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CHAPTER 1

I NTRCDUCTI ON
| .0 | NTRODUCTI ON:

Energy is a basic requirement of human life, agriculture,
industry, transportation, communication and all other economic
activities of the present civilization. As far as India is
concerned, agriculture constitutes the foundation of

socio-economic structure, where seventy percent of the population
is engaged in activities 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 powe 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 utilisation of energy in industrialised and

commercialised agriculture which is evidenced from the Inclusion



of {1t in many non-agricultural  sources Widely differencing
proposals have been made for cdhanyges in agricultural policy in
response to the energy-related concerns. Controversy exi st.s over
the correctness and feasibility of mawy 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 activities

as agricultural energytics.

In recent years, the introduction and spread of moden
technol ogy 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 mogst 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 fam product 1on 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 its
scarcity, investment of capital in it and increase in its
productivity. The share of labour would decline because both weage
rate and the use of labour has been increasing at a nmudh slower
rate vis-a-vie ot har fartare Af nrradnction Wi*hin a reqginn a
techinological 1) advainced vi op  wewld lhiwve w lowes ol o Of land and
labour and a higher share of capital as compared to other crops.
Undar homogeneous agro-climate conditions, the share of factors
for a crop are not expected to differ nmuch aroyg the reyions.
Based on these observations the following man objectives have
been identified for this study. The study emphasizes the
importance of energy in the agricultural activities for the period
identified generally with Post Green Revolution. As identified in
the literature, the classification of Green Revolution period
showed variation depends on the individual researcher is
concerned. It 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 fromm 1986-67 to 199192, so that title

of the thesis mey looks slight different from other studies.

1.1 GREEN-REVOLUTION AND CHANGING SCENARIO OF INDIAN AGRICULTURE!

Since the early day's of ’green revolution' signs of cropping
pattern imbalances were visible. Technological changes of
mid-sixties caused significant area shifts 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 area out of dry crops into irrigated
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 relatively abundant supply of some crops (like wheat of
which the Government had surplus stocks) and acute shortage of
others Clike pulses and edible oils which had to be imported at
huge cost in terms of foreign exchange). These changes in cropping
pattern were determined by factors like, agro-climatic conditions,
technology, infrastructure, institutional environment, and

profitabil ity.

The single most important element in crop production strategy

in the post-green revolution period is the jmprovement in
agricultural technology consisting of high yielding plant
varieties, intensive cultivation, greater use of fertilizers,

increased irrigation and better technigs 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 intensity is determined by several
factors. The most. important factor is the availability of water
from natural Crainfalld) and or men -made resources C(irrigation).
However, the scope for year round cropping activities in most
states of India is severely constrai ned by the seasonal

distribution of rainfall. To the extent this natural constraints



is relaxed by developing irrigation facilities, the level of
multiple cropping improves. The flexibll ity In =selecling
appropriate cropping pattern is also enhanced wen irrigation
facilities such as meke water mede available in a controllable
fon to the farmers throughout the year. It would, therefore, be
reasonable to hypothesize that a greater part of inter-state, oOr
inter regional disparity in the level of cropping intensity could
be due to the disparity in the pattern of devdopment of
irrigation facilities, both in qualitative axd in quantitative
terms. In general the level of cropping intensity is higher in the
regions with higher percentage of net soon area irrigated and with
higher intensity of land use with irrigation(GIA/NTAY . 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 fam manegarat studies carried out in
India honved 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 ad other labour-saving

mechanical devices have altered the picture.



There are several other factors but generally speaking,
there are basically three factors that determine the Ilevel of
cropping intensity. Those are: CO Supply of energy in the form of
human | abour, aninal |abour and nechani cal devices, ¢ii> supply of
water in the form of rainfall or irrigation and its distribution
over the crop year, and Ciii> the physical limts inposed 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
nore pressure on energy demand in the form of human, bullock,

mechani cal and fertilizers and pesticides.

The area under paddy and wheat has continuously increased in
many states at the cost of coarse cereals, mllets, pulses, and
cotton. As stated earlier, the reason for this growth s
technol ogi cal support, price support, infrastructure support
including markets and irrigation, subsistence requirements, |esser
price and yield risk are well known. The adverse effects of this
devel opnent are: serious influence on the cropping pattern,
wi dened regional disparities, increased instability in production

and unpl anned inports of comncdities.

To remedy the situation, the elenents of the green revolution
strategy have to be reexamined and set right. This study wll
discuss the process as discussed in this study should inclnde:
breeding high yielding varieties of seeds, disease, pest, drought
and flood resistance varieties of all crops, particularly coarse

cereals, mllets, pulses and oil seeds, exploiting the untapped
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potential C(mostly dry land areasd> ad raising the economic
potential of fertilizer use devedopment and manegamat of
irrigation facilities, market experience ad product
diversification, land devdopment and farming comprehensive price
policy integrating products by products, input and markets

Cincluding international).

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 Agriculture Research,
energy sources in agriculture sector can be classified as follows.
On the basis of source, the energy sources can be classified as

direct and indirect encrgy.

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

which release the energy directly like huren labour, bullock,
stationery and mobile mechani cal or electric powea units, such as

diesel engines, electric motors, power tillers and tractors. The



direct energy ney be further classified as renewable and
non-renewable sources of energy depending upon their nature of

replenishment.

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 ney fall in this group
are humen energy, animal, solar and wind energy, fud wood,

biomass, and agricultural wastes.

Non-Renewable Direct Sources of Energy: In this category, the
direct energy sources which are not renewable C at lvast in near
future say next 100 years) are classified. Cod and pelroleum
products C hydrocarbon depositsl) will o©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. Sare enerygy is ilnvested in producing indirect
sources of energy. Seeds, manuresCFYM) , chemica fertilizers, ad
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.



Non-Renewable Indirect Sources of Energy: The energy sources which

are not replenishable comes under non-renewable indirect sources
of energy. For example, Chemicals, fertilizers and manufacturing

machinery are the non-renewable indirect sources of energy.

1.3 CONVERSON OF ENERGY SOURCES INTO A UNIFORM MEASUREMENT:

To account for the total consumption of energy in
agricultural sector by different sources one ran look through
different conversion process. All the energy sources can be
converted in to a single measure to estimate energy demand under
selected crops. According to ICAR (19885, the conversion of energy

sources were analyzed as stated in the following manner.

Human energy can be measured in the form of man-hour, which
was equal to 1.98 Giga Joules. Women power is measured in woman
hour i.e 1.57 Giga Joules. Where as bullock power measured in
pair-hour, was equal to 10.10 Giga Joules. However diesel and
petrol energy was accounted in liter i.e 86.31 and. 48.33 Giga
JoulesCper literd. 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 B2.70 Giga Joules.

Nitrogen fertilizers energy can be accounted in Kgs i.e equal
to 60.60 Giga Joules. Where as phosphate and potassium energy is
measured in Kg= 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 12.850 Giga Joules of



energy equivalent. On the basis of this conversion rate, energy
consunption per hectare under different crops were estimted and
analyzed in the preceding sections. Anpbng all the sources prine
nmovers was accounted higher energy equivalent. next to farm

machi nery, nitrogen, diesel, petrol, and electricity respectively.

1.4 OBJECTI VES:

CoO. To exani ne 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
agricul ture.

(3). To identify the nature- and intensity of nechanization
in Indian agriculture.

(4). To examne 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 inpact 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

ot her factors.
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15 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, namdy 1966-67, 1971-72, 1976-77. 1981-82. 1986-87
and 1991-92 respectively. For some oOf the other important
indicators like, crop wise energy demand, such as human, bullock,
fam yard manure seed, diesel, electricity, mechanical,
fertilizers, and pesticides data is collected from different

published, unpublished, and project works.

The study also collected secondary data from publications
like Statistical Abstract of selected states, Statistical Abstract
of Tndia, Fertilizer statistics, pesticide statistics, 1QGR
publications, Indian agriculture in Brief, Indian L abour
Statistics, Statistical compendium, Indian 1ive stock census and
CMIE reports etc. The published data is supplemented by primary
data, available from other different studies, where ever
necessary. Muh amount of data used in this study has taken mainty
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
QVIE is also used in this study. On this reason the present study
has concentrated on cross section data. Bven though the study is
considered the time period from 1966.67 to 199192, in SOme
chapters data analysis wass also under taken for other time

periods, to get clarity in the subject matter is concer ned.
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1.6 HYPOTHESI S TO BE TESTED:

In order to identify the causal relation between Energy
demand and Agricultural Production in the presence of other
i nputs, the following hypothesis has been established. The
hypothesis can talk about the cause and effect relation between
dependent and i ndependent vari abl e, such as Energy and
Agricultural production. The present hypothesis has fornmed on the
basis of available literature in the subject matterr 1s concerned.
As highlighted in several =studies that, " there S direct
relationship between energy demand and agricultural production”,
Which reflects when nore and nmore 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, wth respect to selected

crops and states.

1.7 METHODOLOGY:

The units of measurement used in this study are: Area under
crop in thousand hectares, output in thousand tenns, yieldrate in
kgs for each crop, |abour input nmeasured in physical unitsClakhs),
drought power in thousands, iron and wooden ploughs, sugarcane
crushers, punp sets, and trartnrs measured in phy<ical units,
fertilizers and pssticides in |akh and thousands tonns, encrgy
consunmption in Mega Joules, ati  rainfall in millimeters.
Cobb-Douglas production fur.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 <=ix nmjor
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agriculture producing states. The derived damand function
tinversed for energy was also estimated to identify the role of

energy in agriculture production.

This study examined 6 principal crops nandy rice, wheat,
Jowar, groundnut, cotton and sugarcane, that are produced in
selected states in India. The states are Andhra Pradesh, Bihar,
Punjab, Tamil Nedu, Uttar Pradesh, and Wet Bengal. The selection
of states for the present study has been under taken on the busis
of the available resource endowvments and institutional setup which
mey reflects the nature of agriculture, and also expecting the
wide variations on those states. For example, Wwest BRengal and
Bihar states resembles traditional nature of agriculture, where as
Punjab and Uttar pradesh in the sense of modan agriculture, and
Andhra Pradesh and Tamil Nadu reflects mixed features. At the same
time even though the study considered =ix principal crops for crop
wise comparison, in Some states one or two crops are amost

neglected in production.

The man inputs considered here are area under carop(land),
labour, draught power, agricultural machinery and impleuments
Ccapitald such as iron and wooden ploughs, sugarcane crushers (run
by bullocks as wel as powerd, pumpsets(diesel as wel as
electric),and tractors, fertilizers, pesticides, energy and rain
fall. Total production under crops in India along with 6 mgor
states has been taken directly from published source. Labour
input was meesured in nuTbe oOf workers engaged in agriculture
sector for each state over the period under consideration. The

data on this variable refers to 1em1, 18971, 1881 and 1991 census
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with respect to India and different states. Draught power was
accounted by considering the total number of cattle and buffal oes

used for work in agriculture in India and selected states.

Agricultural machinery and inplements such as wooden and iron
pl oughs. sugarcane crushers, o©oil and electric pumpsets, and
tractors were neasured in nunmber of equi pment  engaged in

agriculture sector in whole India and selected States.

In case of fertilizers, the total consunption of fertilizers
in India, as well as different states has been considered for the
purpose of analysis. Regarding pesticides, total consunption with

respect to different states and whole India was const dered.

Wth Regard to energy, the sovurce wise energy consunption for
sel ected crops was considered. Here human, bullock, FYM and seeds
were treated as renewable fornms of energy, where as di evsel,
cleclricitly, nmechanical and fertilizers as non-renewable forns of
energy sources. Total energy consunption under each crop was used
to estimate the total energy consunmption with respect to different

states and whol e India.

Rainfall data, was measured by the average 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 {ssues such

as profiles of sel ected states, factors affecting growth
per formance, 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 sown, i opping
intensity, cropping pattern, axd productivity, average annual

rainfall, and percapita water availability etc.

The third chapter concentrates on explaining the factors
shares in indian agriculture, 1labour absorption under different
crops, value of agricultural inputs and outputs, total cultivators
and labourers, draught powver, index numbas 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 farmmechardeallon in Indian agr dcultu v ete.

Chapter five focuses upon fertilizer and pesticides
consumption in Indian agriculture with respect to the selected
states. This chapter also analyses the area under HY\/s of rice,
wheat, and jowar, the quantity of plant nutrients recelved from

the soil, and per hectare consumption of fertilizers etc.
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The chapter 6 has been di scusses the core problem of energy
demand and energy intensities, with other aspects |ike, conversion
of various energy sources. power utilisation in agriculture,
averagc energy consumption, and regression equations for selected
crops and sel ected statesCoutput and energy demand equations). I|n
the final chapter 7, summary of entire study is presented along
with policy recommendations. The limtations of the study were

also highlighted at the end of the chapter.

1.9 SUMVARY:

On the basis of aove highlighted reasons, the ene:gy is a
impor tant input in modan agriculture in order to produce wore
anout of output. Oe should be aware of the role of energy in
Indian agriculture with respect to adoption of modan 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 2000 years, Wwill degpend on its efforts to
provide energy-intensive inputs such as fertilizers, pesticides,

ad irrigation facilities.

Finally, another mogt 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 manegamat 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 outputCfoodd in agriculture production. To
maintain this, unless some thing is done at macro |level, soon the
agriculture sector will 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 and selected states. Along with this sone other

rel evant issues are al so anal yzed.
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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 a the cost of area under
coarse cereals, pulses and o0il seeds. This shift wes the combined
effect of differential rates of technological change anog crops,
irrigation bias of rneaw technology causing shift, of land awvay from
dry crops in favour of irrigated crops and the associated policy
of price support syssem as wel as market intervention by the
Governmeatt for certain crops. Distortions in cropping pattern were
reflected in relatively abundant supply of the same crops (like
wheat of which the Govenment 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 mog 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 fertilizers,
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i ncreased irrigation and better techni gs 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 water
from natur alCrainfa 15 and or man -made re<ources C irrj gati ond .
However, the scope for year round cropping activities in mos
states of India are severely constratined by the seasonal
distribution of rainfall. So long as this natural constraints is
relaxed, by developing irrigation facilities, the level of
multiple cropping improves. The flexibility in sel ecting
appropriate crop pattern is aso enhanced weEn irrigation
facilities meke water available in a controllable mana fam to
the farmers throughout the year. It would, therefore, be
reasonable to hypothesise that a greater pat of inter-state, or
inter regional disparity in the level of cropping intensity could
be due to the disparity in the pattern of devdopment of
irrigation facilities, both in qualitatively and quantitatively.
In general the level of cropping intensity is higher in the
regions with higher percentage of net soownn area irrigated and with
higher intensity of land use by irrigation(GI A/NTAY . However, it
is futile to expect a one-to-one correspondence between irrigation

and croppi Ng i ntensity.

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 fam manegarat 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
increase in the holding size. In other words, an inverse
relationship is established between cropping intensity and holding
size. With moder ni zation of agriculture. Currently this
relationship is undergoing changes. Tractorization 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

cropping intensity.

Firstly, Supply of energy in the foom of human labour, animal
labour and mechanical devicew, secondly, supply of water in the
form of rainfall or irrigation and ils distribution ovver the crop
year, and thirdly the physical limits imposad by the adopted
cropping pattern on the duration of cropping activities during a
particular crop year. The above discussion is indicative of the
changes 1in cropping pattern. Cropping intensity will put more
pressure on enegy damad in the fom of bhuran, 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 Kumar(1989>, WhO extensively worked on
cropping pattern changes in Indian agriculture, to exam ne the
changes in input use, productivity, cost of production,
profitability and enployment in crops. He identified and expl ained
the cropping pattern changes, by suggesting ways and neans for
controlling the inbalance in the cropping pattern and thereby

wi dening the base for crop production in Tndia.

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, GCovernment of India carried over a survey in regular
intervals of five years, related to crop input, output, cost of

cultivation of principal ¢ 1 ops in India.

The NMRIN findings from this «tudy can be summari<ed as
follows: area under paddy and wheat has continucusly increased in
many states at the cost of coarse cereals, mllets, pulses, and in
<eome, areas, cotton. The reason for this growth, viz. ,
technol ogi cal support, price support, infrastructural support
including markets and irrigation, subsistence requirements, |esser
price and yield risk, are well known. The important cost to the
society as a part of this developnment is the serious influence on
cropping pattern, i ncreased regional di sparities, increased
instability in production, and resulted in unplanned imports of

conmoudi ties.
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To remedy the situalion., the e emeriti of the gr ecn 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 exploiting the untgpped potential (mostly dry land
areas) and raising the economic potential Ccreate awareness) of

fertilizer use. It is also important to improve mansgamait of

irrigation facilities, market experience and product
diversification, land development and farming comprehensive price
policy integrating products by products, input and markets

Cincluding international).

. B.DC1989)>, did analytical wak on sources of
irrigation and cropping pattern. He considered the improvement of
crop output through the process of a moe shift in irrigation
resource fron more heavily irrigated to light-irrigated wurops.
Interest in this subject of investigation is heightened by the
harsh fact that irrigation exdomvmat is nuh more limited than the

edowmat of arable )and.

The jinvestigation was hased on data in respect of eleven
mgor irrigation projects for which information on crop yields and
irrigation requirements is available. This data base is some wha
nearer to the actual farm position prevailing in the first half of

the eighties, in the cana corymmaxds of the mgor irrigation works.



The man observation in this study are that, {n 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 enerygy use also. Gi ven the scarcity of energy
resources like diesel o©il and electric powe that are row
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.

Whae as in deccan platecau, the results dhowed that, in this
water-short region, coarse grain, pulses axd oil sceds are mainly
gown under dry conditions. In the absence of inigation, the
yields of this 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.

INn case of western India the results indicated that, amog
the kharif crops, 'guar® and ground nut revealed substantially
higher water productivity than for bajra, paddy and cotton. Among
the rabi crops, wheat has perceptibly high productivity of water

than gram.

The results relating to Eastern India showed that, the land
productivity of paddy is muh higher than that of wheat, but water
product.i vity of wheat is greater . Fom the view point  of
productivity per unit of land as well a< per unit of irrigation

potato is an attractive proposition for the rabi season.



Ancther interesting study in this context is by
Venkataramaran.L.S and Prahladacharc198o>He analysed the growth
rates in area, yield axd output of mgor crops in sSiX states,
viz., PunjabCincluding Haryanad, 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 attcmpled,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 First the rates of growth in iIndividual 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 suggested a mehod of measw ing the
agyregate’ change iN the cropplng pattoern Of a state in terms of
‘substitution® and ‘expansion®' effects by comparing the area
growth rates of individual crops with the corresponding growth

rate in gross cropped area

The man findings of this study are the following: The
relative acreage under food grains and nonfood grains in the
Punjab remained stationary over the period 1950-75, but the
relative shares of whest and rice amog food grains and that of
cottonn, @anong non-food grains improved. The favorable factors for

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



fertilizers and irrigation. Unlike in Punjab, in Raasthan 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 axd fam iincomes
between states like Punjab and Rajasthan. The man changes in the
cropping pattern that occurred in Andhra Pradesh during the period
1950-75 were the improvements in the relative shares of paddy,
maize and sugar caneCthe latter two crops however occupied small
sharezs in the gross cropped area). Yield increase andror the
spread of irrigation were the man contributing factors for area

growth, and consequently fur the growth of output.

Ranade.C. 6C1980D, analysed effect of cropping pattern along
with fertilizer and irrigation upon agricultural production. This
study wexaminced the effect of these factors upon aygidcoul tur al
output per hectare across 54 agroclimatic regions covering 16
mgor 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 weas higher in
the former region C73.62 % than in the latter region (81.66 %20 |
the agricultural production per hectare (productivityd weas higher
in the latter region(Rs. 20303 than in the former (PFs.1087>. At
the same time, the cropping pattern index weas higher in Coastal

Northern Tamilnadu ¢126. 4> than in Northern Punjab(1i@.5). The



fertilizer use was less in Coastal Northern Tam | Nadu than that
in Northern Punjab. In Orissa, although the 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 reygression results show that higher the
cropping pattern index, the higher will be the agricultural
productivity. This result isS important in deciding how far
high-yielding food grain technology, along with fertilizer and
irrigation, needs to be pushed in conparison with growi ng more of
high value crops in order to increasc agricultural productivity in
different regions. It appears that marginal manipulations in the
cropping pattern in region can increase agrlcultural productivity
significantly even if the use of fertilizer and irrigation remain
unchanged. The extension machinery Can play a big role in tapping

the comparative advantage Of different regions.

One of the pioneering study by Qulati. A and Sharma. P.
critically examines various studies on cropping pattern changes,
direct and indirect enploynment intensity of different crops as
well as their environmental effects etc. A cropping pattern which
is oriented towards these objectives is defined as desirable

cropping pattern.

The anal ysis suggests that studying cropping patte:n chuanges
purely from demand- supply point 0f view could lead to adoption of
a Ccrop mix Wiich has high economic cost. Purenit  of

sel f-sufficiency in all commodities regardless of econom ¢ cost



need to be reexamined. On the employment front, the study admits
that direct impact of movamat of cropping pattern towards more

labour using crops mey be rather limitedCespecially in relation to

area and yield effects). It indicate that domestic incentive
structure is more favorable to wheat, rice, oil seeds and sugar
cane.

Mann. S PC1989), wio examined the impact of Green Revolution
programme in Indian agriculture by using two models, namdgy the
logit modd for the adoption of HYW wheat seeds and the second
modd is the linear regression modd to estimate the percentage of

land under HvVV wheat for its users.

The data used in this study was based on the NCAER's,
Additional Rural Income survey conducted for a period of three
years during 1968-71. According this study. the proportion of
land, the availability of land irrigated, and the availabijlitity of
tractors on hire in the village are highly significant variables
in all the cascs except for the 1AAP districts for Lthe wdoption of
HW seeds of wheat. The proportion of land irrigated is also
highly significant,explaining the proportion of land under W
wheat, in all estimates of the linear regression made]l Land owned
weas significant, with a negative sign, in two of the three
estimates of the linear regression mode, indicating that small
farmers devoted higher percentage of their lands to HYW wheat. It
is observed from the empirical results that irrigation is one of

the mogst significant factors affecting the adoption of HyV sceds.



Chadha.6.K and Sharma. R. KC1982)>, as examined whether the
Green Revolution has awy relationship with fom size cropping
intensity in Indian agriculture. The  study examines the
relationship separately for each of the 318 districts of India,
spread over amost all states. The 18970-71 agricultural census
reports for various states has been used extensively for this

analysis.

As pe the results it is interesting to note that an almost
conclusive evidence emeaeges in favor of the inverse relationship
in a green revolution areas such as the Punjab aad Hayana The
smal farmers in these districts have lost their traditional cdge
of higher cropping intensity. This study also examinced the
cropping intensity on irrigated as well as on unirrigated area.
Aoy the irnrigated arcas, a snaju ity of distiicts suggested an
inverse relationship, but there i< a large percentage of districts
showing a positive or neutral relationship. In some districts, an
improved irrigation structure seams to have promoted higher
cropping intensity on irrigated areas of large farms, while for
may others, the inverse relationship persists in spite of a
positive correlation beween fam size axd improved irrigation
base. 7t means that ]n spite of a technological disadvantage in
the matter of impi oved iriigation facilities, the marginal and
smal farmers continue to cultivate their lands moe intensively
over a large part of Indian agriculture. In summay it appears
that an assured ad flexible year round supply of their family
labour countinues to play a critical role in increasing cropping

intensity. Perhaps, their family labour will continue to play this

28



role in future as well.

Mahendra Dev. SC(1989>, has analysed the variations in cropping
intensity in Indian Agriculture. The man objectives of this study
weae to examine the factors influencing (ad) the regional
variations in cropping intensity at different time points since
the early sixties and (b> the temporal variations in cropping
Intensity far sclected districts in Andhra Pr adesli, Mahaiastra and
Tamil Nadu. The data used for this study ts taken from National

Sample Surveys.

The results showed that, based on the pooled cross-section
regression with the explanatory variables ]Jike cropping intensity
on normda 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 land use
with irrigation C(GI A/NT AD variable in place of tractorization,
irrigation variables became dominated in explaining inter-regional
variations in cropping intensity. The estimates based on
time-series data for sel ected districts also reveals the
importance Of irrigation. In particular the inten<ity of land use
with irrigation on cropping intensity differs from district to
district. This study suggests the policy side aspect 2lso where in
the emphasis on the agricultural development slrategy 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 gown in a year.



Another interesting study is by Sharma. J.LC1990), wo
examined the inter-state dispaiities in agricultural growth in
India. The main objectives of this study are: to exaumine the
inter-state disparities in agricultural growth, axd to identify
the factors responsible for these disparities. The data for the
study wes obtained from Statistical Abstract of India, covering

the period 1966-67 to 1987-88.

The man conclusions of this study are that, size of holding
is the basic factor affecting the stiucture of agi iculture and
there exists vast disparities across states in India. The states
with higher agricultural growth rates wee having relatively
higher average slze of holding except Uttar Pradesh. Punjab and
Haryana states, which are the center of agricultural g: owth in
INndia, have the Highest proportion of cullivated arca under
irrigation. In Orissa Madwya Pradesh, Bihar and Kerala the use of
fertilizers were 1less than the national average. These weae the
states which have recorded 1low growth rates in food gr ains
production. Further, the irrigation facilities weae also lower in

these states compared to all-India level.

Regarding traclorization the analysis showed that, Punjab,
Hayana and Uttar Pradesh have the highest intensity of
tractorization compared to otha states. The growth rates in food
grains production aong with the cropping intensily in each state
indicate that the states with higher agriculture growth rates were

also having higher intensity of cropping. A look at the percentage



area irrigated and percent area under high yielding varieties of

cereals indicates that these two variables are closely linked.

2.1 PROFILES OF SFIECTED STATES AND WHO!I F TNDIA:

This section will talk about the general profiles(i ndicatorsd
of <=elerted <t ates and overal} Tndia. The perfermance oOf
agricultural development has been taking place in each state
depending upon the availability of resovurces. However, the
relative index of development across the states is not uniform due
to various institutional and resource constraints. It has observed
from the table £.1.1, the relative index of development 1s very
high in case of Punjab, which has 199,compared to other states
and whole of India. Next comes Tamil Nadu, Andhra Pradoesh, West
Bengal, Uttar Pradesh, and Bihar consiwt i ng of 135, 89, 49/, 72 and

43 respectively.

It is a clear indication that, the states which have
tremendous devel opment. in agriculture scene were showing
relatively higher devel opment. i ndex, while compared with

agriculturally less development states Tn case of population
growth, while the population is increasing at 2.14 % per anum in
all India level, with respect to states, U. P showing 2.29 %, Tamil
Nedu and Punjab noticing 1.40 % and 1.86 % respectively. This is
also a clear Iindication that, the states which have higher
devel opment. index wore showing lowsoer population growth. However,
from the theories it is known that Jlesser population with more

agricultural growth drmes lead to economic progress.
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Table 2.1.1

PROFILES OF SELECTED STATES AND WHCOLE INDI AC 1993

States A.P Bihar Punjab T.Nadu
Indicators Unit

Relative Index 99 43 199 135 72
of development

Population X 2.17 P.13 1.86 1.40 2.29
growth

Population No's241.81 496 402 429 472
Density

Workers as X of X 47.05 32.16 30.87
Total Pop.

Workers in Ag. & X 70.38 81.10 56.07
Allied

Net Sown Area X 38.00 44.43 83,39
as of reporting
Area

Gross Irrigated X 35.85 36.31 91.01
Area, X of Gross
Cropped Area

Average size of her 1.72 o0.87 3.77
hol ding

Fertilizer Kys 131 58 177
Consumpt.ion

Yalue of Output
Mgor crops

Per hectare Rs 4392 3017 6856
Percapital Rs 799 368 2420
Percapital Kgs 150 118 827
Food gir-ain
Production
Percapital Bank Rs 338 110 599
Credit to Agri-~
Cul lure
Per hectare Bank Rs 1858 903 1696
Credit to Agri-
culture

43.81 32.20

61.51 7z2.92

43.65 &57.78

47.51 50.68

1.01 0.93

124 90

6622 4502
809 813
124 220
365 150

2985 877

Source: CMIE: Profiles of Districts, November, 1993.
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Regarding the density of population, Wext Benga having
highest density of population i.e 767 per square kilometer, and
Bihar, U.P, Tamil Nadu, and Punjab comes next with 476, 472, 428,
and 402 respectively. Labour force is increasing at the rate of
37.46 % in all India level, with respect to states, Andhra Pradesh
noticed highest i.e 47.85 X. Punjab experiencing less growth 30.87
% per anum. The participation of wor kers in agricultuie and
allied activities 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 Wet Bengal having 72.92 %, 70.31%, 58.07 % and 53.71 X

respectively.

However, the net sown area as of total reporting area, is
46. 30 % in all India level as against to 83.39 V. in Punjab, 63.37
%, 57.78 %, 44.43 %, 43.65 % and 38.00 % in West Benga. U.P,
Bihar, Tamil Nadu, and Andhra Pradesh respectively. Punjab is
showing highest(83.39 %% in case of net sown area, where as A.P
recorded lowest i.e 38.00 %. In case of gross irrigated arca to
percentage of gross cropped area it is 30.72 % in all India level
as against 91 .01 % in Punjab. S0.68 %, 47.51 %, 36.31 %, 35.85 %,
and 23.93 % in case of U.P, Tamil Nadu. Rihar, A.P. and Wet
Benga respectively. Punjab recorded highest percentage of gross

irrigated area as against lowest percent reported in West Bengal.

Meanwhile, it 1s important to notice that the size of the
holding is differing from one state to another state due to
institutional set up existed in these states. Contrary to this, the

aver age =ize of holding in all India level { < around 1 .69, and
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highest in case of punjab 3.77 following by 1.72, 1.01, O.93,
0.2, and 0.87 In A.P, Tamil Nadu, U.P. Wet Bengal, and Bihar

respectively.

Fertilizer consumption also differs from state to state, which
is a cause for yield difference as well au rcglonal ifubualances in
agricultural production and development. The per hectare
consumption of fertilizers at all Inriia level is around 72 kg-he,
as agalnst highest consumption of 177 kg-she noticed in Punjab,
next followed by 131, 124, 95, 90, and 58 in A.P, Tamil Nadu, Wes

Bengal. U. P, and Bihar respectively.

Value of output per hectare under mgor crops wore showing
significant difference from state to state. At all India level it
is Rs.3576, where as it is R. 6856 in punjah, P<.fifiRPin Tamil
Nadu, and Rs.5139, Rs 4502, Rs 4392, Rs. 3017 in Wet Bungal, U. P,
A. P, and Bihar. The Per capita value of output under mgor crops
also differs from state to state. In case of all India, which
accounts for Rs. 758, the highest Rs2420 is in Punjab, Rs.813,
Rs. 809, Rs.799, Rs.603, and Rs. 368 in U.P, Tamil Nadu, A.P, Wex

Benga and Bihar respectively.

Per capita food grain production is around 173 Kygs in all
India level as against 827 Kgs in Punjab, and 220, 152, 150, 124,
and 118 Kgs in U.P. Wet Bengal. A.P, Tamil Neadu and Bihar. Anmaog
all the states Bihar is showing lowest production(per capita),

while comparing with highest in Punjab.
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Regarding. financial flows in India's agricultural Sector
there is variation over the respective states. The per capita bank
credit is Rs.222 in all India level, highest i.e Rs.599 in punjab,
Rs. 368, Rs.338, Rs.1989, Rs.110, and Rs.80 in Tamil Nadu. a.p, u. P.
Bihar, and West Bengal. Contrary to this the per hectare bank
credit to agriculture is Rs.1046 in al] India, where as it is
highest in Tamil Nadu i.e Rs.2985, followed by Rs. 1858, rs.18®98,
Rs. 903, Rs.877, and Rs.765 in A.P. Punjab, Bihar, U. P. and Wes
Bengal respectively. Here Tamil Nadu noticed highest per hectare
bank credit in agricultural prediction as against tO lowest in

West Bengal.

2.2 FACTORS AFFECTING GROWTH PERFORMANCE IN SELECTED sSTA1ES AND
ALL INDIA:

There are several factors that influence growth performance in
Indian agriculture across the states. This can be traced
especially from Green Revolution in Indian Agriculture. Because
Green Revolution itself will danand 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 wveiling in different

states.

Sharma. J.Lc1 990>, WD did analytical wak on factursaffecting
agricultural growth, obuerved that, difference in average size of
holding, intensity of cropping, percentage area under HYVs,

percentage area irrigated to total cultivated area, fertilizer use

35



per hectare, and credit avatlability are the some important
factors which explain regional disparities.

As shown in table 2.2.1, the average size of holding 1.8s2
hectare in all India level which compares with Punjab having the
highest of3.78, and 0.84 being Ilowest in West Bengal. The
intensity of cropping differing 122 % in all India level as
comparing with states, 185 % in Punjab, 143 %, 12© %, 116 %, 116

Table 2.2.1
FACTORS AFFECTING GROWTH PERFORMANCE IN SELECTED STATES OF
INDIA (1983/84).
Item A.P Bihar Punjab T.Nadu U.P W.Bengal All India
Average =ieze of 1.87 0.99 3.79 1.07 1.01 0.94 1.82
holdingChad) 1981.
Intensity of 116 116 16S 115 143 126 122
cropping(%
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 8.2
irrigated to
total cultivated
area
Fertilizer use 75.0 35.9 151.2 100. © 65.1 54.8 46.3
in Kg. per
cropped areaCha)
Intensity Of 3.82 554 57.76 5.24 12.98 1.°78 7.33
Tractors
(No. per 1000 ha)
pesticides use 0.7 0.3 0.6 0.2 0.3 0.2 0. 3
in kgsha
Credit availa- 147 50 307 245 99 54 113
bility
Sour ce: Sharma. J.L: €1990>
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% and 115 % in U. P. Wet Bengal, A.P. Bihar, and Tamil Nadu
respectively. Intensity of cropping is always dependent up on the
availability of irrigation facilities. Percentage area under HYVs
seeds also one of the important factor which influenced growth
performance in different states.

Percentage area under HYVs i1s 51.3 V. a. al) India level, Anag
the states it is 93.S % in case of Punjab, 74 %, 37.1 %, 56.7 %,
SS. 8 %, and 40.3 % in vase of Tamil Nadu, Bihar, U.P, A.P, and
Wes Bengal respoeclively., Contrary to this the percontage area
under irrigation is aound 28.2 % in all India level which
compares highest84.%5 % in Punjab, followed by 57.4 %, 42.9 %. 33.6
%, 28.1 %, and 22.9 % in U.P, Tamil Nadu, Wes Bengal, Bihar, and
Andhra Pradesh respectively. The highest irrigated area is noliced

in Punjab and lecwest Andhra Pradesh.

Regarding, fertilizer consumption, all India level recorded
46.3 Kys per hectare where as in states, 151 .72 Kgzher in Punjab,
next 100.0, 75.0, 65.1, 54.8, and 35.9 kg-hecin Tamil Nadu, A.P.
U.P, Wet Bengal and Bijihar respectively. Intensity of tractors
were also another important factor which largely i nfluenced the
growth performance and regional disparities in different states.
The intensity of tractors per 1000 hectares is 7.33 in all India
level. 57.76 in Punjab, Whoe as it is 12.98, 5.54, 5.24, 3.82,
1.88 in U. P. Bihar, Tamil Nadu, A.P, and West Benga 1 cupcctively.
Pesticide consumption was also noticed variation such as 0.3
Kgshec in a)l ITndia level, where as 0.7 in A.P. 0.6, 0.3, 0.3,
0.2, and 0.2 in Punjab, U P, Ri har. Tami 1 WNadn, West. Bennal

respectively.
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Credit availability is another Iimportant factor in present
agriculture production, wheae the famer is facing substantial
input burden in production process. Credit availability is mnmud
maore needed in recent years to tome across the inputs burdoen.
CapitalCcreditd availability differs across state, as Rs307
highest in Punjab, 245, 147, 99, 54. and S0 in Tamil Nadu, A.P,
U P. Wet Bengal, ad Bihar respectively. The highest credit
avai 1abi 1ityCper  capildad has Lecii aclloeed in Punjab, whoer e as

lowest in case of Bihar.

By considering the above sald factors, one must be aware of
the factors which influencing growth peformance in Indian
Agriculture. Along with the above said factors, Energy is also one
of the prime factor whirh influenced growth performance in
agriculture, in recent years. However, one should also be aware of
the unfavorable rainfall conditions in Indian ayriculture, due to

failure of monsoons in amost every alternative years.

2.3 AREA IRRIGATED BY DIFERENT SOURCES IN INDIAN AGRICULTURE

Irrigation is one of the i mportant device in modern

agriculture, where the HYVs seeds are well implemented, will

demand large amount of watce:  jesowces. In recent ycar s, the

irrigation is affected a Ilot due to unfavorable rainfall
conditions. The area under irrigation is changing
conlinuously. time. This sub section will examine the sources

available for irrigation ad analyse lownv the irrigated area

changing fromm one source to another.
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The table 2.3.1 illustrate the area irrigated by different
sources in Indian agriculture. The irrigated area under
Government Canals was around 9170 thousand hectares in 198061,
which increased to 15853 Thousand hectares in 1985/86, |later
declined to 14990 thousand hectares in 1987/88. In percentage
terms 34.2 % in 1880-61, which increcased to 36.3 % in 1898585,
latter declined to 34.8 % in 198788 respectively. The area under
private ecanals noticed 1200 thousand hectares in 198061 , which
has been continuously ripr) ined to 484 thousand hectares in

198788, which is equal to 4.9 % in 196061 and 1.1 % in 1987/88.

Table 2.3.1
AFREA IRRIGATED BY SOURCES (196061 TO 1987./88)
CThousand Hectares)

Year
1980761 197071 1 QRO/81 1 QRS8R 1QRA/R7
Sourcel
Government 9170 11972 14450 15853 15548 14990
canals (34, (38.53 (37.3) <36.6) (3R, 6) C34.83
Private 1200 866 842 464 479 484
canals C4.93 (2.83 2.2 1.2 Cl. 13 (1.1)
Tanks 4561 4112 3182 3049 2965 2806
€18.53 13.2> (8. 23 7.2 €7.03 (6.53
Tube Wells 135 4461 9531 11866 12275 13156
0.6 (14.33 ce4.6) Cc28.23 (28,93 (30.63
Other Wells 7185S 7426 8164 8676 8552 8661
Cc29.0) (23.93 21.1) C(20.86) (20. 1) 20.1)
Other 2440 2266 2551 2609 2667 2951
sources (9. 83 7.3 (6.63 (6.2) (6.33 (6.9
Total 24661 31103 38720 42079 42486 43040
CNet irriga-0100) 100D 1002 100D 100> 1002

ted area.

Source: Indian Agriculture in Brief, 24th edition, DESAg Govt.
of India.
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The area under Tanks, was around 4881 thousand hectares in
1980-81, which declined to 2806 thousand hectares in 198788,
which equals to 18.S % in 1960-61, that has furthe; declined to
6.5 % in 1987-88. On the other hand the area irrigated under tube
wells has increased trenendously from 13S thousand hectares in
196061 t0 13186 thousand hectares in 198788, which i S equival ent
to 0.6 % in 196061 tO 30.6 % in 1987/88. Contrary to this the
area under other wells also increased notably from 7155 thousand
hectares in 196061 to 8661 thousand hectares in 198/.88, which is
equal to in percentage ternms 20.0 % in 196061, and |later declined
to 20.1 V. in 1987.88. The area irrigated by other sources was
around 2440 thousand hectares in 196061 and 2951 thousand in
198788, in percentage terns it was 9.8 % in 1960/61 and fall to
6.9 % in 1987/88. On the whole the total net irrigated area was
accounted nearly 24661 thousand hectares in 1968061, has increased

to 43040 thousand hectares in 1987/ 88 respectively.

The compound growth rates of area irrigoated by different
sources, is shown in table 2.3.2. In case of Government canals the
area increased at the rate of 2. 70 % per annumin 1970-71. which
further experienced negative growth rates of - 3.59 % by 1887.88.
Where as the area under private canals experienced negative growth
rates i.e -3.21 % in 19/0-71, which showed further inprovenent in
198386 with 11.24 %, and later declined to 1. 05 % in 1987/88.
Interestingly the area under tanks noticed negative growh rate

i.e 1. 03 % in 197071 to -5.36 % in 1987.88.
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Th© area under tube wells Increased at the rate of 41.88 % in
197071 to a decline trend of 7.18 % by 1987/88. The area under
other wells increased at the rate of 0.37 % in 1870,71 to 1.28 V.
in 1987/88. The area under other sources was noticed negative
growth rates i.e -0.74 % in 197071 to -10.65 % in 1987/88. The
verall growth rates of net irrigated area was around 2.35 % in
g70-71. It later declined at the rate of 1.31 % per annum in

.987/88.

Table 2.3.2

COMPOUND GROWTH RATES OF ARFA |IRRIGATED BY SOURCES (196061 TO

1987/88)
CThousand Hectares)

Year
1960/61 197071 1980/81 198586 198687 13887/88

Source
Government 2.70 1.90 1.87 -1.92 -3.59
canals
Private -3.21 ~0.28 11.24 3.23 1.05
canals
Tanks -1.03 -2.53 - O.85 -2.76 -5.36
Tube Wel 1s 41.88 7.89 4.48 3.45 7.18
Other Wells 0.37 0.95 1.22 -1. 43 1.28
Other — -0.74 1.19 0.45 2.22 10.Gs
sources
Total 2.35 2.21 1.68 0.96 1.31

(Net irriga-
ted area.

Source: Indian Agriculture in Brief, 24th edition, DESAg Govt.
of India.
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The above analysis i1 ndi cat @es that, the area under canals has
been slightly 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 this, the damnand 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 TRRIGATED AREA- GROSS AND NET WITH

CROPPING INTENSITY:

Land utilisation for agricultural purpose is one oOf the
important controversial issue since Independence, due to its
availability 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.
Ore of the important factor is Rainfall fluctuations and second
adoption of moden agricultural technology which has  been
influencing the cropped area under cultivation. In consideration
to this, this, the present section will look at the nature of
cultivated and irrigated area-gross ad net with cropping

intensity.
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Table 2.4.1 illustrate the all India cultivated and irrigated
area with cropping intensity from 1e66,-67 to 1991.92. The gross
area sown was around 1573S5 thousand hectares in 196667, which
has been increased to 177042 thousand hectares in 198182, later

declined slightly in 1986-87, further increased to 181236 thousand

Table 2.4.1

ALL TNDIA CULTIVATED AND TRRIGATFD AREA - GROSS AND NET- WITH
CROPPING INTENSITY.

Y ear 171966/67 1971,72 1976,77 1981/82 1986,87 1991/92
Item
Area Sown
Gross 1573S5 165194 167340 177042 176656 181236
== CO. 98) 0. 26> (1.13 (-0.04) CO.51)
Net € * GOO 137232 140040 139460 142003 140020 146235
ha) C-=) CO. 41) CO.00) €0.36) (-0.28) CO.87)
More than 20123 25154 27880 35039 36636 35001
once C--> (4.57) 2. 08 C4.68> CO.90) C-0.91)>
Area irrigated
Gross 32683 38431 43552 51554 55690 62171
(-=) (3. 29) (2. 53) (3. 43) ¢ 1 . 56) (2. 22)
Net €*000 26907 31546 35147 39924 42486 45326
ha) C--) 3.2 C2.19) 2.588) 1.25) (1.30
More than 5776 6885 8405 11630 13204 16485
once (== €3.57) C4.07 (6.71) (2.57) C4.548
Gross area 1886 18173 33560 46493 56174 62385
under HYVs C==D (57.32> (13.0% (B6.74) (3.85) c2.12)
Share of GIA 20.8 23.3 26.0 29.1 31.5 34.3
to GA C==D 2.30 2.22) 2.28) 1.60 1.84>
IncreaseC +)/
Decrease
GA 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
Intensity C--) €0.57) 0.3 €0.77) CO. 74> C-0. 37)

Source: Fertilizer Statistics, FAI, 1991, 1992 and 1993.

(>. Figures in the brackets indicates compound growth rates.
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hectares in 199192 respectively. Contrary to this the net sown
area was 132232 thousand hectares in 10886.87, which raised to
142003 thousand hectares in 1981/82, and slightly declined to
140020 thousand hectares in 19868.87, further increased to 148235
thousand hectares in 1991/92. The area sown nore than once was
20123 thousand hectares in 1986.67, this has gone up to 36636
thousand hectares in 1gs86-87, later it has declined to 3SOOL

thousand hectares in 1991/ 92 respectively.

However . the gross area irrigated was noticed tobe 32883
thousand hectares 1966/ 67, which has increased to ®2171 thousand
hectares in 1991/92. Net area irrigated was around 26907 thousand
hectares in 1966/67, which has later increased to 45328 thousand
hectares in 199192, On the other hand, the area 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 t062385 thousand hectares in 18ois.@2. This drastic
increase in area under HYVs clearly indicates the pressure on
agricultural Inputs such as Land, |abour, fertilizers, pesticides,
wat er, and machinery etc. This will leads to nore denmand on energy

resources in agriculture sector.

Interestingly Lthe share of gross irrigated area to gross sown
area has been increased drastically i.e 20.8 % in 1966.87, which
raised to 34.3 % in 1991,892. This is showing a positive 1land
contribution in agricultural production. As stated in the table

that, the percentage | neroase or deceeaees of grosss sown area and
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gross irrigated area was nearly 1.3 and 5.8 in 1886-67, which

declined to 2.8 and 2.0 in 1891./92 respectively.

Memn while the cropping intensity was around 114.7 in 196667,
has increased to 126.2 in 1986,87, but declined to 123.9 in
1991/92. Here the mgor indication is that fluctuations in water

availability is influencing the cropping intensity.

Contrary to this, the compound growth rates were showing
interesting features i.e gross sown area was increased at the? rate
of 0.98 % per awvum in 197172, later increased at the rate of
1.13 % in 1981..82. The negative growth rate was showed in 1986/87
1.e -0.04 percent per aanum. Ne area sown has Jncreased at the
rate of 0. 41 % in 1971,72, but noticed negative growth rates i.e
-0.28 in 19886-87. The area sown more than once weas increased at
the rate of 457 % in 1971,72, later declined to 2.08 % in
197677, and increased to 4.68 % per arum in 1981.872. Negative

growth rate was experienced i.e -0.91 % in 199192

Gross and net irrigated area raised at the rate of 3.29 * and
3.S3 % per avyum in 1971.72. Later it has declined i.e 2.22 and
1.30 % in 199192, The wrea drrdgated ware Lhan once noticed at
the rate of 3.57 % per awnum in 1971 /72, was gone up to 6.75 V. in
1986/87, later declined to 4.54 % in 189192 respectively. Area
under HYVs seeds recorded at the rate of 57.32 % in 1871/72, has
further increased at a decreasing rate at .12 V. per anum in
198192, On the other hand the share of gross irrigated area to

grows SOWN area witnesued 2. 30 % growth por annun in 1871772, Tt
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was drastically declined to 1.84 % per annum in 1991 .62,

Cropping intensity has raised at the rate of 0.57 % in
197172, later declined to 0. 34 >; pei awyum in 1976.-77. Further it
has been increased a 0.728 % per awum in 198182, where as
negative growth of ~0.37 V. was  experienced in 1991/92

respect!| vely.

2.5 NET STATE DOMESTIC PRODUCTC FROM AGRICULTURE) AT FACTOR COST

BY INDUSTRY OF ORIGINCAT CURRENT PRICES):

The net contribution of agriculture sector to the national
economy is very mudh essential for countries like India, where 70
% of the rural population depending on agriculture sector, by
contributing nearly 40 % of the nalional income. Countries
economic growth naturally depends up on the performance  of
agr Lcul lure sector. In this section, an analytical work has been
done to trace out the role of agriculture sector to increase in

the yrowth performance in India.

The table 2.5.1 illustrates the Net State Domestic Production
from agriculture in all India and selected states from 196667 to
18981 -92. Net state domestic product from agriculture in Andhra
Pradesh was recorded 103481 lakhs in 1966/67, which is increased
to S31S27 lakhs in 1991892, as equivalent to 9.06 % in 1966/67 to
6.97 % in 1991.98. Where as in case of Bihar it was around 71800
lakhs in 1986.67, later increased to 701358 lakhs in 199192,
which is equal to B8.23 % in 1966.87 and 9.19 % in 1991/92

respecti vely.
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Table 2.5.1
NET STATE DOMESTI C PRODUCT(FROM AGRICULTUREY AT FACTOR COST BY

I NDUSTRY OF ORIGINCAT CURRENT PR1CES)
CRs. 1lakhs)

States 1986/67 1971,/72 1976,77 198182 1986/87 1891.,02

Andhra

Pradesh 103481 150022 185363 395427 491737 531527
C9.065 «¢8.875 (7.0 ca. 335 (8.10) (6. 975

Bihar 71500 131109 213692 300518 643368 701358
(6.23) (7.75) C8.115 (7.09) (10.860) C9. 1@

Punjab 568// B7710 1SB6B3 227572 384912 431251
C4.985 (5.19) (B.02) C5.375 (B.245 (5. 655

Tamil

Nadu 75242 105879 138993 186830 228686 301207
C6.585 «(6.26> (5.275 C 4.41) (3.375 €3. 955

Uttar

Pradesh 220142 7252758 43°P212 629722 983198 1011213
€19.275 € 14.95) C1lft.40d C14.85) (18.19) (13.255

West

Bengal 91900 145324 223539 302120 B17015 812275
8. 045 (8.59) (C8.485 7.135 (10.165 (€10.145

All India 11421 16913 26357 42304 60721 76313

(Rs. crores) (100.05 (100.05 €100.05 C100.00 (100.0) (100.0)

Source: H.L. Chandhok and Policy Group: Indian Data Base, The

Economy, Volume 1, 1990.
CSO, National Accounts StatisticsCNew Series5, 199,

Interestingly in case of Punjab, it was 56877 lakhs in
108687, later gone up to 431251 lakhs in t1g91.92, which is equal
to 4.78 % in 188867 to S. 65 % in 1991,92. Tamil Nedu experienced
declining Ltrend iN ag icullure contribution i.e 75242 lakhs in
198667, which has later increased to 301207 lakhs in 1991x92, it

iS equivalent to a declining share of 6.S8 % in 1e66/67 to 3.95 %

in 190192 resp
Uttar Pradesh accounted 220147~ lakhs in 1966X67, which has
lncreased to 1011213 lakhs in 199182, an equivalent of 18.27 % in

1o88.67, later declined to 13.25 % in 1991X92. Wwest Bengal
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experienced notable change i.e Rs. ©1800 lakhs in 198687, has
further increased to Rs.812275 lakhs in 199162, which is almost
equivalent to 8.04 % in 19866-.67 to 10.14 V. in 1991.,.82. Overall
contribution in al 3 Tndia level i.e Rs.11421 crores in 196667,

was further raised up to Rs. 76313 crores in 1991/92 respectively.

However, compound growth rates show that, net domestic
product{from agricultured accounted in Andhra Pradesh at the rate

of 7.71 V. per annum in 18971.72,which has increased at a declining

Table 2.S. 2

GOMRFOUND GRONTH RATES OF NET STATE DOMESTIC PRODUCTC FROM
AGRICULTURE} AT FACTOR COST BY INDUSTRY OF ORIGINCAT CURRENT
PRICESD

CRs. lakhs)
States 1966/67 1971/72 1976/77 1981/82 1986,87 10991.,92
Andhra
Pradesh 7.71 4. 32 14.51 6.14 1.57
Bihar 12.89 10.26 7.06 16. 44 1.74
Punjab 9.Cs 12.59 7.48 11.08 2.30
Tamil
Nadu 7.07 5.59 6.09 4.12 5.66
Uttar
Pradesh 2.80 11.33 7.82 9.32 0.56
West
Bengal 9.60 8.89 6.21 15.34 5.65
All India 0.65 9.28 9.97 7.45 4.6ft

(Rs. crores)

Source: H.L. Chandhok and Policy Group: Indian Data Rase, The
Economy, Volume 1, 1990.
CSO, National Accounts Statistics(New Series}, 1992,
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rate i.e 1.S7 % in 1981,82. Whae as in case of Bihar, it was
around 12.89 % per anum in 187172, slowly the growth rate has
come dowvn to 1.74 % in 18981-92. On the other hand the growth rates
are also showing fluctuations in Punjab, which witnessed 9. OS % in

197172, was later declined to 2. 70 % in 1991/92 respectively.

Tamil Nadu showed, 7.07 % in 197172, was leveled at 5.66 V. in
1991 /82. Contrary to this U. P showing volatile growth performance
i.e 280 % in 197172, which has later increased at decreasing
rate of 0. S6 % in 1991,82. Wed Bengd has noticed increased
growth rates of 9.60 % in 197172, which increased at 5.65 %
growth per arnum in 1881,92. On the other hand the all India
picture is quite clear where the overall growth weas 0. 85 % per
arnum in 197172, has increased to 9.97 % in 1981,82, and later

come dowvn to 4.68 % in 199192 respectively.

