts through the yield-increasing component.

The commercial energy required to produce a pesticide can be

substantial. The raw materials for modern pesticides mostly come

from the petrochemical industry, and further inputs of energy are

required in manufacturing. Thus pesticides are the most energy

intensive agricultural input. Nevertheless, continued growth in

the use of pesticides appears unavoidable. Their expanded use is

particularly needed in developing countries, where crop loss(both

pre- and post harvest) because of inadequate pest control are very

large. The declining share of world pesticide use projected for

the developed countries probably mainly reflects environmental

concerns.

Nitrogen being an energy intensive and costly nutrient, it

becomes necessary to plan for scientific and efficient use of

nitrogenous fertilizers. The nitrogen requirements for different

for different crops and varieties under various agro soil-climatic

situations, promotion of efficient fertilizer materials,

complementary use of organic , in-organic and biological sources

of nitrogen, and a sound technology transfer programme should form

essential components of the strategy to promote efficient use of
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nitrogenous fertilizers.

In the scenario of agricultural modernization, fertilizers

and pesticides are the important inputs to lift the agricultural

production to larger extent. The former will act as a direct input

in production, the later act as a external factor which decide the

level of production. At the same time much energy can be consumed

in the production of this inputs, which again used at higher level

in the agricultural production in recent years. Higher consumption

of fertilizers and pesticides accounts for large energy demand in

agriculture sector. Due to this in the last two decades

agricultural sector is experiencing high demand for energy

resources.

Fertilizers absorption from soil can differ from crop to crop

according to its biological structure. As we know the legume crop

will demand less amount of fertilizers compared toother crops such

as rice, wheat, jowar, sugar cane and cotton. According to ICAR

(1987), fertilizer absorption can differ from crop to crop and

region to region due to soil differences.

On the whole it is observed that, the rate of phosphate and

potassium increasing at faster rate in Indian agriculture. But

according to this study it has been observed that, the soil which

have abundant potassium will demand less potassium, where as the

soil which had scarce potassium demands more amount of potassium.

Fertilizer consumption is steadily increasing in Indian

agriculture over a period of time. Due to this demand for
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fertilizers increasing at faster rate in India. Especially

chemical fertilizers consumption is increasing at faster rate than

farm yard manures, in which chemical fertilizers will give

immediate results in agricultural production.

Fertilizer consumption differs from state to state, according

to their requirements and utilisation pattern under different

crops. On the other hand soil differences between state to state

will also influence the consumption of fertilizers.

Per hectare consumption of fertilizers are differing from

state to state over a period of time since last two decades.

Fertilizer consumption per hectare is one of the important

component for deciding yield rate in agriculture production.

Theoretically as Recardo said, land have original and

indestructible powers, which have been slowly declined in recent

years, due to over exploitation of land resource. To compensate

this fertilizers came in to exist, so that much amount of

fertilizer consumption pave a path to declining in yield structure

in Indian agriculture.

Adoption of HYVs technology gave a path to much increase in

pesticide demand in Indian agriculture, due to increase in plant

diseases. To remove this pest problem pesticides and insecticides

demand has been increased at larger extent over a period of time.

As discussed above, pesticide production demands larger amount of

energy, which again used in agricultural production. This shows a

clear indication of energy demand in Indian agriculture.
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7.5 ENERGY DEMAND AND ENERGY INTENSITIES IN INDIAN AGRICULTURE:

The demand for energy in agriculture is depends on a variety

of factors such as, rate and pattern of agricultural growth and

cropping pattern, cropping intensity, the development of

agricultural technologies, efficiencies and economics of energy

utilisation, government policies, agro-climatic conditions, and

inter and intra farm variabilities in relation to levels of

technologies applied to various crops.

Agriculture is the business of capturing solar energy in

growing plants and using the light, organisms sustained by that

energy to produce food and fiber needed by human beings. Like most

other aspects of alternative energy in agriculture,

energy-efficient cropping is a long-range proposition. At least,

it is for roost commercial farmers. There are short-term ways to

conserve energy in crop production, irrigation, harvesting, and

crop processing. But, for the most part, this involve trade-offs.

Either production is decreased for all or part of the acreage of a

substantial investment in alternative energy system is required to

maintain production currently achieve by impact of purchased

energy.

The main conclusions were drawn in this study are, In

choosing among energy sources and uses for the rural areas of

developing countries, we are concerned with scarce resources and

their most economical allocation, both the natural resources of

land, water, fertilizers, metals, and fuels, and the human

resources of capital, labour, human energy etc. A second need for
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new sources of energy is to reduce costs. The most expensive form

of energy is human energy, as can easily be seen if we consider

how much food it takes to keep a man going at hard manual labor.

Animal energy ia also expensive. consider for example the

opportunity costs of feeding bullock. A farmer can use part of his

land to grow fodder for his bullock, but he could grow wheat of

rice or corn on that same land.

