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Abstract: Distinct phases of technology and policy have distinct effects on agricultural
performance. Cotton is a useful case for study in this regard, as its cultivation has been
frequently subjected to changes with respect to technology and policy action. The
most recent of these is the cultivation of Bt cotton. For purposes of this paper, we
have divided the period from 1976 to 2010 into three phases: the early hybrid phase
(1976-7 to 1991-2), the late hybrid phase (1992-3 to 2001-2), and the Bt phase (2002-
3 to 2009-10). The use of such inputs as human labour, machine power, and fertilizer
increased over the early hybrid phase, fell during the late hybrid phase, and increased
during the Bt phase. At the national level, yields grew at about 2.3 per cent per year
in the early hybrid phase, declined to -2.6 per cent per year in the late hybrid phase,
and rose sharply to 12.9 per cent in the Bt phase. These changes had implications for
the costs of production and for farm profitability. This paper develops, for the first time,
an input price index specific to cotton cultivation in India. The study highlights the role
of favourable public policy in realising the potential for higher yields that technological
advancement provides. Focusing on the development of Bt varieties, which are suited
to low-input regimes and marginal environments, rather than on hybrids can help
accelerate the social welfare potential of new technology in cotton cultivation. The
public sector can play a greater role and responsibility in such an attempt.
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INTRODUCTION

This paper is a study of the performance of cotton cultivation in India over three
distinct policy phases from 1976 to the present. It is based on national and State-level
data from 1975-6 to 2009-10.

Cotton provides an excellent example of the interaction between technology and policy,
and its effects on the cultivation of a crop. Cotton cultivation in India has witnessed
major technological changes over the years. Commercial hybrids were introduced in
the late 1960s; large-scale diffusion of this technology (supported by favourable public
policy) occurred in the 1970s and 1980s; new constraints emerged thereafter in cotton
cultivation; and, most recently, Bt cotton has been introduced. Cotton cultivation has
also been affected by post-1991 changes in general economic policy and in the trade
regime. To take only a few examples, the following have had a bearing on cotton
farming: the Industrial Policy Statements of 1991 and 1996, the National Agricultural
Policy (2000), the new seed policy (including the decision to permit the import of
seeds under open general license in 1998), the Multi-Fibre Agreement on Agriculture,
the Agreement on Textiles and Clothes, and the commitments on intellectual property
rights within the framework of the World Trade Organisation (WTO).

DATABASE

For our analysis, we have used cost of cultivation (CoC) data collected by the
Directorate of Economics and Statistics (DES), Ministry of Agriculture, Government
of India, for the period 1975-6 to 2009-10, for all the major cotton-cultivating States.
These States include Andhra Pradesh, Gujarat, Haryana, Karnataka, Madhya Pradesh,
Maharashtra, Punjab, Rajasthan, and Tamil Nadu. The Commission for Agricultural
Costs and Prices (CACP) provides data on input costs under different heads. The
different categories of input costs — Cost A1, A2, B1, B2, C1, C2, C2*, and C3 — have
been discussed in detail in Sen and Bhatia (2004). Among these, the two cost concepts
(or categories) that are of particular relevance to this paper are Cost A2 and Cost C2.2
Cost A2 is the aggregate of paid-out costs incurred in the cultivation process. Cost
C2 is total cost at the farm, and includes the imputed values of family labour, rental
value of owned land, rent paid for leased-in land, and interest on the value of owned
capital assets. Therefore, while gross value of output minus Cost A2 represents the

! Cost of cultivation (CoC) is the cost incurred in cultivation per unit area (usually measured in rupees per
hectare), whereas cost of production (CoP) is the cost incurred in production per unit quantity of output
(usually measured in rupees per quintal). Thus, CoP = (CoC per hectare + yield per hectare), if the value of
by-product/s is negligible.