On the whole it was observed that, the net state domestic
production from agriculture is showing fluctuations over a time
due to several causes. It may boe duce Lo decllning wica under
irrigation, unfavorable monsoons and changes in cropping pattern,
and cropping intensity etc. It was observed that, the year 1 99192
showed declining growth rates not only in whole India but also in
amost all 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 modam agriculture, especially the late 70's scenario
dowed that, cost incurred in agriculture is very nmuh high as
compared to before . The cost of production is increasing a a
faster rate, due to application of HY\AWS seeds in Indian
agriculture, which demands greater level of agricultural inputs.
An impressive study is by Mruthyunjaye and Praduman Kumar1989),
WD 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
2.6.1 illustrates the economics of crops cultivation under

selected crops acrous the states.

Firstly,in Andhra Pradesh, paddy cultivatien {1« showing
interesting picture, i.e fertilizers demand per hectare noticed
around 96. 00 Kg-hec, and yield accounts 37.06 quintal per hectare,
where as the real cost of production, rate of profit, average net
income, labour absorption, and irrigation accounts 46.71
Rs/Quintal, 17.80 %, 474 Rs/hectare, 1051 men days/hectare, and
Rs 54 per hectare respectively. On the other hand Jowar consuming
negligible amount of fertilizers i.e 4.00 kKgs per hectare, yield
wes 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, 12.00 %, 67 Rs-/he, 349 mm days-he and &

Rs/hec respectively.
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Table 2.6.1
ECONOMIC ANALYSIS OF CROPS IN DIFFERENT STATES OF INDIA 1g72-,83.

State Crop Fertilizer Yield Real Rate Of Aver age Labour Irriga
CN+P+IO CQ/had cost of sprofit  net Empt. tion
Kg/ha Production X income (Han day/'
CRs/7QD Rs/ha ha)

A.P Rice 96. OO 37.06 46.71 17.80 474 1051 54
Jowar 4.00 3.17 86.54 12.00 67 349 2
S.cane 299.00 777.00 708.00 35.30 3204 3278 617
Cotton 110.00 12.72 171.89 15.10 535 1049 a4

Bihar Rice 22.00 21.47 58.49 4.00 85 786 13
Wheat 55.00 20.70 79.18 19.20 528 660 93
S.cane 32.00 409.00 6.75 51.20 esas 865 63

Pun- Rice 144.00 47.67 33.64 69.20 2272 808 340

Jab Wheat 113.00 @25.50 51.19 16.20 422 441 119
Cotton 49.00 10.40 131.64 43.80 856 852 60

Tamil Rice 106.00 40.01 39.74 33.20 975 1202 88

Nadd Jowar 4.00 8.42 54.29 - 0.15 - 218 522 67
S.cane 237.00 683.00 4.37 22.50 2075 2739 623
6. nut S. 0O 10.30 98.28 10.40 172 761 51
Cotton 72.00 8.69 180.82 22.10 706 1282 203

U.P Rice 36.00 21.20 5l.19 11.60  ary 818 66
Wheat 65.00 24.51 5l.s2 11.40 g9 610 i
S.cane 48.00 402.00  4.17 87.50 3479 tog7 250

West Rice 21.00 26.30 34.12 32.™ g8 591 10

Bengal

Source: Mruthyunjaya and Praduman Kumar(1989),
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INn case of Sugar cane, the fertilizer consumption was 2g9g. CO
Kg/he and yield rate recorded 777. 00 Qhe, axd real cost of
production, rate of profit, average net income, labour absorption
ad irrigation comes to 708. OO, 35.30, 3204, 3278, and 617 Rs he.
Cotton crop consuming 110.00 Kgs/he fertilizer and yield 32.72
Q’he, where as real cost of production , rate of profit, average
net income, labour absorption, and irrigation consists, 171.89,

15. 10, S35, 1049, and 44 respectively.

Here the 1interesting feature 1is that. Sugar cane demanding
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 are
also high in sugar cane. On the other hand Jowar consumed, low
amounts of fertilizers, yield, real cost of production, rate of
profit, average net income, labour employment, and irrigation. It
wes obser ved that labour employment can be improved by cultivating
more of sugar cane. Ard 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. gg. OO kg-he, axd 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. 4.00, 85, 786,
and 13 Rg/he., Whest is consuming 55.0 kgshe of fertilizers, 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
equa to 79.18. 18.20, 528, 680, and 93 Rs-he. However, still
sugar cane is demanding nmuch of fertilizers i.e 32, OO Kghe, and
yield 409.00 Q’he, also with real cost of production, rate of
profit, average net income, labour absorption, and irrigation
consists, 6.75, 51.20, 2595, 80S, axd 63 Rs/he. It was noticed
that, sugar cane stil) ] demanding nmudh 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 Kghe 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 340 Rs-/he
respectively. Whest is consuming 113.00 Kghe of fertilizers and
productivity recorded 25.50 Q- he area, next comes real cost of
production, rate of profit, average net income, labour absorption,
ad irrigation counts to 51.19, 16.20, 422, 441, ad 119
respectiwvely. Regarding, cotton, which daemands 49.00 Kghe
fertilizers 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, 852, and 60 Rs/hectare. Punjab scenario showed that, rice is
demanding large amourt of fertilizers, and high level of average
net income. Next comes to cotton, which demanding less fertilizers
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 108.00 Kg-he
of fertilizers and yielding 40.01 Q‘he, next real cost of
production, rate of profit, average net income, labour employment,
and irrigation recorded, 39.74, 33.20, 975, 1202, and 88 Rs/he
Jowar demands less amount of fertilizers i.e 4. OO Kgrhe, and yield
8.42 Q’he next real cost of production accounts 54.28 Rs-/Q. The
rate of profit and average net income noticed negative, i.e -0.15
anrd -218, due to several factors. Where as labour absorption
accounts 522 Man daysshe and irrigation accounts 67 Rs/he
respectively. Sugar cane is the important crop in the state, which
consuming 237.00 Kg-he of fertilizers and noticed 883.00 Q/he of
yield. Ard real cost of production, rate of profit, average net
income, labour employment, and irrigation recorded 4.37, 22.50,
2075, 2739, and 623 Rs/he respectively. Whae as ground nut is
demanding less fertilizers i.e 5.00 Kgrhe and yield 10.30 Q/he,
and next comes to real cost of p: oduction, rate of profit, average
net. jancome, labour  empl oyment ,  and freigation not lced Qg 2R,
10.40, 172. 761. and 51 Rsa/he. Cotton demands 72. OO Kg/he of
fertilizers and yielding 8.69 Q/he, with 1 val costl of production,
rate of profit, average net income, labour absorption, and
irrigation consisting of 180.82, 22.10, 7086, 1282, and 203 Rs-he
respectively. This analysis shows that, sugar cane Js demanding
higher level of fertilizers, accounting high yield, with high
average net income, and high labour absorption and irrigation,
that is followed by crops like rice, cotton, and ground nut

respectively.
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With respect to U. P. the rice is consuming 36. 00 Kg-/he oOf
fertilizers and yield rate is 21. SO Q/he, comes to the real cost
of production. rate of profit, average net income, labour
employment, and irrigation accounts 51.19, 11.80, 252, 818, ad 885
Rs/he. In case of whea fertilizer consumption is around 5. 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 $i.82, 11.40, 692, 610, and
171 Rs/he. Regarding sugar cane, the fertilizer consumption
accounts 48.00 Kg/he and yield rate noticed 402.00 Q/he. Ard real
cost of production, rate of profit, average net income, labour
employment, and irrigation witnessed 4.17, 87.50, 3479, 1097, ad
20 respectively. In U. P overall picture is showing that, wheat
demanding more fertilizers, where as sugar cane noticed high
yield, average net income, I|labour employment, axd irrigation,

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

Wet Benga picture is quite clear that where in rice
demanding 21 . OO Kg-he of fertilizers having 26. 30 Q/he yield, next
comes to real cost of production, rate of profit, average net
income, labour employment, and irrigation consists of 34,12,

32.00, 628, 591, ard 10 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,
the employment irrigation, and average net income js 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
equi prent. For that alternative crops should be reconmended in
order to renmove the shortage problems in inputs and aveiding over
water use. which is scarce resource in recent years in Indian

agricul ture.

Due to changes in institutional set up in Indian agriculture
like tradi ti onal agriculture to nodern agriculture, the cropping
pattern is changing over a period of time. Incidentally in early
years, the farmer concentrated ON <uh<istence Crops, and later he
diverted towards commercial crops, where commercial Crops are nore
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 problenms such as resource crunrh and input
scarcity in Indian agriculture. At this Juncture, this section
tal ks about the nature of cropping pattern in whole India, and
selected states. And also enphasis cropping intensity, which is

another chronic problemin |Indian agri culture.
ft. 7 GENERAL FEATURES OF THE EXI STI NG PROBLEM

In general the table 2.7.1 illustrate the nature of cropping
pattern jn Indian agriculture, and later sections will tal ks about

particular changes occurred 1in selected crops. The area under
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rice, accounts 34056 thousand hectares in 196061, which Wwas
increased to 41169 thousand hectares in i198s.-®€7, later declined to
38944 thousand hectares in 1987.88, as equivalent to 22.3 V. in
1880-61 to 23.3 V. in 188687, |later the share has declined to 22.5

y. by 198788 respectively.

Where as wheat noticed, 12931 thousand hectares in 1960/61,
which  was 1increased to 23372 T/he in 198788, Wwhich is
equl valentto percentage increase from 8.5 % in 198081 to 13.5 %
in 1e87,.88. Jowar accounted 18426 T he in 1960.61, which declined

to 16523 T he in 198788, which is almost equal to 12.0 % in

Table 2.7.1

CROPPING PATTERN ACCORDING TO LAND USE STATISTICS, FROM 196061

TO 1987/88.
C000"* hectares3

Y ear
1960/61 1970771 198081 198586 1986/87 1987788
Crop
Rice 34056 37381 40237 41099 41 169 38944
Ccee.3 fPe. 6 (23.35 <23. 05 23.35 22.55
Whesat 12931 18293 22225 23094 <3315 23372
(8.3 (11.05 (12.85 (12.95 €13.25 €13.55
Jowar 18426 16871 16412 16097 16193 16523
c12.0> €10.2> (9.55 9. 05 (9.25 (9. 65
Groundnut 6467 7S52 6789 7094 7009 7556
4.2 (4.65 (3.95 C4.05 C4.05 4.45
Cotton 7610 7830 7752 7530 7031 7190
5.0 C4.75 4.5 4.2 (4.05 4.2
Sugarcane 2417 2S89 2897 3009 3202 3391
(1.6 C1.8) C1.7 c1.7 f1.85 1.9
Sow e ladban Agsleullaie da Bilet, 24th odition, IMSAg. Govt,
of India.
196061 to 9.6 % in 1987.88. Rega ding g ound nut the level has

increased from 6467 T he in 1960.61 to 7552 T /he in 1870.71, later
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declined to 7008 T/he in 198887, |later gone up to 75S6 T he in
198788 respectively. It is alnpst equal to 4.2 %in 1980-81, and

4.6, 4.Q and 4.4 % in 1970-71, 1986,87, and 1987/ 88 respectively.

Cotton crop has showed, fluctuations over a period of time.
This accounts. 7610 T/he in 1980.61. raised to 7830 T he in
1970/ 71. declined to 7190 T/he in 1987/88. which is nearly equal
to 5.0 % in 168061, 4.7 % and 4.2 % in 197071 and 1987.88
respectively. |In case of sugar cane it was 2417 T/he in 186061
later increased to 3391 Trhe in 1987.88, an equivalent of 1.6 % in

1960/61 to 1.9 % in 1987/ 88 respectively.

Consi dering conpound growth rates, as stated in table 2.7.2
area under rice accounted 0.94 % per annumin 1970-71, was |ater

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

Table 2.7.2
COMFOUND GROWIH RATES OK CROPPING PATTERN ACCORDING TO LAND USE
STATISTICS, FROM 186061 TO 19387/88.
C000*" hectares)

Year 196061 19870/71 198081 1985786 1986/87 198788
Cop |

Ri ce 0.94 0. 74 0. 42 0.17 - 5.40
Wheat — 3.53 1.97 0. 77 0. 96 0.24
Jowar -0.88 -0.28 -0.39 0. 59 2. 04
G oundnut 1.56 -1.06 0. 88 -1.19 7.80
Cotton 0. 29 -0.10 -0. 58 -6. 63 2.26
Sugar cane 0. 69 1.13 0.76 6.41 5.91

Source: Indian Agriculture in Brief, 24th edition, DESAg. Govt.
of India.
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recorded 3.S3 % per anum in 197071, has later declined at 0. 24
% per annum in 198B7/88. Jowar experienced negative growth of-0.88
in 197071, and a positive 2.04 % in 1987/88. Next is ground nut,
which noticed 1.858 % growth per annum in 1870-71, and increased at
7.80 % in 1987/88. Cotton and sugar cane have witnessed, 0.29 and
0.69 in 187071 . which further noticed a 2.286 ahnd S. 91 % per

arum in 198788 reupectively.

The whole scenario is showing 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.

2.8 POTENTIAL YIELDS OF HYVS OF SEEDS. A COMPARATIVE PICTURE:

Yield component is one of the important concept in modern
agriculture scenario, where almost all the countries in the world
adopted HYVS of seeds with differential yield structure. Yield
ratio has been differing from country to country with respect to
different crops. So that, this section observe the yield component
in selected crops not only in India but also with respect to other
agriculture producing countries. The table 2.8.1 explaines the
comparative picture of potential yields of HYVs of seeds in Indian
and some selected countries. In case of rice, the potential yields
of HYVs Indian variety comes under 4000-5810 Kg-he, where as the
actual India's yjeld is at 2807 Kgshe. Contrary to this the

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

respectively.

Table 2.8.1
POTENTTAL. YIELDS OF HYVs OF SFEDS: A COMPARATIVE PICTURE.

Actual yield(Kgs/hec) in 199293
Crop Potential of India,s World's Largest World's highest
high yielding yield yield producer vyield Country

Indian variety Country
Rice 4000 - S810 2607 5807 China 8813 Australia
Wheat 6000 - 6800 3295 3295 China 7556 Ireland
Jowar 3000 - 4200 897 3704 USA 5949 Italy
G nut 2000 - 3000 953 953 I ndia 6833 | srael

Source: CMIE Basic Statistics Relating to the Indian Economy,
1994.

With respect to Wheat, potential of HYVs Indian variety is
around B000-8800 Kg-he, but the actual India yield is noticed to
be3205 Kg-he. Meanwhile the world's actual yield was around 3295
Kg/he. China is the largest producer of wheat, and Ireland noticed

world's higher abnormal yield producing country i.e 7956 Kg/he.

Potential of Hyv. Indian variety of Jowar, falls under
3000-4200 Kg-she, but Indian yield noticed at 897 Kg/he where as
actual world yield accounts 3704 Kg/he. UsA is the largest
producer of wheat in the world. Interestingly, Italy is the
highest Vyield producing country in the world agriculture

production. With respect to Ground nut, potential of high yielding
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Indian variety falls under 2000-3000 Kg/lie, where as India's
actual yield recorded at 853 Kg/he. Actual world yield witnessed
at 953 Kgrhe, and India is the largest producer of ground nut,
Where as Israel accounted highest yield i.e 8833 Kgs/he. This
analysis indicating that, there 1= a clear difference between
potential yield and actual yield with respect to diffcrent crops.
There are several factors which {influence yield mechanism 1in
Indian agriculture. Generally 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 farmm management skills in production.

2.9 CROPPING PATTERN IN INDIAN AGRICULTURE WTH RESPECT TO

SELECTED STATES:

Andhra pradesh notjiced spectacular growth in agriculture
production in recent years, with wide varjation of crops in the
last two decades. Cropping pattern is slowly shifting over a
period of time. This section will analyse the nature of cropping
pattern in selected states and all over India from 198667 to
ig8192 with five year intervals. Aleong with cropping pattern,

production, and productivityCyieldd will also bo analysed.

2.9.1 ANDHRA PRADESH:

The nature of cropping pattern in A.P is sown in tables

2.9.1.1 to 2.9.1.6. Rice area in Andhra Pradesh was 3089 Thousand

hectares in 196667, which increased to 3921 T/he in 199191, an
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equivalent of 8.76 % in 1886,.867 tO 8.27 % in 19391.,82. Along with
area, production and yield was noticed, 4010 Thousand tonns and
1302 Kg/he in 1966/67, which later increased to 9465 T.t and 2414
Kg/he in 1991/82 respertively The production is equivalent to
13.17 % in 1966,.67 to 12.85 % in 199192 respectively. Whee as
Jowar noticed. 2289 T/he in 1966/687, was declined to 1075 T/he in
1991/92. which is equal to 12.68 % in 1966687 to 854 % in
1991/92. On the other hand production and productivity, recorded
1080 T.t and 460 Kg/he in 1966/67 respectively., Out of which
production declined to 673 T.t in 1991,82, where as productivity
increased to 626 Kghe in 1891.,92. The share of production
recorded at 11.71 % in 1866,67, was later declined to 8. OS % in

1991 /92 respectively.

Wheet production is almost negligible in the state, i.e area
was 13 Trhe in 198667, has declined to 8 T. he in 199182, which
is equivalent to 0.10 % in 196687 to 0.08 % Iin 1991.,92.
Production was at 2 T.t in 1966.67, later increased to 7 T.t in
1991 /82 respectively. This is equal to 0.02 % in 1966,87 tO 0. 01 %
in 1991 ,92. Considering yield rate was at, 188 Kgrhe in 1966-67,
later increased to 827 Kghe in 1991.,92. Next, ground nut was
recorded at 1022 T he in 1986,.67, which increased to 2495 T/he in
1801.,92, this is c¢qual to 14.00 % in 195657 to 28.78 % in
1991 92, This has almost doubled the area of cultivation. However
production noticed a level of 1013 T.t in 1966867, which was
increased to 2235 T. he in 1991,92, which is almost equal to &2. 97
fcin 1966657 to 31.63 % in 19391..92. Ground nut production also

noticed double the amourt as comparing with previous years. With
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respect to yield recorded at 721 Kg/he in 1966-687, which ratsed to

896 Kg/he in 1991/92 respectively.

Cotton is another important commercial crop in the state,
which was at T/he in 1966/67, has later increased to 708 T he in
1991792, as equal to 4.03 % in 1986,67 to 9.20 % Iin 199192
Production noticed. 144 T.t in 1966-67 to 1314 T.t in 199192, was
amost equal to 2.73 % in 1866,.67 to 13.36 % in 1981.92. A four
times increase in yields took place during this period namey 76
Kg/he in 1966,67 to 316 Kg/he in 1991,92. Regarding sugar cane,
which recorded 1SS Trhe in 1966.67, increased to 203 T. he in

1891,92, or 5. 00 % in 1966/687 to S. 36 in

Table 2.9.1.1
ANDHRA PRADESH : ARFA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice), 1966/67 to 19891/92.

Y ear AreaC *® GO0 hec) Production(® 000tons) Yield(Xg/had

1966/67 3089 4010 1302
C8.763 €13.173

1971772 3041 4717 1551
(8. 05) €10.95)

1976/77 3565 4930 1383
(9.26) €11.76d

1981 /82 3824 7868 2058
(8. 39 €14.783

1988/87 3459 6592 1906
(8.400 10.89

1go1 rg92 3921 9465 2414
Cc9.27) (12.853

Source: CMTE: Basic Statistics Relating to Tndian Econony, 1992,
1993 and 1994.
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Table 2.9.1.2

ANDHRA PRADESH t AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Jowar), 1966,67 (0 1991/02.

Y ear AreaC’® 000 hecd ProductionC® 000tons) Yiel d(Kg-/had

1966/67 2289 1080 461
f12.685 (11.71)

1971772 2832 1140 450
(15. 09 14.76>

1976777 2043 1065 521
€ 12.955 €10. 125

1981 /82 2214 1334 603
(13.34) €10. 885

1086/87 1656 994 600
(10.38) €10.82)

1991 792 1075 673 626
C8.54) 8. 05)

Source: CMIE: Basic Statistics Relating to Indian Economy, 1892,
1993 and 1994.

Table 2.9.1.3
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Wheat), 1966,67 t0 1991.,92.

Y ear AreaC* 000 hec) ProductlonC *000tons) Yiel d(Kg-had

1966/67 13 2 188
CO. 100 CO. 02>

197172 21 11 512
co. 115 CO. 04>

1976,77 23 14 594
C0.115 0. 05>

1981 /82 17 11 669
Cco.o8) CO. 03

1986/87 12 5 403
CO. 05> CO. 01>

199192 8 7 827
CO. o5 C0.015

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.1.4
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
¢ Ground nut), 1966,67 to 1991/92.

Y ear Area(®* 000 hec) ProductionC® 000tons) Yield(KXg/had

1 966/67 1022 1013 721
C14.00) Cez.97

|1971 /772 1533 1164 759
Ce0.41> (18.83)

\978,77 1051 583 555
(14.92) (11.08

|981 782 1451 1437 991
C19. 53) €19.89)

| 986/87 1571 1308 833
Cez.50) C22.263

1991 792 2496 2235 896
28.78) C31.63

Source: CMITE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.1.5
ANDHRA PRADESH | AREA, PRODUCTION, AND YTFLD OF PRINCTPAL CROPS
(Cottond, 186657 to 1991.,02.

Y ear AreaC'OOO hec) ProductionC * 000tons)> Yield(Kg/had

196667 316 144 76
4.0 €2.73

1971/72 335 175 89
C4.293 z.52)

1976/77 288 261 154
(4.18) Ca.47D

1981 /82 473 663 238
(5. 873 C8. 413

198687 411 609 252
« S.a2 8. 82)

1991/92 708 1314 316
C9.203 €13. 363

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

65



Table 2.9.1.6
ANDHRA PRADESH : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Sugarcane), 1966/67 to 1991 /02.

Y ear ArcaC* 000 hec) Produc L1 ontC* 000tons) Yield(Kgshad

1966/67 1185 8789 76588
¢5.003 C9. 473

1071/72 119 10571 88761
C 4.98) C9. 313

1076,77 146 10281 70366
(5. 09 (6.72)>

1981 /82 180 14962 83258
C5.64) C8.033

1986/87 138 10286 74645
C4.483 (5.53)

1091792 203 14833 73211
5. 363 C5.953

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

1991 .92. Where as in case of production it was 8789 T.t in
196667, and increased to 14833 T.t in 1991,-82, or from 9.47 % in
196667 to 5.95 % in 199192, In case of yield the increase is
from76588 Kg-he in 1966-67 to 88761 Kgrhe in 187172, which
declined to 73211 Kgrhe in 199182 respectively. Sugar cane yields
were showing variations over a period of time. This nmaey be due to
several factors such as scarcity of water, fertilizers, and other

inputs.

2.9.2 BIHAR

Tn case of Bihar as i1llustrated in tables 2.8.2.1 to 2.8.2.1,

rice area under cultivation at 5126 T he in 1966,.67, later it

declined to 4792 T/he in 199192, or in percentage termsi4.54 % in
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1986/87 to 11.33 % 1in 1891,82. Considering production, it was 4212
T.t in 19886.67 increased to 4461 T.t in 1991.,82. This \is
equivalent to 13.84 % in 1968687 to 6.08 % in 1991,82. With
respect to yleld, which was 878 Kg/he in 18966.67, |later increased
to 1126 Kg-he in 1988081, slowly declined to 931 Kg/he in 1991/92
respectively. Area under Jjowar, amost negligible in the state
which accounts. 10 Trhe in 1966-.67 is dowvn to S T.he in 199192,
as equal to 0. 06 % in 1966.67 to 0.04 % in 1991/92. Production
recorded at 8 T.t in 1966,67 to 3 T.t in 199192, which was almost
equal to 0.07 % in 1966,67 to 0.04 % in 1991/92. In case of yield
it was 497 Kgrhe in 1966-.67, and latter raised up to 885 Kg/he in

188887, but declined to 453 Kgshe in 1831.792 rouspectively.

However, wheat production was some wha impressive in the
state, the area under crop noticed 995 Trhe in 198667, |atter
increased to 1963 T-he in 199182, which is equal to 7.75 % in
196667 to 854 % in 1991 /92 respectively. The production
accounted 800 T.t in 1966-.67 declined to 3566 T.t in 199192, in
percentage terms the decline is f rom7. 80 % in 1966,87 to 6.47 % in
199182, Yield rate was lnureased from 800 Kg/he in 1966/67 to
1816 Kg-/he in 1991,82. In case of sugar cane the increase is
fromlO8 Tr/he in 1866/67to 148 Trhe in 1891.,92, or 4.67 % in
1886-.87 to 3. R % in 1981 /82. Dnuhble fold | nrreace in production
has taken place from 3235 T.t in 1865 to 7076 T.t in 189192,
which nearly eogual to 4.30 % in 1986/.67 to 2.84 % in 1881,92
respectively. Yield has been increased from 33475 Kg-he in 1866-67
to 48836 Kg/he in 1991.,92. The improvement in the yield laid a

foundation stone to the double fold production in the state.
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Table 2.9.2.1
Bihar : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS (Rice),
1866/67 to 1991.,92.

Y ear Area(’* OO0 hec) Product ionC® OOOtons3 Yield(Kg/had

1966,67 5126 4212 876
(14.543 (13. 843

1971772 5411 5273 975
€(14.33) (12,24

1976/77 5310 4752 895
€13.793 (11.340

1981782 5368 4257 793
(13.19 €7.993

1986X87 5368 6045 1126
(13.04 9. 98>

199192 4792 4461 931
(11.33 (6. 06)

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994,

Table 2.9.2.2
Bihar : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS

(Jowar), 1966/67 to 1991.-.92.

Y ear AreaC * 000 hec) ProductionC * 000tons) YieldC(Kg/had

1966X67 10 6 497
CO. 06> CO. 073

1971 ,72 5 2 365
C0.03® C0. 03

1976X77 11 6 509
C0.07 CO. 06D

198182 11 7 636
€0.07 €0. 06>

1986X87 6 5 885
CO. 04 CO. 05>

1901 »92 5 3 453
CO. 043 CO. 04>

Source: CM E: Basic Statistics Relating to Indian Econony, 1992,
1993 and 1994.

68



Table 2.8. 2.3

Bihar t AREA, PRODUCTION, AND YI ELD OF PRI NCI PAL CROPS (Wheat),
19686767 to 1991 /92,

Y ear AreaC*® 000 hec) Productiont * 000tons) Yield(Xgshad

1966/67 995 900 800
€7.755 €7.905

1971772 1397 2494 1785
C7.305 (9. 44>

1976/,77 1945 2470 1270
9. 305 (8.515

1981 /82 1640 2202 1343
€ 7.41) (5. 885

1088/87 1840 2861 1855
€7.955 (6. 455

1991 /92 1963 3566 1816
C8.84) C6.475

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994,

Table 2.8.2.4
Bi har : AREA, PRODUCTI ON, AND YIELD OF PRINCIPAL CROPS
CSugar cane5, 1966,67 to 1991X92.

Y ear AreaC’ 000 hec) ProductionC*® 000tons) Yield(Kg/had

1966/67 108 3995 33475
C4.695 C4.305

197172 142 4465 31468
(5. 945 (3.93

1976,77 128 4176 32675
4.47 Cc2.735

198182 124 4180 33822
€3.885 (2.235

1986/87 112 3729 33295
C 3- 645 2. 00D

1991 02 145 7076 48836
(3.83) (2.845

Source:CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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2.8.3 PUNJAB:

The tables 2.9.3.1 to P.9.3.5 explains the cropping pattern
in Punjab from 1968687 to 1291-082. Rice area in Punjab noticed, an
increase from 303 T/he in 196887 tO 2074 T.he iN 1991.,82, Or 0.88
% in 1966-67 to 4.80 % 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 199182, in percentage terms 1.3 % in 1966.,87 tO B8.12 % in
1991-92. A three fold increase in yield was accounted where it weas
12786 Kg-rhe in 1966.67 gone upto 3238 Kg-she in 199102
respectively. A notable change was withnessed in cropped whesat
area, i.e 1692 T he in 1966/67to 3233 T/he in 199192, as equa to
13.18 % in 186667 tO 14.07 % in 1991/92. A four times increase in
production took place i.e 3173 T.t in 1986.67 to 12295 T.t in
199192, which was equal to 27.85 % in 1966/67 to 22.32 % in
1991 92. The yield wes witnessed a three time increase from 1621

Kg-/he in 1966/67raised Up tO 3803 Kg/he in 1991/92 respectively.

Area under ground nut has declined drastically in the state.
It weas 200 Trhe in 1966/67 and has declined to 12 T/he in
189192, which is equal to 2.74 % in 196667 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 199192, which in percentage terms is 4.78 % in
198667 to 0. 17 % in 1991 ,82. Yield was accounted 220 Kg/he in
196667 and marginally raised to 1000 Kg/he 1in 1991,92. The
overall picture in the state indicates that, the ground nut
production weas 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 1868867,
was later gone up to 880 T.he in 1991 ,92, or5.08 % Iin 196887 to
858 V. in 1991,.92, A three time increase in production taken
place i.e 7486 T.t in 1966/67 to 2357 T.t in 1991,92. On the other
hand it doubled its yield from 320 Kg/he in 1e66.67 to 807 kg/he
in 1991 /792 respectively. The area under Sugar cane was 120 T/he in
1966,67, but declined to 109 T/he in 1991.82. Contrary to this,
production increased from 4326 T.t in 1986-.67 to 6920 T.t in
198182. 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 PRINCI PAL CROPS (Riced,
1966,67 (0 1991/92.

Year Area(’® 000 hec) ProductionC® 000tons) Yield( Kg/ha)

1966/67 303 404 1276
CO. 86> C1.333

1971 72 450 920 2044
1.19 (2.14>

1976/77 674 1741 2583
1.75 C4.15

1981 /82 1270 3755 2957
C3. 12> 7.0

1986/87 1809 6022 3329
C4.39 €9. 943

1991/92 2074 6755 3257
C 4.903 Co. 17D

Sowrce: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.3.2
Punjab ¢+ AREA, PRCDUCTI O\, AND YIELD CF PRINCIPAL CRCPS (Wheat),
1966,67 t 0 1991/ 92.

Y ear Area(’® 000 hec) Production( '’ 000tons) Yield( Kgzhad

1966/67 1692 3173 1621
(13.18) 27.85)

1971772 2335 5618 2406
c12.200 C21.273

1976/77 2579 6272 2432
€12.33) C21.623

1981 /82 2917 8553 2032
(13.17D 22.84)

1986/87 3189 9458 2966
13.79 Ca21.343

1091 /92 3233 12295 3803
(14.073 (22.32>

Source: CM E: Basic Statistics Relating to | ndi an 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.

Y ear AreaC’® 000 hec) ProductionC *000tons3 Yield(Kgrshad

1966/67 200 211 990
c2.743 4.78

1971/72 174 183 1052
2.32) C2.963

1976,77 164 150 a1s
c2.33 c2.85>

1981 /82 o2 80 978
C1.24 1.258

198687 43 42 977
CO. 623 CO. 71>

1001 02 12 12 1000
CO. 143 CO. 173

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.



Table 2.9.3.4
Punjab : AREA, PRODUCTION, AMD YIELD OF PRINCIPAL CROPS ¢Cottond,
1066,87 {0 1991,02.

Y ear ArcaC® 000 hecd Production(’®000tons) Yicld(Kgshad

196667 396 746 320
(5.053 €(14.17D

1971 /72 475 1029 368
(8. 09 (l4.81>

1976777 557 1138 347
C 8. 09} (19. 49

1981 /82 683 1270 316
8. 485 (16. 11D

1986/87 567 16901 507
(8. 16> C24.493

199192 660 2357 607
(8. 58) (23.962

Source : CMl1E: Basic Statistics Relaling to Indian Ecounomy, 1992,
1993 and 1994.

Table 2.9.3.5
Punjab AREA, PRODUCTI ON, AND YIELD OK PRINCIPAL CROPS
(Sugarcane), 1966/67 to 199192,

Y ear AreaC*® Q00 hec) ProductionC *000tons> Yield(Kg/had

1986/67 120 4326 32786
5, 22) C4.663

1971772 103 4030 30126
C4.373 €3.55)

1976,77 113 6070 53717
€3.943 3. 973

198182 106 6120 H7736
C3.3» (3. 283

198687 97 6110 62590
(3.15) C3.283

1991 .02 109 6920 63486
Ce.s8) Ca2.78>

Source: CMEs Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

73



2.9.4 TAML NADU

Tanil Nadu scenario is quite different in conparison wth
other states, as stated in tables 2.8.4.1 t0o 2.8.4.5, the area
under rice was 2346 T/he in 1986-67, has |ater declined nmarginally
to 2293 T/he in 199102, of from6.66 % in 198667 t0o S. 42 V. in
1901-92. Wiere as production which was at 4002 T. t in 1966/ 67 has
increased to 5928 T. t in 1991.,02, equal to 13.15 % in 1966/67 to
8.8 % in te91.92. on the other hand yield recorded 1498 Kg/he in
196887, has gone up to 2S86 Xg-he i N 199192 respectively. Jowar
noticed 731 T. he in 1eess7, later declined to =78 T. he in
1e9192, equal to 4.5 % in 198667 tO 4.%59 % in 1gvi.g2.
Production accounted, sz21 T.t in 1966/67, has further raised to
703 T.t in 1s@1.,82. Productivity per hectare increased fronv26
Kg/ he in 1966/ 67 to 1216 Kg/he in 1991/ 92 respectively. Gound nut
area noticed an increase from846 T. he in 1ee6.87 to 1031 T. he in
1981.,92. However the production has increased at 821 T.t in
198667 t0 1320 T.t In 19@192. O the other hand productivity per
hectare has witnessed 945 Kg-he in 1966/ 67, which raised up to

1280 Kg/he in 199102

Regarding cotton the cultivated area was around 325 T. he in
1ee6.87, Which happened to decline to 264 T. he in 189182, in
percentage terns it was 4.15 % in 1986.67 to 3. 43 % in 1991/92.
Production recorded at 361 T.t in 196667 and increased to 437 T. t
in 1eog2 , an equivalent of 6.86 % in 1966/67 to 44 % in

1991/92. Productivity per hectare has wtnessed improvement
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Table 2.9.4.1
Tamil Nadu $¢ AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Rice), 1966X67 to 1981.,02.

Y ear Area( * 000 hec) Production(C’ 000tons) Yield(Kg/had

1966/67 2346 4002 1498
(6. 66> (13.15>

1971 /72 2691 5302 1970
€7.13 12.31)

1976777 2284 4215 1845
(5. 933 €10. 063

1981 /82 2467 5607 2273
(6. 06) €10.582>

198687 1955 5333 2728
C4.753 Cca8.81)

1991792 2293 5928 2586
(5.42) 8. 05>

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9, 4.2
Tamil Nadu : AREA, PRODUCTI ON, AND YTFLD OF PRTNCTPAL CROPS

(Jowar), 1966/67 to 199192,

Y ear Area(’® 000 hec) Production(C®000tons) Yield(Kg/had

1966/67 731 Se1 726
C4.05) (5.653

197172 717 518 718
c4.27)> (6. 673

1976,77 842 793 942
(5.340) €7.54)

198182 669 534 798
C4.03) 4. 353

1986x87 730 659 203
C4.583 €7.17

1991 192 578 703 1216
C4.593 C8. 413

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994,
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Table 2.9. 4.3
Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Ground nut), 1966,67 to 1991/92.

Y ear ArcaC® Q00 hec) ProductionC "000tons3 Yield(Kg/ha)d

1966/67 846 821 945
(11.59) (18.61)

1971772 1117 1273 1140
C14.87) (20. 60D

1976,77 890 785 882
12. 64> (14.891)

1981 /782 1013 1238 12e2
(13. 64 €17.14

1986X 87 897 1003 1210
C12. 853 €18. 60D

1991 702 1031 1320 1280
C11.893 (18.68)>

Source: CM1E: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.4.4

Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Cotton>, 1966X67 to 1991.,02.

Y ear AreaC® 000 hec) Production(*® 000tons3 Yield(Xg/had

1966/67 325 361 167
C4.15) (6. 863

197172 313 411 223
C4.01) C5.91)

1976X77 240 348 247
€3.493 (8. 963

1981 /82 240 278 197
C2.983 (3.533

198687 238 278 199
€3.43) C4.033

1991 ,02 264 437 281
3.4 €4. 443

Source: CM1E: Basic Statistics Relating to Indian Econowy, 1992,
1993 and 1994.
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Table 2.8.4.S

Tamil Nadu : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Sugarcane), 1806,87 to 199102,

Y ear AreaC* Q00 hec3 Production(* OOOtons3 Yield(Kg/had

1966/67 107 8023 77295
C4.65) (8.64)

1971772 117 9626 82274
C4.900 (8. 48D

1976/77 155 14746 091910
C5. 41> C9. 31>

1981 /82 201 20208 100537
CO. 303 €10. 843

1986/87 196 21605 110230
(6.373 (11.61D>

1991 792 232 23417 101022
(6.133 C 9.393

Source: CMIE: Basic Statistics Relating to Indian Econoawy, 1992,
1993 and 1994.

from 167 Kg-he in 1966-67 to 261 Kg/he in 1991.,92. With respect to
Sugar cane, area was 107 Trhe in 196667, |later gone up to 232
T/he tn 199192, Contrary to this a three time increase in
production it recorded 8023 T.t in 19686,.67 and moved upto 23417
T.t in 199192, an equivalent of 8.64 % in 1966,67 to 9.39 %
in1991 ,92. Where as productivity per hectare increased from 77295

Kg/he in 1966/67 to 101102 Kg/he in 199192 respectively.

2.8.5 UTTAR PRADESH:

On the other hand the nature of cropping pattern in U.P

agriculture is shown in tables 2.9.5.1 to 2.9.5.6. The area under

rice in Uttar Pradesh accounted. 4224 Trhe in 19866,.67, and later

77



increased to 5288 T/he in 199182, on percentage basis it was
11.98 % in 1966/67 to 12.852 % in 1991,82. A triple fold increase
in production weas accounted namey from 301 2 T.t {in 1966,87 to
@104 T.t in 1991/92, in percentage terms 9 Q0 % in 198687 to
12.36 % in 1991,92. Howeva the yield potential doubled from 720

Kg/he in 196667 to 1718 Kg/he in 1981./02.

Jowar area showed a declining trend i.e from8386 T/he in
196667 to S16 Trhe in 1991 .,.892, which is equal to 491 % in
1966/67 to 4.10 *% in 1991/92. Production alsc has declined from
431 T.t in 196667 to 384 T.t in 199192, which is equal to 4.61 %
in 1966,67 to 4.59 % in 1991,92. Contrary to this, yield per
hectare showed variation over a period of time. It was510 Kghe in
196667, has increased to 8872 Kgrhe in 198182, |ater derlined to

745 Kg/tie by 199192 respectively.

A spectacular increase in the cultivated area of wheat was
noticed in U. P. It was 4671 T he in 1866-.67., which has gone up to
8626 T he in 199192, that is from 36.38 % in 18966.67 to 36.34 %
in 1991 ,82. Nearly a four time increase in production accounted in
this period.It was 5332 T.t in 1966/67 increased to 20186 T.t in
1991 /92, in percentage terms from46.80 % in 1966/67 to IB. 59 % in
1991 . 92. At the same ti me a two fold increase in yield took place

from 11689 Kg/he in 196667 to 2337 Kg-he in 199192 respectively.

The ground nut area has declined drastically from 391 T.he in

1986657 to 158 T.ho in 1881 .,92, equal to 8. 36 %1 n 198667 to 1.63
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% in 199182. Production has also declined from 283 T.t in
19686/67 to 113 T.t in 199192, which accounted for ®.42 % share in
19686-87 to 1.63 % in 199182, On the other hand the yield
structure also has declined from 711 Kg/he in 196687 to558 Kg/he
in 197172, which later increased to 973 Kg/he in 198182, again
declined to 826 Kg/lie in 1991/92 respectively. Cotton crop was
totally neglected in Uttar Pradesh over this period of observation
j .e B2 T/he in 196667, later declined to 14 Trhe in 1991792, Or
from 0.79 % in 1966-67 to 0.18 % in 1991.,92. Production also has
declined from 31 T.1t in 196667 to 16 T.t in 1991/92, an
equivalent of 0.59 % in 196667 to 0. 16 % in 1991 .8BR. Where as the
yield rate showed improvement i.e 82 Kg/he in 1966/67to 186 Kg/he

in 199192 respectively.

Table 2.9.5.1

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Rice), 1966/67 to 1991,92.

Y ear AreaC* 000 hec) ProductionC’' 000tons) Yield(Kg/had

1966/67 4224 3012 720
€11.98) C9.903

1071 /72 4722 3777 800
(12.51) 8.77)

197677 4653 4701 922
12,08 (10.243

1981 /82 S389 s8a8 1095
(13.24 (11.083

198687 5542 7509 1355
€13. 46D (12. 400

1901 /02 5298 9104 1718
12.523 12,36

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2. 9.5. 2

Uttar Pradesh ¢ AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Jowar), 18966/67 to 1991/92.

Year AreaC' OO0 hec) Production(Ce+ 000tons) Yi el d( Kg/had

1966/67 886 431 510
C4.91) C4.67

1971 /72 621 228 367
C3.700 2.25)

1976/77 703 484 6890
4. 46D C4.60

1981 /82 686 60S 882
C4.13 (4.9

1986/87 579 468 808
C3.633 (5.10)

1901 /92 516 384 745
C4.100 C4.593

Svurce: CMIE: Basic Statistics Relating to Indian Econowmy, 1992,
1993 and 1994.

Table 2.9.5.3

Uttar Pradesh : AREA, PRODUCTION, AND YTFH.D OF PRINCIPAL CROPS
(Wheat), 1966/67 to 1991-,92.

Y ear AreaC* 000 hec3 Production(® 000tons) Yield(KXg/had

196667 4671 5332 1169
C36. 38) C46.80>

1971 /72 6046 7550 1249
(31.593 Ca8.5@m

1976/77 6624 8940 1350
C31.663 C30. 82)

1981/82 7772 12740 1640
C35.10 (34.04)

1986/87 8405 16236 1932
C36., 34> C36.633

1991 92 8626 20156 2337
C36.593

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.5.4

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
¢ Ground nut3, 1986,67 to 1991.,/02,

Year AreaC’" 000 hec) Production(® 000tons) Yield(Kg/had

1966/67 301 283 711
(S. 36) (6. 42)

1971X72 328 183 558
C4.37 €2.963

1976,77 389 233 599
CS.s2> C4.43D

1981 /82 261 254 973
(3.51) €3.52)

198687 123 111 002
€1.76> 1.89)

1991 782 159 115 826
€1.833 (1.63)

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.5.5

Uttar Pradesh : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CCotton3, 1966X67 to 1991,92.

Y ear AreaC * 000 hec) Production(’ 000tons) Yield(KXgshad

1986/67 62 31 82
CO. 793 CO. 593

197172 56 27 82
CO. 72> CO. 393

1976X77 23 14 104
0. 333 CO. 24>

198182 30 ee 125
Co. 373 CO0.283

1986/87 22 18 139
CO0.32) Co. 26>

1991 92 14 16 186
CO. 183 CO. 163

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.5.6

Uttar Pradesh : AREA, FRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Sugarcane), 1966,67 to 199192,

Y ear AreaC*® GO0 hec) Production(’® 000tons) Yield(Kg/had

1966/67 944 34787 35632
C41.03) (37. 48D

1971772 1274 49354 38739
(53. 31) C43. 46)

1976777 1456 65216 44791
C50.81) C42.62)

1981 /82 1652 76440 48271
(51.74> C41.02)

1986/87 1678 84736 50498
(54.50) f 45. 53)

1991 /792 1883 108433 57588
(49. 74 C43.50)

Source: OMTE Basic Statistics Relating to Indian Feconomy, 1992,
1993 and 1994.

Notable increase in Sugar cane area was noticed from944 T/he
in 1966/67 to 1883 Trhe in 1991,92. This is nearly equal to 41.03
% in 1966/67 to 49.74 % in 1991/92. A three fold increase took
place in production i.e 34787 T.t in 1866/67 to 108433 T.t in
1991 92, which is equal to 37.48 % in 1966,.67 to 43. SO % in
1991 .-92. Almost a double time Increase in yield was noticed from

33632 Kgrhe in 1966/67 to 57588 Kg-he in 1991 /92 respectively.

2.9.6 WEST BENGAL:

In case of West Bengal, as illustrated in tables 2.9.6.1 to

2.9.6.3 . the area under rice crop accounted for 4233 T/he in

188667, and increased to S681 T.hc in 199192, or equal to 12.00
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% in 1966/67 to 14.21 % in 1991 .,92. Contrary to this a two fold
increase in production took place from 5011 T.t in 1966/67 to
11786 T.t in 1991/,82. This is equal to 16.46 % in 1966,87 to 15.96
% in 1991 ,/092. In the same manner yield rate increased from 1076

Kg/he in 1866,87 to 2069 Kg/he in 1991/92 respectively.

Area sown for Wheat noticed a marginal change from 267 T/he
in 1966,.67. which was slightly raised to 269 T he in 189182, as
equal to 0.82 % in 10866/67 to 1.17 % in 1991/92. Tn case of
production it was 268 T.t in 1966/67, later raised to 830 T.t in
1991,92. This is equal to 0. 61 % in 1966,87 to 0.96 % in 1991.,.92.

With respect to yield, i.e 1022 Kg-he in 1986-67, which has

Table 2.9.6.1

West Bengal : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
CRice), 1966/67 to 1991/92.

Y ear Area(’ 000 hec) Product.ioC’® 000t ons) Yield(KXgshad

1966/67 4233 5011 1076
C12. 003 (16. 46>

1971 /72 4991 6508 1304
13.22) 1S.11D

1976/77 5205 5949 1143
C13. 52> €14.19

1981/82 5210 5833 1120
12.80 €10.95>

19086,87 5376 8463 1574
c13.06) (13.98>

1001 ro2 5681 11758 2069
(14.21) €15.963

Source: CMTE: Basic Statistics Relating to Indian Econony, 1992,
1993 and 1994.
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Table 2.9.8.2

west Bengal » AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Wheat), 18966/57 to 1891.,92,

Y ear Area(’® 000 hec) ProductionC * 000tons) Yield(Kg/ha)

1966/67 67 69 1022
cCo.s2> Co.61>

1971772 422 921 2183
2.20) €3. 493

1976/77 515 1051 2041
(2. 462> 3. 62>

1981/82 214 389 1818
CO. a7 C1.04)>

1986/87 398 683 1716
c€1.72> €1.54

1991 /02 269 530 1970
€1.17> €0. 963

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.6.3

West Bengal : AREA, PRODUCIION, AND YIELD OK PRINCIPAL CROPS
(Suyar cane), 196667 to 1 991,92,

Y ear AreaC® OO0 hec) Production(’®000tons) YieldCKg/had

1966/67 23 1071 41081
(1.00) Cl.15

1971772 34 1657 48735
(1.4 € 1.463

1976,77 30 i812 6400
C1.05) (1.18>

1981 /82 23 1411 61348
CO0.723 CO. 763

198687 13 757 58231
CO. 42 CO. 41O

1991 /02 12 - 859 70434
CO. 323 CO. 343

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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increased to 1870 Kg/he in 189192 respectively. The area under
sugar cane was completely neglected in Wet Bengal. It was 23 T/he
in 1966/67, that was later declined to 12 T. he in 1991982. This is
amost equal to 1.00 % in 1966-.67 to 0. 32 V. in 18991,92. The
production has also declined from 1071 T.t in 1966/67 to 859 T.t
in 189182, or froml.15 % in 1886687 to 0.34 % in 1891,82. On the
other hand yield rate? maintalned the growth from41081 Kg he in

1966,/67 to 70434 Kg/he in 199192 respectively.

2.9.7 ALL INDIA:

The tables 2.9.7.1 to 2.9.7.6 illustrates the nature of
cropping pattern in all India from 1966,.67 to 1991/92. The all
India level scenario showed t.hat. the area under rice accounted
35251 T/he in 196687, which was later increased to 42308 T/he in
1991,92. On the other hand production increased from 30438 T.t in
196687 to 73664 T.t in 1991.82. Whee as the yield rate recorded
863 Kg/he in 198667, has increased to 1741 Kg/he in 1991/92
respectively. However, whecat area which noticed 12838 T. he in
1968687, has Increased to 22080 T.he in 1891,092. A five fold
increase in production took place from 11393 T.t in 1966/67 to
S3087 T.t in 1991 -82. Where as a three time increase in yield was
witnessed from 887 Kg-/he in 1866,67 to 2397 Kghe in 189162

respectively.
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A decline in area under jowar Was noticed from 18054 T he in
106667 t0 12892 T/he in 199t,s2. Contrary to this production
noticed fluctuations, i.e o224 T.t in 1966/67. then raised to
jzosz T.t in 1e81.82, but later declined to 8357 T.t in 198192
Oh the other hand, yield level also noticed variations i.e S11
Kg/he in 1986-67, which raised up to 727 Kg/he in 198182, and
then declined to 576 Kg/he in 1gs8e-87, but increased again to 664
Kg/he in 199192 respectively. In case of cotton, th® area was
7836 T he in 1e88.67, and declined to 769S T.me in 199192
Interestingly, the production which was sges T. t in 1g86.867. has
increased to 9836 T. t in 1991,82. This increase in production took
pl ace due to stable yteld rate. Yield was recorded at 114 Kg/he in

1966867, later gone up to 217 Kg/he in 1991/ 92 respectively.

Table 2.9.7.1

AlLL. INDIA s AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Riced, 1966/67 to 18991,92.

Y ear Area(’® 000 hec) Production(® 000tons) Yield(Kg-had
1966/67 35251 30438 863
1971/72 37758 43068 1141
1976,77 38511 41917 1088
1981 /7872 40708 53248 1308
1986,87 41167 60S57 1471
1901 r92 42308 73664 1741

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.7.2

ALL INDIA t AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Wheat), 1966/67 to 199192,

Y ear AreaC '’ 000 hecd Production( " 000tons) Yield(Xg/had
loss 67 12838 113903 887
1971X72 19139 26410 1380
1976X77 20922 20010 1387
1981X82 22144 37452 1601
1086/87 23131 44323 1016
1001.,92 22980 55087 2397

Source: CMTE: Basic Statistics Relating to Indian Econuwy, 1992,
1993 and 1994.

Table 2.9.7.3

ALL INDIA : AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Jowar), 1966X67 to 1991,82.

Y ear AreaC® 000 hecd  ProductionC *000tons) Yi eldCKg-/had
1966/67 18054 9224 511
197172 16777 7722 460
1976X77 15772 10524 667
1981 /82 16599 12062 7e7
198687 15948 o185 576
190192 12592 8357 664

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.7. 4

ALL INDIA  AREA, PRODUCTION, AND YIELD OF
(Ground nut), 1966X67 to 1991 X92.

PRINCIPAL CROPS

Y ear AreaC * 000 heed Production( * 000t ons) Yield(Kgshad
1966/67 7299 4411 604
1973 /72 7510 6181 823
19768/77 7043 5264 747
198182 7429 ee3 972
1986/87 6982 5875 841
1991 7902 8672 7066 815

Source: CMIE: Basic Statistics Relating to Indian
1993 and 1994.

Table 2.9.7.5

ALL INDIA : AREA, PRODUCTION, AND YIELD OF
(Cottond, 1966/67 to 1991,92.

Econouny,

1992,

PRINCIPAL CROPS

Y ear AreaC'’ 000 hec) Production(® 000tons) Yield(Kg/had
1966X67 7836 5266 114
1971 /72 7800 6950 151
1976,77 688S 5839 144
198182 8057 7884 166
1988,/87 6948 BOOS 167
199192 7695 9836 217
Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,

1993 and 1994.
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Table 2.9.7.6

ALL INDIA 3 AREA, PRODUCTION, AND YIELD OF PRINCIPAL CROPS
(Sugarcane), 1866/67 (o 1991.,062.

Year AreaC’® Q00 hec) Production(®000tons) Yield(Kg/had
1966/67 2301 292826 40342
1971X72 2390 113570 47519
1976777 2866 153007 53387
1981 782 3193 186358 58365
1986/87 3079 186090 60438
1991/92 3786 249256 65836

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Sugar cane. experienced noticeable growth i.e 2301 T/he in
1966/87 to 3786 Trhe in 1991 /B2. A three fold increase in
production has recorded from 82826 T.t in 1966/67 to 249256 T.t in
1991 ,82. The yield structure also noticed positive trend namely

from 40342 Kg- he in 1866./B7to BS836 kg/he in 199192 respectively.