According to this study, Any energy source for developing

countries at the present time should be manpower-intensive rather

than capital-intensive. Its development should use people rather

than capital because people are less expensive and more abundant

than capital in most less developed countries.

The rate of energy consumption by different resources can be

differ from crop to crop, due to the operations involved in crop

production. Energy consumption in agriculture sector under

principal crops was classified in to direct and indirect energy

sources, depends on the replenishment. So that, human, bullock,

seeds, and FYM can be treated as renewable energy sources, where

as electricity, diesel, fertilizers, and farm machinery considered

as non-renewable energy sources. Energy consumption by different

sources were increasing at faster rate in Indian agriculture.

Especially since 1966 onwards, the rate of energy consumption was

very much high, which accounts more than 20 % in all resources.

The source wise average energy consumption under six crops

considered here has witnessed interesting observations. Rice crop

is demanding highest energy in the form of diesel, next comes to
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fertilizers, electricity, and human labour. In case of wheat,

highest energy consuming from fertilizers, next to diesel, seed,

and human labour. In case of jowar, much energy used in the form

of diesel, next comes to electricity, FYM, fertilizers, and human

labour. Interestingly groundnut noticed highest energy from Farm

Yard Manure, later comes to fertilizers, human labour, and diesel.

Cotton crop demanding much energy from fertilizers, next to

diesel, human labour, and seed. Where as sugarcane noticed greater

energy from seed, later comes to diesel, FYM, fertilizers, and

human labour.

On the whole it was observed that, sugarcane demanding

highest energy per hectare, next comes to rice, groundnut, jowar,

wheat, and cotton respectively. Regarding states wise picture

showed that, with respect to Andhra Pradesh rice was demanding

much energy, later comes to groundnut, cotton, jowar, and

sugarcane. Bihar recorded highest energy demand in rice, next

comes to wheat, and sugarcane respectively. Where as Punjab

noticed highest energy in rice, next comes to wheat, sugarcane,

and cotton. Tamil Nadu was witnessed much energy demand in rice,

later comes to groundnut, sugarcane, and jowar respectively. In

case of U.P, rice is demanding higher energy, which follows

sugarcane, wheat, and jowar. West Bengal was recorded highest

energy demand in rice, later comes to wheat, and sugarcane

respectively. All India level picture showed that, rice was

demanding higher energy, next comes to sugarcane, wheat, jowar,

and cotton respectively. It is clearly indicating from the above

analysis that wet crops like rice and sugarcane demanding higher

energy while comparing with other crops.
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Based on regression analysis, a relation was established

between output, land, labour, draught power, oil engines, electric

engines, tractors, fertilizers, pesticides,energy,and rainfall, to

know the production relations between the inputs. The empirical

results showed significant relationship with respect to output

under selected crops and states. Inverse function was estimated

for energy demand, to understand the very nature of energy role in

production.

It was observed that the relationship between output and

energy showed significant in some crops such as cotton, groundnut,

but where as in case of rice and sugarcane it was negative

relation. It is often true that even though rice and sugarcane

crops are more energy intensive, but due to lack of better

irrigation as well as rainfall, the relation between energy and

output showed negative for above said crops. It indicating that

concentration on wet crops without providing enough water leads to

less yields, which reflect the production with more demand for

energy, leads to negative relation. To remedy this situation

alternative food crops production has very much essential in

Indian agriculture, which demands less water as well as energy

inputs.

7.6 POLICY RECOMMENDATIONS:

After examining the energy demand in Indian agriculture with

respect to selected states, one can come to the conclusion that,

though the existing system of agriculture is fulfilling the basic

308



need of the country, i.e food frontier, there were enough

variations among the states. The main reason is that, the

Government is certainly concentrating on intensive agriculture in

order to fulfill the required amount of food grains for public

utilization. Because of this concentration on intensive

agriculture belts a lot of variation between one region to another

region is noticed. Keeping this idea under consideration, some

drastic steps are needed in order to eliminate energy demand

variations among states. Some in depth steps can be suggested to

counter this problem of energy demand variations between states in

the near future. Those are as follows..

(a). First and foremost, concentration on wet crops are creating

more pressure on water, fertilizers, pesticides, and other inputs.

So, the policy should be to encourage alternative food grains,

which demand less amount of water and other inputs.

(b). Yield level is not uniform in selected states and all India.

To remove this problem, conducting demonstrations to the farmers

for improving skills in application of various inputs is required.

So, that yield level can be maintained properly among the states.

Here Government should take some initiative step to improve the

management skills for farmers.

(c). Cropping intensity is changing over a period of time in

Indian agriculture. Due to this agriculture production become

volatile in every alternative year. Cropping intensity can be

improved by encouraging investments in agriculture sector for

constructing new irrigation projects, which will boost the area
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under irrigation in Indian agriculture.

(d). Government price policy towards various crops should be

reexamined. It should encourage alternative food crops, which can

reduce demand side pressure on energy in Indian agriculture in

near future.