? By the conventions followed by the Government of India, the components of Cost A2 and Cost C2 are as
follows: Cost A2 includes the value of purchased material inputs (seed, insecticides and pesticides, manure,
fertilizer), hired human labour, animal labour (hired and owned), hired farm machinery, depreciation on farm
implements and farm buildings, irrigation charges, land revenue cesses and other taxes, interest on working
capital, and rent paid for leased-in land. Cost C2 includes all the components of Cost A2 plus the imputed value
of family labour, interest on the value of owned capital assets (excluding land), the rental value of owned land
(net of land revenue), and rent paid for leased-in land.
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margin over actual paid-out costs, the difference between the gross value of output
and Cost C2 represents the margin over imputed costs as well.

For estimates regarding the gross value of output, two sources of information are
relevant: the first are estimates provided by the DES, Ministry of Agriculture, along
with the cost of cultivation, and the second are estimates provided by the Central
Statistical Organisation (CSO). Of these two data sets, the DES data are more useful
for farm-level study than the CSO data, and, in order to maintain consistency for
data sources, we have used data from the DES for our estimates. Nevertheless, the
actual values of gross output recorded by the CSO and estimated from the cost of
cultivation surveys by the DES follow each other closely. The margin between the
two narrowed further in the 1990s (Sen and Bhatia 2004). The relevant figures for
India were estimated by a weighted average method, the weights being either the
area under cotton cultivation or total production. A semi-log model was used to
estimate trends in rates of growth.

PHASES IN COTTON TECHNOLOGY AND PoLIcY?

Early Post-Independence Phase

Development efforts with respect to cotton cultivation in India began immediately
after Independence. This phase of development can be termed the pre-hybrid phase.
The policy focus during this phase was to improve cotton production by means
of area expansion, mainly through programmes such as the Grow More Cotton
programme and the cotton extension schemes of the early 1950s (Kairon et al.
2000). Technological intervention in cotton cultivation began with the introduction
of the All India Coordinated Cotton Improvement Programme (AICCIP) by the
Indian Council of Agricultural Research (ICAR) in 1967 (AICCIP 2009). These early
programmes began showing results in the early 1970s.

An analysis of changes in input use for the early post-Independence period cannot
be carried out here as detailed data from the comparative cost of cultivation series
are not available.

Early Hybrid Phase, 1976-7 to 1991-2

A significant outcome of the early research programmes on cotton was the
development of hybrids for commercial cultivation. The release of intra-hirsutum

3 A detailed description of the various phases of cotton cultivation can be obtained from Suresh et al. (2013).

# A “variety” is a pure inbred line and its seeds can be reused for cultivation for three to four seasons without
any significant loss of vigour. A “hybrid” is developed through a cross between parents that are genetically
unlike — different genera, species, or varieties. The resulting seed (F1) then produces plants that exhibit hybrid
vigour or heterosis only in the first generation, and the hybrid vigour is largely lost in the second generation.
This means that the seed of hybrid varieties has to be replaced in order to maintain hybrid advantage. Because
of this characteristic of hybrids, the farmer cannot reuse the seed material produced at his farm.
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hybrid cotton H-4 in 1970 paved the way for the hybrid cotton era, a unique era
in global cotton history. Subsequently, many superior cotton hybrids, most often
of shorter duration than previous varieties, were released for cultivation in India.
An important consequence of this development was the emergence of cotton-wheat
rotation as the most prominent pattern of cropping in northern India (Ramasundaram
et al. 2004). This phase was also associated with initiatives in marketing and on the
institutional front, including the establishment of the Intensive Cotton Development
Programme (ICDP) in 1971-2 and the Cotton Corporation of India (CCI) in the early
1970s.

In 1971, in order to guarantee minimum prices to growers, the Government of
Maharashtra implemented a scheme of monopoly procurement of cotton in the
State under the Maharashtra Raw Cotton (Procurement, Processing, and Marketing)
Act. It was also during this phase that the Commission for Agricultural Costs and
Prices (CACP) began to recommend support prices for basic varieties of cotton such
as F-414 and H-777 (medium staple) and H-4 (long staple). The Central Institute of
Cotton Research (CICR) in Nagpur, established in 1976, provided new research and
development support. These policies had a significant impact on cotton production.