The compound growth rates of different crops grown in the
states showed interesting picture. Corpoud 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
growth rate {.e -0.3S % in 187172, and 1ater jinci couwed a the
rate of 2. 84 % Iin 1991 ,82. On the other hand production of rice

increased from 3.30 % in 1971/72 to 7.50 % in 1991.92. Whee as
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yield level has increased from3.S8 % in 197172, next in the
period a negative growth rates were experienced. in 1876-77,
198182, and 198687 respectively. The growth rate of jowar
area was .03 % in 1971/72, has decreased by later negative -4.06
V. in 1991.82. Production showed significant fluctuations. The
yield structure accounted negative growth rate i.e -0.48 % in the
bigining but overall ended up with an increase of 6.58 % in
1991 -92. Regarding wheat area shown has increased at rate of 10.07
% in 197172, later noticed negative growth rates of -5.03 and

-8.34 % in 198182 and 1986,87. Production increased at the rate

N

41.60 in 197172, and later increased at a decreasing rate of
14.87 % per annum in 199192, Memn while yield rate noticed a
22.14 % per avyum in 197172, with some fluctuations 1t finally

increased a 14.84 % per arum in 1991/92.

Ground nut area increased a a rate of 8.45 % pe arum in
187172 and 9.49 % in 1981.,92. Production raised at the rate of
P, B2 % per anum in 197172, 1 ater at the rate of 2.86 % in
1981..92. Yield rate which noticed 1.03 % per ayum in 197171, has
increased to 6.19 % per arum in 199182 respectively. Cotton area
accounted at the rate of 1.24 % per avyum in 197172, but later it
increased at rate of 10.87 % in 1991/92. The production
expuricnced 3.98 % pui annum in 1971/72. and later increased at
increasing rate of 10.65 % per ayum in 1991/92. Contrary to this,
rate of growth of vyield was 3.21 % pe avyum in 1871772, |later
increased a a rate of 3.89 % per aywum in 1991 -92. However, sugar

cane area witnessed 0.69 % per avum in 1871/72, has a substantial
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Table 2.9.1.7
ANDHRA PRADESH : GOMROUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS (Rice), 19606/67 to 1991/,02.

Year Area(® 000 hec) Product.ion(*® 000tons) Yield(Kg/had
1866/67
1971772 - 0. 3S 3.30 3.58
1976777 3. 23 0. 88 - 2.28
198182 1.41 9. 80 - 7.65
1986/87 -1.98 - 3.48 - 1.82
1991792 4.33 9.47 8.88

Source: CMIE: Basic Statistics Relating to Indian Econumy, 1992,
1993 and 1994.

Table 2.9.1.8

ANDHRA PRADESH : COMPOUND GROWIH RATES OF AREA, PRODUCTI ON, AND
YIELD OK PRI NCl PAL CROPS ( Jowar), 1U66/87 to 10991/92,

Y ear AreaC 000 heco) Product {onC* 000t ons) Yield(Kgshad
1966/67

1971 /772 2.03 1.09 -0. 48
1976/77 - 4.19 -1.34 2.97

1981 /82 1.82 4.61 2.93
1986/87 - 5.64 -5.71 - 0. 07
199102 - 4.06 0. 32 6.58

Source; CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.1.9

ANDHRA PRADESH : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS (Wheat), 1966-67 to 1901,92.

Year AreaC’® 000 hec) ProductionC * 000tons) Yield(Kg/ha)
1966/67
1971772 10.07 41.80 P2.14
1976777 0.93 4.19 3.02
1981 /82 - 5.03 - 3.28 2. 41
1986X87 - 8.34 -14. 59 - 9.61
1991 /792 0. 00 14.87 14.84

Source: CMIE: Basic Statistics 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 (Ground nut), 1966X67 to 1991.,92.

Year AreaC’® 000 hec) Production(’ 000tons) Yield(Kgshad
196667
1971 s72 8.45 2.82 1.03
1976/77 - 727 -1&.2e - 6.07
198182 6.66 19.77 12.27
1986/87 1.60 10.94 - 3.40
1991 /92 9. 49 2.86 6.19

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.1.11

ANDHRA PRADESH | COMPOUND GROWTH RATFS OF ARFA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS (Cottond, 1966,67 to 1991X92.

Y ear AreaC’® 000 hec) Production(* 000tons) Yield(Kgs/had
1966/67
1971772 1.24 3.98 3.21
1976/,77 - 7. 98 8. 32 11.59
1981 /82 10.43 20. 0O 9.11
1986/87 - 2.77 -1.69 1.15
1991 792 10.27 10.65 3.89

Source: CMIE: Basic Statistics 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 (Sugarcane), 196667 to 1991X92.

Year AroaC * 000 becd  Produc tlonl 000tons) YicldtKg/had
1966./67

197172 0. 69 3.76 2.99
1976/,77 4.17 - 0.58 -4.54

1981 /82 4.28 7.79 3.42
1986,37 - 5.18 - 7.2 - 2.46

1991 02 6.15 5.73 - 061

Sowce:CM1E: Basic Statistics Relating to Indian Econony, 1992,
1993 and 1994.
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rate of increase of 6.15 % per aryum in 1081,82. Production
noticed 3.76 % per axyum in 1971,72, and the final year growth
rate was 5.73 % per ayum in 199192, But the yield increased at
299 % in 1871/72, but ended up with a negative growth rate of
-0.61 % in 1991,92 respectively. The overall scenario show that
the yield structure, weas not maintatined at a steady rate over the
time period. The area irrigated under specific crops, due to this

product. 1on rate is also fluctuating over this time.

Area under Rice in Bihar, as stated in the tables 2.8.2.95 to
2.9.2.8; it was noticed a 1.08 %% per annum in 1871.72, and later
increased at a rate of5.41 % per avyum in 1991/92. On the other
hand production was 4.60 % por annum in 1971/72, and it further
increased at a rate? decreasing rate of 3.00 % per arum in
1991 .82. The yield rate also experienced 2.16 % pe ayun in
1971 77, and later increased a a rate of 4.76 % per arumn in
1991 /92. Regarding Jowar, negative growth rates were experienced
i.e -12.98 % in 197172, later growth rate was continued to be
negative -3.58 % per arnum in 1991/92. Production and yield was
also recorded negative growth rates namey -19.73 and -5.99 in

1971772 to -9.71 and -9. OS in 1991 /OR res<spertively.

Wheest area has increased at a rate of 7.02 % pet arnumnm in
197172, later it increased at a rate of 2.82 % in 1991.92.
Production has increased at a rate of 22.61 % in 197172, which

further increased at a rate of 10.06 % in 189192, even though
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there are some negative growth rates in between. However, yield
rate was jncreased at 17. Al % per annum in 197172, Yater raised
at a rate of B6.20 % per awnum in 1991/92. respectively. Area under
sugar cane increased at 5.S3 V. per anum in 1971,72, and it
further raised at a rate of 7.12 % in 1991,92. Production has
increased at 2.25 % per anum in 1971-72, later in the period it
Increased at a rate of 18.20 % per anum in 1991/92. Contrary to
this, yield rate showed a negative rate of growth at -1 .23 in
197171, but later it become positive rale at 13.67 V, per annum in

1991 /92 respectively.

Table 2.9.2.5

Bihar : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS (Rice), 1966/67 to 1991,92.

Y ear AreaC* OO0 hec) ProductionC® 000tons) Yield( Kgshad
1966/67
1971 X72 1.09 4. 60 2.16
1976/77 - 0.38 - 2.06 - 1.70
198182 0.22 - 2.18 - 2.39
198687 0.00 7.27 7.26
199192 541 3.0 4.76

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2.9.2.6

Bihar : COMRPOUND CGROWNTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS (Jowar), 1966/67 to 1991.,92.

Y ear Area(’ 000 hec) Production(®000tons) YieldCKg/ha>
10966/067
1971772 -12.95 -19.73 - 5.99
1976777 17.08 74.58 6.88
1981 /82 0.00 3.13 4.52
1986/87 -11.42 - 6.51 6.87

1991 792 - 3.58 -9.71 - 9.08

Source: CMIE Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.2.7

Bihay : CGOVFOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS (Wheat), 196667 to 189U1,92.

Y ear AreaC* OO0 hec> ProductionC * 000tuns) Yicld(Kgshad
1986/67
1971/72 7.02 22. 61 17. 41
1876,77 6.84 -0. 97 - 6.58
1981 /82 - 3.35 - 2.28 1.12
1986,87 2.33 5.38 2.97
1991 /92 2.92 10.06 6.20

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994,
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Table 2.9.2.8

Bihar : COMPOUND GROWIH RATES OK AREA, PRODUCIION, AND YJELD OF
PRINCIPAL CROPS (Sugarcane), 1866/67 to 1991.,02.

Year AreaC® o000 hec) Produrtion(® 000tons) Yield(Kg/had
1966/67
1971772 5.63 P.PS - 1.23
i 976,77 - 2.0 -1.33 -33.23
198182 -0.63 0. 02 0. 02
198687 -2.01 - 2.26 51 .44
1991 702 7.12 18.20 13.67

Source: CMTF: Basic Statistics Rel At ng to Tndian Fconomy, 1992,
1393 and 1994.

The tables 2.9.3.6 to 2.8.3.10 jllustrate the compound growth
rates of cropping pattern in Punjab agricullure, noticed positive
rate of growth in rice area i.e, 8.23 % per annum in 1871.,72,
andB. 04 % per annum 1in 1991 ,/97. Where as pi1oduction increased at
17.89 % per annum in 18971 .72, and further it increased at a rate
of 4.83 % per annum 1in 1991/82. On the other hand yield rate
increased at 9. 88 % per annum fn the boginnding, and ended up with
a growth rate of3.79 % in 1991 /92, A va under wheal accountoed 6. 6s
% per annum in 187172, which further lncreased at a rate of 4.69
% per annum {n 1 991 92, Mean while production increased at 27.12 %
in 187172, and later it inureascd at a rate of 56.84 X por anhum

In 1901928, Contrar>e to this, yield has noticed posibive growth
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rate of B.22 V. per anum in 197t1,.72 and 9.71 % in 199192

respectively.

The ground nut recorded negative growth rates, -2.75 and
-17.94 % per annum in 1971-72 and 199192 respectively. Production
has also experienced negative growth rates of -2.81 and -17.55 in
197172 and 199192 respectively. Whae as yield, showed a
positive growth rate of 1.2£ % per anum in 197172, but later
it experienced negative growth rates like -0.04 % per anum in
1g91-82. Regarding cotton, area sown increased at a rate of 3.76 %
per  anum in 1971,/72, which was further §nereased at a rate of
5.07 % per annum in 1991.82. Production noticed 6.64 % growth per

Table 2.9.3.6
Punjab : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF

PRINCIPAL CROPS (Rice), 1966,67 t0 18991,02.

Y ear AreaC « 00 hec) Production( ' 000tons) Yi € d¢ Kgshad
1966/67
1971/72 8.23 17.89 9.88
1976/77 17.34 13.61 4.79
1981/82 13. 51 16.62 2.74
1986/87 7.33 g.91 2.40

1991 02 6. 04 4.83 3.79

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2. 9.3,7

Punjab ¢ COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YTELD OF
PRINCIPAL CROPS (Wheat), 1966X67 to 1991.,92.

Year AreaC’® 000 hecd ProductionC * 000tons) Yield( Kgshad

1966/67

1971772 6.65 27,12 8.22
1976/77 2. 01 -14.42 0. 22
1981/82 2. 49 27.09 3.81
1986/87 1.80 .03 0. 23

1991 /792 4.69 6.84 9.71

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,

1993 and 1994.

| ablee 2.9.3.8

Punjab : COMPOUND GRONTH RATFS OF AREA, PRODUCTION, AND YTFILD OF
PRINCIPAL CROPS (Ground nut), 1986/67 to 199192,

Year Arcal 000 hec) Product iunt * 000t nns) Yicl dt Kgshad)
196607

1971 /72 - 2.78 - 2.81 1.22
1976/77 - 1.18 - 3.90 - 2.75
1981 /82 -10.92 - 9.71 1.34
198687 -14.11 -14.14 - 0.02

1991 ra2 -17.94 -17.SS - 0.04

Source: CMIE: Basic Stalistics Relating to Indian Econowmy, 1992,
1993 and 1994.
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Table 2.9.3.9

Punjab : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS (Cottond, 1966/67 to 1991.,82.

Y ear AreaC® 000 hec) Production(® 000tons) YicldCKg/had
1066/67
1971772 3-70 6.64 2.84
1976/77 3.24 2.03 -1.17
1981 /82 4.186 2.22 -1.85
1986/87 - 3.865 5. 89 9.92
1991 702 S.07 7.35 2.90

Source: CM1E: Basic Statistics Relating to Indian Economy, 1892,
1993 and 1994.

Table 2.9.3.10

Punjab : OCOMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD OF
PRINCIPAL CROPS (Sugarcane), 1966/67 to 199102,

Y ear AreaC'OOO hec) Production(’® 000tons) Yield(Kg-/ha >
1966/67

1971772 - 3.01 - 1.41 3.60
1976/77 1.87 8.54 6.55

1981 /82 - 1.27 O.16 1.45
1986/87 - 1.76 - 0.03 1.76
1991/92 S. 54 0. 05 0.55

Source: ¢cMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

anum in 197172, and later increased at a rate of 7.35 *% per

annum in 199192, On the other hand, yield rate was 2.84 % per
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arum in 1971772, and raised to 2. 90 % rate per avum in 199192

Sugar cane area showed a negative growth of - 3.0 % in 197172,
and later increased a a rate of 5.54 % per arnum  in
1981 /92. Production showed a negative growth of -1.41 54 in
1g7is72, later it has a positive rate of growth at 0. 05 % per
aonum in 1981-92. Yield also has a rate of growth of 3.80 V. in
1971 72, and later it increased at a rate of 0.85 % per annum in

1991/92 respectively.

As shown {n tables 2.9.4.6 to 2.9.4.10, Tamil Nadu
experienced positive growth in rice product fon, namely 2. 78 % per
aanum in 197172, but later a negative growth rate was noticed,
-1.45 % in 1991792, Here produc td a0 > fmgcaed gt 5,79 % in

197172, and later it increased at a rate of around 4.94 % per

Table 2.9.4.6

Tamil Nadu : GOMROUND GRONTH RATES OF AREA, FRODUCTION, AND YIELD
OF PRINCIPAL CROPS (Rice), 1966/67 to 1991792,

Year AreaC * 000 hec) Produrt.iont® OOCt vns) Yieldt Kgrhad
1966/67
1971772 2.78 5.79 5.63
1976,77 - 3.23 - 4.48 - 1.30
198182 1.55 5.87 4.26
1986,87 - 4.55 - 1.00 3.72
1981,92 - 1.45 4.94 5.63

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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apnum in 19997 The rate of growth for yield was 5. 63 % per
annum in 1971772, and lalor it woinbtoined o wimilar gt owlh 1 ate of
5.2 % in 1991 702 respectively. However, Jowar accounted negative
growths of -0.39 % in 197172, and again a negattive growth rate of
-23.29 % in 199192, Mean while pioduction showed neyative growth
-0.83 % in 1971/72, and was later it become positive at 0.36 % in
1991-82. Yield rate also noticed negative growth rate of -0.RP2 %
in 1971772, lator it wilnewwed a positive g owth 1 ate of 6. 08 %

per annum.

Area under y!ound nut increased at the rate ot b. 72 'A per
annum  iN 1Q371.°78,  and Yol i inctcasedd U a ratoc of 4.18V.
perannum in 1991,92. Production also noticed a growth rate of 9.17
% in 197172, and it increased at a rate? of 3. 06 % per annum in
1991782, Yicld 1 ate was revaswnable at 3.82 % per annum in 197172,
and lates it incrcased at a 1 ate of 1.99 % poei annum. Cotton crop
experlenced negalive gr owlh rate of SO % in 1971072, later
breetme  posttive a  I8B1 % per annum in 19 Q2. Where as
production increased a a rate of 2. 683 % in 1971 /72 anti B 24 % per
anum in 199192 Yield rate was prsitive at 595 % 1n 197172,
and it was 13.27 % per annum in 1891.92. Area under sugar cane,
increased at a rate of1.80 % per anum in 1971/72, and later it,
increased at a rate of 4. 13 % per annum in 1991 .92. Production
not i ced a2 growth rate of 3.71 % per annim in 1971 72, and 1.82 %
per annum in 1 991 /97 respectively. The rate of growth of yleld was
1.26 % per annum in 197172, which has expurfciced o ncgative

growth rate of -1.73 % per anum in 1991/92.
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Table 2.9.4.7
Tamil Nadu : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD

oF PRINCIPAL CROPS ( Jowar), 196667 to 1991.,92.

year Ar eaC « 000 hec) FroductionC’® 000tons) Yield(Kg/had
196667
1971772 - 0. 39 - 0.23 - 0. 22
1976/77 3.27 9. 02 5.58

1981 /82 - 4.50 - 7.60 - 3.26
198687 1.76 4.30 2.850

1901 702 -23. 29 0. 36 6.08

SourceeCMTE: Basir. Statistics Relating to Indian FEconomy, 1992,
1993 and 1994.

Table 2.9.4.8

Tamil Nadu : COMPOUND GROWIH RATES OF AREA, FPRODUCILION, AND YIELD
OF PRINCIPAL CROPS (Ground nut), 1966-/67 to 1991-,902,

Y ear AreaC* 000 hecd Productiont * 000t ons) Yield(Kg-had
1966/67

197172 5.72 9.17 3.82
1976-,77 - 4. 44 - 9.22 -5. 3

1981 /82 2. 62 9.54 6.74
198687 - 2.40 - 2.46 - 0. GG

1991 92 4.18 3. 06 1.99

Source: CMTE: Basic Statistics Relating to Indian Foonomy, 1992,
1993 and 1994.
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Table P.9. 4.9

Tamil Nadu : COMPOUND GROWTH RA1ES OF ARFA, PRODUCTION, AND YIELD
OF PRINCIPAI CROPS C Cotton), 196667 to 1991 /G2,

Y ear AreaC* 000 hecd Productiont ®000tons) Yield(Kgshad
1966/67
1971772 - 0.75 2. 63 5.95
1976777 - 5.17 - 3.27 2.07
1981 7132 0. 00 - 4. 39 - 4.42
1986/87 - 0.17 0. 00 0.20
1991/92 3.81 8.24 13.27

Sowce: CM1E: Basir: Statistics Relaling to Indian Ecouaowy, 1002,
1093 and 1994.

Table 2.9.4.10

Tamil Nadu : COMPOUND GROWTH RATFS OF ARFA, PRODUCTION, AND YTFLD
OF PRINCIPAL CROPS (Sugarcane), 196667 to 1991/92.

Y ear AreaC A0 hec) ProductionC’®000tons) Yield(Kgs/ha:>
196867
197172 1.80 3.71 1.26
1976,77 5.79 8. 16 2.24
1981 /82 5.34 7.24 1.81
198687 - 0.50 1.35 1.86
1991 ,92 4.73 38.21 35.40

Sow L CM] E: Basi € StatistJes Relating to Indian  Ecuonowy, 1992,
1993 and 1994.
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Area under rice in Uttar Pradesh, as iflluslrated in tables
2.8.S.7 to 2.9.S. 12, accounted a growth rate of 0. 23 V. per annum
in 1971/72, and the growth rate {n 1991 /02 was P. 28 % per anum.
Contrary to this production recorded of 4.63 % per aryumn in
1971772, the rate of increase in 199192 was8.06 % per arum. It
is important to that the yield showed 2.13 % rate of growth in
1971772 and 8.22 % per arum in 1881-,-82. Jowar area witnessed
negative growth rate of -6.86 Iin 1971,.72, ad ended up with
negative growth rate of -1.31 % 1n 199192, Production noticed
negative growth rate of -11.88 ((n 1971/72, which has become
positive at a rate of 2.17 % per aryum in 1991/92. Yield rate
also witnessed negative growth rate in the beginning -6.39 % in

197172, but increased at a rate of 5.12 % per annum in 199192

respectively.
Compound growth rates of area , production, and yield of
wheat crop in the state not teed post Il VP grovwt h rates of5.30,

7.20, and 1.33 % per ayum in 197172 respectively, and later the
area and production increased at a rate of 1.40 % and 4.50 % per
arum, where as yield increased at a rate of 8.27 % per arum in
1891,82. Ground nut noticed fluctuations in growth rate namey
negative at in the beginning of at -3.45 % in 1971,/72, and later
Increased at a rate of 527 % per annum in 199182, Production
experienced negative yr owth rates of -8.33 % in 197172, and later
2 modest growth rate of 0. 71 % in 1991,92. The yield rate was
hegalive through out the observation period of 4.70 *% in

1871 ,72, and -1.74 in 1991 /92 respectively.
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The cotton crop witnessed negative growth rate of -2.01fc
per aanum in 197172, and -2.89 % per ahnum in 1991/92. Production
recorded negative growth rate of -2.72 % in 187172, but
laterthere was no change in 1g9i.,82. Yield rate experienced
negative rate of -0.07 in 1971,72, but later it increased at a
rate of .56 % per annum in 1991/92 respectively. Sugar cane
noticed almost positive growth in case of area, production, and
yleld. The area growth was fi.18 % per anum in 197172, which
increased to 2.80 % in 199192, production witnessed 7.25 % per
anum in 197172, which raised at increasing rate i .eft. 21 % per

anum in 199192, A five Limm increase in yleld took place i.e

Table 2.9.5.7

Uttar Pradesh : COMPOUND GRONTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS (Rice), 1966-67 to 1991.,/92.

Year AreaC* 000 hecd Production(®000tons) Yield(Kgshad
1966/ 67

1971772 0. 23 4.63 2.13
197677 - 0. 29 2.58 2.88

1981 /82 2.98 6. 57 3.50
1886/87 0. 56 4.95 4.35

1901 ,92 2.28 8. 06 8.22

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.
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Table 2. 0.5.8
uttar Pradesh : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND

YIELD OF PRINCIPAL CROPS (Jowar), 1966,/67 to 1091.,/92.

Y ear Al eaC * 000 hee)d Pr oductiont ® 000tons) YiecldCKgshad
1966/67
1971rs72 - 6.86 -11.96 - 6.37
1976777 .51 16.2725 13.39
198182 - 0.49 4.56 S. 09
198687 -3.34 - .00 - 1.74
1991 /92 - 1.31 2.17 5.12

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1093 andd 1994,

Table 2.9.5.9

Ultar Pradosh @ COMPOUND GROWIN RAJES O ARLA, PRODULI1ON, AND
YIELLD OF PRTINCIPA!I CROPS (Wheat), 1 9RB/67 to 199192,

Y ear Areat® 000 hec) Productiiont ® 000tons) YieldCKgs/had
1966/67
1971 772 5.30 7.20 1.33
1976/,77 1.84 3.44 1.57
1981 /82 3.25 7.36 3.97
198687 1.58 4.95 3.33
1991 rg2 1.40 4.50 8.27

Souice; CM1E: Basic Statistics Relating to Indian  Econowy, 1992,
1993 and 1994.
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Table 2.9.5.10

Uttar Pradesh : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OK PRINCIPAL CROPS € Ground nut)>, 1966-67 to 1991.,92.

Y ear AreaC + Q00 hecd Production(® 000tons) YieldtKgsha)
1966767
1971 X72 - 3.4S5 - 8.35 - 4.70
1976/77 3.47 4.95 7.35
198182 - 7.67 1.74 10.19
1986/87  -13.97 -15. 26 - 1.50
1991 702 5.27 0.71 -1.74

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.5.11

Uttar Pradesh : GOVMIFOUND GROWNTH RATES OF AREA, PRODUCIION, AND
YIELD OF PRINCIPAL CROPS (Cottomnd, 1966-/67 to 1901.,02.

Year AreaC’® 000 hec) Product.ion( '’ 000tons) Yield(Kgrsha)d
1966/67
1971772 -2.01 - .72 - 0. 07
1976/77 -16.30 -12.31 4.87
1981 /82 5.46 9.46 3.75
1986X87 - 6.02 - 3.93 2.18
1991 92 - 2.89 0. 00 6.56

Source: CMIE: Basic Statistics Relating to Indian Fronomy, 1007,
1993 and 1994.

108



Table 2.9.5.12

Uttar Pradesh : CGOMPOUND GROWNTH RATES OF AREA, PRODUCTION, AND
YIELLD OF PRINCIPAL CROPS (Sugarcane), 1966/67 to 1991.,92.

Y ear Product.ion( * 000t.ons) Yiel d{ Kg/had
196B/67
1971rs72 6.18 7.25 1.69
1976/77 2.71 5.73 2.95
198182 2.56 3.23 0.65
Jogs 87 0.31 2.05 1.76
1991 /92 2.80 821 6.09

Source: CMIE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

from a annual growth rate of 1.69 % per avum in 187172 to 6.089
% per arum in 199192 respectively. It was observed that, yield

rate has not. shown an even growth rate over the period of ti me. At

Lhe wane Lime production oluo npoticing fluctuatlons in the time
period.
Compound growth rates of ocroppling pattern in West Rengal s

shown in tables 2.9.6.4 to 2.9.6.6. The area under rice crop in
West Benga increased at a rate of 3.35 % per awnum in 1971/72,
later it raised at a rate of 2.26 % in 1991,92. Production noticed
a2 growth rate of S.37 % per anum in 197172, and increased at a
rate of $.82 % per aanum in 1991,82. The Yield rate also noticed

3.92 % por annum in 197172, which 1 aised ol 5. 15 ¥ an
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Table 2.8.86. 4
West Bengal : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD

OF PRINCIPAL CROPS (Rice), 1966/67 to 1991.,92.

Y ear AreaC * Q00 hec) Production(® 000tons) Yield(Kgsha)
1966/67
1971 /72 3.35 5.37 3.92
1976777 0. 84 - 1.78 - 2.60
1981 782 0.02 -0. 39 - 041
1986/87 0.00 7.73 7.4
1991792 2.26 5.82 5.15

Source: CMIE: Basic Statistics Relating to Indian Econony, 1992,
1993 and 1994.

Table 2.9.6.5
West Bengal : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD

OF PRINCIPAL CROPS C(Wheat), 1966/67 t0 1991.,92.

Y ear AreaC 000 her") Productlont® 000ton<) Yie) AC Kgshad
1966X67
1071,72 44,91 67.91 16.39
1976/,77 4.08 2.68 - 1.3
198182 ~-16.11 -18.02 - 229
1986/87 13.21 11.92 - 1.15
1991 g2 - 6.6 -4.38 5.35

Source: CMTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 18994.
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Table 2.9.868.86

West Bengal : COMPOUND GROWTH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS (Sugarcane), 1966/67 to 1991/92.

Year AreaC®>000 hec) Producti on( * 000t.ons) Yield(Kg/had
1966/67

1971772 B.13 .12 3.48
1978777 - P..47 1.80 4.38

1981 782 -5.18 - 4.88 0.31
lgs6,87 =-10.78 -11.71 - 1.04

1991 /92 4.24 6.46 5.82

Source: CMIE: Basic Statistics Relating to Tndian Economy, 1992,
1993 and 1994.

negative growth rate of -6.61 % per annum in 1991.82. Production
was at a rate of 27.91 % in 187172, was |later witnessed negative
growth rate of -4.38 % in 1991,92. Yield per hectare increased at
a rate of 16.39 % per anum in 197172, and later it increased at
arate of 5.35 % per anum in 1991/92 respectively. The area for
sugar cane noticed a yrowth rate of 8.13 % per anum in 197172,
which raised at a rate of 4.24 % per annum in 189182, Production
growth rate was 9.12 % per aanum in 197172, and it was &.46 % per
per anum in 1991.-92. Yield growth rate was 3.48 % per anum in

197172, and S. 82 % per annum in 199192 respectively.
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On all |ndia level, as stated in the tables 2.8.7.7 to
2.8.7.12, rice area increased at 1.39 % in 197172, later it
increased at a rate of 1.00% per anum in 1991 92. Production
growth rate wes at 7.18 V. per anum in 197172, later increased at
a rate of 4.57 Y%per annum in 1991.92. Yield growth rate was at
S. 74 % in 197172, later it increased at a rate of 4.83 V. per
arum in 1981/82. Area under wheat increased at a rate of 8.31 %
in 197172, and later a negative gi owth was= recorded at -0.13 %
por annum in 1991 92, Produrction noticed a 18.31 % growth rate
in 197172, was later it increased at a rate of 4.44 V. in 199132
respectively. Yield growth rate raised was9. 24 % in 187172, which

increased at a rate of 4.88 % in 1891 .92 respectively.

Jowar area, production, and yield showed amost negative
growth rates of -1.46, -3.49, and -2.08 % in 1971,72
respectively. They later continued the negative growth rate of
-4.62, -1.87, and a positive growth of ft. 88 % for yield in
1991 ,92. Ground Nut crop area increased a. a rate of 0. 51 % per
arum in 197172, was later the growth rate was4.43 % por annum in
1991,92. Production accounted for 6.98 % growth rate per arum
in 197172, later increased at a rate of 3.76 % per arum in
1991/92. The Yield component noticed a growth rate of 6. 38 % per
arum in 197172, and Jater a negative of -0.63 % in 199192
respectl vely. Consider ing arca under cotlon a neygali ve gr owth of
-0.09 % per anum was noticed in 197071, and an increased growth
rate of 2. 08 % in 1981.,92. The rate of growth in production was at

570 % in 197172, axd later it wax at 7.33 % per annum in

112



Table 2.9.7.7
ALL INDIA t COMPOUND GrROwIH RATES OF AREA, PRODUCTION, AND
YIELD OF PRINCIPAL CROPS CRice), 1966,67 t0 1991.,02.

Y ear ArealC* 000 hec) Production(* 000tons) Yield(Kgs/had
1966/67
1971772 1.39 7.18 5.74
1976/77 0.39 -0. 54 -0.94
1981 /82 1.11 4.90 3.75
1986/87 O. 22 2.60 2.37
1991792 1.00 4.57 4.83

SourcesOMTE Basic Statistics 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 (wWheat), 1966/67 to 19901/02.

Y ear Area( * 000 hec) ProductionC’® 000tons) Yield(Kgshad
1966/67
197172 8.31 18.31 9.24
1976,77 1.80 1.90 0.10
198182 2.96 5.24 4.04
198687 0. 88 3.43 2.53
1991 r92 1.506 5.05 4.56

Source: OMTE Basic Statistics Relating to ITndian Economy, 1992,
1993 and 1994.
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Table 2.8.7.9

ALL INDIA : COMPOUND GROWNTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS (Jowar), 1966,67 to 1991.,92.

Year AreaC’® 000 hec) Production(*000tons) Yield(Xg/ha: >
1966/67
1971/ 72 - 1. 48 - 3.49 - 2. 08
1976777 - 1.23 6. 39 7.71
1981/ 82 1.8 2.77 1.74
1986/87 - 0.80 - 5. 30 - 4.55
1991 /,92 - 0.34 6.92 9.75

Source: CMYTE: Basic Statistics Relating to Indian Economy, 1992,
1993 and 1994.

Table 2.9.7.10

ALL INDIA : COMPOUND GROWI'H RATLL: Ol AREA, PRODUCI1ON, AND YTELD
OF PRINCIPAL CROPS (Ground nut), 1966/67 to 1991/92.

Year Ar eaCOOO hec) Product.ionC " 000tons) Y el ACKgs/had
1966/67
1971/ 72 0.57 6.98 6.38
1976/ 77 - 1.27 - 3.16 - 1.92
198182 1.07 6.53 5.41
1986,87 _ 1 23 - 4.05 - 2.85
1991 s92 S. 70 5.95 3.73

Sow ce: CMIE: Basic Statistics Relating to Indian Econowmy, 1992,
1993 and 1994.
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Tabl e 2.9.7.11

All. INDIA : COVPOUND GROWIH RATES OF AREA, PRODUCTI ON, AND YIELD
OF PRI NCI PAL CROPS (Cotton>, 1966/67 to 1991/02.

Year Area(* 000 hec) ProductionC® 000tons) Yield(Kgshad
106B6/67
1971rs72 - 0. 09 5.70 S.78
1976/77 - 2.46 - 3.42 - 0.94
1081 /82 3.19 6.19 2.88
1986/87 - 2.92 - 2.62 0. 35
199182 4.10 7.90 12.01

Source: OMTE Basic Stall stics Relati ng to Indian Economy, 1992,
1993 and 1994.

Table 2.9.7.12

ALIL INDIA : COMROUND GROWTH RATES OF AREA, PRODUCTION, AND YIELD
OF PRINCIPAL CROPS (Sugarcane), 1966/67 to 1991/92.

Y ear Ar fia* OO0 hec) Production( * 000t ons) Yield(Kgshad
1966/67
1971772 0.76 4.12 3.33
1976/77 3.70 6. 14 2.36

1981 /82 2.19 4.02 1.80
1986/87 - 0.73 - 0.03 0.70

1991 192 6. 01 7.83 2.46

Source: QM1 E: Racir Statistics Relating to Tndian Economy, 1992,
1993 and 1994.
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1991,92. The Yield growth rate was at .78 % per annum in 197172,
and later it increased at a rate of 85.38 % per anum in 1991./82.
The Area under sugar cane raised at a 1 ate of O. 76 % por annum in
1971772, later it recorded a growth rate of 4.22 % per annum in
1991 ,82. Production raised at 4.12 % per annum in 18971,72, and
later increased at a rate of 6.02 % per annum in 1991/92. The
Yield showed a growth rate of 3.33 % per annum in 197172, and the

growth rate was 1.72 % per annum in 1991/92 respectively.

2.10 INDEX NUMBERS OF AREA, PRODUCTION, AND YIELD OF PRINCIPAL

CROPS

Considering indexes of area, production, and yield of
selected principal crops are very mudh essential to identify the
performance of crops in Indian agriculture. This section will deal
with the indices of selected crops from 18966.67 to 1891.92. With
regards to rice crop, Lthe wrwva index CAD weas 95.2 in 1968667, and
later 11 inoroased to 11R 1 by 1991 282 wheg o o the production
index (P> raised from 77.8 in 1860,67 to 157.3 in 1991/92.
However, yield index (Y¥>, raised from 81.7 in 1866.67, to 142.8 in

1991/92 respectively.

With respect to wheat, area index increased from 80.9 in
19866,67, to 156.7 in 199192, similarly the production index
raised from 63.2 in 196667 to 291 .3 in 1991,92. The yleld 1index

rate was at 78.1 in 1966,87, and later increased to 177.4 in
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Tabl .10.1
ALL INDIA INDEX NUMBERS OF AREA, PRODUCTION AND YIELD OF PRINCIPAL
CROPS, FROM 1966,67 TO 1991/92.
C Base Year: 1969-70 = 100 )

Year
——  Wtry 1966/67 1971772 1976,/77 19B1,82 1986-,87 1991,92
Crop
Rice A 95. 2 102.0 104.1 110.1 111.4 118B.7
P 33.98 77.8 110.2 107.2 136.2 155.3 167.3
¥ B81.7 108.0 103.0 123.7 1390.4 142.8
wheat A B80.9 120.6 131.7 139. 4 145.0 156.7
P 12.16 ©63.2 146. 4 160.8 207. 4 245. 5 2o01.3
4 78.1 121.4 12e.1 148.8B 168.6 177.4
Jowar A g7.2 90.2 B4.B BA.2 85.7 01.3
P 4.86 93.5 78.3 106.6 122.2 83.1 101.4
Y g6. 2 BG. B 125.7 137.0 108B.6 120.6
G.Nut A 100.6 103.5 a7.0 102.3 96. 2 104.7
P 4.8B2 BS5.4 119.7 102.0 140.0 113.9 121.7
Y B4.9 115.7 105.2 139.9 11B. 4 125.6
S.Cane A 94.2 7.9 119.0 132.4 127.6 138.7
P 7.0 78B.3 95. 4 130.0 156.3 156.0 168. 4
Y B83.1 Q7.4 109.2 118.1 122.3 132.4
Cotton A 100.8 100.4 88.5 103.5 B9. 2 93. 4
P 3.01 94.1 ig4.2 104. 72 140.7 123.2 131.4
Y 93. 4 123.7 117.7 135.9 138.2 145.7

Source: H. L. Chandhok and The Policy Group: Indian Data Baue: The
Economy, Vol.1, 1990.

1991782 respectively. On the other hand Jowar area index raised
from 87.2 in 1868667, but later declined to 91.3 in 1891,82. The
production index for cotton wes 83.5 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 19891/92, i.e
86.2 in 198667, 125.7 in 197677, 108.6 in 1986/87, was later

increaved to120. 6 in 1891 /A2 respect.ively.
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Area index of ground nut raised from 100.6 !n 1966.87 to
104.7 in 1991/92. Production index was also showed positive growth
from 85.4 in 1866/67 to 121.7 in 1991-92. However, the yield index
recorded 84.9 in 196667, and later raised to 125.6 in 199192
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 1986,.67, to 1324 in
1991 /92 respectively. However, cotton arpa index rermrded 1 00 R in
1966,67, it later declined to 93.4 in 1991,/92 Tnterestingly
production index showed a positive trend i.e the i{index increased
from 94.1 in 186667 to 131.4 in 1991,.92. On the other hand yield
index witnessed improvement from 93.4 in 1886/67 to 145.7 in

1991/92 respectively.

Compoud growth rates of rice crop index w.r.t, area,
production, and yield showed interesting picture. The area index
of rice increased at a rate of 1.39 % in 18971/72, the later growth
rate was 1.28 % per anum in 1891 .,92. Produrtion index raised at a
rate of 7.P1 % in 197172, and the growth rate waet SO % per anum
in 1991 ,92. However, yield index accounted 5.74 % growth rate per
arum jn the beginning of 197172, which raiued later at a rate
of 048 % pe anum in 1991 .92 Wheat area index increased at the
rate of 831 % per anum in 187172 and 156 % per arnum in
1891 82. Notably production index recorded a hiygh growth rate of
1829 % in 197172, but the rate of gy owth was only3.48 % in

1991 /92 respectively. The yield 1ndex alsno raised at a rate of
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Table 2.10.2
COMROUND GROWIH RAVES OK ALL INDIA 1INDLX NUMBLR:s OF AREA,

PRODUCTION AND YTFLD OF PRINCIPAL CROPS, FROM 1986,.67 TO 1991.,92.
C Base Year: 1969-70 - 100 >

Year
Wtry 196667 197172 1976777 198182 1986,.87 199192
Crop
Rice A - 1.39 0. 41 1.13 0.23 1.28
P 33.98 - 7.71 -0.55 4.90 7. 66 1.50
b | - 5.74 -0. 904 3.73 2. 42 0. 48
Wheat A - B.31 1.78 1.14 0.79 1.56
P 12.106 - 18.29 1.90 S.22 3. 43 3.48B
Y - a.722 0.11 4.04 .53 1.02
Jowar A - -1.48 -1.7~3 1.02 -0. B0 1.27
P 4.86 - -3, 49 6,37 2. 77 -5. 29 1.72
Y - -2.04 7.69 1.74 -4.54 2.12
G.Nut A - 0.57 -1.29 1.07 -1.22 1.71
P 4.82 - 6. 99 -3.185 6.54 -4, 04 1.42
Y - 6. 39 -1.88 5.87 -3.28 1.19
5. Cane A - 0.77 3. 98 2.16 -0.74 1.68
P 7.01 - 4.03 6. 38 3.75 -0.04 1.54
Y - 3.23 2.31 1.58 0.70 1.60
Cotton A ks -0. 08 -2. 49 3.18 -2.93 0.92
P 3.01 - 5,71 -3.45 6.19 -2.62 1.30
b - 5.78 -0.99 2.92 0.34 1.06

Source: H. L. Chandhok and The Policy Group: Indian Data Base: The
Economy, Vol.1, 1990.

9.2 % per anum Iin 1971,72, but this rate of growth decreased
Lol. 02 % pra anpum dn 191 OE g aeaee Llvieely Voot arca lndex
expressed negative growth rate of 1.41 % per annum in 18971/72,
but. Tatter Improved at a5 ate of growth of 1 .27 % pea annum in
1891 /82. Production and yield indices also experienced negative
g1 owlth rate of -3.49 ad -2.04 per avum in 197172, but later
“he growth rates were positive at 1.72 % and 2.12 % per ayum in

POl FO2r espect.i vely.
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Area index for ground nut, was 0. 77 5 growth 1 atce per annum
in 197172, it was increased to a growth rate of 1.71 54 per annum
in 199192, Production index noticed a rate of growth of 6.99 54
in 197172, and gone up to a rate of growth of 1.42 54 per annum in
1991 -9”. The yleld index also inacreased at a rate of 6.39 % per
annum §in 197172, laler the rate of ino cane was only 1.19 % per
annum in 1991.-92. Regarding sugar cane, area index showed a growth
rate of 0. 77 54 per annum in 1971 /72, and the growth rate was 1.68
% in 1991 792, The production raised at. a rate of 4.03 % per annum
in 1971772, cven though this rate has come down to 1.54*; per annum
in 1991 /82, The yield lndex rajsed at. 3.23 % por annumn in 197172
and at1.60 *% rate per annum in 193192 respectively. The area
1 ndex under cotton exper | enc. el negatldvegrowth rate of -0, OS % per
anum in 1971-72, this has slightly improved to a growth rate of
0.92 % per annum in 1991/92. The production index showed positive
mobility at rate of S.71 % per annum in 1871-72, and its decreased
to 1.30 54 per annum in 1891 .82, Howoever, yield index jnor cased at
6.78 % por annum in 197172, but it inciceawed at Aderreasing rate

of 1.06 54 per annum in 1991/92 respectively.

2.11 INDEX NUMBERS OF NET AREA SOWN, CROPPING INTENSITY, CROPPING

PATTERN, AND PRODUCTIVITY(YTELDD:

Index's of net area sown in all Tndia showed an {ndex of 99.0
in 1966857, which has raised to 112.4 in 199192, Thr cropping
intensity index was 97.0 in 196667, and it later raised to 115.7

in 189192, Croppiny paltern index increased f1om 98.5 in 1896667
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to 11681 in 199192 On the other hand productivity index
jndicated a rise from81.%5 in 196667, to 171.7 {in 1991902

respectively.

Table 2. 11.1

ALL INDIA INDEX NUMBERS OF NET AREA SOWN, CROPPING INTENSITY,
CROPPING PATTERN AND PRODUCTIV1TY PER HECTARE OF THE NET AREA
SOWN.

C Base Year: 1969-70 - 100 D)

Year |—— 1966,.67 1971,72 1976,77 198B1/82 198687 199192
Item
Net Area Sown 99.0 101.1 101.2 102.3 104.5 112. 4
C==2 (0. 42) C0.02> C0.22) C0. 43> €1.47)
Cropping a7.0 100.8 102.0 105.7 106.2 115.7
Intensity L= C0.77d C0.240 C0.71) C0. 09D €1.732
Cropping 88.5 101.5 103.4 105.2 108.3 116.8
Pattern C==d € 0.60) C0.37)> €0.3%) €0.58) €1.52)
Productivity 8.8 110.0 114.9 139.8 158.9 171. 7
Per hectare of (--) (6.18) C0.88) C4.00) 2. 60D (1.56)

Net Area Sown

Source: H. L. Chandhok and The Policy Group: Indian Data Base: The
Economy, VYol.1, 1990

Counsidering the compound growth rates, the net area sown
index increased at a growth rate of 0. 4£ % per annum in 1971/72 to
1.47 % growth per annum in 1 991,92 Cr opp i nNg intensity index
raised up from a growth rate of 0.71 % per anum in 197172 to
1.73 % per annum in 1991/92. Cropping pattern index had a growth
rate of 0. DO % per aonum in 1971,72 and it is gone up to 1.52 %
per annum in 199192 respectively. Mean while productivity index
(yteldd raised at a rate of growth of fi. 18 % in 197172, and later

the rate of growth was 1.56 % per annum in 1899192 rospoctively.
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2.12 AVERAGE ANNUAL RAIN FALL IN INDIA AND SELECTED STATES:

Rain fall is one of the foremost important deterministic
factor 3n agriculture production, which decides the growth
peformance of agriculture over a period of time. There were
several draught years noticed in Indian agriculture, due to lack
of sufficient rain fall. Often Indian agriculture experience
declining in cropping intensity and yield levels. Neverthel ess
rainfall does have a control on agriculture production in recent
years. The water level has been declining in scveral states, due
tO unfavorable monsoon conditions, and over explottation of water
for we crops such as rice, sugar cane etc. Thus, the present
seclion deals with the nature Of rainfal] <t ustion in all India

and selected states from 1 966,67 tO 1 981 /92 respectively.

Consl dun 1 ng Andhra Pradesh, the average rain £ al 1 accounted
832 mm in 196667, Which has derlined to 839 nm 1n 19 g2, Whae
as Bihar expor lenced a raise in rainfall from 805 mm in 186667 to
1017 mm in 21991,92. Contrary to this Punjab wcenario is quite
interesting. Here the rainrall fall from$518 nn in 1966/67 to 418
mm in 1991/92. Tamil Nadu exper ienced di aslic decline iN aver age
rainfall namdy 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 increaved from 788 mm in 1986/-.67 to1158 mm in
1986,87, but. later declined to 878 MM in 1991 .,92. West Bengd
aceounted 1667 mw N 1980607, Lhen 1aiwced tO 2833 m  in 197172,
but. later declined tO 1273 mm in 1976/77, and again raised to 2335

mm in 198182, then dec)ined o 1508 MM in 1991792 respectively.
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Table 2.12.1

Average Annual Rainfall in India, from 1966,67 to 1941./92.
CMji 11imeters),

et

States 1966,67 1971/72 1976/77 198B1/82 1986/,87 1991,92
Andhra 882 741 a45 959 B43 B39
Pradesh C==) C=-1.8B7) 4, 98) 0. 29 =2.5%) -0.10)
Bihar B80S 1796 1271 1324 1294 1017
C-=) (17.41> (-6.68) C0.B2) (-0.42) (-4.70)
Punjab 518 647 764 533 660 418
C=-=) 4. 55) (3.38) (-6.95) C4.37) (=-B.73)
Tami 1l 1155 1034 881 1087 BAO 362
Nadu C==) C=-2.19) (-3.1%) c4.29 C=-5.03) (-15.50)
Uttar )
Pradesh 799 1274 850 1054 1158 a7g9
C=-=) (9.78) (-7.78) C4.40) (1.90) (-3.30)
West
Bengal 1667 2533 1273 ~2335 2001 1508
C-=2 (B.73) (=-12.8B6) (12.90) (=-2.18) (=-6.33)
All Tndia a71 1337 a77 17215 1147 B53

2 C==2 (6.61) (~6.0B) (4.46) (-1.,15 (-5.75)

—— e e T e T e R ——

Source: Statistical Abstlract of India,Various issues 1966 to 1991,
Agricultural Statistics at Glance, 1992 and 1994.

().Figures in the brackets indicates compound growth rates.

All India picture showed wide fluctuations in rainfall. At
all India level the average rainfall was971 mm in 196687, it
raised to 1337 mm in 187172, later declined to 971 mm in 197677,
then increased again to 1215 mm in 198182, and again declined to
853 mm in i1g91,92. The overall picture indicates that, the rain
fall situation frn compdetody vl ati Yoy not ond, in owvir Al India
but also with respect to individual states. This ia the prime
cause for declining output over a period of time in Indian
agriculture. Which implied that favorable rainfall is very much
essent.ial tO meet the necessary water requirement in agriculture

Sector producing more food and non-food grains.

123



On the other hand the compound growth rates of average
rainfall, showed that there is negative growth rate of -1.87 % in
1871772 1in Andhra Pradesh, and also in the final year of
study-0.10 % in 1991.82. Bihar experienced an increasing in
rainfall growth rate of 17.41 % pcr annum in 1971772, but later it

was negative -4.70 % per annum in 1991 .92,

INn Punjab, the rainfall growth rate was 4.55 % per anum in
1971772, but it has declined to negative growth of -8.73 in
1991 /82. Contrary to this Tamil Nadn showed almo ol negative growth
rate throughout the study period of -a. 19 in 197172 and -15.50 %
in 1991,92 respectively. U.P has some wha better rainfall
experience of 9.78 % pe annum in 1971/72, to 4.40 % per anum in
198182, later experienced negative growth rate of -3.31 % per
annum in 1991 /82. Wes bengal experienced positive growth in the-
beginning period of 8.73 % per annum in 197172, but later it was
negative growth of-6.33 in 1891,82. All India scenario show that
the average rainfall experienced a growth rate of 6.61 % per
arum in 1971-72, and negalive growth of -5.75 % pa arum in

1991 /62 respectively.

2.13 PER CAPTTA WATER AVATLABTLTTY BY REGION:

Per capita water availability by different region<, varied

signific antly over  tho pariod undor stody. Prar- caplta  water

availabjlity differs from ong region to another region due to

unfavorable monsoon and rainfall rate. This section deals with a
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brief scenario of water availability per capita in the world with

respect to different regions.

In Africa, the per capita water availability was 20.6 T.M in
1950. which has declined to S. 4 T.M? in 1980. which is expected to
decline further 1.e 5.1 T.M by 2000 AD. Where as Asia which had
6.6 T.M> in 1950, has declined to 5.1 T.M> in 1os80, later will ts
expected to decline further to 3.3 T.M by 2000 Years. In case oOf
Latin America, it was 105.0 T. M® in 1950, it declined to 48.8 T. M
in 1980 and is expected to decline further to28.3 T.M by 2000

Table 2. 13.1
PERCAPI TA WATER AVAI LABI LI TY BY REG ON, SELECTED COUNTRI ES 1950 TO

2000¢ 1000 m> >

(Projection)

Region 1950 1960 1970 1980 2000
Africa 20.6 16.5 12.7 9.4 5.1
C==) (-2.19 C-2.58) (-2,96) C-3.01)

Assia 9.6 7.9 6.1 5.1 3.3
C=-=> C-1.93) C-2.55) C-1.783 C-2.15

Latin Amcrica 10%.0 80.2 61.7 48.8 28.3
C--3 C-2.66) C-2.59 C-2.32) C~2.693

Europe 5.9 5.4 4.9 4.4 4.1
C--3 € -0.88) C-0.87> €-1.073 C-0.3%)

North America 37.2 30.2 25.2 21.3 17.5
C==) C-2.06) C=-1.79 C=-1.867> C=0.98)

Source: N. B. Ayibefelu 1992.

years. However. In Europe t.he percapita water availability was 5.9
T.M3? in 1es0., but it is later expected to decline to 4.1 T.M

by2ooo A.D. Finally. North American experience was that, it was
37.2 T.M3 in 1850,declined to 21.3 T. M3 in 1980, and further

expected to decline to 17.5 T.M by 2000 A.D.
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A measure of compound growth rates indicate, a negative
growth rate all over the world. In case of Africa, almost negative
growth experienced i.e -2.19 % in 1880 to -3.01 V. to 2000 A.D.
Asia also accounted negative growth of -1.93 5i in 1980 and -2.15
to 2000 years, Latin America and Europe noticed negative growth
rates of -2.66 % and -0.88 V. {1 n 16980 to -2.689 % and -0.35 %by2000
Years. Finally North Auei jca alao noticed negative g owth of-2. 06

in 1980 and -0.98 by 2000 Years respectively.

2.14 SIMMARY AND CONCLUSIONS:

In this chapter the data relalng to the cropping pattern and
cropping intensitly in Indian ay lculture and seloclod states was
analysed. Along with this some other issues like profiles of
selected states, factors affecting growth performance, area
irrigated by different sources, net state domestic product from
agriculture, economics of crops cultivation, potential yields of
HYVs, index number s of area, production, and yield of principal
crops, index numbes of net area sown, cropping intensity,
cropping pattern, and productivity, average annual rainfall, and
percapital water availability were also analysed. The man

findings are listed as follows.

It is clear indication that, the states which have tremendous
development in agriculture scene were showing relatively higher
development. index, Wwhile compared with agriculturally |ess

devel opment. states. Regarding fartors afferting growth
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performance, observed that, di fference In average size of holding,
intensity of cropping, percentage area under HYVs, percentage area
irrigated to total cultivated area, fertilizer use per hectare,
ad credit availability are the some {important factors which
explain regional disparities. The analysis relating to source wise
irrigation indicates thal, the area undci canals hos beoen slightly
declining, where as the area under tube wells and other wells weas
increasing drastically. This is a clear indication that. the
pressure oOn energy sources such as diesel and electricity is

increasing faster rate.

INn coawe of net state domestic production from agriciolture,
the analysis was showed that fluctuations over time due to several
causes. It mey be due to declining area under irrigation,
unfavourable monsoons  and  changes in cropping pattern, and
cropping intensity etc. It was oObserved that, the year 199192
showed decl indng growth 1 otess Nnot only in whole India Lul also in
Almost all the states. The analysis with respect to economics of
crops cullivation observed that, fn a&all mowt &11 Lhe states,
sugarcane is showing higher cost of cultivation while comparing
with other crops, due to high application of inputs with more
operational activities. Howcver, the employment, irrigation, and

aver age net income is also high in case of sugarcane.
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 faste:r rate. However, cotton and ground
nut. showed fluctuations over a period of time, with changing
shares 1n overall agiriculiural production. Cropping intoeusity was
alwe  showed fluctuatd ony  oven a per § od  of 1 ime, due  to
unfavourable rainfall and drastic decline in irrigated area. The
data analysis relating to potential yields of HWVW seeds indicate
that, there is a clear difference between potential yield ad
actual yleld with respert to different crop=. There are several
factors which influcnce yield mechani=m in ITndian agriculture.
Gener @ 1y the yield component was influenced by several factors
such as availabillity of water, fertilizers, axd other inputs,
especially application of inputs at efficient lovel, which are

related to the fam management skills in production.