(e). Supplying of public owned agricultural machinery and

implements to the backward states at cheeper prices. This should

prevent the energy demand variations and input burden in

agriculture sector in selected states and all India.

(f) Rainfall is almost volatile in every alternative year in

Indian agriculture. Due to this concentration on ground water

irrigation is increasing for meeting the water requirements to wet

crops cultivation. Because of this problem use of energy resources

drastically increased in recent years. To overcome this problem

encouraging alternative dry land crops is very much essential in

near future for maintaining balanced growth in Indian agriculture.

(g). It can be observed that, increasing production through modern

agricultural technology will always demand more energy resources

in Indian agriculture. For that the encouragement of alternative

energy sources such as solar, wind, and some traditional sources

of energies are acceptable alternatives for meeting the future

challenges.

(h). Finally, the most important recommendation to the Government

policy makers is that, one should take some policy measures to
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encourage the consumption of alternative food grains by existing

population. This will reduce the more pressure on important cereal

crops, such as rice and wheat, which demands larger amount of

water as well as inputs. As stated by Foreign Economists, when the

researcher visited for interaction on subject mater, she told that

"solving food problem in Indian is difficult task". In the sense

that each and every Indian(irrespective of their income) will

consume much amount of rice and wheat without concentrating on any

other alternative cereal crops. This is the important reason in

the sense that, Indian agricultural facing draught conditions in

every alternative year, this reflects less agricultural

production, even though much amount of energy is consumed. Due to

this reason it is suggested that, concentration on dry land crop

cultivation is very much essential to meet the requirements of the

existing population. This indicates, in near future Indian

agricultural production and food consumption will concentrate on

alternative food grain crops such as Bajra, Oats, and Jowar. This

is a good symptom, in the sense that dry land crops will demand

less amount of energy resources while comparing with wet crops.

This type of policy implementation may solve the problem of food

as well energy crisis in Indian agriculture.

(i). It has been noticd that, the most serious resources

deficiency likely to diminish the prospects for bridging the gap

between potential and actual farm yield will be energy. Apart from

steps such as enhanced efficiency in energy conservation and use,

and improved biological nitrogen fixation, the following are the

other possible strategy measures.
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1. Find un-discovered fuel resources.

2. Fully exploit renewable energy resources like bio-gas and

biomass and hydel, and wind power.

3. Step up R & D efforts in solar energy harvest utilization,

and

4. Develop nuclear power as a major source of energy.

Thus by considering the above mentioned recornraendations, the

energy demand variations between states can be reduced. At the

same time the irrigation facilities have to be improved to fulfill

the basic need of the country. Alternative energy sources like

solar, wind, and other non-conventional etc., should be explored,

so that the energy demand in future should be in a balanced

manner.

7.7 LIMITATIONS OF THE STUDY:

The present study was under taken with the view to examine

the energy demand in Indian agriculture along with selected

states. There are some drawbacks or limitations in the present

study, which can be stated, in the following manner,

(a). The data used in this study was collected from Government

records, which may be considered as reliable in this respect. But

a primary survey may be a better alternative even though it has

some limitations.

(b). In India there is no institution providing basic data

relating to the crop wise energy demand. Here the crop wise energy

demand values are taken from ICAR(1988) project reports. This is

312



generally considered as reliable in this study. An individual

survey in this regard is more preferable.

7.8 DIRECTIONS FOR FUTURE RESEARCH:

In sum, the researcher identified certain areas in which

future research has to be streamlined and geared. In the first

place there always exists a growing gap between the micro level

studies and macro level studies. Here nearly 80 % of the research

has been conducted at the micro level, which is not in

conformity with the aggregate macro level observations. To bridge

the gap, future research work has to be reoriented and

channelised with a view to derive more realistic and fragmatic

results.

Secondly, this study has identified that the Post

Green-revolution symptoms certainly manifest that the energy

consumption might more than 20 %, which may increase future,

Hence the logical conclusion that one derives is that though our

energy resources are much more efficient, we are unable to reap

the desired fruits of benefits due to the vagaries of monsoon

with unpredictable and uncertain water availability.

Thirdly , almost all the studies hypothesized that there

exists a direct relationship between energy demand and food

production. As diametrically antagonistic to their views our

present study has established that the direct relationship has

been falsified in case of certain crops, especially in case of wet

crops like rice, sugarcane, etc due to draw backs in yield.
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Finally, there exists some structural imbalance between energy

demand and yield(productivity), The reason behind this is that

through our energy system seems to be much efficient, it has been

proved to be inefficient which ends in fiasco owing to the

prevailing unprecedented and unpredictable draught conditions.

Hence the future research should be streamlined and

reoriented not on the basis of alternative energy sources but it

should be organized on the basis of the alternative food crops

which will be draught resistant by becoming a constant reservoir

of energy in providing alternative food grains to the teeming

millions of people, which confront draught conditions every now

and then. This will serve our two fold purposes of energy

requirements as well as food supply.
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