Cost estimates for cotton provided by the Department of Economics and Statistics
are available from 1976 onwards. We consider 1976-7 to 1991-2 to have been the early
hybrid phase for most Indian States.” The advantages gained in this phase began to
dissipate by the early 1990s, when yields and the profitability of cotton began to
decline.

Late Hybrid Phase, 1992-3 to 2001-2

The most significant development during this phase was a change in the roles of
the public and private sectors in research, with the private sector emerging as a
major contributor to seed and pesticide research. The Government of India began the
Cotton Technology Mission at the end of the 1990s. Another major development was
the Agreement on Textiles and Clothes (ATC), which came into force in 1995 as part
of the WTO agreements. Subsequent reforms on the farm front raised input costs and
resulted in a decline in profitability, leading to conditions of distress, especially in
rainfed cotton regions (Raghavan, 2008).

During this phase, serious constraints emerged in cotton production on the pest
front, mainly because crops were affected by the cotton bollworm. None of the
existing varieties of cotton was immune to infestation by this pest, and the heavy
application of pesticides — which raised the costs of cultivation, and caused

5 For Madhya Pradesh, data were available from 1981-2 onwards, and therefore the early hybrid phase was
considered to have started from that year. In the case of Rajasthan, where cotton is cultivated under irrigated
conditions, data are available from 1994-5 onwards (that is, data for the first phase are not available).
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environmental pollution, deteriorating human and animal health, rising pesticide
resistance, a resurgence of minor pests, and residues in the food chain — affected
cotton cultivation. CICR (1998) reported damages to total production to the tune of
50 per cent because of the cotton bollworm.

These developments set the stage for the introduction of transgenic cotton in India
in 2002-3.

Bt Phase, 2002-3 to 2009-10

This phase is characterised by the cultivation of transgenic (Bt) cotton, which could
withstand early bollworm attacks on cotton crops. The seeds were developed,
introduced, and sold to farmers by private companies. Bt cotton was developed by
transgression of the genes of a soil-borne bacterium, Bacillus thuringiensis. The
response to this technology by farmers was immediate, and cut across farm sizes,
cropping systems and regions.

ProbpucTiON PERFORMANCE OF COTTON IN INDIA

Trends in Area under Cultivation, Production, and Yield

Trends in the area under cotton cultivation and in the production and yield of cotton
in India since 1970-1 are shown in Figure 1. There was an increase in the yield and
production of cotton during the entire period under analysis, with a sharp increase
after the introduction of Bt cotton. The yield rose gradually till the end of the 1970s,
registered a spike in the 1980s that continued till the early 1990s, and slumped during
the subsequent period. The trend of decline reversed sharply in the Bt phase. The
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Figure 1 Cotton in India: trends in area, production, and yield, 1970-1 to 2009-10
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yield level, which was about 180 kg/ha in 1980, improved only by another 20 kg in
the next 20 years (in 2001-2, the yield level was 200 kg/ha). But the Bt phase saw
yields more than double, touching a level as high as 424 kg/ha by the triennium
ending (TE) 2009-10.

The trends described here were at the national level. All major States also witnessed
a sharp rise in yields in the Bt phase (Table 1). The highest yields were in Punjab and
Haryana, where the cotton crop is irrigated. Table 2 presents State-wise data on the
growth performance of cotton over the different phases. There was a rise in yield
during the early hybrid phase, stagnation or decline during the late hybrid phase,

Table 1 Trends in the yield of cotton across States, triennium ending (TE) 1978-9 to
TE 2001-2 in kg/ha

States TE 1978-9 TE 1991-2 TE 2001-2
Andhra Pradesh 132 281 275
Gujarat 181 224 173
Haryana 332 407 342
Karnataka 120 225 214
Madhya Pradesh 76 102 118
Maharashtra 83 110 136
Punjab 350 547 379
Rajasthan 218 344 216
Tamil Nadu 269 289 312
All India 174 231 200

Source: Agricultural Statistics at a Glance, various issues.