INn case of rainfall the analysis observed that, the rainfall
sjtuation completely volatile Nnot only in overall Tndian but also
with respect to individual states. This is the prime cause for
declining output over a period of time in Indian agriculture.
WHd implied that favourable rainfall is very nuh essential to
meel.  Lthe nocessary wato reguirements  in agriculiure sector
producing more food »snd non-food grains. Based on those 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 introduction and spread of modern
technology have brought about a subetantial 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
wes evirtenci? from different studies that there is some deqgree oOf
growing inequality in factor shares in agrjcultural production.
However . since most of these studies did not have any sywtematic
data base over time and space, the results reported remained
largely in conclusive., Besides, there were noticeable changes in
factor use in farm production in the 1 at.e seventies and the
nature, extent and impact of such changes at Lho wact © level have

not thus far boen 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 technoleogy. which
is generally land-substituting, on Lthe sharc of land wmuwy be partly
nullified due to relatively faster increase in the value of land
as compared to other category of factors mainly because of its
scarcity, investment. of capttal in it and {ncrease in its
productivity. The share of labour would decline because both wage

rate and the use of 1abour ha= been increasing at a much slower



rate vils-a-viy other faclerw of productd on.  Within o reglon a
technologleally advanced CJ op would have a lower nhar o of land and
labour and a higher share of capital as compared to other crops.
Under homogeneous agro-climatic conditions, the share of factors

for a crop should not differ much amunyg the regions.

3.1 FACTOR FENDOWMENTS IN INDIAN AGRTCUI TURF AND SELECTEND STATES:

While comparing the statewise wvariations tn agricultural
production and factors combinations, it is relevant to discuss the
aval 1 able resources which endowed by states over a pet iod of time.
Factor endowments will always talks about the specialisation or
domi nance of particular factor which is abundant in the respective
region. Depending on this factor availability the variations in
agricultural production will took place in between states. In the
present study Lhe faclor s considoered arc, arcs under i op, Yabour,
draught power , capitalCagricultural machinery and { mpl ements) |

fertilizers, pesticides, and energy in partlicular.

Howtvesr 1t s dnteresting to 1onk i this junclure, 11 a
particular factor {s abundant, in selected state, that state can be
produced more output by considering those factors. Suppose, Bihar
and West Bengal has still having much amnount of hunai, wind draught
power, so that thewse stlates can deppend for ssome tim~ on this

sources, which can be supplemented in place of commercial energy

Soutrc s, On fhee olhica hond Chesae atees e showing Yoo nuaber of
tractors and pump sets as comparing with other states, much number

of wooden and iron ploughs has noticed in these states.

130



Similarly, Punjab and U.P has recorded high numba of
tractors and punp sets with reletively less numba of labour and
draught power. In this context, these states were mechanized their
fams at faster rate in order to reach the requirements of the
state. So, the above analysis indicates that, factor endowments
are very nmuch essential to over come the statewise variations. It
can be further suggeated that by consider ing above mentioned
observations one can mest the chnci yy requir emond s, oy well as
alternative energy resources which are very muh essential for

producing self sufficient food grains in Indian agriculture.

Factor combinations and factor hares in agriculture depend
on a number of factors such as the resource endowments of the
region, the Lype of crops grown, level of technology used, factor
prices and Govenment policy. Distribution of factor shares and
their change over time, and space is important in the context of
cconondc growth and social Justice. Estimates of 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
produr-t.ion and their shares in the total value of output, and to
determi ne how these shares vary among different crops, over time,

ay wel as amag different reglons and to indicate the reasons

thereof .

Ore should be aware uf changes In factor par Licipalion from
tradi t.ional type to modan type that have created enough pressure

on energy damand in recent moden agriculture. It should be
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noticed that the efficiency of modamn inputs are aways higher
while comparing with traditional iNnputs. Keeping this into
consideration the preceding section will discuss about the
existing literature available in factor shares o substitution in

Indian agriculture.

Waghmare,R. E and DhongadeC (983> analysed, input-output data
of Important ciops studiced unde: cost Of cultlivallion schemes
operated in the state of Maha: ashtra. They examined the changes in
factor shares duc to use oOf high- yielding var tetyt HY V3 seeds,
irrigation, and improved method of cultivation over the use of
local varieties, unirrigated cultivable and traditional method of
cultyvation respectively. The <t udy covered the Crops of
paddy(1973-74> . bajraC1973-74>, Jjowar(1971-72, 1973-74,1977-78>,
cotton (€1976-77>, Wheat(1975-76D and sugarcane(1973-74 and

1977-78).

A comparison of the factor shares in respect of local and HyV
paddy, wunirrigated and irrigated wheat indicated that their
relative share Of capital has increased as against a declinc in
the share Of labour, indicaling tho cby a substitution between
labour and capttal that has taken place in HYW paddy and irrigated

wheat. .

The study of hired labour shares due tO i mproved technology
in jowar, cotton, paddy and wheat showed a marginal decline over
the traditional technology. However, over a period of time, the
share of hired labour in the cultivation of Jowa wand sugarcane

crop showed an increase. Comparing the changes in the factor
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shares for sugarcanc and Jjowar over a period of time , it weas
observed that there was a decline in the share of profit in
sugarcane cultivation while there was neither an increase nor a

decrease in the share of profit in Jowa cultivation.

Another interesting study was by Bhatia,M. S et.allC1982), wo
did analytical wort based on state wise data of factor cost and
returns in the cultivation of wheal and rice for the yoa  18971-72
to 1980-B1 that was generated under the " comprehensi ve scheme for
studying the cost of cultivaii on/producti on of principal crops of
the Directorate of Econondcs and Statistics, Minlstry of

Agriculture. Government of India.

The main conclusions drawn in this study were: The rising
capltal -labour ratio without affecting the obsolute share of
labour in grows output would hel p not. only increasing farm output
but also in maintaining an egalitarian order in the economy. The
states, like Assam, Bi har, Oris=a, West Bengal and MadyaPradech
were showing low capital-labour rat.io and low productivity, exist
simultaneously. In addition, the results indicate that more
increase in the use of capital would not raise factor productivity
in states like Wet Benga and MadyaPradesh, unless supported by

othor measures such as technol ogt cal and institutional changes.

With an abrupt increase in the prices of oil products since
1973-74 the cost structure and input-mix in farming have been
exper 1 ornel ng a rapid chonge. Th is haw affos ted the Al 1 or ation,

utilisation and payment of various faclors of production.
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According to Bal,H.K et.al(t1983), who did extensive work, to
examine the efficiencies, factor share and the productivity of
various factors in crop cultivation in the central districts of
Punjab at two polinls of Llme, namcly 1Y prec price hick
periodC1872-73> and (111 post-price hick period(1980-81)>. The data

of 50 holdings from the comprehensi ve schemes to study the cost
of ecultivation of principal crops" for the above two time periods
were taken and Cobb douylas model was employed for Lhie analysis.
Howeve 1labour, draught powe , ir:igation, fotilliza s value
including weedi c:ides, and rental value of land were tLaken as the

independent variables and value of the farm outputCurops only) as

the dependent var {able.

It was noted that the elastleities oOf productlonCin valued of
huren labour, draught power and rental value of land have declined
in 1630 8l over 19772 73, but that of Tl gat 1,oue boss i 0 aerad Over
this poi iod. Per heclar ¢ use of human labour has decrcased from
636.11 man-hour in 18972-73 to $68.11 man-hour in 1980-81. The
average level of use of other factors has increased over the
period. This indicates substitution of human labouw with other
factors, mainly with irrigation. fertilizeis and weedicides.
Marginal value of productivity in both the time periods were
higher than the factor cost with human labour and fertilizers
having sufficiently higher marginal value productivity. This
Indlcates that productivity Cin value termed ran he 1ncreased

further at the same level of  not gain.
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Pandey,U. K, et.alC1983), analysed the facto: sharew and value
shares of output in Haryana agriculture under different periods
and the impact of technnlogical change on factor proportions and
their shares in output based on total factor productivity
approach. The study involves the mcasurement of growth rates of
output and input indices for earh oOf the woven districts in
Haryana during poriod | (pro-giocen revolulion poiiod, 1886-57 to
1965-66) and period Il Cgreen revolution period. 1966-67 to
1973-743 and <cloven districts during peiriod 111 Cpost dgreen
revolution pciiod, 1974-75 to 1981 -82> with the help of sccondary

data.

The study reveals that the traditional i{nput accounted for
the bulk of total factor inputs during the pre-green revolution
period while in the subsequent periods Cgreen revolution and post
green revolution periods} the share of modern  inputs has

considerably inuiecased. Due to green revolulion the output growth

has consi derably { nereased amongst districts and state.
Undoubtedly, consides able gi owth has occwrred in modern  inputs
during t her pesst —green revolut fon period bhit peoduct 1vity has also

fallen steeply amongst the districts and in the state. The
districts which has better resource endowments haw roall ued the

benefit of technological change In the state.

Ore of the important study by Singh.J. PC 1983, l|looks at the
factor shares in Indian agriculture. The man objective was to
examine the extent Of variation in factor <hare< {in agriculture
anung the regions and also over a peiriod of Lime and to find the

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
returns to scale are constant and prlces 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 Fam 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

districts for which the studies were 1 epeated.

The main findinys of this study are. the share of land has
declined and that of capital has increased in regions with better
agricultural performuance . The share of labour declined in all the
regions. The factor shares for wheat are found to be quite close
among the mgor wheat growing states. This is because the
agro-climatic conditions and the extent of adoption of new
technology are fairly similar in the mgor wheat growing states,
but differ widely among the mgor rice growing states. 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 Guha. S$C1990> , who did analytical study on
changes in labour intensity in Indian agriculture by taking farm
level data from four periods commen~i ng with the 1880s in order to
study the vairiation in labour use for diffcicnt crops. The man
obhuervation for thic <tudy {1« that agriemturally progressive
arcan Lhowed dodline in labow inlentwily by Lhe 18950s, while

Increases are observable else where. It is largely showing that
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modernization in agriculture is replacing the labour force, which
meas substitution of {nputs are taking place to improve the

efficiency of agriculture with notable productivity.

Ramaswamy. C and Suresh kumar. C1993>, who did extensive work
on inter-regional variations in agrarian labour productivity in
North-Western zone of Tamil Nadu. The main oObjectives of this
study are, estimating the 1labour productivity axd marginal
productivity of labour in across regions, to examining the various
factors influencing variations In the constituent components of
labour productivity across regions and prescribing policy measures
to increase the labour productivity axd to reduce its regional
variations . For this study two different regions were selected on
the Dbasis of irrigation intensity. Onc rept cuenting high
irrigation intensity and another low irrigation intensity. Thirty

faam households were selected randomly to represent each region.

The man evident from the analysis that, the man-land ratio,
fertilizer,cropping pattern i ndex are the mgor factors
influencing val iations in yield. Manland 1 aticv is the most
prominent factor. Cropping intensity is the single dominant. factor
explaining variations in the man-land ratio across all regions.
Tractor power shows: signd ficant nogative influence on t.hee man-land
ratio. Development Of mgor and minor irrigation, net sown area
and net. irrlgated area wil)l o subsdbantta) 1y dnos coraes the Jabour
Productivity. Increased use of yield augmenting inputs like HW

seeds, fertil)lzers also augmett labour productivity.
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In a recent study conducted by SatyaPaul ard Rajesh
Mehta( 19910, they expl or ed the fact or domand and substi tuti onin
Indian agriculture. Translog cost function has boen used to
provide measures of factor demand,  olast icitiosn of wubstitution,
biases of technical chahge axd to test hypothesis about the
structure of producl i vity technnlogy in Tndian agrfcmbure, The

study covers the pel iod 19S0-61 to 1882-83.

The results based on this approach reveal that the
agricultiural technology has been biased towards the use of labour
ad capital, and towards the waving of fort.i 1 1vers and other
inputs. Since the prices of all the inputs have increased, the
labour and capital using biases of technology seem to be the
outcome of biased innovation possibilities. There exist strong
substitution possibilitios between Yabour and capital and between
capita)l and fertilizers. This is of great importance for India and
other  less developed counbi-ies. I nstead of maswive uuwe of capital
(such as tractor, ete.),th ese comnt r 1 e= can make ext enci ve use of
chemical  fertd ) dwenr v and homan Yahoun in o doa tu increase
agriculture production. The low value of price elasticity of
darad for fertilizer ad other inputs is also of closer
Importance. It suggests that a marginal change in its pr ice level
Cthough fortilicoer wubaidy or other peYJoy moonw 232 06 oot likely

to affert its consumption substantially in Tndian agriculture.

According to Ramesk. CC1985>, who did analytical study on
effects of jpput and output prices on input damand in Punjab
agriculture, CO to estimate the systems of input damand equations

for mgor crops of Punjab. (iid to compare the inter and inter
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crop effects in input-output prices and some other exogenous
variables in 1input use, (ii11) 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 comprehensi ve scheme for studying the
cost of cultivation’ collected under the aspirin of Directorate of
Economics and Statistics, Ministry of agriculture, Government of

India.

The results showed that, all fixed inputs appear tn» be
important in influencling inputs use, and Lthel: offect on different
inputs and in diffeirent crops is not uniform. Expenses for the
fnvestment N §reigati on § nereacoed thelr desend for a1 1 the input
and in amost all the crops. Its effect was more pronounced in
paddy compared with other crops. Capital expenditure which
consisted mainly of investment in fixed assets/farm machinery was
observed to be a purfect substitute- of bullock labour. An Incroase
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 oOf elasticities of input use with respect to capital
expenditure, irrigation uand land provides tho scale olasticity
which gives the simultaneous effect of all the fixed inputs on
Inpul use.  WiLh Lhoe increases din thr- wcalo of i odoction human
labour use increased at diminishing rate in wheat and paddy but it

Increased in cotton and gram. The scale elasticity of bullock
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labour was negative in wheat and nearly zero in paddy. Scale
elasticity of fertilizer demand were quite uniform as in wheat,
paddy and cotton and they ranged between 1.01 to 1.05

respect.ively.
3.2 LABOUR ABSORPTION FOR MAJXOR CROPS IN SELECTED STATES:

Ashok Gulati, Fradeep.K. Shuarmac1990>, analysed the absorption
of labour force for major crops in selected states, Dy considering
man days per hectare of cropped area under different crops. The
table 3.2.1 1llustiate 1labow  absoption for  major o1 OPS 0N
sol ert .ed states Arcordi ng t0 them in Andhra Pradesh the rice Crop
demands ar oured 190, OO gan dday w che w0 s ayge 0 1 Jower B0 09 man
days-he, where as ground nut and sugar cane absorbing 86.26 and
344.88 man days-he respectively. It was observed that sugar cane

iS demanding much labour next to rice.

Table 3.2.1
LABOUP ARSOREPT 10N(M.n dayssh2) 1'0R MAJOR ceors N =11 rerrd STATES

States
A.P Bfbar Punjab T.Nadu U P W.Bengal Weighted
Crop . average.
Rice 150.58 107.37 104.77 159. 36 108.80 120.19 101.84
Whesat 97.03 51.54 77.34 66. 03
Jowar SO. 09 61.63
Groundnut  B6. 26 10b. 88 80.16
Cotton 101. 27 99.76
Sugarcane 344.88 122.41 332.54 137.45 101.76

Source: Ashok Gulati, P: adcep K. Sharma, 1990.
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However  in Bihar, 1 ice absorbing 107.37 man  day:she, wheat
noticed 8. 03 man day=s/he and sugar cane 122.41 men days/he. In
case Of Punjab rice noticed 104.77 woan daynhe, next comes wheat
around %1 .54 man days/he and cotton 10t .27 men days/he
respoctively.  Rlce demanding  mach lobour compared  with  other
c1ops. Tamil Nadu noticed 188.38 men days/he in rice production,
next was 108.88 and 332.54 nmen days/he in ground nut and sugar
cane respectively. Sugar cane demanding wmuch labour force,

compared with other crops.

Uttar Pradesh noticed, 108.80 man days/'‘he in rice
cultivation, 77.34 men days-he and 137.45 men days/he in case of
wheat and sugar cane respectively. West Benga accounted 129.19
mm days-he in rice cultivation. On the whole, based on the
wirl ghted average, it s not deed that ) rice, whoat, jowar, ground
nut, cotton, and sugar cane are absorbing 101.84, 66.03, 61.63,
80.16, 89.76, and 191.76 men days/he cropped area. Overall
observation witnessed that sugar cane demanding mure labour force,
next is rice, cotton, ground nut, wheat, and Jowar rcupcectively.
Bocause wugar cane cultivation | nvel ves soeveral operatlons, next
to rice cultivation, consisting of operations such as land
preparation, plantation, interculture, winnowing, threshing, and

transplantation etc.

3.3 CROP-WISE LABOUR ABSORPTION IN INDIAN AGRTCULTURE:

According to Tyagi.D$SC1981>, who estimated the crop-wise

labour absorption by taking two periods i.e 187071 and 1879-80,

141



as Stated in table 3.3.1. the crop wise labour abuorption in
Indian agriculture, noticed interesting observat.ions. It
was Observed that rice crop is absorbing 109.94 MEN days-he in
1 g70/71 . latter it raiivrir>H to 110 04 morn dayete in 1 97 9-80.
where as wheat demanding 80.46 man daysshe in 19/70-71, whicCY, has
been ralsed to 8. 11 man riays’hp in 1979.80. Th case nf Jowar, it
is absorbing %%.75 man days/he in 1870/71, later it witnessed
58.09 man days/he in 1979/80. labour absorpti NN rate was  slightly
declined in case of ground nut, which was 73.31 man days/he in
197071, later declined to 73.01 men daysshe in 1979/80. Cotton
and sugar cane accounted 81.98 and 217. YS man daysshe in 197071,
which was further tncreased to 83.98 and 219.92 nmen days/he in

1979/80 respectively.

Table 3.3.1
CROP-WISE LABOUR ABSORPTION IN INDIAN AGRICULTURE

(Nan day's per hectared

Crop Tyagi Estimates, Triennium ending Ashok Gulati Study
average of 1980,81
1970,71 1979/80 to 198R/87.
Rice 109.94 110. 04 101.84
Whest 80. 46 82.11 66.03
Jowar 55.75 58. 09 61.63
Gr oundniut 73.31 73.01 80.16
Cotton 81.98 83.98 99.76
Sugar cane 217.75 219,92 191.76

Source: Tyagi,D.S, 1981.

Ashok Gulati, Pradeep K. Sharma, 1990.
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Ashok GulatiC1990>, has also estimated the labour absorption
rate in different crops in Indian agriculture by taking the period
average of 188081 to 1986/86. He noticed that, rice is demanding
101.84 nmen days-/he. where as wheat, jowar, ground niut, cotton, and
sugar cane on the average from 198081 tO 198587 where demanding

aound &6.03, 61.63, 80.16, 99.768, and 191.76 respectively.

In both the estimstions it was obaser ved that sugesr cane
absorbing much amount of labour force, next is rice. cotton,
ground nut, whest,, and jowar respectively. Thiftindicates that the
labour absorption is still much high in different crops, even
though modern technology weas introduced in Indian agriculture. It
implies Lhats Yabooy ) I IS LYY 0 adsling «@long with modern
technology. This conclusion gave 1 al 3¢ to a 1 easwnable support to
the positive e finomt ste, whore  thee  argumente enl i ghtened that

model n technwlogy improved the enpl oyment conditions in Indian

agriculture.

3.4 VALUE OF INPUTS IN INDIAN AGRICULTUREC AT CQURRENT PRICES):

Value of 1inputs is one of the over emphasising issue in
modemn  agriculture, where the 1input costs are increasing at a
faster rate. In order to identify the nature of inputs
contribution in agriculture, its contribution towards output
product.ion can be examined In this section. The value of Inpute in
Tndlan agrfculture is shows in tuble 3.4.1. Firstly, Lhe cost of
seeds used in Indian agriculture noticed, Rs. 708 crores in
196667, increased tO 4287 crores in 189192, an equivalent of

2l.8 % in 1966,B7 to 11.S V. in 1991./92.
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O Lhe other hand contiitbobbon of Organtc meona . . T reazed
at, Rs.182 ci o cs iN 1866857, which has raluwcd UP Lo Rs. 2156
crores in 1891 /82, N percentage terms it is almost equi valent to
7.S V. in 188657 and 5.6 % in 1991,u=. Chemical fertilizers

Table 3.4.1
VALUE OF INPUTS IN INDIAN AGrICUI.TURE SECTOR 19s86.67 TO 1991/92.

CAt Current Prlcesb5, Rs.cCrores.

Inputs 1L 966,67 1971,72 1976/77 18981/82 1986,87 10981./92
Seeds 70U 743 1119 1044 2493 4287
21. 9 (186. 4 13.1) C10. 95 (9.9 11.1)
Organic 182 294 584 753 1260 2156
Manures 7.3 CO. 8 ¢ 6.93 (4.3 <$5.0) (5.6
Chemical 185 470 1390 3010 5051 6398
Fertilizers (s, 43 (10.4) (16.3  17.8) (20.0) €(16.53
Maintonance 127 124 227 871 1638 3019
of assets (4.63 2.73 2.75 5.2 6.5 7.8
Feed of 1601 3601 13339 11 D3O 17014
Iive stock C 54.%5) (52.2) c42.45 C49.3) (46.™ c46.2)
Irrigation 37 48 133 147 195 267
Charges 1.5 ("1.15 1.fi3 0. 95 €0.85 0.7
Market 68 102 161 660 946 1670
Charges 2.33 2.35 1.9 €3.95 €3.75 €4.35
Electricity 23 71 197 314 530 643
0.7 ¢1.65 (2.3 (1.9 f 2.15 1.73
Pesticides & 30 44 171 310 431 488
Insecticides (0.53 1.0 2. 05 1.8 1.7 (1.3)
Diesel Oil 68 270 927 658 1070 1881
1.2) (6. 03 €10.93 €3.93 4.2 4.9
Total 3031 4524 8318 1689 5283 38713
Inputs €100. 0 f100.05 €100.0> (100.0) rloo.o» €100. 02
Sowr-cos CM1) B Statintie » Pedad ing tu 1 he I ndian
Economy(1994)
¢ Figures in the brackets will indicate percentage share of
Inputs).
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increased at faster rate i.e Rs. 185 crores in 19686/B7 to Rs. 6398
crores in 18991/892, 1n percentage terms it equals S.4 V. in 196667
to 1991 /92 respectively. Maintenence of assets raised from Rs. 127
crores in 1966/87 to Rs. 301 9 crore< in 1991 /62, percentage wise
4.6 % in 1966/67 and 7.8 % in 18981,92. Animal feed noticed Rs.
1604 crores in 198687, |ater it has gone up to Rs. 1791 4 crores
in 1991/82, or from S4.S % in 18656/67 to 45.2 % in 199192

respectivel y.

In igation charges 1 alsed from Rs. 37 crores in 1896667, to
Rs. 12B7 crores in 199102, v from 1 .8 % in 1 OB6/87 to 0. 7 % in
1991 /83, Market charges also gyone up from Rs. 68 crores in
196667, to Rs. 1570 viules in 1981792, o from ideal to 2. 3 % in
1866/67 to 4.3 % in 199182, Electricity is one of the | mportant
energy source in agricilture, which noticed a jump from Rs. S3
cror o= tn 1 9Ly, LtoRs. B4Rt or on in 18381 782, in por cent. age

terms it is 0.7 % in 1966/867 to 1.7 % in 1991 /92 respectively.

Regarding pesticides and Tnsecticides, which increased from
Rs. 30 crores in 1966/67 to Rs. 488 crores in 1991 ,/92, or 0.5 % in
1966/67 to 1.3 % in 18991,82. Diesel o0il is another important
energy component in agricultural production process, which
wi thnessed an increase from Pe AR rrores {n 1 ORR /R7, to Rs. 18R1
crores in 199192, or 1.2 % in 1960/67 and 4.9 % in 1991/92
respectively. Total value of inputs expericnced a twelve times
Increase in value i.e Rs. 3031 crores in 186687 to Rs. 38713
crores in 1991 ,92. This is a clear indication that, the 1input
burden is raising at a faster rate in agriculture sector in modern

agriculture. Due to this reason farmers shifted their production
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from food crops to commercial crops, where commercial crops are

more profitabl<s whileoe compar § ng with food crops.

On the other hand, as stated in the table 3.4.2, compound
growth rates show soume Inturesting sceunario: Seed increased at
0.97 V. per annum in 187172, later it was raised at increasing
rate 11.45 *% per annum in 1891.,.92., Organic manures noticed a
growth rate of 10.07 % per

Table 3. 4.2

GOMRFOUND GROWTH RATES OF VALUE OF INPUTS IN INDIAN AGRICULTURE SECTOR:
1966,67 TO 1991/92.

CAt Current Prices), Rs. Crores.

Inputs 1966/67 1971/72 1976777 1981 /82 1986/87 1991,92
Sends 0.97 R, 573 10.51 @23 11.45
Organic 10.07 14.71 5. 22 10.84 11.34
Manures
Che m cal HO. SO 24. 27 16.71 10.01 4.84
Fertilizers
Ma ntenance -0.48 30.86 13. 46 13.01
of assets 12.86
Feed of 8.03 857 18.22 6.96 8.95
Il vestock )

Irrigation 5.34 2. 02 581 6. 49
Charges 2261

Market 8.45 32.60 7.47 12.04
Charges 9.56

Electricity P.P.. 64 ft. 77 11.04 3.98
Pesticides 8 7.96 31. 19 12.63 6.81 2.52
Insecticides

Diesel 0il 31.49 27.98 -5.63 10.21 11.95
Total 8.34 13.49 14.68 8.40 8.89

Inputs

Source: CM1E: Basic Statistics Relating to the Indian
Fronamvi(l QQ4Y
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arnum {n 1687172, and 11.34 V. in 1991/92. where as chemical
fertilizers increased at the rate of 20.50 % per ayum in 197172,
but. later witnessed a decreasing rate of 4.84 % in 1991 .92.
Maintenance of assels experienced negative g1 owth 0.48 % in
197172, was latul munaged to have a posilive gi owth rate of 13. 01

% in 18991/02.

However feed of live stock increased a 8. OS % per arnum in
187172, later raised to 8.95 % in 1ssi.92. Irrigation charges
note a growth rate o' .34 % pe aryum in 187172, but later
showed at. increasing rate of 6.49 % per annum in 189192, Maket
charges was accounted a 8.45 % pe arnum in 1971-72, which
increased at increasing rate of12.04 % per arum in 1991/92. Men
while electricity was noticed at a rate of 25.29 % per arum in
197172, has raised to a rate of 3.98 % per annum in 199182, On
the othur hand pout i ol des and Inuectloldes wilneosacd ol the rate
of 7. 96 % in 1 97172, further \ ne reased a » rate of 2. 52 % per
arum in 199192, Contrary to this, Diesel oil accounted a growth
rate of 31.49 % per anum in 1971,72, and furthe:r yuone up at a
rate of 11.95 % per arum in 1991 -92. ON the whale it was Observed
that, total inputs increased at 8.34 % per arum in 1971/72, which
raised up to 14.68 % per avum in 1981/82, later slightly declined
to 8.40 % per arum in 1986/87, which then increased at a rate of

8.89 % per anum in 199192 ruspectively.

3.5 VALLE OF ACGRAOLTURAL GQUJIRJT AND INFUTS IN  INDIAN

AGRICULTURECAT CURRENT AND 1898081 PRICES)

A comparative analysis has been done in this suction, to
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tdentify Lhe tnt er dependoence bot ween value of output and value of
inputs by taking cw1! ent and 1880.81 prices. The compatative
picture of value of inputs and output in Indian agriculture is
gfom in table 3.5.1. It was observed that at current prices, the
value of output noticed, Rs. 12223 crores in 1966.67, which raised
to Rs. 129015 crores in 1991/92. As against this, wvalue Of inputs
increased at Rs. 3038 crores in 1966/67 to Rs. 38713 crores in
1991 /82 respectively. Interestingly, a twelve fold increase in
value of output Ltook place between 18986/67 to 198192, Contrary to
this 13 fold increase in total valuc of inputs was observed. This
indicates that value of inputs was very nmudh high while compared
with value of output. This 1lcads to worse poulitlion towards
farmers, where thoey are fad ny mor o 1 Nput bur den ¢ L eoresd and less
output prices over a period of time.

Table 3.5.1

VALUE OF AGRICULTURE OUTRUT AND INPUTS IN INDIAN AGRICULTURE
(Rs. crores)

CAt current prices) CAt 198081 prices)
Year Val ue oOf Val uc of Yalwu. of Value of

out put Input Qut put I nput

1966/67 12223 3038 35395 8837

C==D C==) C==) ==

1971 772 17843 4524 46803 11078
7. 86> (8. 29 (5. 75) 4. 62

1976/77 27876 8518 49721 12601
9. 23 C13. 49) c1.22) 2.61)

1981 782, 50880 16807 601 63 15889
12.79 (14.68) C3. 89) C4. 74)

198687 72990 25283 66041 18036
C7.44) (8. 40) 1.88) 2. 57)

1991 92 129015 38713 80887 20666
c12. 07 (8. 89) C4. 14) €2.76)

Source: CMIE: Basic Statistics Relating to the Indian Economy,
1994.

().Figures in the brackels indicates compound yrowth rates.
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However, at 198081 piices, the valuce Of output accounted Rs.
38305 crores in 1866.867., was later raised to Rs. 80887 crores in
1991,892. On the other hand value of inputs raised from Rs. 8837
crores in 1966/67 to Rs. 20666 crores iN 199192 respectively. It
was showed that the value of output and | nputs Llnereased at Z

times more from 196667 to 1991/92 levels respectively.

The value of output and input at current prices indicates
that, the growth rate wes 7.86 % pe& annum in 197172, Was later
increased af a rate i.» 12.07 % in 1991 /G2, Where as {nputs value
noticed a growth rate of 8.29 % per annum in 1971778 and 8.89 %
per anum in 199182 1 cspuctively. On the otlia  hand value oOf
output and inputs at 1980/81 prices, observed that, value of
output raised at 8.75 % in 197172, which further increased at a
rate of 4.14 % pe anum in 1991-82. Vaue of inputs recorded a
growth rate of 4.62 % in 197172, and the growth rate was 2. 76 %

per annum N 1991792 1 capoectively.

3.6 TOTAL NUMBER OF CULTIVATORS AND AGRICULTURAL LABOURERS [N

INDIA AND SELECTED STATES:

Labour participation in agriculture sector in India,
witnessed sever al controversial observations since green
revolutiond.em ld-s i x t i es, due 10 adopt. Jon of moder Nt cehinigs in
agriculture sector. There are two lmportant schools of thought:
one vuggests that . Greon rovolul fon bt repdaceed the labour force
in agriculture, on the other hand it was mentioned that, Green
revolulion §mproverd 1 he Yabour abuorpt 4 on in Tndiar ogo o udture
due to maay operations C involved in HYVs productiond. Under

these suggestions,the present section will concentrate the labour
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force participation in selected states and whole India from

1966/67 to 189192 respectively.

As stated in the table 3.6.1, the total number of cultivators
and agricultural labourers in Andhra Pradesh noticed. 121.8% lakhs
in 18966-.67, which was increased to 389.08 lakhs in 199192, in
percentage terms it is 8.79 % {n 1966/67 to 10.50 % in 1@01.,92
respectively. Bihar wi tnessed 140.5 1 akhs in 1966/.67, that raised
to 413.60 lakhs in 199192, which in pu coentage Lo ma, it is 11.28
V. in 1866.67 to 11.16 % in 1991,92. However Punjab experienced
loss labour force participation compared with other states i.e
21.38 lakhs in 198667 to 67.78 lakhs in 1@@1.,92, or 1.72 % in

1966,67 to 1.83 % in 199192 respectively.

Table 3.6.1

TOTAL NUMBREP OK CUITIVATORS AND AGPTCU TURAI | AROURPFRPS,  1066/67

TO 199192,
Cin Lakhs).

Stales 196667 1971772 19v6s7 ¢ 1981782 1986787 199102
Andhr a 121.95 126.23 139.37 157.33 242.07 389.08
Pradesh 8. 79) €(9.97) (9.97) (€10.63) (10.63) (10.50)
hi har 140.56 143.86 151.20 164.09 es2.47 41 3. 60
11.28) C11.36> Cl0.81) (11,09 (11.10) (11.16)
Punjab 21.38 24.52 27.07 28. 60 44. Q0 67.78
1.7 1.94) 1.94)> 1.93) 1.93) 1.83
Tamil 88.31 90. 98 110.44 115.97 170.39 271 .50
Nadu ¢7.09) (7.18> 7.90) C7.83) C7.43 €7.33)
Uttar
Pradesh f06. 27 211.52 eer. 31 241 .35 371.35 595, 98
(16.55) (16.70> C15.90) (16.31) (16.32) (16.09
Yost
Bengal 65.48 72.27 79.79 84.82 130.51 217.44

C5.25) (5.71) 5. 71) 5. 73) (5.74) (5.87)
All |ndia 1246.25 1266.61 1398.44 1480.23 2275.52 3704.76
€100. 0> (100.0> (100.0) (100.0> ¢100.0) <¢100.0)

Source: Al India Census Reports 1961, 1471, 1981, and 1991
respectively.
Statistical Abstract of India various issues from 1966 to

1991.
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On the other hand, Tamt 1 Nadu acecounted 88.31 lakhs in
1966/87, that has gone up to 271 .80 1lakhs in 189192, which
translates to a 7.09 % in 1866/.67 and 7.33 % in 1991/92. Uttar
Pradesh is the only state where highest labour participation weas
witnessed i.e 20B.27 lakhs in 1868.87, to 595. 98 lakhs in 109192,
or 16.88 % share in 1866/87 to 16.09 % in 1991/92 rospectively.
Next. is the Wext Bengal , acenunting for fifV 48 Yakhs in 196667,
ad 217.44 lakhs in 199192, or 5 2% % in 19807 and .87 % in

19931 787 1 enpee lively.

All India picture was quite impressive where the labour force
raised from 1246.25 lakhs in 1966-67 to 3704.76 lakhs in 1991/92.
It is almost three times increase in labour participation in
agriculture sector. But still several studies were noticed raise
of unemployed labour force in agriculture sector. The main reason
for this 1ia that, the existing agricultural sector not in a
position to absorb the entire labour force, due to unfavorable

monsoons, and sdasonal draw- bhacks I n Indian agr lcultare wcenario.

Considering compound growth rates in the table 3.6.2, the
total number of cultivators and agricultural 1 abourer< {ncreased
a the rate of 0. 69 % per avyum in 1971/72, which increased a a

rale of 9.96 V. per annum {in 18931 /92,

As against this BRihar showed 0.49 % per ayum in 187172,
which has raised a 10.38 % per arum in 18991/82. On the other

handg Funjaul eapor lenced o g owth Jate uf LN per wonum dn

197172, and 9.03 % per avum in 199192 respectively.
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Table 3.6.2

COVMPOUND GROWIH RATES OF TOTAL NUMBER OF CULTI VATORS AND AGRI CULTURAL
LABOURERS, 18966-67 TO 1991 ,92.

Cin Lakhs}.

States. 196667 1971772 1976/77 1881s82 1986787 1991 92
Andhra 0.69 2. 00 2.45 9. 00 9. 96
Pr adesh

Bihar 0. 49 1.00 1.65 9.00 10.38
Punjab 2.78 2.00 1.11 €. 00 9.03
Tami 1 —_ 0. 60 3.95 0.98 8.00 9.77
Nadu

Uttar

Pradesh 0.50 1.00 1.66 9. 00 8. a2
West

Br:ngal 1.99 2. 00 1.23 P. 00 10.75
All Tndia 0.32 1.99 1.15 8.98 10.24
Source: All India Census Reports 1961, 1971, 1981, and 1991

respectively.
Statistical Abstract of India various issues from 1966 to
1991.

Tamil Nadu accounted, 0. 60 % per annum in 197172, and |later
It increcased at a rate of 8B.77 % per annum in 199192,
Interestingly a twenty Ui men [noreosnc in growth rate was  obser ved
in U. P from 0.0 % per annum in 1871/72, to 8.82 % in 1891,92.
However, West Bengal showed only 1.99 % growth per annum in
197172, which later ralsed to 10.78 % per annum in 199192
respeclively. A1l India scenai o wi tnessed 0.32 % g owth per annum
In 197172, which { nereaced at a rate of 10. 24 % per annum in

10991793 ¢ erspectively.
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3.7 TOTAL DRAUGHT ROMER IN INDIAN AGRICULTURE AND SKLECTED
STATES:

Draught power still is a man source Of encigy in Indian
agriculture, due to its reasonable anti mmest convenient source to
<mall and marginal farmers. But most of the studies observed 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 enwards. Here
the interesting feature is that, animal feed(food energy> is mud
expensive as comparing with output energy produced by animal. On
this grounds the present section will evaluate the available
draught power in Tndian agricult ure  from 1966457 to 1991 .92

respecti vely.

The tabe 3.7.1 {)llustrate the total draught power available
in 211 India and selected states, from 196667 to 1991.92. Tota
number  Of cattle and buffaloes uued for work in Andlua Pradesh,
WEB B300 thousands N 1868687, which | noressed to 8067  thousands
in 199192, or from 8.14 fcin 1g66.67 to 6.71 % in 189192 Bihar
accounted 7641 thousands in 1966,67, that increased to 10034
thousands in 199192, Or a 8.73 % in 19AR/67 tO 8.34% in 199192
Honevres Punjab recorded les<er draught power, whieh was around
2703 thousands in 196667, that later dinminished to 1588 thousands
in 1912, This is equal to 3.44 % 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 BUFFALOES(DROUGHT POWER> USED FOR WCORK
ONLY, 19566-.67 TO 1091 /02.

( Thousand< in Number > .

States. 1966,6G7 1971772 1976G,77 198182 198G/87 1991.,02
And lu a 6390 6417 6271 6893 7013 8067
P1 adesh (8.14 8.0 C7.7%) (7.90 C7.77)> (6. 71)
BRi har 7641 8038 8082 a36e Q938 10034
(98.73) (10.04) (9,98) (10.73) (11.01) <C8.34)
Punjab 2703 1733 1521 1628 1356 1598
(3.44> C2. 17) 1.88) (1.87) C1.50) 1.3
Tamil 5060 4931 4900 5975 6021 7323
Nadu C6. 44) C6. 16) (6. 05 (6. 85) (6. 67) (6. 09)
Uttar
Pradesh 14403 14926 15227 16728 16969 17335
(18.34) (18.65) (18.81) C19.17) (18.80) (14.41)
West
Bengal 5103 5003 4922 5235 4978 5236
(6.50)> (6. 25) (6.08> (6. 00) ¢5.52) 4.3%
All India 78517 80026 80949 87239 90246 120297

€100.0) (100.0) (100.0) (100.0> (100.0) € 100.0)

Source: Statistical Ahstract of India, Various Tssues from 1966
to 1991.
Indian Livestock Census various issues.
Livestock Census of selected states from 1966 t0 1991.

On the other hand Tamil Nadu witnessed 5060 thousands in
1968667, which further raised to 7323 thousands in 1991-82, or
6.44 % in 1966.67 to 6.09 '/. in 199192, Uttar Pradesh recorded
highest draught power compared to other states. Here there were
14403 thousands in 1966.67, later increased to 17335 thousands in
1991 92, or from 18.34 % in 1966,67 to 1441 % in 1991 ,82. Where
as West Bengal showed s103 thousands in 1¢966.67, that raised to
5236 Lhousands. in 199 A3 i, Qe i poue cue'-tope trans FO80 % in
16657 to 4.35 % in 199192 respeclively. All India =ituation
Showind L hatl. fhea e wea Fooarennad 28517 Lhoneande dn 190007, later

LU recor disd 120297 Lhousands il 190168 1 ¢ upese Ll vely.
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As reported in table 3.7.2, compound growth rates observed
that. Andhra Pradesh experienced negative growth rates i.e -1.87 ¥4
in 187172 to -0.10 % in 1891,-82. As against this. Bihar noticed
17.41 % per annum in 1871,72, later witnessed negative growth at
-4.70 % in 199192, Where as Punjab showed 4.55 % growth per annum
in 197172, later experienced negative growth rate of -8.73 % in
1991/92. Contrary to this Tamil Nadu also showed negative growth

Table 3.7.2

COMROUND GROWTH RATFS OF TOTAL NUMBER OF CATTLE AND RUFFAI OFS(C DROUGHT
POWER) USED FOR WORK ONLY, 1886,67 TO 1991.,92.
(Thousands in Number).

States 1966,67 1971/72 1976,77 1981,/82 1986,/87 1991.,02
Andhra -1.87 4.98 0. 29 -2.55 -0.10
Pradesh

Bihar 17.41 -6.68 0. 82 =0. 42 ~-4.70
Punjab 4.55 3.38 -6.95 4.37 -8.73
Tamil -2.19 -3.15 4.29 -5.03 -15.50
Nadu

Uttar

Pradesh —- 9.78 -7.78 4.40 1.90 -3.30
West

Bengal 8.73 -12.86 12.90 -2.18 -6.33
All India 6.61 -6.08 4. 46 -1.15 -5.75

Source: Statistical Abstract of India, Various Issues from 1966
to 1991,
Indian Livestock Census various issues.
Livestock Census of selected states from 1966 L0 1991.

l.e =219 % in 18971 ,72 10 -185.80 % in 1891,82. On the ot her hand
U .P accounted 9,78 % per amnum in 1871,72, whi ch has further
witnessed negative growth of 3.30 % per anum in 1991/92

Fespectively.
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In case of Wet Bengal, 8.73 % growth per arum noticed in
1871772, wes later it observed a negative growth rate of -6.33 %
per ayum in 1991-82. Memn while AIll India picture showed that.
6.61 % per avum in 1871/72, put it has a negative growth of -5.75
% per anum in 1881-82. Overall picture gave a impres<iranthat the
year 189891 /97 showed negative growth in almnst a11 the states and
whole India, due to substitution of moden technology in place of
traditional tools such as wooden and iron ploughs. Tractors
population was increased drastically in recent years, especially
agriculturally advanced states like. Punjab, U.P, A.P. and Tanil

Nadu respectively.

3.8 CGONSUMER PRICE INDEX NUMBERS FOR AGRICULIT1URAL LABOURERS

In case of consumer price index numbers for agricultural
labourers in all Tndian and selected states from 198887 to
189192 is shown in table 3.8.1. Index numbers of agricultural
labourers at 1960-61 pt lces in Andhra Pradesh noticed 1SS in
1968667, which . has later raised to S10 in 1991.,82. In case of
Bihar, it was around 210 in 1866.67, later it has gonce up to 695
in 1981-82. However. Punjab recorded 161 in 18686.67, later raised
to 713 in 199192 respectively. On the other hand. Tamil Nadu
showed an index of 167 in 196667, which later raised to 878 in
199182, U. P witnessed 191 in 1866.%7, which has 1ncrcased to 676
in 1901,82. Similarly, West Bengal had an index of 190 in
198667, and later it raised to 712 in 1991,9”2. As against this
a)]l India level index showed that it was 181 in 1966/67, has
Increased almost five times to an index of 675 in 1991/92

tespec Lively.
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Table 3.8.1

CONSUMLR PRICE 1NDEX NUMBERS FOR AGRICULTURAL LABOURERS GENERAL
INDEX, FROM 1886,67 TO 1991-,02.

C 1960,61 Base Yeard

Slates 1966,67 1971/72 1976,77 1981/82 19086,87 1991.,92

Andhra

Pradesh 1Ss 180 273 405 480 510
C=-=) (3.043 C8.693 c8.21) €3.463 .22

Bihar 210 204 285 460 589 695
C-=) C-0.58)> (6.923 €10.05. (5.07) C3.373

Punjab 181 200 298 461 602 713
C--) C4.433 8.30) (9.12 (8. 483 €3. 443

Tamil

Nadu 167 184 ~90 436 567 675
C==) (1.96) (9.53) 8.50) (5.40) (3.55)

Uttar

Pradesh 161 188 re7 452 590 676
C-=) C-0.64) (7.61) (11.10> (5.473 (2.763

West

Bzngal 190 208 315 433 600 7
[ ] C1.833 C 8.66) (6.573 (6.74> €3.483

All India 181 196 293 444 572 675
C~--2 C1.60> (8. 3/3 8.67> (5. 203 (3. 373

Source: H.L. c¢chandhok and Policy Group: Indian Data Base, The
Economy, Volume 1, 1990.

¢).Figures in the brackets indicates compound growth rates.

Mean while, compound growth rates of 4index numbers of
agricultural labourers in Andhra Pradesh showed that, 3.04 %
growth per annum i1n 197172, and1.P? % 1in 1991,92. Bihar noticed
negative growth of -0.88 % in 197172, but late: showed a positive
growth of 3.37 % per annum in 19992, |nterestingly Punjab
noticed 4.43 % growth per annum in 197172, was further gone up to

a growth rate of 3.44 % per annum in 1991/92 respectively.
Next is Tamil Nadu showing 1.96 % per annum in 187172, which
ncreased to a rate of 3.5 % per annum in 1881.892. Contrary to

‘his y. p accounted nogative growth of -0.64 % in 1871/72. but later
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witnessed a positive rate of 2.76 % per annum in 19891.92. West
Bengal recorded 1.83 % growth per annum in 197172, and raised to
arate of 3.48 % per annum in 1991 »/87. Whole India index raised at
1.60 % per annum in 187172, and later it raised at a rate of 3.37

% per annum in 1991/92 respectively.

3.9 INDEX NUMBERS OF WHOLE SALE PRICES OF DIFFERENT AGRCULTURAL

COMMODITIES AND INPUTS:

Indian agr fcultural production has experienced higher costs
during the last three decades.  The reason for this i1 that all
most all the prices of agricultural inputs and allied equipment
have Increased di astlcally durs to sever al reasons. Potrol cum based
inputs such as diesel, petrol, fertilizers, pesticides, and other
lubricants prices gone up especia 1y from 1973 onwards, where
there were great oil price hikes in world. On the other hand
agricultural machinery and tmpl ement prices also raised at faster

rate while comparing with agricultural production.

The yeneral obuervatlon is that prices of inputs increased at
faster rate than prices of agricultural products. On the other
side it was highlighted that energy inputs prices raised at faster
rate than energy output pricesCfood priced. Due to this reason
major changes took Pplace in Indian agriculture especially since
Green revolution. BY keeping this in to considueration the present
section discusses the TIndex numbers of wheole sale prices of
agricultural commodities and inputs from 18966/67 to 199192

respoc ity vely,
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As stated in the table 3.9.1, the index numbers of whole sale
prices of rice, has noticed, a index of B3.8 in 1986-67, |later
fncreased to 363.7 in 1881/92. As against this wheal jndex raised
from 85.2 in 1866-87 to 292.0 in 189102 respectively. Jowar index
which recorded around 108.8 in 1966,.67, has later witnessed 311.9
in 1991.82. Whae as cotton Index weas 60.9 in 1966/67, has
increased to 306. 3 in 1991,92. Interestingly ground nut. index
raised at faster rate from 88.4 in 198687, to 427.8 in 1991/92.
Sugar cane index raised from 70.9 in 1966,.87, to 282.2 in 1991.92
respectively. It wes also observed that out of =six crops ground
nut Index increased faster rate than other five crops, next comes
rice, Jjowar, cotton, wheat, and sugar cane. It is further observed
that, in case of sugar cane, which have high cost of production
its oM price has less increase in price index. This weas the
reason Wy farmers often raised the issue of support price to the

sugar cane crop.

With respect to the agriculture inputs, petrol index had an
index of 74.9 in 186,67, has later drastically lincreased in
1976,77 to 28S. 0, which weass due to great oil hick in world
scenario, and later it has further increased to 734.0 in
1901 =, Diesel w11 index alse witnessed similar trend from 88.5 in
1966.,67, it increased to 690. 0 in 18891.,892. Light wpced dicsel oil
noticed an increase from 106.4 in 1871/72, to 929.3 in 1991/92.
Finally the high speed di esel oil raised from 103.3 in 1971/72 to

450.7 in 199192 respectively.
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Table 3.9.1

INDEX NUMBERS OF WHOLE SALE PRICES OF DIFFERENT AGRICuL1url RFXATED

COMMODITIES, FROM 19886-67 TO 1991 ,02.

(Base Year 1970-71 + 100D

Item Weight 1966X67 1971/72 1976,77 1981-,.82 1a88.87 1991 X92

Rice 5.13 83.8 103.0 156.9 226.1 302.1 363.7
C-=-) Cd.21> (8. 783 (7.58) C5.973 C3.7&

Wheat 3.42 B85.2 99.5 152.0 101.6 238.6 292.0
C--) (3.783 C8.843 (4.74 C4.493 C4.12

Jowar 0.84 89.9 108.9 163.6 241.5 260.7 311.4
C--> C4.10) 8. 283 8.10) €1.50 C3.62)

Cotton 2.285 60.9 107.8 197.5 227.3 184.7 308. 3
C-=) 12.10> («12.873 2.85 C-4.073 (10.65)>

Groundnut 1.82 88.4 87.7 142.2 270.5 372.4 427.8
C--2 (-0.16> (10.153 (13.733 (6. 60) c2.81)

Sugar cane  1.64  70.9 100.6 ias.8 189.9 251. 4 282.2
C--3 (7.25) C4.57) (8.58) 5.773 C2. 343

Petrol 0.86 74.9 116.5 285. 0 505.5 642.6 734.0
C==D €10.44> (€ 19.593 c12.14 c4.9”) c2.70>

Diese)l Q1]  1.7a Qn, & 104.9 €13.9 B 6 090. 8 630. 0
C--) €1.27) (15.32) (20.923 C3.72) (-0.02>

Light Die- 0.34 106. 4 267.7 732.5 929.3 g929. 3
sel Oil C--> (G c20.27)> Cge2.30> C€4.873 (CO. 003

High Speed 1.37 103.3 160.1 373.3 a52. 2 450.7
Diesel Oil C==) C--) (9.163 (18.45) €3.91) (-0.07)

Electricity 2.40 91.3 102.5 171.6 279.6 564. 6 656.6
C=-= ¢2.343 (10.863 <(10.26) (15.09 €3.073

Animal Feed 0. 04 99.2 149.0 210.4 231.3 297.4
C--> C=--) (8. 48) 7.15) C1.91) (5.16)

Fertilizers 1.2b 7u.1 100.0U 186.5 273. 6 288.8 288.4
C-=> (5.74) (13.14) €7.97) €1.09) (-0.03

Nt trogen 0.84 99.8 186G. 2 2m.0 303.3 303.3
== == (13.283 (8.58) € 1.543 c0.00>

Phosphatic 0. 35 102. 8 190.6 262.8  262.0 260.4
C-=> C--) (13.14 (6.63) (-0.06) (-9.12)

Potaugye 0. G 98.6 167.4 23%.8 246.6 246.6
C-=) C=-=) C11.17) (6.2 €1.71> CO. 00>

contd...
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Table 3.9.1 (contd)

INDEX NUMBERS OF WHOLF SAILE PRICES OF DIFFERENT AGR1CUL.TURE RELATED

COMMODITIES, FROM 18966/67 TO 1991.,92.
(Base Year : 18970-71 = 100D

Item Weight 1986,67 1971/72 1976/77 1981/82 1986,87 19391.,02

Pesticides o0.12 86.9 101.4 232. 4 351.8 469.3 525.4
C==) €3.13) 18,043 8. 65> 5,93 2.29

Tractors 0.26 112. 3 203.0 331.0 428.7 492.6
C-= ) C12.57) €10.27) CS 31> cz. 823
Ag. Spreyers 0.01 100.7 154.6 187.8 289.8 311.3
C--3 == C8.95) C3.97> (0.063 ¢ 1.443
D esel 0. 21 100.0 138.0 184.0 P1A.2 277.7
Engins c -3 o 6. 63D (5.92  (3.28) (5.1
-
Power Dr-ivenO. 27 1R5. 4 271 .0 348. 5 414.3
Pumps C - 101.0 (10.3/> (10.3u5 Cou.led (3.52)
C-->
Flectric 0.27 100.0 141.7 248.7 351. 6 458.1
Motors -~ C==> €7.22) €11.91> (7.17) C5. 43
Ag. Commod 40. 42 82.0 104.4 158.5 236.5 329.9 400. 7
C--)  (4.95) (8.71> (¢8.333 (6.88) 3. 963
Non-Ag. 59.58 83.3 100.1 188.9 311.7 408.6 458-8
Commodities --) (5.55) €11.60) (10.53 (5.56) (2.353
Total Food 43.12 84.1 106.4 165.7 254.8 392.0 411.5
Group C--3 C4.823 C9.z6) C8.993 C9.00> 0. 973

Total Nun- 56. 88 81.8 105.0 184.0 301.4 393, 6 453. 4
Food Group C-=> €5.12) €11.97) (10.78) (S.593 c2.77

Source: H.L. Chandhok and Policy Group: Indian Data Base, The
Economy, Volum: 1, 1990.

(J).Figures in the brackets indicates comprimdA growth rates.
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Electricity index weas ©1.3 in 168687, that raised to 8586.8 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.
Howcver , nitrogen, phosphate, and potassiun  Indexes were a 99.8,
102.8, and 98.6 in 187172, have later increased to 303.3. 260.4,

248.6 in 1991 /82 respectively.

A drastic increase in pesticides i{ndex, namely 88.9 in
196687, to BP4.4 in 1991 ,92. Tractors whole sale price index
Increased from 112.3 in 197172, to 492, in 1891.7.82. On the other
hand agricultural sprayers increased from an index of 100.7 in
197172, to 311.3 in 1991.92. Irrigation equlpuent such as, diesecl
engines-, power driven pumpy, and clectric motor s i ndoxew were also
noticed an increase from 100.0, 101.0, and 100.0 in 197172, to

277.7, 414.3. and 458.1 in 1891,/02 respectively.

It was observed that, agriculture commodities 1ndex increased
from 82.0 in 196667, tO 400. 7 in 19001272, Whae as non-
agriculture commodities raised from 83.3 in 1866,67 to 458.8 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

deveopment is stil) in velatile nature in India.

However, there i1s another evidence that, the total food group

hoticed a rise in index from 81.S in 18986-67, to 411.1 in 1991/92.
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As  agalnst this total non-food gy vup raised at. 81 .8 in 1966/67,
was later gone up to 453.4 in 199182 respectively. Here also it
was recognised that, the index of non-food group increasing faster
rate than food group. This is another {important cause for

unfavourable growth in Tndian agriculture.

Compound growth rates with respect to index numbers of whole
sale prices of rice, indicate a 4.21 % por annum growth rate in
1971/72, and 3.78 'A per aanum growth rate in 1981,82. Whea index
accounted 3.78 % growth per awmum in 1971/72, and it raised at a
rate of 4.12 % in 1991/92. Jowar index showed positive growth
rate of 4.10 % peor annum in 197172 and 3. 6:2 % in 1891./82. Where
as cotton noticed 12. 10 % growth per annum in 1971/72, and raised
at a rate of 10.85 % per anum in 1991/92. Ground nut experienced
negative growth of -0.16 % in 1971/72, and increased at positive
growth rate of 2.81 5 per annum in 1991/92. Next. is the sugar
cane which gone up at a rate of 7.25 % in 1871,/72 and 2.34 % in

1991 /92 r cupunt. i vel y.

However petroleum inputs noticed, i.e petrol, at a growth
rate of 10.44 % in 197172, was later a growth rate of 2. 70 % per
anum in 1991/92. In case of diesel oil it recorded a growth rate
of 1.27 V. in 197172, later growth was 0. 02 in 18991.-82. Light
speed diesel oil accounts for a rate of 20. BY % in 187172, and
noticed 0. OO % in 1891.92. High =speced di esel oil raised at a rate
of 9.16 V. in 187172 and a negative growth of -0.07 % in 1991.,92.
Electricity noticed 2.34 % per aonum in 197172, which was gone up
to 3.07 % in 1991.,92. Against this the animal feed raised at the

‘eate of 8.48 % per awnum in 197071 . and later raised at a rate
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of S 16 % per amum in 1891-82. Regarding fertilizers the rate of
growth was S 74 5 per annum in 1871/72, and 0. 03 % in 199192
respeclively. Interestingly, nitrogen, phosphate, and potassium
fertilizers witnessed, 13.28, 13.14, and 11.17 % in 197677, which
later recorded 0. OO %, -9.12 %, and 0.00 % growth rates in 199192

respectively.

Pesticides accounted, 3.13 % per arum in 18976-77. which
further raised at a rate of 2.29 % pe anum in 19381.732. Howcver ,
tractors noticed a growth rate of 1251 % per avyum in 1976/77,
and 2.82 % pe anum in 1991.,92. Agricultural sprayers recorded
8.95 % growth in 1976/77, late: it incicased a a rate of 1.44 %
per anum in 1991/92. Irrigation equipment such as diesel engines,
powe driven pumps, and electric motors also recorded a growth
rate of .85 %, 10.37 %, and 7.32 % in 19677, and 3. S2 %, 5.43

%, and 3.96 % pe anum in 1991 .92 respectively.

On the other hand agricultural commodities noticed a growth
rate of 4.95 % per avwum in 1971/72, which further increased at a
rate of 3.96 % per anum in 1991.-82. Mom while, non-agriculture
commodities increased at 5.55 % in 1971/72, and2.35 % per anum in
1891797 Total food and non food ¢ oups T ndex Fal wed ol o rate of
4.82 % per arnum in 187172, which has increased later at a rate

of 0.97 % and 2.77 % per anum in 189192 reuwpectively.

3.10 SUMMARY AND CONCLUSTONS:

In this chapter, the data analysis has undu taken to identify

the factor shares axd 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 Iinputs
and output, numba of cultivators and agricultural labourers,
total draught power, i{ndex numher< of agri cultura labourers, and
index numbers of different agricultural comwedi tics and inputs

were also analyzed.

Firstly, the data analysis with respect to labour absorption
witnessed that sugar cane demanding mMmore labour force, next is
rice, cotton, ground nut, wheat, and Jowar respectively. Because
sugar cane cultivation inveolves several operations, next to rice
cultivation, consisting of operations s=uch as land preparation,
plantation, interculture, winnmwing, threshing, and
transplantation etc. This indicates that the labour absorption is
still mudh high in different cops, even though awdes i technology
was introduced in Indian agriculture. It implies that labour force
is still existing aong wi th modan technnmlogy. This conclusion
gave raise to a reasonable support to the positive economists,
where the arguments enlightened that moden technology improved

the employment conditions in Indian agriculture.

Next total value of inputs expurienced a twelve times
increase in value i.e Rs 308l crores in 1866-67 to Rs 38713
crores in 1991 ,92. This is a clear | ndicalion that, the input
burden is raising at a faster rate in agriculture sector in moden
agriculture. Due to this reason farmers shifted their production
from food crops' t o commercid crops, where commereial rrops are

more prrofitable while comparing with food crops.
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Regarding Net State Domestic Production from agriculture,
overall picture gave a lmpression that the ycar 1891.82 showed
negative growth in amost all the states and whole India, due to
substitution of modan technology in place of traditional tools
such as wooden and iron ploughs. The farmers are facing more input
burden, especially from 1980's onwards. Tractors population was
increased drastically in recent years, especial 1y agri culturally
advanced states like. Punjab, U. P, A. P and Tamil Nadu
respectively. It waes also observed that out of wix crops ground
nut index increased faster rate than other five crops, next comes
rice, Jowar, cotton, wheat, and sugar cane. Tt { <« further observed
that, in case of sugar cane. which have high cost of production
its oM pit fre has less increase in price index. This  was the
reason Wy farmers often rajised the issue of support price to'the

Nugal cane Ccrop.

Finally, it is a clear evidence that, i ndexes of
non-agt fcul ture commodi ti cu i ner canod fasblor 1 ate Lhan agr iculture
commodities. This leads to unfavorable terms of trade towards
agriculture sector. This is one of the important drawback, where
agricultural devdopment is still in volatile nature in India
Hae also it was recognized that, the index of non-food group
increasing faster rate than food group. This is another 1mportant.

cause for unfavorahle growth in Indian agriculture.

Based on these findings the next chapter will demonsirate the

nature of agriculture mechanization in Indian agriculture and

selected states.
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CHAPTER 4-

MECHANIZATION IN INDIAN AGRICULTURE

4.0 INTRODUCTION

Fam mechanization is the man plank of modaen agriculture
ard may of the progressive countries have already mechanized
their agriculture. Of course, it iisalsop true that the- conditions
in may of these countries were favourable for mechanization. Mo
important reasons for use of agri culture impl ements and machinery
were high rate of agygriculture labour, large sizc of farms, high
cropping intensity, higher percentage of irrigated area and more

adoption of high yielding technology.

As cultivable land resources are limited, iNncreased
agricultural production can only be attained in most countries of
the world through increased ylelds per unit area of land and
i mproved preservation of already produced commodities.
Technologic a inputs must be applied wisely and economically to
bring about the desired { ncreased outputs of production.
Mechanizat.ion is one of the critical i1npute of production followed
by preservation of food crops. Mechanization can increase yields
through the improvement of water control, better soll preparation
for planting, more efficient weed ant { nesect control and the
proper har vesting, handling, drying, stwuiing and processing of
food, feed and fiber crops. So that, agricultural mechanization is

the art and scientific application of mechanical alds for

167



jnereased production and preservation of food and fiber crops with

less drudgery and increased efficiency.

One of the interesting study is by Ray. 4. K(1993D, wiho
analyzed the status of agricultural mechanization in Indian
agriculture. The main objectives of this study were that,Cid to
examine the present status of agricultural mechanization in
dl f f erent states of India, (112 to exami e the conutraints 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 this study was from 18972 to 1987.

The man conclusions drawn from this study are the following.
The use of tiaditional implements is nuch more popular as compared
Lo Lhe imprevedd 0mpYement so ane) marhiinea yo A vl ) Tt i =i 7€ low
adoption of HYW sced, awar ge por cenlage of w ca under 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. N.PC1978>, has analyzed the economics of tractors
in south Asia, by considering different studies in recent years.
The man effort of this wak is to review the studies and present
thair findings In a way whch makes them compar able across

agrocl lmatic zones.

The researcher have apparently two contradictory views

168



regarding Lhe boenefits of tractore One | © the wubsti tution view
which loock. at L aclu s and o n 1 as lu an two difforent powe- sources
which technically are ‘'perfect substitutes, i.e, any operation
which a tractor with its implements can peform 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
power  to Lracltor powetr iw primarily guided by factor pr icesCor
factor scarcities). The second is the net contributor view of
tractors, which in a more extreme forms, argues that power is a
primary constraint to agricultural production almn=st regardless of
factor price<s. The powe of tractors allows more thraugh or deeper
tillage than with bullocks. Tractor machinery such as seeders,
levellers, and intercul Lturce equipnment also achlicove a higher 1evel
of precision. Both factors would lead to higher yields.
Furthermore, tractors nmey be able to recline land which cannot be
operated by bullocks at all. Finally, the high powe and speed
Lt actors would allow more timely oporaltions, thus conbliibuting
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 ovperations not performed
by the tractor. The tractor could therefore contribute to
increased production wi thout. necessarily displacing labor.
Tractorization would be consluteal witlh cupl oywent objectives,

even in low-wage countries.

Cezer G. Salas,srCto87), has done pioneering study on
mechanized rice production in Philippines agricmltrnre, during 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, weed control, pest control, harvesting and

threshing.

The man conclusions are, that the fam mechanization should
be practiced by farmers especially in seed bed ad field
preparation because oOf the shorter time involved a the same coOst.
Adequate irrigationthroughout the yeasr wi 1 1 yi V€ the fur meers all
the chances to plant rice three times a year, thus, there is a
greater possibility of increasing yearly income oOf the farmers.
Mechanized mehod of transplanting and field care, on the other
hand, is greater 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 Lime for other fam activities tOo be done

Total mechanization oOf rice production from seed bed
preparation to threshing will deprive the peasant masses of their
source of 1livelihood, since not all agricultural family have
fields to be foomed by mechanization. THO livelihood of many of
than depend on paid labour for transplanting rice, wceding and
harvesting. Thus, field preparation and threshing which are the
mog laborious fam activities found its way to be mechanized
first. Once these property-less workers will have alternative wok
in place of fam activity, the field mechanization of rice
production will find its wey as in developed country, where farm

labour is scarce.

Ba.lish.ter, et.alc1991>, Wo did analytical wok on impact of
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fam mechanlization on employment & farm productivity in Mathur
district of U. P, where ¢C.D block chaumthan  was selected
purposively out of 12 community development block in the district,
keeping in view the larger number of tractors in use of moden
inputs. Ten villages out of a total of 47 villages in the c.p.
block, were selocted randomly for this study during the period

1684-83 crop year.

The main conclusions that emerge from this study are, the
average value of farm assets in mechanized farms was about 8 times
more than that in non-mechanized farms and about 4 times more than
that in partially mechanized farms. ThO avai age i opping intensity
is the highest in mechanized farms(2086.4% followed by partially
mechanized farms (176.8% and the non-mechani zed farms ¢143. 8% .
The mechanized farms allocate more area under high tncome crops as
compared to partially mechanized and non-mechanized farms. In
compard son 10 NUN “mchani zed Carms , the per hoec Lare yleld was high
by about 10 to 27 percent in mechanized farms and by about 2 to 16
percent high in partially mechanized farms in all the magor crops
gown in these farms. The net returns per hectare in mechanized
fams is about 49 percent higher than in the partially mechanized
farms anri about 22 por cent higher than in the NNN mechanized
farms. The labour use per hectare of cultivated area is about 197
man days iNn non-mechanized farms, RO8 man days in partially
mechanj zed farms and 212 men 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 intensity and

shift in cropping pattern from less labour intensive cropsClow
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income crops) to more labour intensive cropsChigh income crops).
The marginal value of productivity for land, seed, fertilizer is

higher in mechanized farms than that in non-mechanized farms.

Anot.her- i Nteresl § ny study by Howard F. McCol lyC 1973),cxamincd
the factors influencing agricultural mechanization in different

asian countries.

Tho main conclusione of Lhiuw wtud, indirate that  the rural
sectors Of the less developed countries 1« difficult and continues
bul  poussible slowly. Unfavor able land tenure  patiter NS have
sustained the poor traditional social and economic conditions in
may of the asian countries. land reform program in Taiwan, Japan,
Korea and a few othu  countr leos has  stimulated age 1 cultural
production and rural development. Rural development can only acome
about through the increased returns per capita. Mechanization, if
planned and timed properly with other technological Iinputs can
play an impor Lant role in increasing productivity of land and men
Mechanization mud enhance mul Li-cropping and diversifiation of

crops.

Oe of the interesting counter study wes by Bina
Agarwal 19845, who traced out th© cropping intensity effects of
tractors and tube wells in the Punjab. The rescarcher identified
some Of the limitatione existed in earlier studies. Firstly mawy
of them do not take into account the tractors as a source of
irrigation, the level of irrigation, faim size and agro-climatic
zones, Which could also significantly affect cropping intensity.

Secondly, Mogt studies Use the ownership of a tracter asa proxy
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for usage: farms where tractors are hired in are counted as
pullock farms. Thirdly. in all the noted studies. cropping
intensity is defined conventionally as the ratioCexpressed as a
percent. a ge&> Of gross cropped area to net. sOWn are. While this
index Js stralghtfor war d tO interpret, 1t suf for » from ONEe Mgor
weakness: it takes no account of the differences between farmers

in their ability to intensify cultivation,

The data used relate tOo a sample of 237 farm< taken from the
principal wheat-grow!ny arcas Of Punjab, and covering 20 tehsils
sproead across all the dist picts Of the «tate The rga are for the
crop-year 1971-72, and wee collected under the °*Comprchensive
shame of studying the cost of cultivation of principal crops by
the Punjab agricultural university, for the Directorate of

Feonomiecs and Statistics. New Delhi.

The man conclusions are, that tractorsCin particular owned
Lractord and Lube wel 1y wre associated with [0 higher o r opping
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 studices as well. On 1 ndi vi dua) farms, t har - of Oore, tractors
need Not lead to a diversion of land under fodder to other crops,
ad at the mac: 0-1 evel, say, for Punjab as a whole, whether or not.
lractorisation significantly reduces the area under fodder would

depend on how substantial a reduction in bulloack requirements and
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hence in the bullock population that helps to bring about.. On the
whole, the cropping intensity advantages of tractorization in the

Punjab appear to have been overstated.

4.1 AN OVFRAIL. VIEW OF TRFNDS IN AGRYCUI.TURAI. TNPUTSs

General trends in agricultural inputs, showed quite
interesting picture. As stated in the table 4.1.1, It was observed
that, the total geo-graphical area in Indian agriculture noticed
328.8 M. he in 1960-61, later maintained almoust sSimilar i.e 328.7
in 1992,93. Where as net sown area recorder! 1233 M. he in 1o60-61 ,
wes later raised tO 142.2 M. he in 1992/93. As % of geo-graphical
area witnessed it was 40. 5 % in 196061, which has gone up to 43.4
% in 1992/93. On the other hand nct i1 igated ar oo accounted 24.7
M.he in 19680-61 but raised to 47.4 M he in 199293. However, as V.
of nel sown area it recorded 18.% % in 1880-61, and roluced to 33.3

% by 199293 respectively.

Interestingly, gross cropped area recorded 152.8 M. he in
108081, later raised to 182.S M. he in 1992/93, and a. percentage
of geo-graphical area it records 48.8 % in 196061, and increased
to S3.6 % in 1992-93. Gross irrigated arca witncsased 28.0 M. he in
186061, and ha. gone up 10 B1 R M. he in 190203, o . porcent. of
gross cropped area it accounts nearly 18.3 % in 198061 and 33.4 %

in 199293 respectively.

Area under HYVS witnessed around 1S.S M. he in 187071, which
has gone up to 66.1 M. he in 1892-83, as equivalent to 17 % in

overal) area in 197071, Thi & hae ratsed almn<t four t{ mes to 69 %
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Table 4.1.1
AN OVERALL VIEW OF TRENDS IN AGRICULTURAL INPUTS, FROM 1960.61 TO

1992/93.
Year 196061 1970771 188081 1 985/86 1989,00 1990,01 1992,93
Item) Unit
Geoygraphi- Mln. 328.8 328.8 328.8 324, 7 326. 7 328. 7 328.7
cal Area. hec
Net Sown MIn. 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. irriga-Min. 24.7 31.1 3R. 7 4a2z.1 46. 2 45.1 47 .4
ted Area hec
As % of NSA % 18.S 22.1 27.6 20.9 33.1 32.3 33.3
Gross Crop-Mln. 152.8 165.8 172.6 178.8 182.2 181.1 182. S
ped Area hec
As X of Geo- X 46. S 50. 4 52. 8 54.4 55. 4 55.1 55.6
gt aphical
Area
Gross JTrri-Mln. 28.0 38.2 49.8 54.7 59. 6 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 Min. — 15.5 43.1 55. 4 61.2 63.9 66.1
HYVs hec Q17 45) 58 65D (69 (69>
Rice " — 5.6 18.2 23.5 26.2 28.1 28.3
c1%9) [o 133) cww CBL) [YEiEH) [e1°3)
Whesat - — 6.5 16.1 19.1 20.3 20.4 22.2
C 36 C 73) C B3 C 81 > C 91> C 91O
Jowar . — 0.8 3.5 .1 . .7 B.
(€] 22 (39 C46d 52> (53>
Fertilizer Lakh 2.94 22. b6 S3. 16 84.74 115.68 125.46 121.52
Consumpt LonTonne
N " 2.11 14.79 36.78 56.61 73.86 79. 97 84.26
(71.8) (BS.6) (B66.7) ((66.8) (63.9) (63.73 (69.30
P . 0.53 5.41 12.14 20. 05 30.14 32.21 28.42
(18.03 (24.0) (22.03 (23.7>) (26.1) (2L.7D (23.43
K " 0.29 2. 36 6.24 8.08 11.68 13.28 8.4
(9.9 (10.5> C11.33 (9.5 (10.1) (10.6) (6.9
Per hortare Kg.  1.92 13.61 31.96 47.39 63. 49 69. PR 66, 59
Cons ungst, 10n
uf NPK
Contd. ..
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Table 4.1.1CContd >
AN OVERALL VIEW OF TRENDS IN AGRICULTURAL INPUTS, ARCM 186061 TO
1992,03.

year— ——1860/61 197071 1980/81 1985/86 1989,90 1990,91 1992/93

Jtem Unit

Pumps et s &
Tractors

Electrical Lakh 1.60 16. 20 43.20 B1.50 B5. 00 91.00 96. 20
Irrigation Nos
Pumpsets

Diesel " 2.30 15.60 28.10 37.70 47. OO 48.50 52. 00O
Irrigation
Pumpsets

Power Min. 833 4470 14489 23472 44056 49469 64000
Consungt 1 on Kw

Cons umption Kwh 5.5 27.0 83.9 131 .0 241.8 P73. 2 350.7
of power in
Ay viculture
Per 1000 ha

of QA

Tractors LakhO. 31 1.40 5.20 9.00 13.16 14.68 17.58
Nos

Pesticides °"000 8.6 ”4.3 45.0 52.0 72.0 82. 4 79.4

Consumption Tonns

Source: CMIE: Basic Statistics Relating to the Indian Economy,
August, 1994.

in 1992,93. Rice noticed 5.6 M. he in 197071, that has gone up to
28.3 M. he in 1992-93. Where as wheat that has 6.5 M. he in 1870,71,
later increased to 22.2 M. he in 1992-092. On the other hand Jjowar
witnessed 0.8 M. he in 1970-71, which has further raised to 6.9

M. he in 199293 respectively.

Regarding f er ti 1 i zer s, 2.94 lakh Ltonns was recor Jded in

188081, which has gone up to 121 .52 lakh tonns in 1892-93. Out of
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this Nitrogen fertilizers nmmtt ced P.o1 1 1akh Lonns in 1 96061,
which has lncreased to 84.26 lakh tonn in 183283, or in
percentage terms71.8 % share in total consumption in 1860.61, This
has declined to 69.30 % in 1992/93. As against this, phosphate
noticed 0. 53 lakh tonns {in 1980/61, later ratsed up to P8 42 lakh
tonns in 1892-93. This is equivalent to 18. 0 V. share in 196061 to
23.4 % in 1982-93. It implies that the phosphate fertilizer
consumption has increased reasonably over a perind of ti no. On the
other hand Potassium consumption recorded ©O0.29 lakh tonns in
1980861, which raised to 13.28 lakh tonns in 1893081, later
declined to 8.4 lakh tonn in 1992/93. In percentage terms it is
9.9 V. in 196061, to 10.6 % in 188091, later dowm to 6.9 V. in
198293 respectively. Pea hectare consumption of fertilizersC(NPKD
wes accounted at 1.92 Kgrshe in 1986061, which raised to 66.59
Kghe in 1992,-93. As amost a thirty times increase in consumption
from 1960/61 to 1992/93. This is a clear indication how
fertdt Lizers played an increasing role in Tndion ey lcultural

production. production.

Regarding mechanical devices for friigation { .e ~lectric and
diesel pump sets the data indicates 1 BO and P.30 lakhs in
186061, which raised up to 96.20 and 5&2.00 lakhs in 1992/93
respect Lvely., Howoever, power consunplion notd ced 833 M kw in
188081 . and increased to B40OO M. kw in 1992,83. As against this
consumpt.ion of power por 1000 hectares of gross cropped area, it
wes 5.S Kwh in 1968061, and raised to 350.7 Kwh in 1892-93
respectively. This ia a clear indication that, powe consumption

has increased almost sixty times more from 196061 to 1992-/83.
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Tractors were 0. 31 lakhs in 196061, then raised to 17.68
lakhs in 1892783, equal to a twelve times increase in tractors
p()]’l"a“ion from 188081 to 199203, Pestlacl dow convcumplion was at
8.6 Thousand tonns in 1860-61, which raised to 79.4 Thousand tonns
in 1992793, & equal to o nitno Limes 1aise 1IN consumption over

this period.

As stated in th© table 4.1.2, the compound growth rates for
total geo-graphical area noticed OOO % per awyum in 1870-71, but
it raised at a rate of0.96 % per annum in 1992/93. A= a percent of
geo-graphical area it was0. SS % pe awnum in 1970/71, which has
gone Up to L.18 % poer annum in 198283 rosye< 't vel y. Nel. irrigated
area raised at 2.33 % in 1970-71, and”. 52 % per anum in 1992,93.
As a percent of net sown area it increased at 1.79 % 4in 1870-/71,

to 1.54 % per anum in 1892-93.

Gross cropped area raised at 0. 82 % per annum in 187071, and
0.37 % per anum 1ln 1899182, As a poi cent of geo-yraphlcal area it
recorded O, ftl % in 197071 and 0. 48 % In 1982-093. Grosw Ilrrigated
area witnessed 3.15 % growth rate per amnum in 1870-71, which
further lncrecased al a rate of 1.49 % in 1882-93. The percent of
gross cropped area noticed 2.31 % in 187071, and in 1992/93 it

wes 0.46 % per annum.

Area undoer HYVs noticed 10.77 % por annum in 1980.781, which
Increacad at. a rate of 1.71 % per anum in 1992,93. However, rice
Arcg. policed 12,51 % poy antrn: gresst oot in 1050651 hut was

later it increased at a rate of 0. 36 % per arum in 1892-0% As

against this wheat aica increased at a growth rate of 8.47 % per
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arnum in 188081, and later it raised at a rate of 4.32 % in
1002/83 respectively. Jowar accounted 0. OO % in 188081, but it
has gone up to a growth rate of 1.48 V. per annum in 1892-93

respectively.

Fertilizer consumption increased at 22.80 % per amum in
187071, that has further noticed negative growth rate of-1.88 %
in 1992-93. The nitrogen f erti ] { zers consumpt i on recorded a growth
rate of 20. 77 % per annum in 1970-71, and raised a rate of2.64 %
per annum in 198293 The Phosphate consumption noticed 0. 00 % per
aryrum in 1870-71, later it experienced a negative growth rate
of-6.07 % per anum in 1992,93. The Potassium fertilizers was also
noticed simila Ltrend i.e 0.00 V. in 1970/71, and later it
experienced negative growth rate of -R0.47 in 18993-493. In the same
manner per hectare consumpt\on nf fertilizers 1ncreas<ed at, P1.63 %
per annum in 1970.771, which later showed a nogualive girowlh 1 ate of

-1.86 % per anum in 1929293 respectively,

Irrigation equipment such as electrlc and dicsel pump sets
increased a 26.0S V. and 21.10 % per amnum in 1970/71, which
increased at a rate of 2.8 % and 3.54 % per annum in 1992/93. The
Ponver consumption witlnessed 18.29 % growth per aanum in 187071,
which later ralsed ulowly a a late of 13.74 X pd annum in
1992/93. Contrary to this consumption of power per 1000 hectares
of gross cropped area recorded at 17.25 % growth per anum in
187071, which raised a. 13.30 V. poer Annum  in 1982793

respecti vely.
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Table 4.1.2

COMFOUND GRONTH RATES OF AN OVERALL
INPUTS, FROM 10060-61 TO 1992/93.

VIEW OF TRFNDS TN AGRICULTURAL

Year - 196061 1970/71 1980/81 1985/786 1983,/00 1990,91 1992/93
Ttem Unit
Geoyt aphi  Mln. 0. OO 0.00 -6. OO 0.00 0. 00 0.00
cal Area. hec
Net Sown Min. 0. 56 -0. 06 0. 13 -0.25 0. OO 0. 96
Area. hec
As X of Geo— % 0. 55 -0.08 0.14 -0.29 0.00 1.18
graphical
Area.
Net irriga-Mln. 2.33 e2.21 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 Geo- X 0. 81 0. 41 0.71 0. 46 <-0.55 0. 46
yi aphical
Area
Gross Irri-Mln. 3.15 2.69 1.90 2.17 0. 66 1.49
gated Area hec
As X of GCA X 2.31 2.3 1.15 1.67 1.22 0.46
Area under Min. — 10.77¢ S, 185 2.52 4.41 1.71
HY\/s hec
Rice * —_ 12.51 5.24 2.76 /.25 0.36
Whesat " — 9.49 -16.59 32.94 0. 49 4.32
Jowar " — 0. OO 11.75 3.13 -2.90 1.48
Fertilizer Lakh a22. 6O 9. 3% s.u7 8. OO0 ft. 46 ~1.58
Cons umpt 1 onTonne
N " 20.77 10.20 9.01 6.88 8.27 2.64
P Lad 0. AD 8. 42 10.55 10.73 fi. 87 -6.07
K L 0. OO 10.21 5.30 9.65 13.70 -20.47
Per hectare Kg. 21.63 8.91 8.20 7.59 9.12 -1.96
Consumption
of NRK
Contd.. .
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Table 4. 1.2 CContd..)
GOMROUND GROWTH RATES OF AN OVERALL VIEW OF TRENDS IN AGRICULTURAL

INPUTS, FROM 1960,61 TO 1992,93.

Year——————1960/61 1970-71 1980-81 1985/86 1983/90 193091 1992/97

Item Unit

Punpsets &
Tractors

Electrical Lakh — 26. 05 10.31 7.32 8.43 7.06 2.81
Irrrigation Nos
Pumps ets

Diesel - — 21.10 e. 06 6. OS 5.66 3.20 3.54
Irrigation
P umps ets

Power MIn. — 18.29 12.48 10.08 17.11 12.29 13.74
Consumption Kw

Consumpt ion Kwh  — 17. 75 12.01 9. 32 16. 56 17.99 13.30
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

Source: CM1E Basic Statistics Relating to the Indian Economy,
August, 1994.

Interestliiyly, tractors population which 1ncreased at 0. 00 %
In 197071, has raised at 8.43 % per annum in 1992/8% Where as
Pesticides consumption jnureased at a rate of 10.95 V. per flnriumin
197071, has later experienced negative growth rate of -1.84 % per

Annum 1n 199293,
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On the whole the 1nputs demand picture is quite clear. It has
increased drastically from 1970/71 onwards, and agiicultural
machinery and powa consumption witnesued very much impressive
growth rates. This I ndi cates that, there wi]] be a greater demad
for energy sources in near future. On this grounds the preceding
section will analyse the nature of agriculture machinery and
implements CUmechanizationd in Indian agriculture with respect to
selected states, its daymad over a period of time, axd also look
at the substitution possibilities oOf different agi icultural

equipment .

4.2 GENERAL NATURE OF FARM MECHANI ZATION IN INDIAN AGRICULTURE:

Mechani zation in Indian agriculture was over empha<ised since
Green 1 evolulion onwordsC duce t0 Limely compdol §on of operations
in HYVs cultivation). Because of this reason ~ubstitlullion took
place from traditional eoquipment replaced by wmodol 11 machines.
However, incarea<ing application of machine=s, leads to not only
increase in capltal costls in agricultw o pr wductlion but also
created demand fOr enmrgy inputs Tn view Of this, the table 4.2. 1
illustrates the general nature of farm molhani calion in Indian

agri cul ture.

The Gross cropped area was 1S5 M. he in 1866-57, which has
increased to 181 M. he in 19891.-92. Regarding tractors, there
wered, 54 lakhs in 186687, which raised to 13.16 lakhs in 199192,

Whae as tractors per lakh hectares recorded 34 in 1966767, |ater
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FARM MECHANI ZATI ON I N | NDI AN AGRI CULTURE:

Table 4.2. 1

1966-,67 TO 1991,01.

Iltem 1966,67 1971772 1976,77 1981/82 1986/87 1991,02

GCAC M1 n. hec) 155 166 171 173 179 181
€--2 Ci1.380 Co.7% €0.23> ¢o0.pg O 223

Tract or s

Lakh No's 0.54 1. 43 2.80 5. 20 8.99 13.18
C~-) ¢s. 313 (11.58) (13.183 (11.57> (7.92)

Per Lakh

Hec tares 34 86 163 301 503 727
P c20.39> f13.643 (13.05 (10.62> (7.64

011 Engines

Lakh No's 4. 6% lu. 58 23. 590 28. 10 37.70 47. Q0
(--)  (P7.36)  (ftes 3.8 ¢6.Ot) ca.51)

Per Lakh

Hectares 205 7.25 1.34 1623 2088 2575
C--> 18.70> (11.22) (5.633 C5.173 C4.28>

Electrically

operated

Pumpsets/

Tubewells

Lakh No's 5.13 16. 20 27.34 43.24 61.52 85. D
C--) (25.86) ((11.04) (9.60) ((7.31> (6. 68)

Per Lakh

Hectares 330 o977 1595 2505 3440 4658
C--> (24.24) (10.303 C 9. 45 (.55 (6. 25D

Consumption

power CKWH )

per”®

Hectares 12. 4 27.0 51.0 84.0 731 .0 241.8
C-=> (16.84) ((13.56) €10.49) (54.14) (-19,74)

Source: CMIE: Basic Statistics Relating to the Tndian Fconomy,

1994.
€>. Figures in the brackets indicates compound growth rates

from the previous year.

it has gone up to 727

the number of oil engines was 4.6%

up to 47. OO lakhs

was P28% in 10966457,

has ralued to 25570

1 akhe

in 1991.92. The oil engines per
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the other hand
hac gone

lakh hectares

in 199192,



Interestingly, elertrically oporated pump sets wer e
significantly increased froms. 13 lakhs in 1@88.87, to 8s.00 lakhs
in 1991,82. Electrical purp sets per lack hectare recorder) 330 in
106667 and raised tod4B58 in 1899192 This indicates that, the
density of tractors, ol engines, and electric purp sets increased

at faster rate from 1986,67 tOo 1991 .92.

On the other hand, consumption of powe per 1000 hectares
accounted 12.4 KWH in 1966,67, was later raised to 241.8 KWH in
1991 /82. This indicates a twelve f w1 d increase iNn power
consumption dwing 1866867 tO 199192, Nover thelews, increase in
agr { cul t ure machinery and |omp) cmeant @ 3 eads bo much prossure on
energy sources such as diesel oil, petrol, and clectsicity. Which
means there is a direct relation between farm mechanl zation and

energy resource damand in agri el ture production.

With respect to compound growth rates, gross cropped area
Increased at 1.38 % in 1W/1..72, waw inciocascd a doeor casing rate
i.e 0.82 % per awyum in 1981-82. Tractor population raised at S. 31
% per anum in 197172, which has increased at an increasing rate
of 7.82 V, per anum in 1991/92. As against this, tractors per lakh
hectares raiued at a rate of 20. 2@ % per annum in 197172, and has

further raised at a rate of 7.84 % per aonum in 1991/92.

0il engines have increaced at a rate nf 27 3B % per anum in
1971 -7&, and al a 1 ate Of 4. S % per annum in 1881, YE. In othor
words the number of Oil engines per lakh hectare recorded 18.70 %

growth per awnum in 1871,72, and the growth rate diminished to4.28
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% pet anum in 189182, On the other hand electiically operated
pup sets grew at 28.86 % per avum in 187172, axd later they
have raised a a rate of 6.68 S per avywum in 1991,92. Memn while
electric purp sets per lakh hectares increased at a 1 atc of 24.24
% per annum in 1871/72, and6.23 9% por o annus N 189192,
Consumption of powe per thousand hectares recorded 16.84 % per
arum in 1871772, and later experlenced negallve growth of-19.74 %

per ayum in 1991 /82 respectively.

4.3 TOTAL NUMBER OF AGRICULTURAL MACHINERY AND IMPLEMENTS IN

INDTA AND SELECTED STATES

Modernization of Indian agriculture gave path to raise in
agricultural machinery and implements. Due to this reason
substitution of agricultural equipment took place «ince 1966
onwards. Better equipment replaced the 1 ess efficient ones. The
available agiicultural machinery and implemcents from 1900787 to
189182 in whole India and selected siLales is shown in tables

4.3.1 to 4. 3.6.

Agricultural macldnery and 1 mpl ements in AL F, measur od by
the number of woodoen and §ron ploughs wore a 3S10 and 88
thousands in 196367, ahnd later they ralsed to a level of 4285
and 881 Lhounands iN 189182 1 eupect.Ively. An egquivalent of 8.11 *%
ad 1.70% in 19686.87 and 8.6 and 11.3 % in 1991/92 respectively.
Contrary to Lhis sugar ecane crushers run by billock and  power
accounted for 227.11 and 47.48 hundreds in 1966-.67, this has
further increased to 225 and 103 hundreds in 1891-.92, an

equivalent Of 3.86 % and 1t.05 % in 196667 to ». ficand 6. OO % in
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1981 /82 reuspectively. However, purp sets run by diesel and
electricity were 47 and 37 thousands in 1966.,67 to 399 and 703
thousands in 1891/82. In percentage terms this is equal to 10.41 %
and 14.85 %X in 1986/67 t08. 5 % and 8.3 % in 109 /92 respectively.
Interestingly tractor population incicased at a larger extent
namely, 29 hundreds in 1868,.87 to 38S hundreds in 19691.,92

respecti vely.

Table 4.3.1

TOTAI NUMBER OF AGRICUI TURA!. MACHINERY AND TMPLEMENTS TN INDIA,
1966/67.

Item — Ploughs Sugarcane Pumpsects Tractors
. Crushers
State |
Wooden lron Bullock Power Di esel Flectric
C000°> CNo" s)
Andhra 3238 54 22711 4748 46741 57225 2011
Pradesh C8.11) «¢1.70) €(3.56) C11.05) (10.41) (14.65) C5.39)
Bihar 38S3 164 45881 2417 3698 6854 2132
C9.65) C5.17) C7.20) Cb5.63) €0.82) (1.76) (3.95)
Punjab 1472 478 91534 2111 8158 8774 15489
(3.69 (15.07) (14.35> (4.81) 1.82) (2.25) (28.70)
Tamil 3423 348 14740 5963 47857 208485 3278

Nadu (B.57) €10.97) (2.31) (13.88) (9.54) (53.39) (6.07)

Uttar THHS o929 366147 3768 281456 10107 10139
Pradesh(18.9”) (9. 30D (57.41) (B.77) (6.27) (P.R1 Y (18.79

Woest 2421 6 5072 688 41 tt Gen 1548
Bengal (¢6.06)> CO. 19) CO. 80) (1.60) CO.93) CO. 16) (2.87)
All 39923 3171 637671 42959 449089 390505 53966

India €100.0) €100.0) (100.0) ¢ 100.0) €100.0> € 100.0) € 100.0)

Source: Statistical Abstract of India, DESAg., Govt. of India,
1966 to 1970.
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With respect to Bihar, wooden and iron ploughs recorded 38S3
and 164 thousands in 1968687, which has i noreased to 8345 and 744
thousands in 1991/92, as equivalent of 9.65 % and 5.17 % in
198667 to 10.7 % and 9.S % in 189192 respeclively. Where as
Sugar cane crushers run by bullocks and power were 4592 and 241
hundred in 1966,67, and later decreased to a level of 392 and 99

hundreds in 18891,92. It was almost equal to a growth rate of 7.20

Table 4.3.2

TOTAL NUMRER OK AGRICUI TURAT MACHTNFERY AND TMPI FMFENTS IN INDIA,
1971772,

Item - Ploughs Sugarcane Pumpset g Tractors
. Crushers
Wooden Iron Bullock Power Diesel Electric
C000*) C00’> 000D c00*)

Andhra 3510 85 286 70 111 145 63
Pradesh (8.93) (1.59) 4.22) (8.05) (7.12) (8B.96) (4.2
Bihar 4055 264 502 24 42 53 56

€10.32) (4.935 (7.40) (2.765 (2.705 (3.28> (3.78
Punjab 654 755 780 95 248 79 424

C1.665 C14.095 (11.505 C10.92) (15.92) C4.885 C28.595
Tami 1 30LG 611 113 101 207 001 54
Nadu (7.80) (11.40) (1.67) (11.61) (13.29) (42.09) (3.64)
Uttar 7990 1681 4011 285 203 106 276
Pradesh(20.335 € 31.375 (59.1%) € 32.76) (13.03> (6.555 (18.61)
West 1318 4 8 — 5 2 7
Bengal € 3.3% CO. 07 0. 1™ CO.3”» CO. 17 CO. 47)
Al 1 34,204 1350 t/81 tt/0 1 55102 1618 1483

India C100.05 C100.0) (100.0) (100.0> (100.0> C100.0) €100.0)>

Source: Statistical Abstract of India, DESAg., Govt. of India,
1971 to 1977.
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% and S.B3 % in 196667 to 4.9 % and 5.7 % in 1991/02
respectively. Interestingly, diesel and power pump sets were3. 7
and 6.8 thousands {n 1866,87, whirh later increased to 301 and 158
thousands in 18991/92. This is equal to a growth rate of 0.82 %
and 1.76 % in 1966/87 to 6.4 and 1.9 V, in 199i.92. On the other
hand tractors population noticed 21 hundred in 1966.67, has gone
up to 228 thousands in 18991.,92. In percentage terms it is equal to

3.93 % in 19LBLSUY Lo 1.71 % in 1991 292 roupectively.

Table 4.3.3

TOTAL NUMBER OF ACKRLICULTURAL MACHINERY AND 1MPLEMENTS IN INDIA,
1976/77.

Item——— Ploughs Sugarcane Pumpsets Tractors
. Crushers
State
Wooden Iron Bullock Power Diesel Electric
C000°) C00*) COO0O0) €00’ >
Andhra 3427 135 252 141 199 234 111

Pradesh (8.3%) (2.07) (3.77 (12.95) (8.44) (9.50 4. 02>

Bihar 4269 343 441 43 132 93 105
€10. 400 € S. 26 (L, GO € 3. UL i < L. LOY L 3. 812 C 3. 80)
Punjab 602 907 755 166 323 129 667
C1.47) C13.92) (11.30) C15.24) C13.69) (5.29) (24.18)
Tamil 3057 583 101 121 239 785 65
Nadu (7.4'S) C8.95) (1.51) (11.11) M0.13) C32.20) C2.36)
Uttar 7780 2188 4109 296 480 172 713

Pradesh (18.96) (33.58) (61.48) (27.18) (20.34) (/.05 (&25.84)

West 1318 4 8 — —_ 0.4 7
Bengal (3.21) CO. OB) CO. 12) CcO. 022 CO. 253
All 41031 [§135 ¥+ 6683 1089 2359 2438 2759

India C100.0) C100.0) <100.0) (100.0Y (100.0> M00.0) C100.0)

Source: Statistical Abstract of India, DESAg., Govt. of India,
1977 to 1986.
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In case of Punjab, wooden and iron ploughs accounted 1472 and
478 thousands in 1866,67, which noticed further at 433 and 255
thousands in 1981/82. |In other word a growth rate of 3.69 % and
15.07 % in 1966/87 to 0.9 % and 3.3 % in 1991/92 respectively. In
case of sugar cane orushers run by bul ) ock and power  thece were
815 and 21 hundreds in 19866/67 but inuicased to 893 and 572 in
1891782, This fs equal to a poercentage § nereace Of 14.35 % and
491 % in 1866/867 to 11.20 % and 33.1 % in 199192 respectively.

Diesel and power pump sets accounts 8.2 and 8.8 thousands in

Table 4.3.4

TOTAL NUMBER OF AGRI CULTURAL MACHINERY AND IMPLEMENTS | N | ND A,
1981 782.

Item Ploughs Pumpsets Tractors
Crushers
State |
Wooden Iron Bul lock Power Diesel Electric
Andhra 3317 247 196 78 51 438 215
VO7L 77 (3,63 2. 8% (6.46) C7.62) (12.23) (4.1
P1 adesh
. 44 45 158 363 59 264 111 146
Bihar  f10.42) ¢2.36) (5.28 C4.883 C8.01) (3.10) C2.82>
. 581 107 758 205 448 215 1065
Punjab ¢1.36> ¢1.600 C11.04> C24.42) (13.59) (6.00)> (20.54)
Tamil 3251 596 110 105 205 945 144

Nadu C7.62) CB8.91> (1.60 (8.693 C6.22) (26.39) (2.78)

Uttar 952 2434 4419 395 822 279 1422
Pradeshi (18.64) C36.39) (64.33) f32.70> (24.94> (7.79) f27.4®

West 2439 60 33 4 195 13 19
Bizngal <%.72) €0.903 CO. 41 0. 333 (4. 9 0. 33> €0, 37)

All 42665 6688 6869 1208 3296 3581 5185
India (€100.0> C100.03 ¢100.0> (100.0> (100.03 €100.0> (100.0)

Sources Statistical Abstract of India, DESAg., Govt. of India,
19837 t & 1990.
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1986/87, they further

1981/82, or 1.82

1901/82 rospeclively.

186667, has raised

purcentage toerms equal

respectively.

increased to
% and 2.285 %
Where as
to

to PR. VO %

1725 hundreds in

Table 4.3.5

623
in 1966/87 to 13.3 %

tractors

in 198847 t~ 131

and 473

werel 55

1991/92.

TOTAL NUMBER OF AGRICULTURAL MACHINERY AND IMPLEMLNIS IN INDIA,
1986/87.
Ttem—— Ploughs Sugarcane Pumpsets Tractors
Crushers
State |
Wooden lron Bull ock Power Flectric
Andhra 4023 533 203 85 323 625 342
Pradesh (8.83 C7.2) €2.83 CO0.06> (8.6> (10.1> 3.8
Bihar 5123 611 375 76 289 135 203
C11.23 (8B.33 (5.33 (5.43 7.7 2.2 2.3
Punjab 412 225 861 371 545 398 1561
fO. (3.1 Cle. 13 (PB.1)Y (14.% (ns) Cl17.43
Tamil 3998 762 121 135 343 1023 165
Nadu (8.8 €10.3 1.7> (9.S3 €(9.13 (16,52 f 1.83
Uttar 7995 ~923 5P.23 423 945 375 1735
Pradesh (17.53 C39.6) (73.33 (289.83 Ce5.13 C6.13 (19.33
West P11 68 44 8 ~rA 15 23 «
Bengal 4.8 CO. 93 CO. 63 CO.b> (5.93 CO. 23 0. 3
All 45623 7375 7123 1419 3770 6152 8990
India ((100.0) <100.0) (100.0)> C100.03 (100.0) C100.0Y (100.0>
Source: Llvestock Census of different States, from 1989 to 1991.

CM1E: Basic Statistics Relating to
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Tamil Nadu noticed 3423 and 348 thousands of wooden and iron
ploughs in 1986-.67, it later raised to 4123 and 898 thousands in
188182, or 8.S7 % and 10.97 % in 1966.67 to 8.3 % and 11.5 % in
1991 /92 respectively. On the other hand sugar cane crushers run by
bullock and power were at a level of 147 and 60 hundreds in
1966/67, has gone up to 143 and 180 hundicds N 1301w This is
equal to 2.31 V, and 13.88 % in 1966-67 t0 1.8 and 9.3 % in 190102
respeclively. Mcan while diesel and powe: pUTP scls data showed
that there were43 and 21 thousands in 188667, then ralsed to 391
and 1231 thousands in 189192, w1 9.G4 % and S3.39 % in 196667 tO
8.3 ant 14.S % in 19891 /82 respectively. With respect teo tractors
recorded, there were 33 hundred in 1966/67 and it has risen to 182
hundred in 1881787, v . O v in 1 QLG B7 Lo 1.4 % in 1991 /93,

Table 4.3.6
TOTAL NUMBFR OF AGRTCU!I TURAL. MACHINERY AND TMPI.LFMENTS TN INDIA,
1991 792,

ltem — Ploughs Suyarcane Pumpsets Tractors
. Crushers

State | - . ... ... — — -

Wooden Iron Bullock Power Diesel Electric
Andhra 4785 881 225 103 399 703 385
Pradesh (8. 6) €11.3> (C2.83 (6.0 C8.53 C8.33 2.9
Bihar 5345 744 392 99 301 158 225

€10.7) (9.5 4.9 5.7 (6. 4> 1.9 1.7
Punjab 433 2S5 893 572 823 473 1725

(0.9 3.3 C11.7” €31 (13D (5.6) (131D
Tamil 4123 898 143 160 391 1231 182
Nadu (8.3 (11.5) (1.8 (Y.3) 8.3 (14.5) (1.4
Uttar 8125 3111 5425 643 1010 473 2123
Pradesh C16.33 C39.93 (68.3> C37.23 (21.% (5.6 C16.13
West 2641 83 58 12 240 23 31
Bengal (5.3 1.1 CO. 73 CO. 73 (5.13 0.3 C0.”)
All aurss 7803 7941 1727 4700 8500 13161

India ¢100.03 C100.0> C100.03 C100.0> C100.0> C100.0> C100.90>

Sources Livestock census Of different State:., from 1991 to 1993.
cMig; Basic Statistics Relating to Indian Economy, 1994.
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In the state of UYltar Pradesh there were7555 and 9239 thousands
wooden and iron ploughs in 196667, which has raised to 8125 and
3111 thousands in 1891 /82. An equivalent of 1B.82 %and 20.30 % in
1966/87 to 16.3 V. and 39.9 % in 199192, The sugar cane crushers
run by Iull ¥ ock sindd puosea were 3061 and 3R bt ol 06 1 ORELB7 have
increased to 8428 and 643 humdred in 1 991 820 TL i oquivalent Of
5741 and 8.77 % in 196667 to 68.3 and 37.2 % in 199192
respeclively. Diesel and powet  pump wscets which recorded 28 and 10
thousands In 1966857, has gone up to 101 0 and 473 thonsands in
1991792, It is equal to 6.27 and 2.61 V. in 1966/67 to 21.5 and 5.6
% in 199182 respoectively. Scecond highest tractu s population was
witnessed in U.P whore there wer & 101 hundreds in 1966/67 and
that raluved to 2123 hundreds in 199182, of 18.79 X in 1966/67 to

16.1 % in 199162

The total number of wooden and iron ploughs in West Bengal
accounted for around 24721 and B 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 % in 1966/67 to 5.3 and 1.9 % in 1991/92
respectively. AS against this sugar cane crushers run by bullocks
and power were 51 and 7 hundreds in 1966/67,- which has ralsed to
S8 and 12 hundreds in 1931 /82 resperti vely. Tt is almnst equal to
a por contage share of 0080 % and 1.60 % an 18956787 to 0.7 % and
0.7 % in 199192 respect.i vely. Where as di esel and powe purp sets
Foiswed fromd.2 and N A thooaedh in 1 96 B7, to 24 0 and 23
Lthousands iN 199182, or from 0. S3 and 0.16 % in 186687 to 5.1
and 0.3 % in 109182 respectively. On the ot her hand tractor

population Was negligible in West Bengal since jt wes as 15
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hundreds in 1886.67, has risen to 31 hundred in 189102, or 2.87 %
in 1896867 to 0. 2 V. in 1891/92 respectively. On the whole it has
been observed that, total numba of agricultural machinery and
implements were less in Wegt Bengal, compared to other states in
India. The reason for this nmaey be institutional set up in the

state.

All |ndia picture was shows quite positive trend in case of
agt icultural machinery and implements. For example the numbar of
wooden and iron ploughs were 39923 and 3171 thousands in 196687,
have rat<ed to 49785 and 7803 thousands 1n 1931 /92 respertively.
As agalnst this, sugar cunc i ushier s 1 un by bullock and power
Jnoteasaesd from B37and 430 hundreds in 1 Q85.B7 tn 7041 ,nd 1727
hundreds in 189192 respectively. The diesel and powa purp sets
recorJed & loevel at 449 and 391 thousands in 1 8OGAE7, they have
increased to 4700 and 8500 thousands in 1991/92 reuwpectively.
Howeves  Lraclor population which wow alb40 huaodiods o 1 96667,

has gone up to 13161 hundreds in 1991/92 respoctively.

Considering ocompound growth rates of agricultural machinery
and j mpl ements  in Andhra Pradesh the ygrowth rate of wooden and
iron ploughs increased at 1.63 % and 9.80 % per arum in 1971.72,
and later wooden ploughs was increased at a rate ofl1 .27 % per
arum and iron ploughs increased at a rate of 10. 51 % per awvum in
1981./82. As against this sugar cane crushers run by bullocks and
powar noliced a growth rate of 9.73 % and & P9 % per grum in
197172, was increased a a rate of 2.00 axd 39 % in 199192
respectively. Diesel and powva purp sets have raised at 18.75 and

20.83 % per avnum in 197172, was later recorded at a yrowth rate
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of 4.32 Xand 2.38 %X per annum in 199182 respectively. Tractors
accounted  for 1B 78 % growth ratc pos annum in 16371 272, which

lator incroeased at @ 1 ate of 2,40 % pv oo i n 1091 2932,

Bithar accounted. wooden and it wn ploughs growth ;ates at 1.03
vand B8.89 ¥ per annum in 1897178, which further ralsed at 0.85
%and 4. OS % per annum in 199192, On the other hand sugar cane
crushers run by bullocks and power 1 ecorded a growth 1 ale of 1.81
% and 0. OO % per anum in 197172, and later raised at a rate of
0.89 % and §.43 % per anum in 1991 /92 respecti vel vy Mean While
di ewel and pow s peange ool vn wd L e - 1 oa g Wt ate of B2 86 % and
50.34 % in 1971772, and has gone up to a arate of 0. 8 % and 3. SO
% per annum in 1981 /9% respectlvely. Tiactours increawed ab a rate
of 21.67 % per annum in 1871772, and2. 08 * per annum in 199192

respectively.

Woodan ploughs in Punjab noticed a negative compound growth
rate of -14.98 and iron ploughs a positlve growth rate of 8.57 %
per aanum in 1971/72. These growth rates later become positive
where in wooden and iron ploughs has a growth rate of1.00 and 2.54
% per anum in 199192 rewpectively. On the other hand sugar cane
crushers run by bullock: and power not i ced growth rates of -3.14 %
and 35.24 % per avum in 197172, and has gone up to 0.73 and 9.04
% per anum in 1991/92 respectively. Diesel and power purp sets
increased a a rate of97.76 % and $5.10 % per annum in 1971/72,
and later raised a 2.71 ad 3.81 % per arnum in 1991/92
respectively. Whore ax tractors noticed a rate of arowth gt 22. 29
% per anum in 197172, which has gone up a a rate of S. 02 % per

anum in 199192 respectively.
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Tamil Nadu noticed negative growth in wooden ploughs i.e
-2.18 V. and positive growth rate for iron ploughs of 11.92 % per
annum 1in 18971/72, |ater raised at 0. B2 %and R.34 54 per anum in
199182 respectively. In case of sugar cane o1 ushers run by
bullock there was negative growth of -5.12 H5ad for power units
the growth rate waslt N.GR % per annum in 1 R7L #72, 1ater both have
increased at a rate of 3.40 % and 3.46 V* per anum in 1991.92
respeclively. Interestingly, diesel and power pump sets increased
a 36.93 % and 100. 4 % awnum in 1871 /72, and later increased a a
rate of 2.65 % and 3.77% in 18991,892 respectively. Tractors
noticed a 10.35 5i per aanum in 197172, later increased at a rate

of 1.98 54 per annum in 199192 respectively.

U. P is the state, whore thore are highest number  of
agricultural machinery and implement<s. In race of wooden and iron
ploughs the rate of growth was at 1.12 54 and 12.59 % puvi anum in
187172, and later increased at a rate of 0.32 Sad 1.285 5; per
anum {in 1991 -92. Sugar cane crushers run by bullock and power
accounted a rate of 1.84 54 and 49.63 % in 1971/73, was later
noticed the growth rates at 0.76 % and 8.73 % per anum in 199192
respectively. Diesel and power pumps raised at 48.62 54 and 61 .35 %
per anum in 1971,72, later increaued at a rate of 1.34 % and 4.75
% por annum iN 109182, However, tractours recorded a growth rate
of 22.27 % per aanum in 187172, and 4.13 V. per annum in 1998192

respectively.

Regar ding West Bengal, wooden ond iron ploughs  expor fenced

negative growth i.e -11.45 % and -7.79 % in 1971772, 1ater jt was
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become poxitive g 3.82 V. and 4.07 % put annum N 199192,
However, sugar cane crushers run by bullocks and power noticed a
growth rate of -30.69 %and 0. OO % per avum in 19717z, then raised
at 5.68 % and 8.45 V. per anum in 199192 respectively. FUTp sets
run by diesel and powe accounted 3.55 % and 0.00 % per arum in
197172, then increased at a rate of 1.39 % and 8.92 % peor anum
in 189192 respectively. Tractor population also raised at a
negalive growth rate of -14.14 % in 1971/72, but later the growth
rate was BU1S % prr o annom in 1AM poeuw bvely,

I case of all india, woodon and drwn plougles b vasaed at o oa
rate of -0.32 % and 11.0R % in 197172, was later noticed the
growth rate at 1.76 % and 1.13 V. per annum ir 1931.92. However,
suyor cane crosdur s roan vy hullew koLond puoees s e s oosd owt, 1,824 %
and 15.14 V. per annum in 197172, and latler 1 aised at 2.29 % and
401 % prr annum in 199192, As againslt this, the 1 enel and
power pump =ets raised a 28.25 % and BR. /S % per annum in
197172, and later it incressed at a rate of 451 % and 6.68 %
per annum in 199192 respectively. Mean while tractors increased
at 22.39 % per anpnum in 197172, and later they raiscd up at a

rate of 7.92 % per annum in 198192 1 vaspectively.

4.4  SUMMARY AND CONCLUSIONS:

The present chapter has analyzed the nature of mechanization
in Indian agriculture and serlerted states. Along with this some
other jssues like, trends in agricultural inputs, and general
nature of farm meclwnication Jn Tndian agiieddluie was  also

anal yzed.
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On the whole the inputs demand picture is quite clear. It has
Increased  dr astically from 1870-71  onwards, and agricultural
machinery and power consumption wilt nessed very mudh impressive
growth rates. This indlcates that, thore will boe o gt cater demand

for energy sources in ncar future.

The datl s analysis relating to agricultin 4 nechines y and
implements in whole India and sclected states has idontified that,
the tradi tional equipment like wooden ploughs, sugsircane crushers
run by bullocks, and diesel pump sets were replaced by modern
equipment such iron ploughs, sugarcane crushers run by power, and
electric pump sets. It shows that, there is a substitution
possibilities among the agricult.ural equi pment in Indian
agriculture. The highest tractor population was recorded in Punjab
and U. P, next come= to A.P, Rihar, Tami 1 Nadu, and We<t Bengal .
The lowest tractor population has witnessed in West Bengal. The
states like Punjab, U. P, A.P, and Tamil Nadu were nmuie attracted
fur adopti Ny modss n ted hnoloyy, whor e as Lthe vtates 14 ke Bihar and

West Benga <still existing with traditional technology.

The next chaplor will oxamines thoe natuw o of fatilicer and

pesticides demand in Indian agriculture and selected states.
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CHAPTER 5

FERTILIZER AND PESTICIDES CONSUMPTION IN INDIAN AGRICULTURE

5.0 | NTRODUCTI ON:

Fertilizers play a vital role in the nodern agriculture
technol ogy. Increased use of fertilizers has increased food
production which is conspicuous in the last two and a half decades
when the consunption of nutrients N, P, and K increased from 0.78
mllion tones(1965-66) to 10.3 mllion tones (1988-89). During
this period the food grain production also increased to over 170
mllion tones froma level of 73 mllion tones. The projected food
grain requirenent of 240 million tones by the turn of the century
is to be achieved mainly through fertilizer use and inproved farm

technol ogy.

Several studies are available which attenpt: (1) to estimate
the contribution of fertilizers to increased agricultural out put
over time or (2) to estimate the proportion of agricultural output
which is accounted for by the fertilizer input. In general, the
devel oping 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 nuch higher. A
nore bal anced rel ationship exists within nost devel oped countries.
The contribution of fertilizer depends heavily upon the sources of
increased output increased area brought wunder 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 conponent.

The commercial energy required to produce a pesticide can be
substantial. The raw materials for nodern pesticides mostly come
from the petrochem cal industry, and further inputs of energy are
required in manufacturing. Thus pesticides are the npbst energy
intensive agricultural input. Nevertheless, continued growth in
the use of pesticides appears unavoi dable. Their expanded use is
particularly needed in devel oping 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 devel oped countries probably mainly reflects environnental

concerns.

Raymond H.Ewell(1974), who examnmi ned the success failure of
Green revolution in Developing countries by taking the fertilizer
as limitting factor. The nmmin issues focussed in this study are
(1). of the three primary agricultural inputs - seeds, water and
fertilizer- fertilizer is the nost critical input since it
involves the greatest investnent both by individual farners and by
the national economy. (2) very large quantities of fertilizer wll
be required by the devel oping countries during the next decade in
order for agricultural production to keep pace wth population
growth. (3) Under-utilization of fertilizer is likely to be the
limting factor in increasing agricultural production in the

devel opi ng countries during the next decade.

The nmain conclusions drawn in this st udy are t hat,

199



under-utilization of fertilizer is likely to be the 1limiting
factor in agricultural production in the developing countries
during the 1970°s and 1880°s rather than under-utilization of
improved seed varieties or under-utilization of agricultura

water. Under-utilization of fertilizer in the devel oping countries
is the nmost likely cause of the green revolution falling short of
the expectations. (the world's people now have for it, if that

shoul d happen).

Anot her interesting st udy by Chauhan.K. K. S and
Misra.R.V(1989), who analyzed the Nitrogen fertilization in Indian
agriculture. The min observations of this study are that,
application of nitrogenous fertilizers is a key factor in the
overall fertilization progranme of |Indian agriculture. Due to
wi despread nitrogen deficiency in Indian soils, need for adequate
nitrogen fertilization is being felt nmore and nore, especially
with the increasing coverage under short duration of high yielding
varieties and renoval of substantial quantities of nitrogen in

intensive cropping systens.

Ni trogen being an energy intensive and costly nutrient, it
becomes necessary to plan for scientific and efficient use of
nitrogenous fertilizers. The nitrogen requirenents for different
crops and varieties under various agro soil-climtic situations
pronotion of efficient fertilizer materials, conplenmentary use of
organic , in-organic and biological sources of nitrogen, and a
sound technology transfer programe shoul d form essential
conmponents of the strategy to pronote efficient use of nitrogenous

fertilizers.

200



Tandon.HLS(1993), who exanmined the fertilizer consunption in
Indian agriculture by taking data from fertilizer statistics,
(Fertilizer Association O India), during the period 1970 to 1992.
The major findings are, The season-wise fertilizer consunption
pattern has gradually undergone nmmjor changes over the years.
During the 1970s and early 1980s, 60-65% of annual fertilizer
consunption took place during the post-monsoon(rabi) season and
35-40% in the nonsoon season (kharif). This ratio has been
narrow ng down. Narrow ng down of this ratio can be taken as an
indicator for three possi bl e devel opnent s (i) i ncreasi ng
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 sorghumin Maharashtra), and

(iii) wdening of the base of fertilizer consunption.

Punjab is the only state to have application rate above 100
kg/ha for an individual nutrient(N). Highest nean consunption
rates for P,0gare al so found in punjab foll owed by Andhra Pradesh.
Tam | Nadu and Kerala lead the other states in terns of nean
potash application per unit area. CQut of about 400 districts, 25%
of the total fertilizer is wused in 27 districts, 50% in 76
districts and 75% in 151 districts. This clearly denpnstrates 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. Sonme districts are in the
hi gh consunption category because of their large cropped area,
some due to high application rates per hectare and others due to a

conbination of both area and intensity of use.
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Donal d B.Ibach and Moyle S.Williams(1871), has conducted the
economic analysis of fertilizer wuse in agricultural sector in
general. The main objectives of this work are that, the econonics
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 inplications
for agriculture as a whole. The main hypothesis farmed here is
that, with continuous inputs such as fertilizers, irrigation
wat er, plant population, the physical principle of decreasing
increments of output provides the basis for the economic principle

of dimnishing returns

The results gave an indication that t hr ough i mpr oved
technol ogy a specified higher total output occurs at the |ower
yield indexes, while at the same time less fertilizer in the
aggregate is used. But it is enphasized that crop Iland-fertilizer
conbi nations derived fromyield responses reflect, in addition to
the annual rate of application, residual effects of proceeding
fertilizer use at rates that would sustain the associated yields
I nproved technol ogy, including profitable use of fertilizer, is
increasingly essential as farming becones nore conplex and
producti on depends nore on off-farm inputs. I ndividual farmers
need to keep in close touch with, and act on, new developnments.
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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anal yzed the use of potassiumin Indian agriculture. This study
presents an overall view of the past, present and Ilikely future
trends of Kuse in Indian agriculture. It was observed that about
one fifth of the districts in India fall in the LowK category.
Depletion of reserve K in soils especially with intensification of
agriculture and consequently more areas likely to becone deficient
in K are enphasized. About 41% of the total low-K districts in
India were located in UWP alone. Goa, Meghalaya, M zoram
Nagal and, Pondicherry and Tripura were in the |lowK category,
while the entire Gujarat was in the high-K category. Nearly 50% of
total consunption of K fertilizers is accounted by southern zone
in which Tami| Nadu state gets a mmjor share. But the consunption
figurers of different states do not relate to their K fertility
status. Mre than 50% of K fertilizers are being consuned by rice

foll owed 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 termfertilizer 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 termfertilizer experiments. The data
for the study have been drawn fromthe long term fertilizer use
experinments conducted at 8 cooperative centers under All I ndi a
coordinated research project on long term fertilizer experinments

for the period 1971-86.

The results showed that, the economcs of | ong term

fertilizer use and yield sustainability in various agro-climatic
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zones of the country indicated the need for applying bal anced dose
of NPK at recommended |levels for increased crop productivity and
econom ¢ 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 Coinmbatore, Jabal pur, Hyder abad and
Pant nagar because of high availability of the nutrient in these
soils. At nmost of the centers, the available data suggests that
there is a need for revision of nutrient levels for obtaining

sust ai nabl e crop vyields.

In the scenario of agricultural nodernization, fertilizers
and pesticides are the inmportant inputs to up lift t he
agricultural production at larger extent. The former will act as a
direct input in production, the later act as a external factor
whi ch decide the level of production. At the sane tinme nuch energy
can be <consumed in the production of these 4inputs. Higher
consunption of fertilizers and pesticides accounts much anpunt of
energy demand in agriculture sector. Due to this in the last two
decades agricultural sector is experiencing much demand for energy
resources. To exanmine this, the present section wll concentrate

on the nature of fertilizers and pesticides consunption in Indian

agriculture.
5.1 AREA UNDER HI GH YIELDING VARIETIES OF FOOD GRAINS - ALL
| NDI A:

The introduction of HYVs in Indian agriculture from 1966

onwar ds, gave a path to nuch demand of inputs. So that, it is very
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much essential, at forenost 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 |ndian

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
inall India was accounted, to be 887 thousand hectares in
1966/ 67, and later it has gone up to 27235 T.he in 1991/92, froma
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 HI GH YI ELDI NG VARI ETI ES OF FOOD GRAINS - ALL | NDI A
(Thousand Hect ar es)

Y ear J— 1966,67 1971772 1976,77 198182 1986/,87 1091,/92

Crop

Rice 887 7410 13337 19687 24026 27235
(2.53 C19. 6> (34.6) 48. 4 (58. 43 62.7>

Wheat 50 7860 14522 16751 19142 21237
4.2 C41.1> (69. 4 75.6d 8e. 8> c88.4)

Jowar 190 686 2370 3882 5500 6125
C1.13 4.1 15.0 23. 4 C34.5 C38.3

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 equival ent
of 4.2 %in 1966/67 to 88.4 % in 1991/92 respectively. Jowar area
wi tnessed, 190 T.he in 1966/67, was |ater recorded at 6125 T.he in
1991/92. This is alnmost 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.
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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 %growh per annum in 1971/72, later

increased to a rate of 2.10 %

Table 5.1.2

OCOVPOUND GROMH RATES CF AREA UNDER H GH YIELDING VAR ETIES OF FOCD
GRAINS - ALL INDA
CThousand Hect ar es)

Y ear ’7 1966/67 1971/72 1976,77 1981/82 1986/87 1891/892
Crop

Rice 52. 89 12.47 8. 10 4. 06 2.54
Whesat 70.84 13.06 2.90 2.70 2.10
Jowar - 29.41 28.14 10.37 7.22 2.18

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, Fax, 1993.

per annum in 1991/92 respectively. As against this Jowar area has
29.4 %per annumin 1971/72, which raised to a rate of 2.18 % per

annum

s.2 AREA UNDER H GH YIELD NG VAR ETIES OF R CE, WHEAT, AND JOMR
I N SELECTED STATES AND WHCLE | NDI A

The area under HYV seeds in selected states and all India
from 1966/ 67 to 1991/92 is shown in tables 521 to 5.2.6.
Considering the states in India, the area under rice in AP 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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Bi har 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,
whi ch increased to 2037 T/he in 1991/92, in percentage terns
fronD.8 % share in 1966/67 to 7.5 % in 1991/92. Tam | Nadu noticed

Table 5.2.1

AREA UNDER HIGH YIELDING VARIETIES OF RICE, 196667 TO 1991.,92.
C* 000 Hectares)

States— A P Bihar Punjab T. Nadu u. P W.Bengal ALL

India
Y ears |
1966/67 275 67 7 152 69 26 888
C31.0) C7. ® CO. 83 C17.13 (7.83 2.93 C100. 0>
1971 /72 725 440 311 2245 994 704 7410
9.8 (5.93 4.2) (30.33 (13.4 (9.53 (100.0)
1976/77 2024 998 579 2170 1679 1290 13337
15.2> (7.53 4.3 (16.3) C12.6> (9.73 (100. 0>
198182 3086 1500 1207 2300 2665 1807 19687
(15.73 (7.6) C6.13 €11.73 (13.53 (8.2) C100.0)>
198686 3250 2748 1709 1860 3701 2244 24026
(13.53 (11.4 C7.13 C7.73 (15.4> (9.3 (100.0D
1991 /92 3861 2891 2037 2213 4125 2623 27235
(14.2> (10.6) 7.5 Cc8.13 (15.2) (9.63 (100. 0O

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 19891/82,
this is equal to 17.1 % in 1966/67 to 81 % 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 wequal to 2.9 % in
1966/67 to 9.6 % in 1991/92 respectively. Al 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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Consi dering conpound 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. Tami| Nadu recorded 71.35 % per annumin 1971/72, | ater
it has raised at 3.54 % per annum in 1991/92. \Where as U.P
witnessed 7.47 % growth per annumin 1971/72, and later it has
gone by 2.19 % per annum in 1991/92. West Bengal recorded 93.43 %

Table B.2.2
COVMPOUND GROWIH RATES OF AREA UNDER HIGH YIELDI NG

VARIETIES OF RICE, 1966,67 TO 1991 /92.
C*000 Hectares)

States—— A P Bihar Punjab T. Nadu u.p ¥W. Bengal ALL
India
Years
1966/67 — - — — ~ — _
1971 /72 21.40 4571 113.57 71.35 7.49 93. 43 52.86
1976777 22.80 17.80 13.24 -0.68 11.06 12.88 12.47
198182 8.80 8. 49 15.83 1.17 9.68 6.97 8.10
198686 1.04 12.87 7.20 -4.16 6.79 4.43 4. 06
1991 792 3.51 1.02 3.57 3.54 2.19 3.17 .54

Source: |Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

per annumin 1971/72, was further raised at a rate o0f3.11 X per
annumin 1991/92. At all India level it was 52.86 % per annum in

1971/ 72, which slowy 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 HI GH YI ELDI NG VARI ETI ES OF WHEAT, 1988.67 TO 199192,
C*000 Hectares)

States—— Bihar Punjab Uu.pP W. Bengal ALL
India
Y ears
1966/67 25 59 363 8 540
(4.63 (10.9 <(B87.2) 1.9 C100.0>
1971 /72 1213 1695 2200 385 7860
(15.43 21.6) C28.03 C4.93 (100.0>
1976/,77 1417 2376 4800 600 14522
(9.83 (16.4> (33.1) c4.1) €100.0>
1981 /82 1800 2883 6193 389 18325
(9. 8) C(15.7> (33.8) 2.1> 1 00. 0O
198686 2100 3178 7431 397 19142
€11,03 (16.63 C38.8) ce. 1) C100.0)
1991 /92 2425 3673 8241 532 21237
(11.40 €17.3> (38. 8) 2.53 C100.0)

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 terns from67.2 % in 1966/67 to 38.8 %
in 1991/92. Contrary to this Wst Bengal wtnessed 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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Regar di ng conpound growth rates, Bihar w tnessed 117.36 % per
annum in 1971/72, which further raised to 2.92 % per annum in

1991/92. Punjab noticed 95.73 % per annumin 1971/72, and

Table S.2.4
COMPOUND GROWIH RATES OF AREA UNDER HI GH YI ELDI NG VARI ETI ES OF WHEAT,
1966-67 TO 199102,
€*000 Hectares)

States— Bihar Punjab ur ¥W. Bengal ALL
India

years

196667

1971772 117.36 95.73 43.38 117.01 70.84

1976/77 3.16 6.99 16.89 g9.28 13. 06

1981 /82 4.90 4.78 5.23 -8.30 4.76

198686 3.13 1.97 3.71 0.41 0. 88

1991702 2.92 2.94 2.09 6.03 2.10

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, Wst Bengal recorded, 117.01 % per
annum in 1971/72, and later it raised at a rate of 6.03 % per
annum in 1991/92. \Were 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 AP 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. Tam | Nadu recorded 10 T.he in

1966/ 67, which further raised to 385 T.he in 1991/92, this is
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equal to 5.3 % growth in 1966/67 to 6.3 % growh 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 5.2.85
AREA UNDER HIGH YIELDING VARIETIES OF JOWAR, 1966,.67 TO 199192,
C*000 Hectares)

States — A P T. Nadu U P ALL India
Y ears |
1966/67 36 10 2 190
€19.0) (5.3) C1.13 €100.0)
1971/,72 37 18 1 686
S. 4 <2.63 COo. 2 C100. 0D
1976/77 150 2 2370
(6. 3) €0.1) €100.0)
1981 /82 449 185 1 3882
(11.6 C4.53 COo. 03 C100.0)
1986/86 450 404 5500
(8.2 7.4 €100. 0
1991 /92 510 385 3 6125
(8.3 (6. 33 co. 13 €100. 03

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993.

that, 190 T.he was the area under HYV inl 966/67, was further it

has gone up to 6125 T.he in 1991/92 respectively.

Conpound growth rates recorded in A P was 0.55 % per annum in
1971/72, was later raised 2.54 % per annumin 1991/92. \ere as
Tami| Nadu noticed, 12.47 %per annum in 1971/72, to -0.96 %
growh in 1991/92. U P noticed alnpbst 0.00 % growth in 1971/72 to
1991/92. Al 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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Table 5.2.6

COVPOUND GROWIH RATES OF AREA UNDER HI GH YI ELDI NG VARI ETI ES OF JOWAR,

196667 TO 1991 /92,
C OO0 Hectares)

States— A P T. Nadu u.pP ALL India
Y ears |

1966/67

1971772 0. 55 12.47 0.00 29.28
1976/77 32.31 0.00 28.14
1981 /82 27.18 0.00 10.32
198686 -2.05 16.91 0.00 7.22
1091 .,02 2.54 -0.9%  0.00 2.18

Source: Indian Agriculture In Brief, DESAg, 22 edition.
Fertilizer Statistics, FAI, 1993,

5.3 THE QUANTITY OF PLANT NUTRIENTS RECEIVED FROM SO L BY
DI FFERENT CROPS:

Fertilizers absorption from soil can differ fromcrop to crop
according to its biological structure. As we know the |egune crop
will demand | ess ampunt of fertilizers as conpared 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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Table 5.3.1
THE QUANTITY OF PLANT NUTRI ENTS RECEI VED FROM SO L BY DI FFERENT
CROPS (Kg. per hectare}

Crop Yi ?:deg/r(‘;ra;s\i n N P_0g xao
Rice 2240 34 22 67
Wheat 1568 56 24 67
Jowar 1792 56 15 46
Sugar cane 67200 90 17 202
G oundnut 1904 78 22 45
Cot ton 448 30 17 45

Source: ICAR Hand Book of Agriculture: Facts and figures for
farmers, Students and all interestedin farm ng 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
potassi um respectively. Meanwhile Gound nut wth 1904 vyield,
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 anount s of
fertilizers while conmparing with other crops. Next comes ground

nut, wheat, jowar, rice, and cotton respectively.
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Anot her study by FAK1990), identified the potassium renoval
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 PsMT OF YIELD PRODUCTION FOR
DI FFERENT CROPS UNDER FI ELD CONDI TI ONS | N | NDI A

Crop Kg-tonne Produce Ratio of K.o and P_o. relative to N

N P205 K2 o N %% l%o .

Rice 20.1 11.2 30.0 100 55.7 149.3
Wheat 24.5 8.6 32.8 100 35.1 133.8
Ground-58. 1 19.6 30.1 100 33.7 51.8
Nut

Cotton 44.5 28.3 74.7 100 63.6 167.8
Sugar- 1.7 0.2 2.0 100 11.8 117.6
cane

Source: Soil fertility and Fertilizer use, Vol. |V, 1990.

nitrogen, 11.2 phosphate, and 30.0 potassium for Kg/he production.
Wth 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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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 |ess potassium where as the

soil which had scarce potassium demands nore ampunt of potassium

5.4 FERTI LI ZER CONSUMPTI ON I N I NDI AN AGRI CULTURE:

Fertilizer consunption is steadily increasing in Indian
agriculture over a period of tinme. Due to this, the demand for
fertilizers increased at a faster rate, in India. Especial |y
chemical fertilizers consunption is increasing at faster rate than
farmyard manures. The chemical fertilizers are expected to give
imrediate results in agricultural production. On these grounds the
present section will discuss fertilizer consunption in Indian

agriculture.

As stated in table 5.4.1, fertilizer consunption 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 consunption 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.
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Table 5.4. 1
FERTI LI ZER CONSUMPTI ON | N | NDI AN AGRI CULTURE: 1986-.67 TO 1001/,02.

CThousand tonns Of Nutrients).

Nutrients 1866,67 1971772 1976,77 1981/82 1886/,87 1991/92

NitrogenCN> 738 1798 2457 4069 5716 8046
C==) (19.49) (6.45) C10.62) C7.03) C7.08)

Phosphate(P3 249 558 635 1322 2079 3321
(G ] €17.51> (2.62) (15.80) (9.48) (9.82)

PotasicCKD 114 301 319 673 850 1361
C==) Ce1.43) 1.1 (16.10) C4.78) (9.87)

TotalCNPK) 1101 2657 3411 6064 8645 12728
C~=) 19.27) ¢5.12) 12.19) (7.3% (8.05)

Kgs. Per

hectare of

cropped area 7.0 16.1 20. 4 34.6 48.9 69.7
C==D C18.13) C4.85> C11.15) (7.16) (7.35)

Subsidies

(Rs.crores) 60 381 1898 4800

C==) (44.73) <C37.87> C30.39)

Source: Fertilizer Statistics, Fertilizer Association of India
1966 t o 1991.

C). Figures in the brackets indicates conpound growh rates.

Interestingly per hectare consunption 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 growh 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 of3.82 % growth
per annum in 1991/92. Sinmilarly potassiumfertilizers increased at
21.43 % per annumin 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 |ater

increased at a rate of 8.05 % per annum in 1991/92 respectively.
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On the other hand fertilizer consunption 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. \here as
subsidies raised at 44.73 % per annum in 1981/82, was further
raised at a rate 30.39 % per annumin 1991/92 respectively. The
above analysis showed that, the fertilizer consunpti on is
increasing at decreasing rate over a period of time from 1886/67
to 1991/92. The reason for this is due to, raise in prices of

fertilizers since 1973 onwards.

5.5 FERTI LI ZER CONSUWPTI ON | N I NDI AN AGRI CULTURE W TH RESPECT TO
SELECTED STATES:

Fertilizer consunption differs fromstate to state, according
to their requirenents and utilization pattern wunder different
crops. On the other hand soil differences between state to state
will also influence the consunption of fertilizers. On these
grounds the table 5.5.1 illustrate the fertilizer consunption with

respect to states and whole India.

Fertilizer consunption 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
consunption in 1966/67 to 12.54 % in 1991/92. As against this
Bi har 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, FOM 1g66,67 TO
1991 /92.
(Lakh tonnsd>

States 1966/67 1971772 1976/77 198B1/82 1986/87 1991/92

Andhra

Pradesh 2.3 3.0 4.3 6.6 9.0 16.3
€13.29> (11.28> (12.61) (10.89 (10.30) (12.54)

Bihar 0.9 1.1 1.8 2.1 5.3 6.0

C5.200 C4.14 (5.28) 3. 47) (6. 061 C4.62)

Punjab 2.4 2.9 3.5 8.2 11.2 11.8
€13.87) (10.90) (10.26> (13.53) (12.81) C9.08)

Tamil

Nadu 3.0 3.8 4.0 5.3 6.7 9.2
€17.34) 13.16) (11.73 (8.75) C7.67> (7.08>

Uttar

Pradesh 4.2 4.6 51 12.7 17.7 23.5
(24.28) C17.29) (14.96) (20.96) (20.25) <(18.08)

West

Bengal 0.7 1.0 1.9 2.6 5.0 8.4
C4.05) (3. 76) (5.57) Cd.29 (5.72) (6. 46)

All India 17.3 26.6 34.1 60.6 87.4 130.0

€100.0> (100.0) (100.0> (€100.0) (100.0> C100.0)

Source: Indian Agriculture in Brief, Various issues 1966 to 1991.
Fertilizer Statistics, Various issues 1981 to 1993.

Tami | 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. Were as U P accounted 4.2 L.t in 1966/67,
which raised to 23.5 L.t in 1991/92, in percentage terns24.28 % 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 Wich is
equal to 4.05 % in 1966/67 to 6.46 X in 1991/92. Al 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 consunption in A P accounted, 5.46 % per annum jnp

1971772, was later raised at an increasing rate of 12.61 % per
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annum in 1991/92. Bihar noticed 0.20 % per annumin 1971/72, and

Table 5.5.2

COMPOUND GROWTH RATES OF FERTILIZER CONSUMPTION IN INDIAN AGRICULTURE,
FROM 1966,67 TO 1991/92.

C(Lakh tonns)

States 1966,67 1971772 1976/77 1981/82 1986/,87 1981./92
Andhra

Pradesh 5. 46 7.47 8.15 6.40 12.61
Bihar 0.20 10.31 3.13 20. 34 2.51
Punjab — 3.86 3.83 18.56 6.43 1.05
Tamil

Nadu 3.13 2.71 5.79 4.80 6.55
Uttar

Pradesh 1.84 2.08 20. 02 6.87 5.83
West

Bengal 0. 00 0. 00 6.39 13.97 10.93
All India 8.98 5.09 12.19 7.60 8.26

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, whi ch
was gone up at a rate of 1.05 % per annum in 1991/92. However,
Tami | Nadu noticed, 3.13 % growth per annumin 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.

West Bengal has no growth( 0.00 % growth)in 1971/72, but
later it has increased at 10.93 % per annumin 1991/92. All I ndi a
picture showed that, 8.98 % per annum in 1971/72, which has
further raised at a rate o£f8.26 % per annum in 1991/ 92

respectively.
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5.6 PER HECTARE CONSUMPTI ON OF FERTILIZERS IN I NDIAN AGRI CULTURE
W TH RESPECT TO SELECTED STATES:

Per hectare consunption of fertilizers are differing from
state to state over a period of tinme since last tw decades.
Fertilizer consunption per hectare is one of the inportant
conponent for deciding yield rate in agriculture production.
Theoretically as Recardo said , | and have ori gi nal and
i ndestructi ble powers, in fact which have been slowy declined in
recent years, due to over exploitation of Jland resource. To
conpensate this fertilizers cane in to existence, so that

Table 5.6.1
PER HECTARE CONSUMPTI ON OF FERTI LI ZERS | N INDIAN AGRI CULTURE, FROM

196667 TO 1991 /92.
C(Kg. per hectare)

States 1966,67 1971,72 1976,77 1981/82 1986/87 1991./92

Andhra

Pradesh 17.7 23.5 30.2 50.3 77.1 124.0
CS 835 €5.14> (10.74) 8. 92) (9. 97)

Bihar 8.7 10.1 14.4 19.3 50.6 57.9
€3.03 €7.35) (6.03) (21.26> C2.73)

Punjab 41.8 50. 6 62.9 118.3 154.86 168.3
C3.90> C4.45) (13.47) 5.50) 1.71>

Tamil

Nadu 38.4 45.3 41.7 74.2 103.6 130.1
C3.36) C-1.64) c12.22> (6.90) C4.66)

Uttar

Pradesh 15.7 20.1 32.0 51.3 66.6 89.0
(s5.089 C9.75 «(¢9.90) ¢5.36) C5.97)

West

Bengal 9.0 13.1 1a.8 34.9 60.8 90.7
7. 80) (8.61) (12.00> (11.74) (8.33)

All India 10.1 16.1 20.8 34.3 48.9 70.7

(12.34) ¢5.26) ¢€10.52> (7.35) (7.65)

Source: Indian Agriculture in Brief, Various issues 1966 to 1991.
Fertilizer Statistics, Various issues 1981 to 1993.

¢>. Figures gn the brackets indicates conpound growth rates.
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fertilizer consumption will pave a path to declining in vyield
structure in Indian agriculture. By keeping this in view the
table 5.6.1 wll look at the per hectare consunption of
fertilizers over a period of tine from 1966/67 to 1991/92 in whole

India and selected states.

Per hectare consunption 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 consunption of
fertilizers per hectare. Bihar accounted, 8.7 Kg/he in 1966/67,
whi ch has further been increased to 57.9 Kg/he in 1991/92. As
agai nst this Punjab w tnessed tremendous change i.e 41.8 Kg/he in
1966/67, to 168.3 Kg/he in 1991/92. Tam| Nadu wtnessed 38.4
Kg/he in 1966/ 67, and was |ater 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.

Conmpound growth rates of per hect are consunpti on of
fertilizers in AP, 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 annumin 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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Tam | Nadu experienced, 3.36 % per annum in 1971/72, which
raised to 4.66 % per annum in 1991/92. UP 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. Al India picture witnessed a growh 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 |IND AN AGRICULTURE AND
SELECTED STATES

Adoption of HYVs technol ogy gave path to nuch increase in
pesticide demand in Indian agriculture, due to increase in plant
di seases. To renpve pest problem pesticides and insecticides
demand has been increased, at larger extent, over a period of
time. As discussed above, pesticide production requires |arger
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 consunption in
selected states and whole India from 1966/67 to 1991/ 92

respectively.

Pesticides consunption 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 tinmes increase took place in pesticides consunption in AP

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. Punj ab
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 PESTI Cl DES CONSUMPTI ON | N | NDI AN AGRI CULTURE, FROM 1968-67
TO 19911902,
CThousand tonns).

States 1966,67 1971/72 1976,/77 198182 1986/87 1991/92
Andhra
Pradesh 2.3 7.6 10. 4 15.5 9.1 16.7
(14.290 Cg29.46)> C30.14) (32.08) €13.525 (¢19.695
Bihar 0.6 1.7 1.8 2.6 2.0 3.9
(3.73) C6.595 «¢5.22 (3.31> 2. 975 C4.60)
Punjab 1.5 2.3 3.5 4.4 5.8 8.9
9. 32) (8.91) (10.14 9. 365 (8.625 (10.505
Tamil
Nadu 1.8 3.0 5.3 8.5 11.0 13.3
(11.18) (11.63) (15.36) (18.095 (16.345 C15.740
Uttar
Pradesh 1.2 3.4 5.1 8.2 6.6 9.5
(7.455 €13.185 (14.785 (17.45) ¢9.815 11.20)
West
Bengal 0.7 1.2 1.9 2.7 51 7.2
C4.355 C4.655 (5.515 CS. 745 €7.585 (8. 495
All India 16.1 25.8 34.5 47.0 67.3 84.8

€100.0) (100.0> <(100.05 <(100.0> (€100.05 (100.05

Source: Indian Agriculture 4n Brief, various issues 1966 to 1991.
Agricultural Statistics at dance, 1991, 1992, and 1994.

Tam | 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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1991/ 92 respectively. Al 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, conpound growh rates of
pesticides consunmption in A P noticed, 27.00 % per annum in

1971/72, and later increased at a rate of 12.91 % per annumin

Table B.7.2

COWOUND GROWIH RATES OF TOTAL PESTICIDES CONSUMPTION |IN | NDI AN

AGRI CULTURE, FROM 1966/67 TO 1991 ,1992.
(Thousand t onns) .

States 1966,67 197172 1976,77 1981/82 1986,87 199192
Andhra

Pradesh 27.00 6. 47 8.31 -10.10 12.91
Bihar -0.40 1.15 7.63 -5.11 14.29
Punjab 8.92 8.76 4.68 5.68 8.94
Tamil

Nadu — 10.76 12.086 9.91 5.29 3.87
Uttar

Pradesh 23.16 8.45 9.96 -4.25 7.56
West

Bengal 3.55 9.63 7.28 13.56 7.14
All India 9.89 5.98 6.38 7.45 4.73

Source: Indian Agriculture 4n Brief, various issues 1966 to 1991.
Agricultural Statistics at G ance, 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.

Tamil Nadu witnessed 10.76 % per annumin 1971/72, which was

further increased at a rate of3.87 % per annumin 1991/92. \Were
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as U P noticed 23.16 % per annumin 1971/72, which was raised at a
rate of 7.56 % per annumin 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 annumin 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 SUMVARY AND CONCLUSI ONS:

In this chapter, the fertilizer and pesticides consunption in
Indian agriculture and selected states was anal yzed. Along with
this some other indicators such as area under HYV seeds, the
quantity of plant nutrients received fromsoil by different crops,

and per hectare consunption of fertilizers were anal yzed.

At first, the data analysis relating to quantity of plant
nutrients received by different crops was observed that sugar cane
demands high anpbunts of fertilizers while conparing wth 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 potassiumwi |l demand |ess potassium where as the
soil which had scarce potassium denands nor e amount of

potassium.Application of nitrogenous fertilizers is a key factor
in the overall fertilization programre of Indian agriculture. Due
to widespread nitrogen deficiency in Indian soils, need for

adequate nitrogen fertilization is being felt nore and nore,
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especially with the increasing coverage under short duration of
high yielding varieties and renmoval of substantial quantities of

nitrogen in intensive cropping systems.

In case of per hectare consunption of fertilizers in all
India and selected states, the analysis indicate that Punjab has
showed hi ghest per hectare consunption of fertilizers, next cones
to Tam | Nadu, A.P, Wst Bengal, UWP, and Bihar respectively.
Finally, the data analysis with respect to pesticides consunption
in all India and selected states has shown that, Andhra Pradesh is
demandi ng much ampunt of pesticides, next to Tanil Nadu, UP,
Punj ab, West Bengal, and Bihar respectively. The preceding chapter
will exam nes 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 | NTRODUCTI ON:

Energy is a basic requirement of human |Iife, just Ilike in
agriculture, industry, transportation, conmunication and all other
economi ¢ activities of the present civilization. So far |India is
concer ned, agriculture constitutes foundati on for t he
soci o-econom ¢ structure, Seventy percent of the population is
engaged in activities related to crop-aninmal-aqua production,

processing and marketing.

Man gets his energy fromthe food he eats, An average |Indian
lives on a diet of 2000 food cal ories(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 anounts
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
organi ze, 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. Bot h
are essential in industrialized agriculture concern for the
efficient and proper wuse of energy, is evidenced from nany

questions, non-agricultural sources. Wdely differencing proposals

have been made for changes in agricultural policy in response to
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the energy-related concerns. Controver sy exists over the
correctness and feasibility of nmany of these proposals. It is of
extream | nportance, therefore, to identify t he energetic
rel ationships of agricultural systens and to be understood. W
must be able to correctly identify and measure the flow of energy
in the system conparing the crop and |I|ivestock production, food
processing, distribution and preparation. W call such activities

as agricultural energytics.

Agriculture is the business of capturing solar energy in
growi ng plants and using them for organisms sustained by that
energy to produce food and fiber needed by human beings. Like npst
ot her aspects of alternative ener gy in agriculture
energy-efficient cropping is a long-range proposition. At |east,
it is for mobst comercial farmers. There are short-term ways to
conserve energy in crop production, irrigation, harvesting, and
crop processing. But, for the npost part, this involve trade-offs.
Ei ther 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 inmpact of purchased

energy.

Now an exercise wll be made to review the exi sting
literature in this regard, and understand the energy flow pattern
in different farmsystenms in agriculture, in general, and Indian

agriculture in particular.

One of the interesting study in this regard was by Singh.L.FR
and Singh.B(1876), 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 farns. 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 sanple of 25 farns
was selected to represent small (<3 hec), medium (3 to 6 hec) and
large(6 to bellow 12 hec) size farms fromthese five villages, and
were reclassified in two categories i.e. bullock farms and tractor

farms.

The energy used in different farm operations, supplied by
di fferent power sources and the cost of energy was calculated as
follows. To account for the energy supplied from various sources
like - human, bullock and nechanical and converted into energy by
using the conversion factor: one adult man on an average devel ops
0.10 H P of energy and one pair of bullock develops 1.00 HP of
energy. In case of nmechanical power sources, their individua
rated H P was taken in to account. The cost of hired hunan | abour,

bul  ock |abour 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
equi val ent of tube-well irrigation water.

The main observations drawn in this study are, paddy, wheat,
sugarcane crops are nore energy intensive as conpared wth other
principal crops. This is one of the often noticed observation in
many studies. This study also noticed that tillage operation
consune 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 farmis nore 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 mcro-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 conpare the mcro-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 nmacro-Ievel,

due to data bottle-necks prevailed in various studies.

Singh.R.P, et.al (1976), have nmade an attenpt to estimate the
| evel of energy consunption of the two inportant crops, namnel y
bajra and wheat fromdifferent sources. They also examne the
operation wi se 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 conprise the mai n zone of baj r a- wheat
cul tivation. The dat a from 40 farnmers havi ng Nat i onal
denpnstration plots during 1974-75 and follow ng, baj ra(HB-3),
wheat (K-227) rotation were collected from the N.D diaries

mai ntai ned by the Haryana Agricultural University Experts.

The study shows that cultivation of high-yielding varieties
of wheat consuned energy three tines nore than the growing of
hybrid bajra. In both the crops nearly 82 percent of the total

power used was observed before harvesting and remmining 18 percent
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was used in harvesting, threshing and w nnow ng operations.

Roger Revelle(1878),\Wwo did analytical study on requirements
for energy in the rural areas of devel oping countries, to find the
economc feasibility of different energy sources in agricultural

J.
sector.

The main conclusions drawn in this study inply that in
choosi ng among energy sources and uses for the rural areas of
devel opi ng countries, we nust be concerned with scarce resources
and their npbst econom cal allocation, both the natural resources
like land, water, fertilizers, netals, and fuels, and the hunan
resources of capital |abour, human energy etc.A second need for
new sources of energy is to reduce costs. The npbst 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 nanual
work.Animal energy also expensive. Consider for exanple 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 sanme |and.

According to this study, any energy source for developing
countries at the present time should be manpower-intensive rather
than capital-intensive. Its devel opment should use people rather
than capital, because people are |ess expensive and more abundant

than capital in nost |ess devel oped countries.

One of the interesting study by David Pimentel (1973),
analyzed the food production and the energy crisis in U.S

agriculture, during the period from 1945 to 1970. The approach is
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to select a single crop, corn(naize), which typifies the energy
inputs for crops in general, and to make a detailed analysis of
its production energy inputs. Wth the data on input and output
for corn as a model, an examination is then nade of energy needs
for a world food supply that depends on nodern 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 |ow energy-demand tame hay and
smal | grain production. The main observations are, Corn yields
i ncreased about 240 percent from 1945 to 1970, the |abour input
per acre decreased nore than 69 percent. Intense nmechani zation
reduced the labour input. Fuel consunption for all farm machinery
rose fromslightly nore than 3.3 billion gallons. The wuse 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 inpressive agricultural production in the United
States has been gained through large inputs of fossil energy. He
al so suggested the alternative energy resources to reduce the

commercial energy resources in U S agricultural

Gasser.J.K.R(1977),has analyzed the efficiency of energy

used in the production of carbohydrates and lipids in UK
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agricul ture. The period under consideration was, from 1950 to
1970. The notable conclusions are, under most normal farnming
practice, increases of 5-10 percent of average vyields are
sufficient to justify the energy involved in production and use of
fertilizer. In nost situations, economic criteria wll restrict
fertilizer use before energy criteria. When considering energy
i nput/output relationship for fertilizers, it appears desirable to
consider the total energy output of the crop and not restrict the

bal ance 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
obj ective of the study was, to analyze the Zone-wi se variation in
the ampunt and type of energy use for agricultural activities, to
find out the type of energy used in agriculture and to estimte
the share of each type of wenergy to total energy wused in
agriculture, to study the relationship between the farm sizes and
the agricultural energy consunption level, to determine the
factors responsible for low or high level of energy consunption in

agriculture.

The method of data collection involved day-to-day details of
the sanple farns are carefully recorded on specifically prepared
and pretested schedules. To determine the factors responsible for
low or high level of energy consunption in agriculture, Si x
i ndependent variables viz., annual income, fanily size, tota
cropped area, irrigated cropped area, unirrigated cropped area and
cropping intensity have been included. The nmain conclusions are
the zone-w se and source-wi se energy use pattern which shows that

the form of energy use varies from 1.60 percent of chem cal energy
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to 27.25 percent of fertilizers. The electricity occupy the second
pl ace which requires 2724796 M of energy per annum to «cultivate
crops in 741.42 hectares of land. On the average it consunes
18964.71 M3 of energy per hectare of <crop area per annum for
agriculture operations. Energy input through fertilizer for zone
Il was maxi mum as conpared to other zones because total cropped
area under zone |Il was nuch larger than other zones. Energy input
through fertilizer for wheat was nore than all other crops and the
energy input used through diesel was larger for paddy as conpared
to other crops. On the whole, energy requirements per hectare for
rai sing paddy has nore than wheat but |ess than sugarcane. Ener gy
input through fertilizer for raising sugarcane crop was 10.725 M

per hectare which was greater than the recommended dosage

One of the inportant study was by Mittal.J.P, et.al(1985),
who did analytical work on Energy requirenents in agricultura
sector, under the supervision of Indian council of agricultura
research, Al India-coordinated research project, with the
objectives:to study crop potentiality on important crop rotations
by adopting increased inputs and machinery having nore efficient
systems, and to make an econonmic engineering study of the existing
power and energy sources in agriculture on all India basis their
limtations by carrying out studies on sanple forms in various
regions, to investigate the energy requirements for all farmng
systems, i.e, crop, livestock and agriculture-cum-acquaculture
production system includi ng household activities, to investigate
the energy requirenments for each soil, agronomc region and for
all operations fromtillage to transportation by wusing sinple
human, animal, and nechanical and electrical power with nachinery

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 requirenents for crop production at the
exi sting level of farmtechnology. The farns were classified as,
bul | ock-farns(farm having bull ocks as source of draft power and
not tractors), Tractor - farns (farns having tractor as source of
draft power and not bullocks), m xed-farnms(farns 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 nmade to mnimse the energy and also to nminimse conveyance
| osses. 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 chemcals, fertilizers and seeds. The field operations had
average share of less than 7 percent, hence research effort should
be directed towards reducing the conponents of chem cal s,
fertilizers, and seed through better application and proper
managerment. It was found that the irrigated farms required an
addi ti onal amount of 375.83 nj/ha of bullock energy, 770.46 nj/ha
of human energy and about 16107.12/nj/ha of electrical energy over
rain fed farns. Irrigation operation was the highest energy
consum ng operation for puddling of paddy, planted sugarcane and
ratoon crop of sugarcane. In case of maize and wheat crops, the
hi ghest energy consuning operation were seed bed preparation and

t hreshi ng. In sugarcane crop, harvesting and collection of

234



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 farmng
i.e 40q/ha followed by bullock farm ng 33g/ha and by power tiller
farm ng 26.2 g/ha. The yield on tractor farns 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 farmng 9.37 and power tiller farmng 7.61). The
tillage operation consuned 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

t oget her about 85 percent of the direct energy

Rutger.J.N and Grant.WB(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. 1lrot/ha
were nore than double the world average yield of 2.4 m/ha
Irrigation is supplenented by rainfall during the grow ng season
in all areas except California. Even though the greatest ampunt of
irrigation water per hectare is wused in California, irrigation
energy costs in California are | onest, since at | east
three-fourths of the irrigation is from surface water collected
behind dans 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) anong the
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Table 6.0.1

ENERGY INPUTS PER HECTARE OF RICE, SACRAMENTO VALLEY, CALIFORNIA,
1977.

Item Quantity/ha Kcal 7ha
Labour 23.6 hr
Machi nery 37.7 kg 742460
Gasol in 55.2 1 558017
Di esel 225.4 1 2572716
El ectricity 29. 7 kwh 85031
Ni trogen 132.3 kg 1944810
Phosphat e 56.0 kg 168000
Zinc 9.8 kg 49000
Fur adan 0.5 kg 42650
Par at hi on 0.085 kg 7387
Molinate 3.4 kg 294440
MCPA 0.6 kg 59946
Copper sul phate 11. 2 kg 56000
Seed 180.5 kg 722000
Irrigation 250.0 cm 2138886
Drying 6969.0 kg 1393800
Transportation 451.3 kg 115984
Tot al 10951127
Qut put

Rice yields 6513.0 kg 19226376
Protein Yield 373.8 kg

Kcal output/kcal input 1.76

Kcal output/hour of [abour 814. 677

Source: Pimental. D (1980).
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O S rice areas. The above table 6.0.1 illustrate the energy inputs

per hectare of rice, in California, 1977.

Briggle.L.W(1976), estimated the energy use in wheat
production in OS agriculture, during the period 1970 to 1972
respectively. The main conclusions drawn are, nore energy is
requi red for producing wheat user irrigation than under any other
managenment system Heavier rates of fertilizer are used, more
tillage operations are required if one includes Iland |eveling,
ditching, field corrugation, and simlar operations relating to
wat er application, and of course the energy required to punp water
is probably the |argest expenditure. Under rain fed nmnagenent
systemin 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 problemwhere
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 |ower, however, than if wheat was seeded

in tilled ground and usual rates of fertilizer were applied.

Anot her interesting study by Ray Ricaud(1976), estimated the
energy input and output for sugarcane in Louisiana state of US,
during the period 1976 to 1977. The inportant observations
identified in the study based on the data on energy input and
out put 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 |abour for
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planting and in heavy equipnent for «cultivating and harvesting.
Most of the crop is planted with hand | abour. Diesel fuel 1is the
| argest single input because of the numerous operations required

with | arge equipnent.

The output in sugar yield is a state average over several
years. There are many growers producing more or less than the
average with simlar inputs. The yield per hectare is wusually
smal ler on large or medium size farms. Louisiana produces nore
hectares of sugarcane, but |ess 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 growi ng season in

Loui siana as conpared 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 bull ock-drawn plough, a power tiller, and a
tractor. the investigation was carried out at the KCAET farm

Tavanur in Keral a.

The main findings of this study are, Energy input in paddy
cultivation was mni mum when tractor was wused for puddling and
maximum when power tiller was used. Fertilizer and chemicals were
found to be the npbst energy-intensive inputs. Hence, attenpts
shoul d be nade to reduce their share by conservation practices and
substitution with bio-fertilizers. Involvenment of human |abour in
transplanting and harvesting should be minimised by selective
mechani zati on of these operations. Output:input ratio was maxi num
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 nmin objective was to determi ne, how energy is
related to the production of food in Indonesia, It covers the
probl ens of power availability as related to the nechanization
strategy for the country. The discussions will also describe the
conpari son between the energy input situation particularly in wet

and dry land paddy farmng on Java and on the Quter islands.

The inportant conclusions drawn form this st udy are,
Indonesia is already self sufficient in rice, and this condition
can be maintained in the future at the current Ilevel 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 har vest
activities ( drying, threshing, storage) due to the increasing

producti on output.

6.1 CONVERSI ON OF DI RECT AND | NDI RECT SOURCES OF ENERGY:

The total consunption of energy in agricultural sector by
di fferent sources can take place threw conversion process. Al the
energy sources can be converted in to a single neasure 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 G ga joules. According to the | CAR (1988), the
conversion of energy sources were analyzed as stated in the

precedi ng manner.

239



Humen energy can be neasured in the formof nman-hour, which

was equal to 1.96 G ga Joules. Wman power is neasured in wonan

hour i.e 1.57 G ga joules. Were as bullock power neasured in

Table 6.1. 1
EQUI VALENTS OF DI RECT AND | NDI RECT SOURCES OF ENERGY

ITEM UNIT EQUIVALENT ENERGYCGJI)>
Man Man-hour 1.96
Woman Woman-hour 1.57
Bullock Pair-hour 10.10
Diesel Litre 56. 31
Petrol Litre 48.53
Electricity Kil owatt-hour 11.93
Prime movers other Kg 64.80

than electric motors

Farm machinery Kg 62.70
Nitrogen Kg 60.60
Phosphorous Kg 11.10
Potassium Kg 6.70
Paddy Kg 14.77
Straw Kg 12.50

Source: Indian Council of Agricultural research, 1988.

pair-hour, was equal to 10.10 Gga joules. However
petrol energy was accounted in liter i.e 56.31 and
joules. Electricity nmeasured in Kw hour, was around

joules. Prinme novers other than electric notors were

di esel and
48.33 G ga
11.93 G ga

measured |n

kgs i.e equal to 64.80 G ga Joules. farm machinery energy neasured

in Kgs, which equals to 62.70 G ga joules.
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Nitrogen fertilizers energy can be accounted in Kgs i.e equal
to 60.60 Giga Joules. Were as phosphate and potassium energy is
neasured in Kgs i.e 11.10 and 6.70 G ga joules. Energy conponent
in paddy measured as Kgs i.e 14.77 G ga joules. Next cones to the
straw, which accounted in Kgs, was equals to 12.50 G ga joules of
energy equivalent. On the basis of this conversion rate, energy
consunption per hectare under different crops were estimuted and
analyzed in the preceding sections. Anpbng all the sources prine
novers was accounted hi gher energy equival ent, next comes the farm

machi nery, nitrogen, diesel, petrol, and electricity respectively.

6.2 POWER UTI LI ZATION I N | NDI AN AGRI CULTURE:

Power consunption in Indian agriculture is increasing day by
day due to much adoption of electric punp sets in place of diesel
ones. Nearly 20-25 % of the total energy was wutilized in
agriculture sector in recent years. Electricity consunption was
increased at faster rate especially from 1966 onwards, when the
nmoder ni sation of agriculture took place with Green Revol ution. The
table 6.2.1 explains the power consunption 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 tines increase in power consunption from 1966/67 to 1991/92.
Where as the power consunption 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 tines increase in power consunption in

percentage terns from 1966/67 to 1991/92. Conpound growth rates
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Table B.2.1
FOWER UTILIZATION IN INDIAN AGRICULTURE: 1986-67 TO 189192

Year Total Energy SoldCMXW) Power Consumption(%
1966/67 29128 7.2
=) C==)
1971772 43063 10.6
(8.13) o e7>
1976,77 pe 14. 4
66609
(9.1 8. 535
198182 16. 8
90245
6. 260 C10. 51>
1986/87 135052 21.7
8. 54.3 6. 2%
199192 28.2
207645 C11. 45)
8. 84.3 )

Source: CMIE: Basic Statistics Relating to the |Indian Econony
1994,

C). Figures in the brackets indicates conpound 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, whi ch

increased at a rate of 11.45 % per annum in 1991/92 respectively.

This analysis inplies that the power utilization in
agriculture sector increased at a faster rate, especially since
last two decades due to more electrification of punp sets in
agriculture sector. The main reason for this is that, due to
unfavorable rainfall. A nejor part of Indian agriculture depends
up on ground water irrigation. On the other hand, through ground
water utilization, the farners are in a position to supply water
for crops in tine, a guaranteed way, which provides stable

agricul tural production.
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6.3 ENERGY CONSUMPTI ON UNDER PRI NCI PAL CROPS I'N I NDI AN
AGRI CULTURE:

The rate of energy consunption by different resources can
differ fromcrop to crop, due to the operations involved in crop
producti on. Energy consunption in agriculture sect or under
principal crops has been classified in to direct and indirect
energy sources, depends on the replenishment. So that, human,

bull ock, seeds, and FYM can be treated as renewable energy

sources, where as electricity, diesel, fertilizers, and farm
machi nery considered as non-renewabl e ener gy sources. By
considering this, the present section will look at the nature of

energy consunption by different crops in Indian agriculture.

6.3.1 AVERAGE ENERGY REQUI REMENTS FOR PRI NCI PAL CROPS [IN | NDI AN

AGRI CULTURE:

The table 6.3.1.1 illustates the average energy consunption
under selected crops in Indian agriculture, rice crop noticed,
47498 Mega jouls, out of this human energy accounts 3604 MJ,
ani mal, seed, and FYMenergy was around 648, 459, and 2476 MJ
respectively. On the whole the total renewable energy for rice
crop recorded at 7187 MJ per hectare. On the other hand the total
non-renewabl e energy recorded 40311 MJ per hectare, out of this
diesel, electricity, fertilizer, and machinery was nearly 17298,
10670, 11509, and 834 MJ per hectare respectively. It was
observed that in rice production nuch energy was consuned from
di esel 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, aninmal, seed, and FYM recorded,
853, 286, 1383, and 245 respectively. Overall the total renewable

Table 6.3.1.1
AVERAGE ENERGY REQUIREMENTS UNDER PRI NCI PAL CROPS | N INDIAN AGRI CULTURE

CMjshad

Crop )

Energy I Rice Wheat Jowar Ground Cotton Sugarcane
Source Nut

Human

Labour 3604 853 1098 5221 1623 7035
Animal

Labour 648 286 996 349 358 788
Seed 459 1383 358 1388 449 35525
FYM 2476 245 2362 16174 381 9553
Diesel 17208 5293 9202 2346 3107 30492
Electri-

city 10670 752 2543 131 408 3119
Fertili-

sers 11509 6268 2181 10285 4074 7974
Machi-

nery 834 891 742 327 334 4462
Cana 4098 364 52 19 529 479
Total

Renew-

able 7187 2767 4814 23132 2811 52881
Total

Non-Renew

able 40311 13004 14668 13099 7923 46047
Grand

Total 47498 15771 19482 36231 10734 98928
Source: JCAR: Energy Requirements in Agriculture, Al I ndi a

Co-ordinative Research Project, 1985 to 1988.

energy consumed was 2767 MJ per hectare. Were as the total

i on-renewabl e energy accounted for 13004 M J, out of this diesel,
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electricity, fertilizers, and nachinery w tnessed 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 MJ per hectare of total energy, of this
human, aninmal, seed, and FYMenergy accounted, 1098, 996, 358, and
2362 MJ per hectare respectively. Overall the renewable energy
accounted 4814 M) per hectare. However, total non-renewabl e energy
was 14668 M per hectare, out of this diesel, electricity,
fertilizers, and machinery recorded at 9202, 2543, 2181, and 742
M)} per hectare respectively. Jowar demanding nuch anount of

diesel, next is electricity, FYM fertilizers, and human energy.

Ground nut noticed, 36231 M) total energy per hectare, out of
this renewabl e energy accounted 23132 MJ per hectare, wth human
energy, animal energy, seed, and FYM i.e 5221, 349, 1388, and
16174 respectively. Non- renewabl e energy noticed, 13099 M per
hectare, having 2346, 131, 10295, and 327 with diesel,
electricity, fertilizers, and machinery respectively. Qut of this,
ground nut consunes nuch anount of FYM fertilizers, human | abour,

and diesel energy respectively.

Cotton demands 10734 M) total energy per hectare, out of this
renewabl e energy accounts 2811 M) per hectare, with 1623 M/ he
human | abour, 358 M/ he aninmal, 449 M/ he seed, and 381 M)/ he
respectively. As against this non-renewable energy accounted at
7923 MJ/ he, having 3107, 408, 4074, and 334 M/ he of diesel,
electricity, fertilizers, and machinery respectively. Overall

picture showed that, cotton crop demanding nmuch anount 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 M/ he animal, 35525 MJ/he seed, and 9553 M)/ he
FYM respectively. On the other hand, total non-renewable energy
recorded at 46047 MJ/he , in which 30492 M)/ he diesel, 3119 M/ he
electricity, 7974 Ml/he fertilizers and 4462 M)/ he nachinery
respectively. The overall observation showed that, sugar cane crop
demands nmuch anount of seed, then cones FYM fertilizers, hunman,

and nachinery respectively.

0.4 ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL CROPS I[N

ALL I NDI A AND SELECTED STATES:

Energy consunption by different sources were increasing at
faster rate in Indian agriculture. Especially since 1966 onwards,
the rate of energy consunption was very nuch high, which accounts
nore than 20 % in all resources. The tables 6.4.1 to 6.4.7
illustrates the energy demand pattern wunder «crops in selected

states, in Indian agriculture.

The estimated total energy consunption under principal crops
in Andhra Pradesh noticed that rice demands1467.21 Lakh/MJ in
1966/ 67, has increased to 2932.83 Lakh/M in 1991/ 92. An
equi val ent of 8.76 % share in 1966/67 to 14.59 % in 1991/92. Wheat
accounted, 2.05 Lakh/M} 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 6. 4.1

ESTI VATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL

CROPS | N ANDHRA PRADESH.

C(Lakh Mega Joulsd

Year —

1966/67

1971777 1876,77 1981/82 1986/87 1991 /02
crop!
Rice 1467.21 1444.41 1693.30 1816.32 1642.96 2832. 83
(8. 76) C8.053 co9o.2m C9.393 (8.40 €1 4.593
Wheat 2.05 3.31 3.63 2.68 1.89 1.26
CO. 10d €0.11> €0.11) CO0.07> CO. 0%) 0. 03
Jowar 445.04 493.28 398. 02 431.33 322. 62 209. 43
(12.68) (14.79 12.95) (13.34) €10.38) (8. 54>
Groundnut 370.28 555. 42 380.79 525. 71 569. 19 904. 33
€14.008 C20.413 (14.923 (19.533 (22.50) C 28.78)
Cotton 33.92 35.96 30.91 50.77 44.12 76. 0O
C4.033 C4.293 Cc4.18> (5. 873 5,923 €8.20>
Sugarcane 123.77 117.72 144.43 178.07 136.52 200. 82
C5.0m8 C 4.983 (5.09) C5.63 C4. 483 C5.36)
Total 2433.17 2850.11 2651.08 3002.48 2717.30 4324. 67
C8.683 (B.79D (8.61) 9. 163 (8.33) 12.76>
Sour ce: JCAR: Energy re quirements 1in agriculture sector, Al India
Co-ordinative Research Project, 1985 to 1988.
ground nut recorded, 370.25 Lakh/M)} in 1966/67, was further
increased to 904.33 L.MJ in 1991/92. This 1is in percentage

terms14.00 % share in 1966/67 to 28.78 % share in 1991/ 92. Cot t on

crop witnessed, 33.92 Lakh/MJ in 1966/67, which gone up to 76.00

Lakh/M} 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/M) in 1966/67, it

further increased to 200.82 Lakh/M in 1991/92. This in percentage
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terns 5.00 X in 1966/67 and 5.36 % in 1991/92. The total energy

consunption under six crops noticed 2433.17 Lakh/MJ in 1966/67,

which later increased to 4324.67 Lakh/MJ in 1991/92. This is

alnmost simlar to 8.68 % share in all India in 1966/67 and 12.76%

in 1991/92 respectively.

Bi har noticed 2434.75 Lakh/M of energy in rice production in

1966/ 67, was |ater decreased to 2276.10 Lakh/MJ} in 1991/92, which

Table 6.4.2
ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL CROPS | N Bl HAR

CLakh Mega Jouls)

Year . 1966/67 1971,77 1976777 198182 1986/87 1991702
Crop'
Rice 2434. 75 2570.12 2522. 14 2549. 69 2549. 89 2276.10
(14.54) (1 4.33) 13.79® (13.19 13.04) C11. 33)
Wheat 472. 61 220.32 306. 75 258. 64 290.19 309. 58
C 23.34) C7.30) €9. 30) C7.41) €7.95) (8. 54)
Jowar 1.95 0. 97 S.ee 5.22 1.17 2.37
CO. 08> CO0.03) CO. 17) CO0.16> CO0.04) CO. 100
Groundnut
Cotton
Sugarcane 106.84 140.48 126.63 122.67 110.80 143.45
C4.69) €5.94) C4.47) C 3.88) (3. 64) €3.83)
Total 3016.14 2931.89 2960. 74 2936. 23 2951.84 2731.51
(10.75) C9.73) Cc9.62) (8. 96) (9. 05> (8. 06>
Source: ICAR: Energy requirements 4in agriculture sector, All I ndi a

in percentage terns equal
1991/ 92 respectively.
noticed 472.61 Lakh/ M

Co~-ordinative Research Project,

to 14.54

in 1966/67,

% in

was further

1985 to 1988.

1966/ 67 to
Where as energy consunption under

decreased to 309.58

11.33 %

wheat crop

Lakh/MJ in 1991/92. VWhich is equal to 23.34 %in 1966/67 to 8.54 %
share in 1991/92. The |owest energy was consuned in jowar i.e 1.95
Lakh/MJ in 1966/67, was slowy it raised to 2.37 Lakh/MI in

1991/92, or from0.06 % in 1966/67 to 0.10 % share in 1991/92.
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On the other hand ground nut and cotton noticed nil energy
consunption 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 consunption in the state under four
crops accounted for 3016.14 Lakh/M} in 1966/67, was | ater
decreased to 2731.51 Lakh/MJ in 1991/92 or from 10.75 % share in
1966/ 67 to B8.06 % in 1991/92 respectively.

In Punjab the energy consunption under rice production was
143.92 Lakh/M} in 1966/67, which has further increased to 985.11
Lakh/MJ in 1991/92, or from0.86 % 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
ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NClI PAL CROPS | N PUNJAB.

CLakh Mega Jouls)

Y ear — 1966,67 1971,77 1976/77 1981,82 1986/,87 1991./92
Crop
Rice 143.92 213.74 320.14 603. 23 859. 24 985. 11
CO.86> C1.19 1.7 3.12) C4.393 C4.90)
Wheat 266. 85 368. 25 406. 73 460. 04 502.93 509. 88
€13.18 12.20 12.33 C13.173 (13.793 (14.07)
Jowar
Groundnut 72.46 63. 04 59.42 33.33 15.58 4.35
ca. 7L 2.32> 2.33 Cc1l.24 CO. 623 Co.14
Cotton 42.51 50.99 59.79 73.31 60.86 70. 84
C5.05) (6. 09D (8. 09 (8. 483 (8.16)> (8. 58)
Sugarcane 118.71 101.90 111.79 104.886 95.96 107.83
5.223 C4.31> €3.943 €3.323 C3.15) 2.88)
Total 644.45 797,92 957.87 1274.77 1534.58 1678. 01
c2.303 c2.65) €3.11)> 3. 883 C4.703 C4.953
Source: ICAR:Energy € ( uirements 1n agriculture sector, All Indi:

Co-ordinative Research Project, 1985 to 1988.
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rai sed to 509.88 Lakh/M in 1991/92. This is equivalent of 13.18 %
share in 1966/67 to 14.07 %in 1991/92. Energy consunption under
Jowar crop showed nil energy consunption, due to negligence of
jowar crop in the state. On the other hand ground nut experienced
di mni shing demand for energy i.e 72.46 Lakh/M} in 1966/67, was
later to 4.35 Lakh/M} 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/M in 1966/ 67, which later increased
to 70.84 Lakh/M in 1991/92, or from5.05 %in 1966/67 to 8.58 %
share in 1991/92 respectively. O the other hand  energy
consunption under sugar cane recorded 118.71 Lakh/M in 1966/ 67,
was |ater decreased to 107.83 Lakh/M 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 consunption under five crops noticed 644.45 Lakh/M
in 1966/ 67, which further increased to 1678.01 Lakh/M in 1991/92,
or from2.30 %share in 1966/67 to 4.95 % share in 1991/92

respectively.

Energy consunption under rice crop in Taml| Nadu noticed,
1114. 30 Lakh/M in 1966/ 67, which has decreased to 1089.13 Lakh/M
in 1991/92, or from6.66 %in 1966/67 to 5.42 %share in 1991/92.
The energy consunption under wheat noticed negligible change over
a period of time from 1966/67 to 1991/92. Jowar recorded 142.41
Lakh/ M in 1966/ 67, which was decreased to 112.61 Lakh/M in
1991/92, or from4.05 %in 1966/67 to 4.59 % share in 1991/92.
Gound nut accounted 306.51 Lakh/M in 1966/ 67, which was gone up
to 373.54 Lakh/Ml 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 8. 4. 4

ESTIMATED TOTAL ENERGY CONSUMPTI ON UNDER PRINCIPAL CROPS I N TAM L NADU.

CLakh Mega Jouls)

Y ear ’— 1966/867 1971/77 1976,77 198182 1986/87 1991 /92

Crop

Rice 1114.30 1278.17 1084. 85 1171.78 828. 59 1089.13
6. 66 €7.13) (5. 433 6. 063 C4.753 5. 42

Whest

Jowar 142. 41 139.69 164.04 130.33 142.22 112.61
€4.053 Cc4.27> (5. 343 C4.03) C4.583 C 4.593

Groundnut 306. 51 404.70 322.46 367. 02 324.99 373.54
C11.59 €14.873 12.64) (13.64 12.85> C€11.893

Cotton 34.89 33. 60 25.76 25. 76 25.85 28.34

C 4.1 C4.013 (3. 493 Cz. o8> €3.433 (3.433

Sugarcane 105. 85 115.75 153.34 198.85 193. 90 229. 51
C4.65> C4.90) (5.41) (6. 30 C6.37) (6.13

Total 1703.97 1971.90 1750.45 1894.74 1615.24 1833.13
C6.08) (6. 54> C5.69 C5.78) C4.953 C5.41)

Source: ICAR 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/M} 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
consunption in the state wunder five crops accounted, 1703. 97
Lakh/M in 1966/ 67, which raised to 1833.13 Lakh/M} in 1991/92.
Equi valent of 6.08 % in 1966/67 to 541 % share in 1991/92

respectively.

Total energy consunption under rice crop in U.P witnessed,
2006.32 Lakh/MJ in 1966/67, then raised to 2516.44 Lakh/M} 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/M in
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Table 6.4.5

ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL CROPS IN UTTAR PRADESH.

CLakh Mega Jouls3

Year . 1966/67 1971,77 1976/,77 1981 /82 1988/87 1901 /92
Crop'

Rice 2006. 32 2242.86 2210.08 2559. 67 2632. 34 2516.44

C11.98) €12.513 12.08) (13. 24> C13. 463 12.52)

Wheat 736. 66 953. 51 1044.67 12e5.72 1325.55 1360.41

(36.38) C31.593 C31.66) (35.10> C 36.343 37.54

Jowar 172.61 120.98 136.96 133.65 112.80 100. 53

C4.91) C3.75 C4.463 C4.13® (3.63 C4.100

Groundnut 141.0608 118.84 140.94 94.56 44.56 57.61

(5.386) Cc4.373 (5.52) C3.513 1.762> 1.83)

Cotton 6.66 6.01 2.47 3.22 2.36 1.50

C0. 79 0. 72> C0.33® C0. 373 CO. 32> CO. 183

Sugarcane 933.88 1260. 34 1440. 39 1634.29 1660.01 1862. 81

C41.033 (C53.313 (50. 80> (51.74) C 54.503 C49.70>

Total 3997.79 4702.54 4975.51 5651.11 5777.63 5899. 30

(14.25) C15. 603 (16.16 17,24 C17.71) €17.41)

Source: ICAR : Energy requirements 4in agriculture sector, Al India
Co-ordinative Research Project, 1985 to 1988.

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/ M
in 1991/92. It is wequal to 4.91 %in 1966/67 to 4.10 X share in
1991/92 respectively. Ground nut recorded 141.66 Lakh/M} 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/M) 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 consunption under six crops in whole

state recorded at 3997.79 Lakh/MJ in 1966/67, which has
5899. 30 Lakh/MJ in 1991/92 respectively.

raised to

An equivalent of 14.25 %
in 1966/67 to 17.45 % share in 1991/92 respectively.
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West Bengal noticed, 2010.59 Lakh/MJ energy consumed under
rice crop in 1966/67, and later increased to 2698.36 Lakh/M 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/M} in 1966/67, and
further increased to 42.42 Lakh/M) in 1991/92. This is equal to
2.08 %in 1966/67 to 1.17 % share in 1991/92. Energy consunption
under jowar, groundnut, and cotton noticed alnmost 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 consunption in the state under three crops
recorded at 2043.91 Lakh/MJ in 1966/67, which has further raised

Table 6. 4. 6

ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL CROPS | N WEST BENGAL

(Lakh Mega Joulsd

Y ear ‘7 1966/67 1971,77 1976/,77 1981 /82 1986/87 1991 /82
Crop
Rice 2010.59 2370.863 2472.27 2474. 65 2553.49 2698. 36
(12.01D 13.22 (13.52 (12. 805 (13.06) (13.43
Whesat 10.57 66.55 81.22 33.75 62.77 42 .42
CO0.52> 2. 200 2. 465 Cc0.97> 1.72) C1.175
Jowar
Groundnut
Cotton
Sugarcane 22.75 33.64 29. 68 22.75 12.86 11.87
(1.00> C 1.42 €1.05> CO0.725 (0. 425 CO. 32>
Total 2043. 91 2470.81 2583.17 2531.15 2628.12 2752. 66
(7.295 (8.20) C38.345 7.7 C 8. 065 C8. 125
Source: JICAR: Energy r e quirements in agriculture sector, All India

Co~-ordinative Research Project, 1985 to 1988.

253



to 2752.66 Lakh/M) 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 consunption under rice
crop was around 16743.52 Lakh/MJ in 1966/67, which raised to
20095. 45 Lakh/ M) in 1991/92. Were as wheat crop noticed, 2024.68
Lakh/ M) in 1966/ 67, and later increased to 3624.18 Lakh/Ml in
1991/ 92. Jowar noticed 3517.28 Lakh/Ml in 1966/67, and slowy
decreased to 2453.17 in 1991/92. Energy consunption under ground
nut recorded 2644.50 Lakh/M) in 1966/67, and further increased to
3141. 95 Lakh/ Ml in 1991/92 respectively.

Interestingly cotton and sugar cane wtnessed 841.12 and
2276.33 Lakh/M) 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 consunption under six crops in all India raised from

Table 6.4.7

ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL CROPS I N ALL | NDI A

CLakh Mega Jouls)
Year . 1966/67 1971 /77 1976/,77 198182 1986/87 1991 /92
Crop|
Rice 16743.52 17934.29 18291.95 19335.49 19553.50 20095.45
Wheat 2024. 68 3018. 41 3299. 61 3492. 33 3647. 99 3624.18
Jowar 3517.28 3268.50 3072.70 3233.82 3106.99 2453.17
Gr oundnut 2644. 50 2720.95 2551.75 2691 . 60 2529. 65 3141.95
Cotton 841.12 837.25 739. o4 864. 84 745. 80 825.98
Sugar cane 2276. 33 2364. 38 2835. 28 3158.77 3045. 99 3745. 41
Tot al 28047. 43 30143.78 30790.33 32776.84 32629.92 33886.15
Sour ce: ICAR:Energy I € quirements in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.
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28047.43 Lakh/MJ in 1966/67 to 33886.15 Lakh/MJ in 1991/92
respectively. Energy consunption under rice, wheat, ground nut,
and sugar cane increased at faster rate, where as jowar and cotton
showed declining trend in energy consunption over a period of

time.

As stated in the tables 6.4.8 to 6.4.14, conpound growth
rates of energy consunption under principal crops in AP i.e
rice, noticed negative gromh at -0.31 % in 1971/72, and |ater
increased at a rate of 12.29 % per annumin 1991/92. As agai nst
this wheat show 10.06 % per annum in 1971/72, and later negative
growth of -7.79 % in 1991/92. Jowar crop accounted a growh rate
of 2.04 % per annumin 1971/72, and later a negative growh of
-8.28 % in 1991/92. Were as ground nut accounted 8.45 % per annum
in 1971/71, which increased at a rate of 9.70 % per annumin

Table G 4.8
COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER
PRINCIPAL CROPS IN ANDHRA PRADESH.

CLakh Mega Jouls)

Year ,— 1966,67 1971/77 1976,77 1981/82 1986/87 1991.,92
Crop!

Rice - 0.31 3.23 1.41 - 1.99 12.29
Wheat 10.06 1.86 - 5.89 - 6.75 - 7.79
Jowar 2.04 - 4.20 1.62 - 564 - 8.28
Groundnut — 8.45 - 7.27 6.66 1.60 S. 70
Cotton 1.17 - 2.98 10.43 - .77 11.49
Sugarcane 0.68 4.17 4.28 -5.18 8.02
Total 1.72 0.00 2.52 - 1.98 9.74
Source: XCAR: Energy r e quirements in agriculture sector, All India

Co-ordinative Research Project, 1985 to 1988.
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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 annumin 1991/92. On the whole total energy consunption in the
state under six crops recorded a growh rate of 1.72 % per annum
in 1971/72, and then raised at a rate of 9.74 % per annum in

1991/ 92 respectively.

Bi har witnessed, energy consunption increase at 1.09 % per
annumin 1971/72, and |ater experienced a negative growmh of-2.24
% per annum in 1991/92. \Wheat recorded negative growth of-14.16 %
in 1971/ 72, and later beconme positive at a rate of 1.30 % per
annum in 1991/92. At the sanme 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 1891/92.

Table 6.4.9

COVPOUND GROWIH RATES ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL
CROPS | N BIHAR.

C(Lakh Mega Jouls)

Year , 1966,67 1971,77 1976/77 1981/82 1986/,87 1991.,92
Crop'

Rice 1.09 - 0. 38 0. 22 0. 00 - 2.24
Wheat - 14.186 6.84 - 3.35 2.33 1.30

Jowar - 13.30 - 27.70 0.00 - 25.85 15.16

Groundnut

Cotton --

Sugarcane 5.63 - 2.08 -0.63 - 2.02 5.30

Total - 0.56 0.20 -0.17 0.11 - 1.54
Sour ce: ICAR:En e rgy r e quirements in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.
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Total energy consunption under four crops in the state experienced
negative growmh rate of -0.56 % in 1971/72 and -1.54 % in 1991/92

respectively.

On the other hand energy consunption in Punjab for rice crop
noticed has 8.23 % per annum in 1971/72, which was further

Table 6. 4.10

COMPOUND GROWTH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS IN PUNJAB.

C(Lakh Mega Jouls)

Year . 196667 1971/77 1976/,77 198182 1986/87 1991 /792
Crop!

Rice 8.23 8.42 13.31 7.33 2.77
Whest 6.65 2.01 2.49 1.80 0.27
Jowar —

Groundnut - 2.75 - 1.18 - 10.92 - 14.13 - 22.50
Cotton 3.75 3.24 4.16 - 3.65 3.08
Sugarcane - 3.01 1.87 - 1.27 - 1.76 2.36
Total 4.36 3.72 5.88 3.78 1.80

Sour ce: ICAR: Energy r e quirements in agriculture sector, A1l India
Co-ordinative Research Project, 1985 to 1988.

increased at a rate of 2.77 % per annum in 1991/92. \Were as wheat
reported a 6.65 % gromh rate per annumin 1971/72, and later it
has gone up at a rate of 0.27 % in 1991/92. Gound nut recorded
negative gromh 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 annumin 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 consunption under five crops recorded
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4,36 % per annumin 1971/72, which has increased at a rate of 1.80

% per annum in 1991/92 respectively.

Mean while energy consunption under principal crops in Tanml
Nadu recorded a growth rate of 2.78 % per annum in 1971/72, which
has later increased at a rate of 3.24 % per annumin 1991/92.

Table 6.4.11

COVPOUND GROWIH RATES ESTI MATED TOTAL ENERGY CONSUMPTION UNDER PRI NCI PAL
CROPS I N TAM L NADU.

CLakh Mega Joul si

Year — 1966/67 1971,77 1976/77 1981 /82 1986/87 1991 92
Crop'

Ri ce 2.78 - 3.23 1.55 - 4.55 3.24
Wheat

Jowar - 0. 39 3. 27 - 4.50 1.76 - 4.56

G oundnut 5.71 - 4.44 2. 62 - 2.40 2.82
Cotton - 0.78 -5.18 0. 00 - 0.16 2.10
Sugar cane 1.80 5.79 5.34 - 0.50 3. 43
Tot al 2.97 - 2.36 1.59 -3.13 2.56
Sour ce: ICAR: Energy re ( uirements in agriculture sector, Al India

Co~ordinative Research Project, 1985 to 1988.

Wiere as jowar noticed negative growh of-0.39 % per annum in
1971/72 and -4.56 % in 1991/92. Gound 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 annumin 1971/72, and |ater increased
at a rate of 3.43 % per annumin 1991/92. Overall it has w tnessed
that, total energy consunption under five crops recorded a growth

rate of 2.97 % per annumin 1971/72 and 2.56 % per annum in
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1991/ 92 respectively.

Total energy consunption under principal <crops in UpP
recorded a growth rate of 2.25 % per annumfor rice in 1971/72,
and | ater experienced negative growh of -0.90 % per annum in
1991/92. \Wheat crop recorded positive growth of 5.30 % per annum

Tabl e

COVPOUND GROWIH RATES ESTIMATED TOTAL

PRI NClI PAL CROPS | N UTTAR PRADESH.

G.4.12

ENERGY CONSUMPTI ON  UNDER

C(Lakh Mega Jouls)

Year — 1966,67 1971,77 1976,77 1981/8B2 1986,87  1991.,92
Crop
Rice 2. 85 - 0.29 2.98 0. 56 - 0.90
Wheat 5.30 1.84 3.25 1.58 0.52
Jowar - 6. 86 2.51 - 0.49 - 3.34 - 2.28
Groundnut - 3.45 3.47 - 7.67 - 13.97 5.27
Cotton - 2.03 - 16.29 5.45 - 6.02 - 8.67
Sugarcane - 6.18 2.71 .56 0.31 2.33
Total 3.30 1.13 2.58 0. 44 0.42
Sour ce: ICAR: Energy r e quirements in agriculture sector, Al India
Co-ordinative 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 growmh rate of 5. 27 % per annum in 1991/92.

Cotton crop al so experienced negative growth of

and -8.67 % in 1991/92. In case of

rate of 6.18 % in 1971/72,
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and further

-2.03 X in 1971/72

sugar cane, it increased at a

raised at a rate of 2.33 %



per annumin 1991/92. However, total energy consunption under six
crops raised at 3.30 % per annum in 1971/72, which has been

increased at a rate o£0.42 % per annum in 1991/92 respectively.

Wth respect to West Bengal, rice crop noticed a growth rate
of 3.35 % per annumin 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 growh of -7.54 % in

Table 6.4.13
COVPOUND GROWIH RATES ESTI MATED TOTAL ENERGY CONSUMPTI ON UNDER PRI NCI PAL
CROPS | N WEST BENGAL.

CLakh Mega Jouls)

Y ear S 1966,67 1971,77 1976,77 1081/82 1986,87 1901./92
Crop

Rice 3.35 0.84 0.02 0.63 1.11
Wheat 44. 48 4.06 - 16.11 13.21 - 754
Jowar

Groundnut —

Cotton

Sugarcane 8.14 - 2.47 -5.18 -10.78 -1.59
Total 3.87 0.89 - 041 0.76 0.92
Sour ce: ICAR:Energy I € quirements in agriculture sector, Al India

Co=-ordinative Research Project, 1985 to 1988.

1991/92. On the other hand sugar cane recorded, 8.14 % per annum
growh in 1971/72, and |later experienced negative growh of -1.59
% per annum in 1991/92. Total energy consunption in the state
witnessed a gromh 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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Energy consunmption in all India under principal crops
witnessed a growmh 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 Ilater
experienced negative growth of -0.13 %in 1991/92. Were as jowar
experienced negative growmh of ~-1.46 % in 1971/72 and -4.62 % in

1991/92. Gound nut recorded 0.57 % per annumin 1971/72, and

Table 6. 4.1 4
COVPOUND GROWIH RATES ESTIMATED TOTAL ENERGY CONSUMPTION UNDER PRINCIPAL
CROPS I N ALL I NDI A

C(Lakh Mega Joulsd

Y ear — 1966/67 197177 1976/,77 1981 /82 1986,87 1 991 /892
Crop

Rice 1.38 0. 39 1.12 0. 22 0.55
Whest 8.31 1.80 1.14 0.88 - 0.13
Jowar - 1l.46 - 1.23 1.03 - 0.80 - 4.62
Groundnut 0.57 - 1.28 1.07 - 1.23 4.43
Cotton - 009 - 2.48B 3.19 - 2.92 2. 06
Sugarcane 0.76 3.70 2.18 - 0.72 4.22
Total 1.45 0.43 1.26 - 0.09 0.76

Sour ce: ICAR En e rgy I € quirements in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.

later it raised at a rate of 4.43 % per annumin 1991/92. Cotton
experi enced negative growth rate of -0.09 % in 1971/72, and |later
it become positive at a growmh 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 consunption in India witnessed a growh

rate of 1.45 % per annum in 1971/72, and later increased at a rate
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of 0.76 % per annum in 1991/92 respectively.

6.5 ENERGY |INTENSITIES UNDER PRINCIPAL CROPS IN INDA AND
SELECTED STATES:

So far in the earlier sections, much enphasis has been given
to energy consunption in selected crops over a period of tine
across the states. But according to efficiency point of view, one
should | ook 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, bull ock,
and traditional equipment. After 1966 onwards efficiency of energy
resource substitution had increased at |larger extent as a process
of nodernization 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 wll discuss the energy
productivity in different crops over a period of tine in whole
India and across the states. Energy intensity can be neasured by

taking the followi ng formula..

Total Agricultural Production (T.t)

Energy Intensity =
Total Energy Consumption(Lakh/MJ)

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 wunder rice crop in Andhra
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Pradesh noticed, 2.73 Lakh/MJ per wunit 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/Ml per unit of thousand tonns

of out put

Table 6.5.1
ENERGY | NTENSI TI ES UNDER PRI NCI PAL CROPS | N ANDHRA PRADESH.

C(Thousand (Ui ntal oOutput/Lakh M. J Energy)

Year : 1966/67 1971 /77 1976,77 198182 1986/87 1991792
Crop|
Rice 2.73 3.26 2.91 4.33 4. 01 3.23
Wheat 0.98 3.32 3.86 4.10 2.65 5.56
Jowar 2. 42 2.31 2.68 3.09 3.08 3.21
Groundnut 2.74 2.10 1.53 2.73 2.30 2. 47
Cotton 4.25 4.87 8.44 13. 06 13.80 17.29
Sugarcane 77.25 89. 80 71.18 84.02 75.34 73.86
Sour ce: ICAR:Energy r e quirements 4in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.

in 1966/67, and further raised to 5.56 Lakh/MJ} in 1991/92. As
against this Jjowar witnessed 2.42 Lakh/MJ} in 1966/67, which has
increased to 3.21 Lakh/M) in 1991/92. In case of ground nut the
intensity ratio recorded at 2.74 Lakh/MJ in 1966/67, was |later
slightly cone 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/M] in cotton crop and a decline
trend showed in sugar cane crop of 73.86 Lakh/Ml in 1991/92

respectively.

On the whole it was observed that, energy was nuch efficient

in sugar cane production, while conmparing with other crops,
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followed by cotton, rice, wheat, j owar , and ground nut
respectively. \Wiich reflect that energy used in sugar cane
producti on was producing efficient |evel 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/M} in 1991/92. \Wheat
recorded, 1.90 Lakh/M in 1966/67 and 11.52 Lakh/M in 1991/92.

Table 6.5. 2
ENERGY | NTENSI TI ES UNDER PRI NCI PAL CROPS I N BI HAR.
CThousand qui ntal OutputsLakh M. J Energy)
Y ear 196687 197177 1976,77 198182 198687 199192
Cropj—
Rice 1.73 2.05 1.88 1.67 2.37 1.96
Whest 1.90 11.32 8. 05 8.51 9.86 11.52
Jowar 3.08 2.06 1.15 1.34 4.27 1.27
Groundnut
Cotton
Sugarcane 37.39 31.78 32.98 34.08 33.66 49.33
Source: ICAR: Energy r e quirements 4in agriculture sector, Al India

Co~ordinative Research Project, 1985 to 1988.

Were as jowar showed a declining trend in intensity i.e 3.08
Lakh/M) 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/M in
1966/ 67, and later it has gone up to 49.33 Lakh/M} in 1991/92

respectively.

In Punjab, the energy intensities accounted under rice crop
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was around 2.81 Lakh/MJ per unit of thousand tonns of output in
1966/ 67, which has increased to 6.86 Lakh/M in 1991/92. \heat
noticed 11.89 Lakh/MJ in 1966/67 to 24.11 Lakh/M in 1991/92. On

Table 6.5.3
ENERGY | NTENSI TI ES UNDER PRI NCI PAL CROPS | N PUNJAB.

C Thousand qui ntal oOutputs/Lakh M J Energy)

Y ear — 1966,67 1971 S77 1976/77 1981 /82 198687 1961792

Crop

Rice 2.81 4.30 5.44 6.22 7.01 6.86

Wheset 11.89 15.26 15. 42 18.59 18.81 24.11

Jowar

Groundnut 2.91 2.90 2.52 2.70 2.70 2.76

Cotton 17.55 20.18 19.03 17.32 27.79 33.27

Sugarcane 36. 44 39.55 54.30 58.36 63.67 64.18
Sour ce: ICAR:Energy frequirenents in agriculture sector, Al I ndia

Co~-ordinative Research Project, 1985 to 1988.

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/M) in 1966/67, which further increased to

33.27 and 64.18 Lakh/M) in 1991/92 respectively.

In case of Tami| Nadu energy intensities under rice crop
accounted 3.59 Lakh/M per unit of thousand tonns of output in
1966767, and later increased to 5.44 Lakh/M 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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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
wi tnessed higher intensity i.e 10.35 and 75.80 Lakh/Ml in 1966/67,
and further gone wup to 15.42 and 102.03 Lakh/M} in 1991/92
respectively.

Table 6.5. 4
ENERGY | NTENSI TI ES UNDER PRI NCI PAL CROPS IN TAM L NADU.

CThousand qui ntal Outputs/Lakh M. J Energy}
Year —— 1966/67 1971 /77 1976/77 1981 /82 1986/87 1991 792
Crop’
Rice 3.59 4.15 3.89 4.79 5.74 5.44
Whest
Jo war 3.66 3.69 4.83 4.10 4.63 6.24
Groundnut 2. 68 3.15 2.43 3.37 3.36 3.53
Cotton 10.35 12.23 13.51 10.79 10.88 15.42
Sugarcane 75. BO 83.16 92.90 101.62 111. 42 102.03
Sour ce: ICAR: Energy r e quirements 4in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.

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. \Weat and Jjowar
showed, 7.24 and 2.50 Lakh/MJ in 1966/67, which has been raised to
14.82 and 3.84 Lakh/M in 1991/92. Gound nut noticed, inefficient
ratio i.e 2.00 Lakh/MJ in 1966/67 to 2.00 Lakh/M} in 1991/92. As
against this, cotton and sugar cane wi tnessed highest intensities
of 4.65 and 37.25 Lakh/MJ in 1966/67, which has later increased to
10.67 and 58.21 Lakh/M) in 1991/92 respectively.
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Table 6.5.5
ENERGY INTENSITIES UNDER PRINCIPAL CROPS IN UTTAR PRADESH.

C(Thousand quintal Output/Lakh M. J Energy)

Y ear — 1966,67 1971 /77 1976,77 1981 /82 1986/87 1991 /92
Crop

Rice 1.50 1.68 1.94 2.30 2.85 3.62
Wheat 7.24 7.92 8.55 10.40 12.25 14.82
Jowar 2.50 1.88 3.53 4.53 4.15 3.84
Groundnut 2. 00 1.54 1.65 2.69 2.49 2.00
Cotton 4.85 4.49 5.67 6.83 7.63 10.67
Sugarcane 37.25 39.16 45.28 46.77 51.05 58.21
Source: ICAR: Energy r e quirements in agriculture sector, All India

Co-ordinative Research Project, 1985 to 1988.

With respect to West Bengal, energy intensities for rice crop
has at 2.49 Lakh/MJ in 1966/67, and later 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 quintal Output/Lakh M. J Energy)

Year 1966,67 1971,77 1976,77 1981/82 198B6/87  1991,92

Crop'

Rice 2.49 2.75 2.41 2.36 3.31 4.36

Whest 6.53 13.84 12.94 11.53 10.88 12.49

Jowar -- ~ — —_ —

Groundnut -- — —

Cotton — — — —

Sugarcane 47.08 49.26 61.05 62.02 58.86 72.37
Source: 1CAR Energy re g uirements in agriculture sector, All India

Co-ordinative 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/M} 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 consunption
with respect to output production over a period of time, from

Table 6.5.7
ENERGY | NTENSI TI ES UNDER PRI NCI PAL CROPS I N ALL | ND A

CThousand qui ntal Outputs/Lakh M. J Energy)

Y ear 1966,67 1971 S77 1976,77 1981/82 1986/,87 199102
Crop|

Rice 1.82 2. 40 2.29 2.75 3.10 3.67
Wheat 5.63 8.75 8.79 10.72 12.15 15. 20
Jowar 2.62 2. 36 3.43 3.73 2.97 3.41
Groundnut 1.67 2.27 2.06 2.68 2.32 2.25
Cotton 6.26 8.30 7.90 9.12 9.26 11.91
Sugarcane 40. 78 48.03 53.97 59. @O 61. o9 66.55
Sour ce: ICAR: Energy r e quirements in agriculture sector, Al India

Co-ordinative Research Project, 1985 to 1988.

1966/ 67 to 1991/92. Energy intensity for rice crop noticed at 1.82
Lakh/ M) per unit of thousand tonns of output in 1966/67, has |ater
increased to 3.67 Lakh/Ml in 1991/92. In case of wheat and Jjowar
it was 5.63 and 2.62 Lakh/M) in 1966/67, which has raised to
15.20 and 3.41 Lakh/MJ in 1991/92 respectively. Gound nut also
noticed inprovenent trend from 1.67 Lakh/M} in 1966/67, to 2.25
Lakh/ M) 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 wup to 11.91 and 66. 55 Lakh/ M) in 1991/ 92

respectively.
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6.6 REGRESSI ON EQUATI ONS FOR SELECTED CROPS AND STATES:

In the earlier chapters the inportance of ener gy in
agricultural production has been discussed. The agricul tural
out put 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 ternms 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 Simlarly the energy used by human beings(Il abour)
and ani mal s(draught power) is also a kind of indirect energy. But
| CAR considered this as a formof 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 followng independent variables:|abour,
draught power, oi | engi nes, electric engi nes, tractors,
fertilizers, pesticides, and energy. |t has been pointed out that
the variations in the extent of rainfall at various states (under
exam nation here) have an inpact on the crop output. Sinilarly the
land utilization based upon the type of irrigation also play an
inmportant role on the crop output. The variations in agricultural

out put across states can also be due to the the factor endowrents.
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6.6.1 OUTPUT MODEL:

Thus for a specific type of crop i, in the state j the followng

production function has been specified:

Yij

The

manner .

Ln =

Lb =

Ee =

Tr =

Fe =

Pe =

En =

Ra =

=f( Lnj, Lbj, Dpj, Oej, Eej, Trj, Fej, Pej, Enj, raj)

( ...6.6.1.1)

= Crop type i.e Paddy, wheat, Jowar, G oundnut, Cotton,
and Sugar cane
j = Specific state i.e Andhra Pradesh, Bihar, Punjab,

Tami| Nadu, Uttar Pradesh, and West Bengal

variables are specifically defined in the followng

Total output under crop( thousand tonns.)
Total Land under crop( thousand hectares.)
Labour power( physical units in |akhs.)
Draught power( thousands in number.)

Q| engines( thousands.)

El ectric engines( thousands.)

Tractors( hundreds.)

Fertilizers( lakh tonns.)

Pesticides( thousand tonns.)

Energy( mega-jouls.)

Rai nfal K mllinmeters.)

A classical production function approach has been adopted

here. By

assum ng a neutral type of technological progress, the

above function can be expressed as
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YU = f( Lnj, Lbj, DpJ, OBJ’ Eej, Trj, Fej, Ped, Enj,raJ, T)
( 6.6.1.2)
Where T stands for tine series whi ch augment s t he .
technol ogi cal progress in a disenbodi ed manner. The production can

be explained in a linear or a non-linear form as".

Linear:
Yij = aOij + alid Lnj + aZij LbJ + aBij Dpj + a4ij OeJ +
aSij Eej + aBij Trj + a7ij Fej + aBij Pej + agij En‘j
+ alOij Raj + allij T oo (....6.6.1.3)
Non-linear:
814 824 2335 %41y 854 j 863
Yij = bOij + Lnj Lb:j Dpj Oe:j Eej 'l'r‘j
a a a a a T
71] 8iJ 913 10ij 11ij
Fe Pe, En Ra
J 3 J J
( 6.6.1.4)

This in the double log formcan be witten as:
logYij = 304 3 + alij logLnj + a2ij longj + a3ij log Dpj +
a4ij JogOej + a51j logEe‘j + a6ij logTrj + a7ij log
Fe . +a8ijlog Pe. + ag, log En. +a10“)g Ra +
a,, T ( 6.6.1.5)
\Wher e api4 = log( bOij)
The co-efficients a.. . to a.., . in the linear equation wll
represent the responsiveness of the independent variable on the
dependent variable respectively. In case of the non- i near
equation, expressed in the double log form the co-efficients

indicate the elasticity of the dependent variable with respect to
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the correspondi ng 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
sane 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 vari ables (Gujarati 1984). The estimated regression equation

with dummy variables is witten as:

Li near:
Y. = a01+ asy Ln:l + a5 Lb:.L + agy Dpi + 344 Ce. +
ag; Eey + agy Try + agy Fey +agy Pey + agy Eny + ay4
Rai +tagy, T+ d1 DY1 + d2 DY2 + d3 DY3 + d‘1 DY4 + d5
DY5+d[FDY6. . (...6.6.1.6)
Where DY1, DY2 DY6 represent the dummy variables for

the states Andhra Pradesh, Bihar, Punjab, Tam| Nadu, Uttar
Pradesh, and West Bengal respectively. The dumy variables are
introduced with 1 00 0 0 O for DYl, next to 010000, 0010
00, 000100, 0000210, and 0 0 O 0 O 1 for DY2, DY3, Dy4,

DY5, and DY6 respectively.

In the case of non-linear type of production function the

dummy vari abl es have been introduced in the equation form as
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log Y. = ag; toagy log Ln. + a,, log Lb. + aq, log Dp. +

a.. |log Ce, + ag log Ee, + a log Tr. + a.. log

i 61
Fei + agy log Pe. + ag, | og En. + a5 log Ra. +
DY2 + d

T+ d1 DYl + d DY3 + d4 DY4 + d5 DYS +

214 2 3
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 fromother states. In other words the
variation across states is estinmated for each crop i by using the

rel evant dummy vari abl es.

8.6. 2 ENERGY DEMAND MODELC | NVERSE MODEL )>:

It is well established econonic 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,
ot her 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 witten as

Eni = bOi + b1i Yi +b2.l Ln + b31 Lb + b4i Dp + b51 De + b61
Ee + b'h‘ Tr + b&i Fe + bQi Pe + blOiRa + blliT
( 6.6.2.2)
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The respective co-efficients indicates the direction and
magni tudes 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 witten as:
log Lb + b,, log Dp

IogEni =b01+b1ilogY. +bilogLn+b

2 33
+b5ilogQa+bGj IogEe+b7ilogTr +b8§ log Fe +
bgilog Pe + b101|0g Ra + blliT( 6.6.2.3)

In this double log form the co-efficients indicates the
elasticity of the dependent variable wth respect to t he
i ndependent variables. Depending up on the size and sign of the
co-efficients the degree and direction of elasticity can be
expl ai ned. These denand equations are also estimated using the
tine series of cross section data spread over 6 states and 6 tine

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 inportant to analyze the wvariations in the
energy demand across states by a dummy variable technique to check
for the inter state variations. The denmand equations are estinmated

for individual crops . The estimated equations are of the form
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Linear:

Eny = Doy + byy ¥y +byy Lny#+ byy Lby+by, Dpy+ b, Oey + bgy

Eei+ b7i Tri+ bBi Fei+ b91 Pei+ b Ra,+ b T +

10i774 1141

d1 DYl + d2 Dy2 + d, DY3 + d4 DY4 + d5 DY5 +

3
dg DY6. (..6.6.2.4)

Non- | i near:

| og Eni = by + by, log Y, + b2'

i | og Lni+ bai | og Lbi+ b4i | og Dpi

+ bg, log Oe, + bey | og Eei+ bos | og Tri+ bgy | og Fe, +

bg; log Pe + by, log Rai+ b111 T + 4, DY1 + d2 Dy2 + d

1
DY5 + dg DY6. ( 6.6.2.5)

3
DY3 + d4 Dy4 + d

5

The significance (statistical) of these dumy variabl e
co-efficients will indicates the variations that are due to the
geo-graphical | ocation. These equations were estimted with the
cross sections of time series data, using ordinary |east squares

met hod of estimation

6.6.3 ANALYSIS OF THE ESTI MATED RESULTS

As explained earlier the output equations and the energy
demand equations were estimated using the tinme series of cross
section data, from 1966/67 to 1991/92, over the specified six
states. Ordinary least square nethod of estimation has been
applied for the reported equations. Wenever dummy variables are
used, to check for inter state variations, the constant was
renoved from the estinated equations, to avoid estinated problems.

In some equations dummy variables are showed significant, whi ch
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reported in that particular equation depends up on the

availability of that particular crop in selected states. Sone
crops are alnost neglected in particular states, in that sense few
equations will show four or five dunm es but not six.

First, the output equations are estimated for the specified
six crops, nanely Rice, \heat, Jowar, G oundnut, Cotton, and
Sugarcane, in that order. The reported equations are the best
equations selected on the basis of statistical significance as
wel |l as consistency of economic theory. Al other equations that

are not reported here are not satisfactory in that sense.

6.6.4 ESTI MATED OUTPUT EQUATI ONS:

In case of output equations the above specified equations

were estimated for per hectare terns instead of aggregate output

terms for all the crops except jowar. It neans that per hectare
variations are nore important for all the crops except jowar.
Whenever the per hectare dependent variable is used t he

correspondi ng i ndependent 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 inportant
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 nulti-colinearity arises the oil engines

were renoved form that estinmation.
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RI CE:

The table 6.6.4.1 represents the estinated co-efficients of
the rice output equation expressed in per hectare terns. Thi s
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 estimted
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 dr aught power
decreased output per hectare increased. This implies that in place
of draught power other inputs are used for producing rice output.
Simlarly the positive sign on electric engines and negative sign
on Energy is indicative of conplinmentary possibility anobng those

two form of inputs.

Table 6.6.4.1

Ri ce: Perhectare(without 0il enginesd Linear equation.

SNO VAR ABLE CO EFFICIENT STANDARD ERROR  T-STATISTIC

1 Const ant 2239. 0060 205. 3346 10. 9042

2 Lb 35. 5589 79. 3847 0. 4479

3 Dp - 927.6643 361. 6638 - 2.5650

4 Ee 3. 6226 1. 3525 2.6784

5 Tr 19. 4342 12.1800 1. 5956

6 Fe 3782.2510 2349. 4880 1.6098

7 Pe 233528. 7000 141251. 6000 1. 6533

8 En - 17.9490 3.7951 - 4.7295

9 Ra 0. 0076 0. 0055 1. 3639
Nunber of observations = 36 R 2= 0. 9548
Dur bi n- Wat son = 2.3820 Degrees of freedom = 27
See 155. 4144 significant at 5 percent
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The estimated equation for wheat is shown in the table
6.6.4.2. Here a non-linear equation is nmore relevant than the
linear equation. In case of wheat the per hectare output equation,
indicating significant variations across the states in India, can
be expl ained 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 wll
demand | ess water while conparing with other wet crops, that's why

el ectric 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 Iless anmount of
fertilizers and electric engines. The co-efficient on trend
variable is positive indicating the technical progress. The
estimated 1—?2 is 0.9221 indicating that 92.21 % of the variation in

the dependent variable is explained by this equation.

278



Table 6.6.4.2

Wieat: Per hectare(w thout oil engines) Non |inear equation.

S.NO  VARI ABLE CO EFFI Cl ENT  STANDARD ERROR T-STATISTIC

1 LLb 0. 0136 0. 2555 0. 0532

2 L - 0.1661 0. 3427 - 0.4846

3 L - 0.2508 0. 0960 - 2.6122

4 LTr 0. 0327 0. 1266 0. 2581

5 LFe - 0.4361 0.1740 - 2.5065

6 LPe 0.5787 0. 1586 3. 6498

7 LEn 0. 0045 0. 2958 0.0153

8 LRa 0. 6289 0. 2577 2. 4403

9 Trend 0. 0534 0. 0257 2.0757

10 D1 4.6898 2. 4664 1. 9015

11 D2 5. 6630 2.7165 2.0847

12 >3 6. 6832 2.4411 2.7378

13 D4 5.9301 2.6777 2.2146

14 D5 4.7065 2.8436 1. 6551
Nunber of observations = 30 R 2 - 0.9221
Dur bi n- Wt son = 2.0967 Degrees of freedom = 16
See 0. 1827 Significant at 5 percent

JOWAR:
The table 6.6.4.3 illustrate the jowar estimated equation in
whi ch the aggregate output as the dependent vari able, i nstead of

per hectare variable. Also in the equation there are no dumy
vari abl es suggesting that inter state variations for Jjowar may not

be significant. The estimated equation is of non-linear nature

where the co-efficients indicate elasticity. Thi s equation
indicates that the aggregate output of rice is expl ai ned
significant(at 5 % level) by the presence of |and, | abour,
pesticides, and rainfall. The estimated R* 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 |and,
| abour, pesticides, and rainfall. The sign on |abour, pesticides,
and rainfall is negative, where as for land it 1is positive. It
indicates that as aggregate out for jowar crop increases, the |and
vari abl e showed positive relation, where as |abour, pesticides,and
rainfall with negative relation, in the sense that the jowar crop
demand | ess anpunt of | abour, pesticides, and water, which is

treated as dry land crop in that sense.

Table 6.6. 4. 3

Jowar: AggregateCwithout 0il engines) Non-linear equatlor

S. NO VARI ABLE CO- EFFI CI ENT  STANDARD ERRCOR T-STATISTIC

1 CONSTANT 9. 0867 2.3821 3.8146

2 LLn 1.1102 0.1201 9. 2447

3 LLb - 0.8951 0. 1575 - 5.6851

4 LDp - 0.1963 0. 2457 - 0.7987

5 LEe - 0.0429 0. 0510 - 0.8570

6 LTr 0. 1870 0.1106 1.6903

7 LFe 0. 3047 0. 1697 1. 7960

8 LPe - 0.2233 0. 0890 - 2.5072

9 LEn - 0.1787 0. 1028 - 1.7378

10 LRa - 0.6329 0. 1475 - 4.2921

11 Trend 0. 0431 0. 0237 1. 8215
Nurmber of observations = 24 R %= 0.9976
Dur bi n- WAt son = 1.7795 Degrees of freedom = 13
See = 0.1088 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 I ndi a, whi ch
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i sdenonstrated 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 dumy vari abl es
al soshowed significant variations across the states. Here the main
interesting feature is that groundnut isdemanding nuch anmount of
fertilizers(FYM), by using draught power. When oil engines showed
significance wth output, electric engines are not at all
significant in the equation. The estimted F7 is 0.7538 indicating
75.4 % of the variation in the dependent variable is expressed by
this equation.

Tabl e 6. 6. 4. 4

Groundnut: Per hectareCwith 0Oil engines> Non-I|inear equation.

S. NO VARI ABLE CO- EFFI CI ENT  STANDARD ERROR T-STATISTIC

1 LLb - 0.2950 0. 1631 - 1.8091

2 LDp 0. 5416 0. 1899 2.8525

3 LCe 0. 1402 0. 0459 3. 0539

4 LEe - 0.1030 0. 0559 - 1.8417

5 LTr - 0.2018 0. 1260 - 1.6016

6 LFe 0. 3069 0. 1351 2.2708

7 Lpe 0. 2000 0. 1293 1.5463

8 LEn - 0.2400 0. 2300 - 1.0439

9 LRa 0. 1412 0. 1633 0.8646

10 D1 9. 3834 1. 3633 6. 8831

11 D2 9. 7942 1. 2692 7.7171

12 D3 9. 3543 1. 3395 6. 9833

13 (D7} 9. 5484 1. 4566 6. 5554
Nunber of observations = 24 R 2= 0.7538
Dur bi n- Wat son = 2.4113 Degrees of freedom = 11
See = 0.1141 Significant at 5 percent
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COTTON:

The table 6.6.4.5 represents the estinmated co-efficients of
the cotton output equation expressed in per hectare terms. Here a
non-linear equation is nore relevant than |inear equation. Her e
tractors, fertilizers, trend variable showed significance at 5 %
level. Qut of this tractors and fertilizers is showed positive
co-efficient where as trend vari abl e expressed negative
co~efficient. It neans that as the per hectare output of cotton
crop increases, the use of tractors and fertilizer increase in
their quantities. Wiich neans there is a direct relationship
between per hectare output and tractors and fertilizers. The
esti mat ed ﬁzis 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 tine the per hectare
cotton output is declining.

Table 6.6.4.5

Cotton: Per hectareCwith 0il engines) Non-linear equation.

S.NO  VARI ABLE CO- EFFI CI ENT  STANDARD ERRCR T-STATISTIC

1 CONSTANT 8. 9968 1.4598 6.1632

2 LLb 0. 7354 0. 4727 1. 5558

3 LDp - 0.3545 0. 2448 - 1.4481

4 LCe 0. 0078 0. 0877 0. 0886

5 LEe 0. 0663 0.1043 0. 6350

6 LTr 0. 4966 0. 2373 2. 0930

7 LFe 0. 7553 0. 2235 3. 3796

8 LPe 0. 1659 0. 1797 0.9231

9 LEn 0. 4262 0. 3870 1.1014

10 LRa - 0.1570 0. 2083 - 0.7537

11 Trend - 0.1297 0. 0492 - 2.6351
Nunber of observations = 24 R 2. 0. 8409
Dur bi n- Wat son = 1.9890 Degrees of freedom = 13
See = 0.2313 Significant at 5 percent
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SUGARCANE:

The estinmated equation for sugarcane is shown in the table
6.6.4.6. Here non-linear equation is nore relevant than the |inear
equation.In this -equation, the significant co-efficients are
electric engines, tractors, and energy(at 5 %Il evel). The sign on
el ectric 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 nmnuch anmount of
water,for that nore electric engines are used in the production of
sugarcane output. Once the electric engines are increases it
reflects the conplinentary problemw th 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 0il enginesd Non-linear equation.

S.NO  VARI ABLE CO- EFFI CI ENT  STANDARD ERROR T-STATISTIC

1 CONSTANT 13.8443 0. 9900 13. 9843

2 LLb - 0.0268 0.1169 - 0.2293

3 LDp 0.1108 0.1677 0. 6610

4 LCe - 0.0343 0. 0387 - 0.8874

5 LEe 0. 0873 0. 0384 2.2737

6 LTr - 0.1762 0. 0521 - 3.3798

7 LFe 0.1251 0.1034 1.2099

8 LPe 0. 0923 0. 0932 0. 9902

9 LEn - 0.4375 0.1731 - 2.5275

10 LRa - 0.0373 0.1199 - 0.3108
Nunmber of observations = 36 R 2= 0. 7464
Dur bi n- WAt son = 1.9653 Degrees of freedom = 26
See = 0.1868 Significant at 5 percent

283



6.6.5 ESTI MATED ENERGY DEMAND EQUATI ONS:

The energy demand equations are derived as inverse of
production functions. The energy denmand equations are estimted
for individual crops taking into account of dunmmy 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 econom c rel evance.

The equations are estimated in per hectare terms(energy
consunption 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 fromthe estinmation.

RICE:

In case of paddy, it is aggregate energy demand equation that
has been estinated here in the linear form Conpared to the per
hectare terras the aggregate equation is nore suitable to explain
the variation of paddy output. This is inportant to note that,the

area under paddy crop is relevant for the explanation.

In the estimated equation, variables Ilike output, | and,

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
vari abl e become inefficient due to draught, that's why output,
draught power, and tractors decreased. Simlarly t he sign

co-efficient for land, fertilizers, is positive indicating that,
t heaggregate demand for energy increases, as a result ofmore |and
and fertilizer are used in agricultural production.The estinated
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 wvariation of rice
out put across the states is not inportant (since there are no

dummy variables in the estimted equation).

Table 6.6. 4. 1

Ri ce: AggregateCwithout 0il enginesd Linear equation with trend.

S. NO VARI ABLE CO- EFFI CI ENT  STANDARD ERROR T-STATISTIC

1 Const ant 28.1098 92. 6870 0. 3033

2 Y - 0.0845 0. 0381 - 2.2153

3 Ln 0. 5951 0. 0597 9. 9707

4 Lb - 0.4604 0. 6245 - 0.7372

5 - 0.0352 0.0161 - 2.1856

6 - 0.0371 0. 1285 - 0.2885

7 Tr - 0.4007 0. 1355 - 2.9575

8 Fe 89. 0163 27.0518 3. 2906

9 Pe 17. 4956 11. 7569 1. 4881

10 Ra 0.0121 0. 0847 0. 1431

11 Trend - 6.8715 4. 5476 - 1.5110
Nunmber of observations = 36 R 2= 0. 9686
Dur bi n- Wat son = 2.0512 Degrees of freedom = 25
See = 142.4584 Significant at 5 percent
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The table 6.6.5.2 illustrate the estimated co-efficients of
the energy demand equation for wheatin per hectare terns. Her e
non-linear equation is found to be nore relevant than the linear
equati on. Since there are no dummy variables, state w se

variations are not inportant for wheat crop. This equation
indicates that the per hectare energy demand for wheat s
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 wvariation 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 nore inportant in production of wheat output. Simlarly
positive sign on electric engines is anindication of better
irrigation facilities which are used in wheat production. On the
ot her hand negative sign on pesticides indicates that, wheat crop
demands | ess ampunt of pesticides conpared with other crops, due
to better immunity of wheat crop. For exanple, wheat <crop is
dominant in Punjab and Uttar Pradesh, where less anmount of

pesticides use were reported conpared with other states.
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Table 8.6.8.2

Wheat: Per hectareCwith 0il engines> Non-linear equation.

S. NO VAR ABLE CO EFFI Cl ENT  STANDARD ERRCR T-STATISTIC

1 Const ant 2. 4559 1.1596 2.1178

2 LY 0. 1593 0. 0810 1. 9657

3 LLb - 0.2220 0. 1147 - 1.9351

4 L 0. 9204 0.1781 5. 1667

5 LCe - 0.0424 0. 0343 - 1.2341

6 LEe 0. 1476 0. 0609 2.4235

7 LTr - 0.1472 0. 0750 - 1.9620

8 LFe 0. 0431 0. 0968 0. 4455

9 LPe - 0.2770 0.0876 - 3.1636

10 LRa - 0.2423 0. 1344 - 1.8028
Nunber of observations = 30 R Z= 0. 8809
Dur bi n- Wat son = 1.9201 Degrees of freedom = 20
See = 0.1459 Significant at 5 percent

JOWAR:

The estimated equation for Jjowar is shown in the table
6.6.5. 3. Here a linear equationis nore relavant t han t he
non-linear equation. In case of jowar the per hectare energy
demand equation is found to be significant by the presence of

out put per hectare, |abour per hectare, draught power per hectare,

electric engines per hectare, rainfall, and trend co-efficients,
at 5 %level. The signs on output, I|abour, electric engines,
rainfall is negative, where as draught power and trend showed
positive. It indicates that, as known fromthe literature, jowar

is treated as a dry crop which can be used in nost 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 estinmated 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 0il engines!) Linear equation.

SNO VARABLE OO EFFIQAENT STANDARD ERRCR T-STATISTIC

1 Const ant 46. 8896 12.5935 3.7233

2 Y - 0.0456 0. 0170 - 2.6889

3 Lb - 17.6135 7.1525 - 2.4626

4 % 97. 0497 26.9145 3. 6058

5 - 0.1673 0.0777 - 2.1534

6 Tr - 3.1168 1. 9011 - 1.6395

7 Fe 180. 3477 201.0983 0. 8968

8 Pe -14028. 1400 7603. 6600 - 1.8449

9 Ra - 0.0250 0. 0085 - 2.9461

10 Trend 1. 5039 0.7131 2.1090
Nunmber of observations = 24 R 2= 0. 7649
Durbin-Watson = 2.8177 Degrees of freedom = 14
See = 7.0154 Significant at 5 percent

GROUNDNUT:

The estimated equation for groundnut is shown in table
6.6.5.4. Here linear equation is nmore relevant than non-Ilinear
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 out put, | abour,

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, | abour,
tractors, rainfall. It is observed fromnational 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, |abour, tractors, rainfall
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decreased at the cost of increase in energy in demand. The
estimated R? 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 0il engines) Linear equation.

S NO VARI ABLE QO EFFI A ENT  STANDARD ERRCR T-STATISTIC

1 Y - 0.0228 0. 0098 - 2.3186

2 Lb - 13. 3457 4. 4964 - 2.9681

3 Dp 1.6729 23.4390 0.0714

4 Ee - 0.0464 0. 0667 - 0.6966

5 Tr - 2.9616 0. 8492 - 3.4873

6 Fe 327. 2620 123. 3531 2. 6531

7 Pe 1121. 3710 6362. 2570 0.1763

8 Ra - 0.0213 0. 0082 - 2.5795

9 D1 73.6810 14. 0360 5. 2494

10 D2 70. 3882 12. 7477 5.5217

1 D3 76. 1626 18. 8545 4, 0395

12 >4 99. 2188 19. 1143 5.1908
Nurmber of observations =24 R = 0.8652
Durbin-Watson = 1.8424 Degrees of freedom = 12
See = 4.8538 Significant at 5 percent

COTTON:
The table 6.6.5.5 illustrate the estinmated 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 |abour, tractor, fertilizers,
and rainfall. The estimated R* is 0.8381 indicating 83.8 % of the
variation in the dependent variable is explained by this equation.
Here the l|abour, tractor, and rainfall co-efficient is negative,
wher e as fertilizer showed positive, and statistically

significant. It explains that energy demand per hectare of cotton
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crop increases, as a result of decline in |abour, tractors, and
rainfall. On the other hand the fertilizer input was showed
positive relation wth energy indicate that nuch amunt of
indirect energy used in cotton <crop production. Here dummy
variables are found to be significant indicating that, state wi se
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 o0il engines) Linear equati on.

S.NO VARI ABLE CO- EFFI Cl ENT  STANDARD ERROR T-STATISTIC
1 Y 0. 1519 0. 0272 0. 5580

2 Lb - 12.8011 4.9492 - 2.5865

3 Dp - 9.5014 27.6668 - 0.3434

4 Ce - 0.2601 0.1468 - 1.7721

5 Ee - 0.0035 0. 0779 - 0.0444

6 Tr - 2.2262 0. 9949 - 2.2375

7 . Fe 311. 1402 142. 8759 2.1777

8 Pe -1680. 1900 7164. 6890 - 0.2345

9 Ra - 0.0287 0. 0092 - 3.1193

10 D1 69. 3150 17. 4276 3.9773

11 D2 53. 3916 17. 1538 3.1125

12 D3 69. 2728 23.3328 2.9689

13 D4 98. 3172 23.4341 4.1954
Nunmber of observations =2 4 R = 0.8381
Durbin-Watson = 2.1087 Degrees of freedom = 11
See = 5.3197 Significant at 5 percent

SUGARCANE:

In case of paddy, 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 Conpared to the aggregate terns the per hectare
equation is nore suitable to explain the variations of sugar cane

out put, across the states with the help of dummy variables. Her e
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dummy variables are found to be significant, indicate that energy
demand varies significantly across the states prevailed in

sugar cane production.

In the estimted equation, variables |ike 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 wth several
operations, where draught power found to be suitable while
conparing with tractors. Because in sugarcane |and preparation
invol ves conplicated techniques, draught power wth ploughs are
nore suitable option than tractors. As shown in literature
sugarcane demands reasonable anpunt of animal energy in land
preparation, while conparing with tractor power. It i ndi cates
substitution possibility in sugarcane production.

Table 6.6.5.6

Sugarcane: Per hectareCwithout 0il engines) Non-linear equation.

S NO VAR ABLE OO EFFIAOENT STANDARDERRCR  T-STATISTIC

1 LY - 0.4213 0. 2777 - 1.5170

2 LLb - 0.3253 0. 1827 - 1.7799

3 LDp 0. 4077 0. 1985 2.0534

4 LEe - 0.0098 0. 0484 - 0.2036

5 LTr - 0.1822 0. 0880 - 2.0707

6 LFe 0. 0157 0. 1263 0. 1240

7 LPe - 0.0904 0.1111 - 0.8136

8 LRa - 0.0367 0. 1302 - 0.2816

9 Trend - 0.0161 0.0176 0.9161

10 D1 7. 9250 3. 3951 2.3343

11 D2 7.9074 3.3161 2. 3845

12 D3 7.6135 3.1901 2. 3866

13 >4 7.6253 3. 4825 2.1896

14 D5 7.9541 3. 3325 2.3868

15 D6 7.3539 3.3954 2. 1659
Nunber of observations = 36 R %= 0.8928
Dur bi n- WAt son = 1.5066 Degrees of freedom = 21
See = 0.1389 Significant at 5 percent
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6.7 SUMVARY AND CONCLUSI ONS:

In this chapter the energy demand and energy intensities
under principal crops for whole |India and selected states are
exam ned. Along with this sone other issues |like energy conversion
rates, power utilization, average energy consunption under
principal crops were also analyzed. Anobng all the sources prine
movers was accounted higher energy equivalent, next cones the farm

machi nery, nitrogen, diesel, petrol, and electricity respectively.

Next comes to electricity consunption in Indian agriculture,
The analysis inplies that,the power utilization in agriculture
sector increased at a faster rate, especially since last two

decades due to nore electrification of punp 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, t hrough ground wat er

utilization, the farnmers are in a position to supply water for
crops in time, a guaranteed way, whi ch provi des stabl e

agricultural production.

Later, the average energy consunption by source under
principal crops was also exanmined in order to identify the energy
demand variations anong the crops. It was enphasized that in rice
producti on nmuch energy was consuned from di esel and next cones the
fertilizers, electricity, and canal etc respectively. Were as in
Wheat, much energy is consumed from fertilizers and then comes to

di esel, seed, human energy etc respectively. Jowar demanding nmnuch
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amount of diesel, next is electricity, FYM fertilizers, and human
energy. Qut of all the sources, ground nut consunes nuch anmount of
FYM fertilizers, human | abour, and di esel ener gy
respectively.Cotton crop demanding nuch anmount of fertilizers,
next cones to diesel, human energy, and seed respectively. Sugar
cane crop demands nrmuch anmount of seed, t hen comes FYM

fertilizers, human, and nachinery respectively.

The data analysis with respect to energy demand in principal
crops was showed that, energy consunption under rice, wheat,
ground nut, and sugar cane increased at faster rate, where as
jowar and cotton showed declining trend in energy consunption over

a period of tine.

Finally, the crop wise energy intensities have been exani ned
for selected crops in all India and selected states. The data
suggests that, energy was nuch efficient in sugar cane production,
whil e conparing with other crops, followed by cotton, rice, wheat,
jowar, and ground nut respectively. Wich reflect that energy used
in sugar cane production was producing efficient level of output
over a period of tine. In the next chapter, the overal |
concl usi ons were sunmarized. Along with this some inportant policy
recommendations and limtations of the study were also highlighted

at the end.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.0 | NTRODUCTI ON:

Agriculture is one of the dominant sector in India. After
Green-revolution, this sector was seriously influenced by nodern
agricultural technol ogy, such as farm machinery, HYV seeds,
fertilizers, and pesticides. These transitional changes in
agriculture led to more demand for energy. At the same tine
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, whi ch

denands | arge anpbunt 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 consunption in agriculture sector in India nmust be
around 15 to 20 percent, which nmay further increase in near
future. On these issues the present chapter highlights the nmjor

concl usions drawn from the existing study.

There are several factors t hat i nfluence the growt h
performance in Indian agriculture across the states. This can be
traced out especially, from Green Revol ution in I ndi an
Agriculture. Because Geen Revolution it self will denand |arger

amount of inputs in production process. But all the states which
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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 inportant devi ce in noder n
agriculture, where the HYVs seeds when inplenented, wll demand
much ampbunt 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 tinme.

The area under canals has been slightly declining, where as
the area wunder tube wells and other wells were increasing
drastically. This is a clear indication that, the pressure on
Energy sources such as Diesel and Electricity 1is increasing at
faster rate. This is one of the inportant highlighting feature of
Indian irrigation systemand Indian agriculture environnent. Due
to this, the demand for energy is increasing continuously over a
period of tine especially from 1966 on wards, when the Geen
Revol ution Programme was inplemented in Indian agriculture. At the
sane tine the area wunder rain fed was fluctuating, due to

unfavorable rainfall conditions.

Here the interesting feature is that, sugarcane demands
higher rate of fertilizers, as conparing with other crops, next
comes to yield per hectare, real cost of production, rate of
profit, average net inconme, |abour absorption, and irrigation in
sugar cane. On the other hand jowar consunes, low rate of
fertilizers, yield, real cost of production, rate of profit,

average net inconme, |abour enploynent, and irrigation. It was
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observed that |abour enploynent can be inproved by cultivating
nmore of sugar cane. And the state scenario is showing that, for
farmers point of view sugar cane cultivation is nore profitable ,

next to cotton, rice, and jowar respectively.

In all nost all the states, sugarcane is showi ng higher cost
of cultivation conpared with other crops, due to high application
of inputs with nore operational activities. However, with respect
to enmploynment, 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
equi pment. For that alternative crops should be recomended in
order to renpve shortage in inputs and avoiding over water use,

which is scarce resource in recent years in Indian agriculture.

7.1 CROPPI NG PATTERN AND CROPPI NG | NTENSI TY:

Due to changes in institutional set up in Indian agriculture
i.e the changing of traditional agriculture to nodern agriculture,
the cropping pattern is changing over a period of time.
Incidentally in early years, t he farmer concentrated on
subsi stence crops, and later he diverted towards commercial crops,
where comrercial <crops are nore profitable than food crops.
Because of this problemiIndia still facing food scarcity, even
though she is treated as agriculturally self sufficient. Changes
in cropping pattern laidfoundation to the several controversial
probl ems such as resource crunch and input scarcity in Indian

agricul ture.
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The whol e 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 conponent was
i nfluenced 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 nanagenent

skills in production.

In general it was observed that the traditional i nput
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 nodern inputs has
consi derably increased. Due to green revolution the output growth
has considerably increased in all nost all t he states.
Undoubt edl y, considerable growmh has occurred in nodern inputs
during the post-green revolution period but productivity has also
fallen steeply anpbngst the states. The states which has better
resource endownents has realised the benefit of technol ogical

change in Indian agriculture.

7. 2 FACTOR SHARES I N | NDI AN AGRI CULTURE:

Draught power still is main source of energy in |Indian
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agriculture, due to its reasonable and npst convenient source
forsmall and marginal farmers. But nmobst of the studies observe
that, the mmintenance of draught power is very nuch expensive than
other sources. That's why the depletion of aninmal power took place
especially in recent years, from Geen revolution onwards. Her e
the interesting feature is that, animal feed(food energy) is nuch

expensive as conparing with output energy produced by aninmal.

Indian agricultural production has experienced highly cost
intensive during last three decades. The reason for this is that
all nost all the prices of agricultural inputs and allied
equi pnent have increased drastically due to several reasons.
Petrol eum 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 inplenents
prices raised at a faster rate while conparing wth agriculture

producti on.

The general observation is that prices of inputs increased at
faster rate as conparing 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 MECHANI ZATI ON I N I NDI AN AGRI CULTURE:

Farm mechani zation is the main plank of nmodern agriculture
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and many of the progressive countries have already nechanized
their agriculture. O course, it is also true that the conditions
in many of these countries were favorable for mechanization. Most
important conditions for wuse of agriculture inplenents and
machi nery were high rate of agriculture |abour, large size of
farms, high cropping intensity, hi gher percentage of irrigated

area and nmore adoption of high yielding technol ogy.

As cultivable |and resources are limted, i ncreased
agricul tural production can only be attained in npst countries of
the world through increased yields per wunit area of land and
i mproved preservation of al r eady produced commodi ti es.
Technol ogi cal inputs nust be applied wisely, to economically bring
about the desired increased outputs of production. Mechani zati on
is one of the critical inputs of production and preservation of
food crops. Mechani zation can increase yields t hrough t he
i mprovenent of water control, better soil preparation for
planting, nore efficient weed and insect control and the proper
harvesting, handling, drying, storing and processing of food, feed
and fiber crops.So that, agricultural nechanization 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.

Mechani zation in Indian agriculture was over enphasised since
Green revolution onwards, due to tinmely conpletion of operations
in HYVs cultivation. Because of this reason substitution took
place fromtraditional equipnent to nmodern machines. However,

increasing in application of machines, leads to not only nuch

299



capital costs in agriculture production but also it noticed over
demand for energy inputs. On the whole it was observed that,
i nputs denand increased drastically from 1970/ 71 onwards. On the

other hand agricultural machinery and power consunption was very

much inpressive, i.e nore over a period of tine. This indicates
that, there will be a greater denmand for energy sources in near
future. The present section wll talk about the nature of
agriculture machinery and inplenents (nechanization) in |Indian
agriculture with respect to selected states, its demand over a

period of tine, and also |look at the substitution possibilities of

different agricultural equipment.

It was observed fromthe analysis that, substitution between
agricultural equipment, i.e less efficient to nore efficient took
pl ace from 1966/67 to 1991/92 in Indian agriculture. For exanple,
the nunber of wooden ploughs were declining, where as iron ploughs
raised at faster rate. Wth respect to sugarcane crushers run by
bul | ocks were replaced by sugarcane crushers run by power. In case
of oil and electric punp sets, nunber of oil punp sets engaged in
agriculture declined, where as electric punp sets raised at faster
rate. The tractor population has also noticed to be highest in UP
next conmes Punjab, Tam| Nadu, A P, Bihar, and Wst Bengal
respectively. The lowest tractor population was noticed in West
Bengal , where still traditional agriculture exists. Interestingly,
conparative analysis between two factors such as |abour 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 nuch on traditional type of equipnment, due to

institutional set up.

7.4 FERTILI ZER AND PESTI Cl DE CONSUMPTI ON I N | NDI AN AGRI CULTURES

Fertilizers play a vital role in the npdern agriculture
technol ogy. Use of fertilizers in increasing food production was
conspicuous during the last two and a half decades where the
consunption of nutrients N, P, and K increased from 0.78 mllion
tones(1965-66) to 10.3 million tones (1988-89). During this period
the food grain production also increased to over 170 million tones
froma level of 73 million tones. The projected food grain
requirement of 240 mllion tones by the turn of the century is to
be achieved minly through fertilizer wuse and inproved farm

t echnol ogy.

The introduction of HYVs in Indian agriculture from 1966
onwar ds, gave path to nuch demand of inputs. So that, it is very
much essential as forenpst discussion to identify the area under
high yielding varieties, which again wll provide a path to
identify the nature of fertilizers and pesticides demand in |ndian

agricul ture

Several studies are available which attenpt (1) to estimte
the contribution of fertilizers to increased agricultural out put
over tine or (2) to estimate the proportion of agricultural output
which is accounted for by the fertilizer input. In general, the

devel opi ng 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 nuch higher. A
more bal anced rel ationship exists within nost devel oped countries.
The contribution of fertilizer depends heavily upon the sources of
increased output-increased area brought wunder cultivation or
increased yield per hectare cultivated. Although fertilizer
applications may be necessary to bring new |and under cultivation,

its major influence acts through the vyield-increasing conponent.

The commercial energy required to produce a pesticide can be
substantial. The raw materials for nodern pesticides nostly cone
fromthe petrochem cal industry, and further inputs of energy are
required in manufacturing. Thus pesticides are the npst energy
intensive agricultural input. Nevertheless, continued growh in
the use of pesticides appears unavoi dable. Their expanded use is
particularly needed in devel oping countries, where crop |oss(both
pre- and post harvest) because of inadequate pest control are very
large. The declining share of world pesticide use projected for
the devel oped countries probably mainly reflects environnmental

concerns.

Ni trogen 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, pronotion of efficient fertilizer mat eri al s,
conpl enentary use of organic , in-organic and biological sources
of nitrogen, and a sound technology transfer programre should form

essential conponents of the strategy to pronote efficient use of
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ni trogenous fertilizers.

In the scenario of agricultural nodernization, fertilizers
and pesticides are the inportant inputs to Iift the agricultural
production to larger extent. The forner will act as a direct input
in production, the later act as a external factor which decide the
|l evel of production. At the same tinme nmuch energy can be consuned
in the production of this inputs, which again used at higher |evel
in the agricultural production in recent years. Hi gher consunption
of fertilizers and pesticides accounts for large energy demand in
agriculture sector. Due to this in the [last t wo decades
agricul tural sector is experiencing high demand for ener gy

resources.

Fertilizers absorption fromsoil can differ fromcrop to crop
according to its biological structure. As we know the |egume crop
will demand |ess ampunt of fertilizers conpared 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 potassiumw |l denmand |ess potassium where as the

soil which had scarce potassi um denmands nore anpunt of potassium

Fertilizer consunption is steadily increasing in Indian

agriculture over a period of tine. Due to this demand for
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fertilizers increasing at faster rate in India. Especial ly
chem cal fertilizers consunption is increasing at faster rate than
farm yard nmanures, in which chemcal fertilizers wll give

i medi ate results in agricultural production.

Fertilizer consunption differs from state to state, according
to their requirements and utilisation pattern wunder different
crops. On the other hand soil differences between state to state

will also influence the consunption of fertilizers.

Per hectare consunption of fertilizers are differing from
state to state over a period of time since last tw decades.
Fertilizer consunption per hectare is one of the inportant
conponent for deciding vyield rate in agriculture production.
Theoretically as Recar do sai d, | and have origi nal and
i ndestructi ble powers, which have been slowy declined in recent
years, due to over exploitation of land resource. To conpensate
this fertilizers came in to exist, so that nuch anount of
fertilizer consunption pave a path to declining in yield structure

in Indian agriculture.

Adoption of HYVs technology gave a path to nmuch increase in
pesticide demand in Indian agriculture, due to increase in plant
di seases. To renpve this pest problem pesticides and insecticides
demand has been increased at |larger extent over a period of tinme.
As di scussed above, pesticide production demands |arger anount of
energy, which again used in agricultural production. This shows a

clear indication of energy denmand in Indian agriculture.
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7.5 ENERGY DEMAND AND ENERGY | NTENSI TI ES I N | NDI AN AGRI CULTURE:

The demand for energy in agriculture is depends on a variety
of factors such as, rate and pattern of agricultural growth and
cropping pattern, croppi ng intensity, t he devel opnent of
agricultural technol ogies, efficiencies and economics of energy
utilisation, governnent policies, agro-climatic conditions, and
inter and intra farm variabilities in relation to levels of

technol ogi es applied to various crops.

Agriculture is the business of capturing solar energy in
growi ng plants and using the light, organisnms sustained by that
energy to produce food and fiber needed by human beings. Like npst
ot her aspects of alternative ener gy in agriculture,
energy-efficient cropping is a long-range proposition. At |east,
it is for roost commercial farners. There are short-term ways to
conserve energy in crop production, irrigation, harvesting, and
crop processing. But, for the nobst part, this involve trade-offs.
Either production is decreased for all or part of the acreage of a
substantial investment in alternative energy systemis required to
mai ntain production currently achieve by inpact of purchased

ener gy.

The main conclusions were drawn in this study are, In
choosi ng anobng energy sources and uses for the rural areas of
devel opi ng countries, we are concerned with scarce resources and
their nmost economical allocation, both the natural resources of
land, water, fertilizers, metals, and fuels, and the hunman

resources of capital, |abour, human energy etc. A second need for
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new sources of energy is to reduce costs. The npbst 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 nmanual | abor.
Animal energy ia also expensive. consider for exanple t he
opportunity costs of feeding bullock. A farner can use part of his
land to grow fodder for his bullock, but he could grow wheat of

rice or corn on that same |and.

According to this study, Any energy source for developing
countries at the present tine should be manpower-intensive rather
than capital-intensive. Its devel opnent should use people rather
than capital because people are |less expensive and nore abundant

than capital in nost |ess devel oped countries.

The rate of energy consunption by different resources can be
differ fromcrop to crop, due to the operations involved in crop
producti on. Energy consunption in agriculture sect or under
principal crops was classified in to direct and indirect energy
sources, depends on the replenishment. So that, human, bull ock,
seeds, and FYM can be treated as renewabl e energy sources, where
as electricity, diesel, fertilizers, and farmmachinery considered
as non-renewabl e energy sources. Energy consunption by different
sources were increasing at faster rate in |Indian agriculture.
Especially since 1966 onwards, the rate of energy consunption was

very nuch high, which accounts nore than 20 % in all resources.

The source w se average energy consunption wunder six crops
considered here has witnessed interesting observations. Rice crop

i s demandi ng highest energy in the form of diesel, next comes to
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fertilizers, electricity, and human | abour. In case of wheat,
hi ghest energy consuming fromfertilizers, next to diesel, seed,
and human |abour. |In case of jowar, nuch energy used in the form
of diesel, next comes to electricity, FYM fertilizers, and hunman
| abour. Interestingly groundnut noticed highest energy from Farm
Yard Manure, later cones to fertilizers, human |abour, and diesel.
Cotton crop demanding nuch energy from fertilizers, next to
di esel, human | abour, and seed. Where as sugarcane noticed greater
energy from seed, later comes to diesel, FYM fertilizers, and

human | abour.

On the whole it was observed that, sugarcane denanding
hi ghest energy per hectare, next cones to rice, groundnut, jowar,
wheat, and cotton respectively. Regarding states w se picture
showed that, with respect to Andhra Pradesh rice was demanding
much energy, later comes to groundnut, cotton, jowar, and
sugar cane. Bihar recorded highest energy demand in rice, next
cones to wheat, and sugarcane respectively. \Were as Punjab
noticed highest energy in rice, next comes to wheat, sugarcane,
and cotton. Tami| Nadu was witnessed nmuch energy demand in rice,
later cones to groundnut, sugarcane, and jowar respectively. I'n
case of U. P, rice is demanding higher energy, which follows

sugar cane, wheat, and jowar. West Bengal was recorded highest

energy demand in rice, later comes to wheat, and sugarcane
respectively. Al India level picture showed that, rice was
demandi ng hi gher 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 denmanding higher

energy while conparing with other crops.
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Based on regression analysis, a relation was established

bet ween out put, |and, |abour, draught power, oil engines, electric
engines, tractors, fertilizers, pesticides,energy,and rainfall, to
know the production relations between the inputs. The enpirica

results showed significant relationship with respect to output
under selected crops and states. Inverse function was estinated
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 nore energy intensive, but due to lack of  Dbetter
irrigation as well as rainfall, the relation between energy and
out put showed negative for above said crops. It indicating that
concentration on wet crops w thout providing enough water |eads to
less yields, which reflect the production wth nore denand for
energy, leads to negative relation. To remedy this situation
alternative food crops production has very nuch essential in
Indian agriculture, which demands |ess water as well as energy

inputs.

7.6 POLI CY RECOMMENDATI ONS

After exam ning the energy demand in Indian agriculture wth
respect to selected states, one can cone to the conclusion that,

though the existing system of agriculture is fulfilling the basic
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need of the country, i.e food frontier, there were enough
variations anobng the states. The main reason is that, the
Governnment is certainly concentrating on intensive agriculture in
order to fulfill the required anbunt of food grains for public
utilization. Because of this concentration on i ntensive
agriculture belts a lot of variation between one region to another
region is noticed. Keeping this idea wunder consideration, sone
drastic steps are needed in order to elimnate energy denand
variations anobng states. Sone 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 forenpst, concentration on wet crops are creating
nmore pressure on water, fertilizers, pesticides, and other inputs.
So, the policy should be to encourage alternative food grains,

whi ch demand |ess ampbunt of water and other inputs.

(b). Yield level is not uniformin selected states and all India.
To renove this problem conducting denonstrations to the farmers
for inmproving skills in application of various inputs is required.
So, that yield level can be mintained properly anong the states.
Here Government should take sone initiative step to inprove the

managenent skills for farners.

(c). Cropping intensity is changing over a period of time in
Indian agriculture. Due to this agriculture production becone
volatile in every alternative year. Cropping intensity can be
improved by encouraging investnents 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
reexam ned. 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 machi nery and

implements to the backward states at cheeper prices. This should

prevent the energy denmand variations and input bur den in
agriculture sector in selected states and all |ndia.
(f) Rainfall is alnpbst volatile in wevery alternative year in

Indian agriculture. Due to this concentration on ground water
irrigation is increasing for neeting the water requirenents to wet
crops cultivation. Because of this problemuse of energy resources
drastically increased in recent years. To overcome this problem
encouraging alternative dry land crops is very nuch essential in

near future for maintaining balanced growmh in Indian agriculture.

(g). It can be observed that, increasing production through nodern
agricultural technology will always demand nore 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 neeting the future

chal | enges.

(h). Finally, the nost inportant recommendation to the Governnent

policy makers is that, one should take some policy neasures to
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encourage the consunption of alternative food grains by existing
popul ation. This will reduce the nore pressure on inportant cerea

crops, such as rice and wheat, which demands |arger anmount of
water as well as inputs. As stated by Foreign Econonists, when the
researcher visited for interaction on subject mater, she told that
"solving food problemin Indian is difficult task". In the sense
that each and every Indian(irrespective of their income) wll
consume much armount of rice and wheat w thout concentrating on any
other alternative cereal crops. This is the inportant reason in
the sense that, Indian agricultural facing draught conditions in
every alternative year, this reflects | ess agricultura

production, even though nuch amount of energy is consuned. Due to
this reason it is suggested that, concentration on dry land crop
cultivation is very nmuch essential to nmeet the requirements of the
existing population. This indicates, in near future I ndi an
agricultural production and food consunption will concentrate on
alternative food grain crops such as Bajra, Oats, and Jowar. This
is a good synptom in the sense that dry land crops wll demand
| ess ampunt of energy resources while conparing with wet crops

This type of policy inplementation may solve the problem of food

as well energy crisis in Indian agriculture

(i). It has been noticd that, the npbst serious resources
deficiency likely to dimnish the prospects for bridging the gap
bet ween potential and actual farmyield will be energy. Apart from
steps such as enhanced efficiency in energy conservation and use,
and inproved biological nitrogen fixation, the following are the

ot her possible strategy measures
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1. Find un-discovered fuel resources.

N

Fully exploit renewabl e energy resources |like bio-gas and
bi omass and hydel, and w nd power.
3. Step up R & D efforts in solar energy harvest utilization,

and

4. Devel op nucl ear power as a mmjor source of energy.

Thus by considering the above nentioned recornraendations, the
energy demand variations between states can be reduced. At the
same time the irrigation facilities have to be inproved to fulfill
the basic need of the country. Alternative energy sources |ike
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 LIMTATIONS OF THE STUDY:

The present study was under taken with the view to exam ne
the energy demand in Indian agriculture along wth selected
states. There are sone drawbacks or limtations in the present
study, which can be stated, in the follow ng nanner,

(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 nay be a better alternative even though it has

sone limtations.

(b). In India there is no institution providing basic data
relating to the crop wise energy demand. Here the crop w se energy

demand val ues are taken from | CAR(1988) project reports. This s
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generally considered as reliable in this study. An individual

survey in this regard is nore preferable.

7.8 DI RECTI ONS FOR FUTURE RESEARCH:

In sum the researcher identified certain areas in which
future research has to be streamlined and geared. In the first
pl ace there always exists a growi ng gap between the mcro Ievel
studies and macro |evel studies. Here nearly 80 % of the research
has been conducted at t he mcro level, which is not in
conformty with the aggregate macro |evel observations. To bridge
the gap, future research work has to be reoriented and
channelised with a view to derive nmore realistic and fragmatic

resul ts.

Secondl y, this study has identified t hat t he Post
Green-revolution synptons certainly nanifest that the energy
consunmption might nmore than 20 % which nmay increase future,
Hence the logical conclusion that one derives is that though our
energy resources are nmuch nore efficient, we are unable to reap
the desired fruits of benefits due to the vagaries of nopbnsoon

with unpredictable and uncertain water availability.

Thirdly , alnost all the studies hypothesized that there
exists a direct relationship between energy demand and food
production. As dianetrically 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 sone structural inbalance between ener gy
demand and yi el d(productivity), The reason behind this is that
through our energy system seenms 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 streanl i ned and
reoriented not on the basis of alternative energy sources but it
shoul d be organi zed 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 teening
mllions of people, which confront draught conditions every now
and then. This wll serve our two fold purposes of energy

requirements as well as food supply.

314



BI BLI OGRAPHY

Agarwal Bina(1984), " Tractors, Tube wells, and cropping intensity
in t he I ndi an Punj ab, Jour nal of
Devel oprmental Studies, vol.20, no.4, July.

Amit .K(1992) , " Energy Resource Assessnent and Planning of a
Village Cluster in Drought Prone Lateritic Soil
Zone in West Bengal ", Economic Affairs, vol. 37,
no.4, Oct-December.

Ayi befel u. N. B(1992), " The World's Water: Assesing the Resources,
Key Not e Paper at the ICWR, Dubl i n,
Ireland.

Bal . H. K, et.al(1983), " Resource Productivity and Factor Share in
Crop Production in Central Districts of
Punj ab", I ndi an Jour nal of Agricul tural
Economics, vol.XXXVIII, no.3, Jul y-Septenber.

Balister, et.al(1991), " Inpact of Mechanization on Enpl oynent and
Farm Productivity", Productivity, vol . 32,
no.3, Oct/December.

Bhatia.R C, et.al (1992) , " Ener gy use pattern in Punj ab

agriculture, Agriculture Si tuation
in India, vol.XLVII, no.9 Decenber.

Bi nswanger. H. P(1978), The Econonmics of Tractors in South Asia: An

Anal ytical Review, New  VYark: Agricul tural
Devel opnent Council, Hyderabad: | CRI SAT.

Briggle.L.W1980) , " Introduction to Energy use in \heat
Production", in Pimental(ed): Hand book of
Ener gy utilization in Agriculture,CRC
press, Inc, Florida.

Capra. P, et.al(1892), " Enploynent Inpacts of Energy : A Survey
and Frame Work for Analysis", Socio-Economic
Pl anni ng Sci ences, vol. 26, no.4, Oct ober,
PP- 257-274.

Census Reports:Indian Population Census Various |ssues, 1961,
1971, 1981, and 1991.

Cezer G.Salas,sr(1987), " Mechanized R ce Production wusing Snall
Scale Machinery in t he Phi |'i ppi nes", in
Japanese Soci ety of Agricul tural
Mechanization(ed): I nt er nal Synposi um on
Agricul tural Mechani zati on and
I nt er nat i onal Co- oper ation in Hi gh

Technol ogy, | RA, University of Tokyo.

315



Chadha. G K and Sharma.R.K(1982) , "Farm Size, Irrigation, and
Intensity of Land use in

Indian Agriculture", Artha Vijnana, vol.24,
no.l, March, pl5-p28.

Chandhok.H.L, et.al(1990), Indian Data Base: The Econony, vol.1.

CM E(1991 to 1994), Basic Statistics Relating to the Indian
Economy, New Delhi.

CMIE(1993), Performance of Agriculture in Myjor States 1967/66 to
1990/ 91, New Del hi .

Das. P. K and Sen.D(1988), " Beyond Green Revolution: |ssues Before
Indian Agriculture", Vision, vol.VIII, no.1&2,
July-December.

Devasenapathy.P, et.al(1991), " Saving Energy in Crop Production",
Indian Farmng, vol.41, no.5, August.

DESAg(1991 to 1993), Agricultural Statistics At a Gance, Govt. of
I ndi a, New Del hi .

DESAgQ(1992), Bulletin on Food Statistics, Govt. of India, New
Del hi .

DESAg(1966 to 1991), Indian Live Stock Census, Govt. of India, New
Del hi .

DESAg(1966 to 1991), Statistical Abstract of India, Govt. of
I ndia, New Del hi.

DESAg(1993), Indian Agriculture in Brief, 22 Edition.

Dhawan.B.D(1889), " Enhancing Production through Crop Pattern
Changes", Artha Vijnana, vol.31, mno.2, June,
P153-175.
Donald B.Ibach and Moyle S.Williams(1971), " Economi cs of
Fertilizers Use", in Olson.R.A, et.al(ed):
Fertilizer Technology and Use, Soil Science
Soci ety of Anerica, INC, Madisa-Wisconsin,
USA.

FAK1987 to 1993), Fertilizer Statistics, Govt. of India, New
Del hi .

FAO(1991), Production Year Book, vol.45.

Gasser.J. K R(1977), " The Efficiency of Energy Used in the
Production of Car bohydr at es and Li pi ds",
in I nternational Pot ash Institute(ed):
Fertilizer Use and Producti on of

Car bohydrates and Lipids, UK

316



Giriappa. S(1991), Energy Use in Agricul ture: Efficacy and
Sustainability, MIDS Bulletin, vol.21, no.12,
S98- S. 106, Decenber.

Goswami.D.Y(1986), Alternative Energy in Agriculture, vol.l&2, CRC
Press, |INC, Bocaraton, Florida.

Guha. S(1990), Labour Intensity in Indian Agriculture, 1880 - 1970
Sonme Fi ndi ngs, EPW Decenber.

Gujarati(1988), Basic Econometrics, MG aw Hi | | I nt er nat i onal
Edi ti on, INC, New York.

Gulati.A and Sharma.P.K(1990), "Enpl oyment, Foreign Exchange, and

Envi ronnent : I nplications for Cr oppi ng
Pattern, EPW, vol.XXV, no.39, Sept enmber
29.

Hartnett.J.P(1978), Alternative Energy Sources, Academ ¢ Press,
New York, Hemi sphere Publishing Corporation,

London.

Howard F.McColly(1973), " Agricultural Mechanization In Asia", in
Merl e L.Esmay and Carl W Hal | (ed):
Agricul tural Mechani zati on in Devel opi ng

Countries, Shin-Norinsha Co.Ltd, Japan.

| CAR(1987), Hand Book of Agriculture: Facts and Figures for
Farners, Students and al | Interested in
Farm ng, Govt. of India, New Delhi.

IFFCO(1890), Soil Fertility and Fertilizer Use, vol.IV.

Kamaruddin.A, et.al(1987), " Energy and Agriculture in Indonesia",
in Japanese Soci ety of Agricul tural
Mechanization(ed): I nternal Synposi um on
Agricul tural Mechani zat i on and
I nternational Co- operation in Hi gh
Technol ogy, |RA University of Tokyo.

Khera.M'S, et.al(1980), " Strategy for use of Potassiumin |Indian
Agricul ture", Soi | Fertility and

Fertilizer Use, wvol.IV.

Kuet her.D. O and Duff.J.B(1981), Energy Requirenents for Alternative Rice
Production Systens in the Tropics, Resear ch
Paper, International Rice Research |Institute,
no.59, April.

Littll D.A(1974), An Over View of Alternative Energy Sources for
Lesser Devel oped Countries(LDCs), Nat i onal
Technical Information Service, U.S.Department
of Commerce, New York.
Mahajan.K.C and Mishra.J(19982), " Energy from Paddy Husk- an Over
Vi ew', Ener gy Managenent , vol . 6, no.4,
October-Decenber, pp-5-14.

317



Maheswari.R.C, et. al (1991), Integrating Renewable  Energy
Technologies with production in Agriculture and
Rural Living a Case Sudy, MIDS Bullitin,
vol.21, no.12, S.135-S.139, December.

Mahendra Dev.S5(1989), " Towards an Explanation of Spatial and
Temporal Variations in Cropping Intensity
in India", Indian Journal of Agricultural

Economics, vol.44, no.1, Jan-March.

Makhijani.A(1975), Energy and Agriculture in the Third World,
Ballinger Publishing Compaty, Cambridge.

Mann.S.P(1989), ' Green Revolution Revisited: The Adoption of High
Yielding Variety Wheat seed in India", Jour nal
of Devel oprent al St udi es, vol . 26, no.1,
Cct ober .

Mttal.J.P, et. al(1985), Energy Requirements in Agricultural
Sector, ICAR, All I ndi a Co- or di nat ed
Research Project, March.

Mohi nder S. Mudahar et.al (1981), Energy and Fertilizer: Pol i cy
I nplications and Opti ons for Devel opi ng

Countri es, Resear ch Paper, I nternational
Fertilizer Devel opment Center, no.IFDC-T-19,
Sept enmber .

Mruthyunjaya and Praduman Kumar(1989), Crop Economics and
Cr oppi ng Pattern Changes, EPH,

vol.XXIV, no.51 and 52.

Pandey. R N, et.al(198%5), Energy Uilisation Pattern in Haryana

Agriculture(A Farm Level St udy) , Har yana
Agricul tural Uni versity, Resear ch Bul l etin
no.15, March.

Pandey. U. K, et.al(1983), " Factor Shares in Haryana Agriculture: A
District Wse Analysis, I'ndian Jour nal of
Agricul tural Econoni cs, vol . XXXVIII, no.3,
July-September.

Pandya.A.C(1981) Energy for Agriculture in I ndi a, Central
Institute of Agricul tural Engi neeri ng,

Technical Bulletin no. CIAE/81/20, January.

Pant . S. K(1990), Inpact of Electrification on Agriculture: A
Study of Three Districts of Utar Pradesh",
Mans Devel opnent, Vol.XII, NO.1, March.

Paul.S(1980), Energy in Agriculture & Rural Devel opnent , I ndi a
House Development, New Del hi.

Pi nentel .D(1973), ~ Food Production and the Energy Crisis",
Sci ence, vol.182, no.v.2, pp. 443-449.

318



Pimental .D and Pimental.M(1979), Food, Ener gy, and Soci ety,

Resour ces and Envi ronnent al
Sci ence Soci ety, Edward Arnold Publ i shers,
London.

Prasad. K(1992), " Non-Renewabl e Sources of Energy for |Irrigation:
How Vi abl e are They?", |Indian Econonmic Journal,
vol .41, no.2, Oct-December, pp-1-8.

Prem Narain, et.al (1990), " Economcs of Long Term Fertilizer Use
and VYield Sustainability, Soi | Fertility
and Fertilizer Use, vol.IV.

Ramaswamy.C and Suresh Kumar.D(1993), " Inter-Regional Variations
in Agrarian Labour Productivity - Case
Study of Tamil Nadu", Productivity, vol. 34,

no.2, July- Septenber.

Ramesh.C(1986), " Estimating Effects of Input and Qutput Prices on
Inputs in Punjab Agriculture, Artha Vijnana,
vol .28, no.2, June, pp. 181-192.

Ranade.C.G(1980), " Inpact of Cropping Pattern on Agricultural
Producti on, I ndi an  Jour nal of Agricultural
Economics, vol.XXXV, no.2, April-June
Ray.A.K(1983), " The Present Status of Agricultural Mechanization
and its Constraints, Agricultural Situation in
India, vol.XLVIII, no.4, July.
Ray Ricaud(1980), " Energy Input and Qutput for Sugarcane in
Loui siana", in Pimental.D(ed): Hand Book of

Energy Wilisation in Agriculture, CRC Press,
INC., Boca Raton, Florida.

Raynond H.Ewell(1974), " Fertilizers-The Liniting Factors in the
Successor Failure of the Geen Revolution",
Hernanda.V.F(ed): Fertilizers, Crop Quality
and Kconomy, Elsevier Scientific Publishing
Conpany, Oxford, New York.

Reddy.S.R.K(1992), Energy Demand in Agriculture in Andhra Pradesh,
Unpubl i shed M Phil Dissertation, Subnmitted at
Uni versity of Hyderabad, Hyderabad.

Ri chud C.Fluck and Baired.C.D(1982), Agricultural Energetics, AVl
Publ i shi ng Conpany, |NC, WestFort,Connecticut.

Ritchie.J.D(1983), Source Book for Farm Energy Alternatives,
McGraw Hi | | Book Company, New Yar k.

Roger Revelle(1978), " Requirements for Energy in the Rural Areas
of Devel opi ng Countries", in Nor man
L.Brown(ed): Renewable Energy Resources and
Rural Application in the Developing Wrld,
West View Press, |NC

319



Rutger.J.N and Grant.W.R(1980), " Energy Use in Rice Production”,
in Pimental.D(ed): Hand Book of Ener gy
Uilisation in Agriculture, CRC Press, I NC. ,
Boca Raton, Florida.

Satyapaul and Raj esh Mehta(1991), " Technol ogy, Factors Denmand and
Substitution in Indian Agriculture, 1960-1983,
I ndi an  Journal of Agricultural Economi cs,

vol .46, no.4, Oct-December.
Sathyajith Mathew, et.al (1993), " Energy Flow Pattern in Paddy
Cul tivation with Specific Ref erence to

Puddl i ng", Energy Environnent Monitor, vol . 9,
no.2 September.

Sharma.J.L(1990), Inter-State Di sparities in Growt h of
Agriculture in India, Agricul tural Si tuation
in India, October.

(1994), ' Future Thrust in the Punjab Agriculture",
Agriculture Situation in India, vol . XLI X,
no.1l, April.

Singh.J.P(1983), Factor Shares in |Indian Agriculture", I ndi an
Journal of Agricultural Economcs, vol.XXXVIII,
no.3, July-Septenber.

Singh.K.N, et.al(1980), Energy in Indian Agriculture, I ndi an
Soci ety of Agricultural Engineers, IARI, New
Del hi .

Singh.L.R and Singh.B(1976), " Level and Pattern of Energy
Consunption in an Agriculturally Advanced Area
of uttar Pradesh", I ndi an Jour nal of

Agricultural Econonmics, vol.31, no.3, pp-157-165.

Singh.R.P, et.al (1976), " Energy Requirenents to Gow Bajra and
Wheat Crops in Haryana", I ndian Journal of
Agricul tural Economcs, vol.31, no.3.

Stout.B.A(1979), Energy for Wirld Agriculture, FAO UNO Rone.

Tandon. HLS(1993) Fertilizer Situation in India", IFFCO
Edi tion, New Del hi.

Tyagi.D.S(1981), Growth of Agriculture CQutput and Labour

Absor ption in I ndi a", Jour nal of

Devel oprental Studies, vol.18, no.1l, Cctober.
Var adar aj an, et.al(1993), " Animal Energy - Pronmising source of

Renewabl e Energy: A Study of Two Villages in
Tam | Nadu", URJA, vol.33, no.4, April.

320



Venkataramanan.L.S and Prahladachar(1980), " Gowh Rates and
Cropping Pattern Changes in Agriculture in
Six States: 1950 to 1975, |Indian Journal of

Agricul tural Economi cs, vol. XXXV, no.2,
April-June.

Waghmare.R.E and Dhongade(1983), " A Study of Factor Shares in
Mahar astra Agricul ture", I ndian Journal of

Agricultural Econom cs, vol .XXXVIII, no.3,
July-September.

321



10.

11.

12.
13.

SOURCES CF DATA

Statistical Abstract of India, 1966 - 1991, Publ i shed by
Directorate of Economics and Statistics, 6Govt. of India, Various
issues.

Indian Live Stock Census, 1966 - 1991, Published by DEsAg..
Govt. of India, Various issues.

Li ve Stock Census of Selected States, 1966 to 1991.

Agricultural Statistics At dance, DESAg, Covt. of India,
1991 - 1993.

Bul l etin on Food Statistics, DESAg, Govt. of India, 1991.

Fertilizer Statistics, Fertilizer Association of India, 1987
1993, Various issues.

Census Reports, Govt. of India, 1961 - 1991, Various |ssues.

Basic Statistics Relating to the Indian Econony, <c¢MIE, 1991
to 1994, Various issues.

Performance of Agriculture in Mjor States, OCME, 1991
1993, Various issues.

I ndi an Data Base: The Econony, Chandhok.H. L, et.al, vol.1,
1990.

Indian Agriculture in Brief, DESAg, Govt. of India, 1970 -
1993, Various issues.

Hand Book of Agriculture, ICAR, 1987 - 1991, Various |ssues.

Energy Requirements For Agriculture Sector, I CAR Proj ect
Reports, 198S - 1988.

00000

322