Table 2 Trend growth rates of the yield of cotton in selected States, phase-wise, 1978-9 to
2009-10 in per cent per annum

Early hybrid Late hybrid Bt phase Entire period

phase (1978-9 phase (1992-3 (2002-3 to (1978-9 to
States to 1991-2) to 2001-2) 2009-10) 2009-10)
Andhra Pradesh 2.83 -1.93 7.60 2.12
Gujarat 0.87 2.36 20.63 3.17
Haryana 1.15 -2.79 10.33 1.21
Karnataka 5.64 0.29 7.35 2.84
Madhya Pradesh 2.69 3.11 10.93 3.40
Maharashtra 1.62 1.06 11.68 3.41
Punjab 4.07 -8.62 11.07 1.72
Rajasthan 3.35 -3.56 11.37 1.05
Tamil Nadu 1.62 0.21 2.58 0.36
All India 2.35 -2.67 12.94 2.59

Source: Estimated by the authors using data from Agricultural Statistics at a Glance, various issues.
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and a spurt during the Bt phase. The use of inputs and the gradual spread of hybrids
were responsible for yield growth during the early hybrid phase, while the slump in
growth during the late hybrid phase could be because of a reduced use of inputs in the
post-liberalisation period, as happened with wheat (Raghavan 2006). Bt technology,
which reduced bollworm-induced economic loss, also entailed a high level of input
application, causing an improvement in yield realisation during the Bt phase.

The Bt phase is marked by high yields, high input use, gradual dissipation of yield
advantage in the recent period, and the emergence of a new pest complex. Another
important feature of the Bt phase is the high level of regional variation in the extent
of the benefits realised. The yield advantage is higher in Gujarat, Haryana, and
Punjab, where cotton cultivation is mostly irrigated, than in other States. While the
irrigated area under cotton is less than one-third of total area at the national level,
it is 58 per cent in Gujarat, and close to 100 per cent in Haryana and Punjab. After
the introduction of Bt cotton, the irrigation coverage of cotton increased in many
States (including Gujarat, Karnataka, and Madhya Pradesh). The rise in irrigation
has accelerated the use of other inputs as well.

Trends in Cost of Cultivation

To track the costs of cultivation over a period of time, it is necessary to convert
them into real terms using a price index. The Wholesale Price Index (WPI) for all
commodities or the Consumer Price Index for Agricultural Labourers (CPIAL) are
not satisfactory deflators as they are only remotely related to the index of input prices
used in cultivation. We therefore constructed an input price index specific to cotton
cultivation. The movement of the cost of cultivation along with the cotton-specific
price index is depicted in Figure 2. The figure illustrates a sluggish rise in the cost of
cultivation during the early hybrid phase of cotton, a moderate increase thereafter,
and acceleration during the Bt phase. The movement of the cost of cultivation is
in tandem with the movement of the price indices. The growth in nominal cost of
cultivation and the input price index in different phases are provided in Table 3.

During the entire period under consideration, the rate of growth of the nominal cost
of cultivation was 9.7 per cent and the growth rate of the input price index was 9.41
per cent, indicating a growth rate of the real cost of cultivation of 0.29 per cent per
year. The highest growth rate of the cost of cultivation and of input prices was during
the Bt phase..

Table 4 shows, for selected States, changes in the real and nominal cost of cultivation
at four points of time, along with the corresponding growth rate of real cost.® At
the all-India level, the cost of cultivation increased from Rs 1,856/ha in 1978-9 to
Rs 35,275 in 2009-10, a rate of 9.7 per cent per year. There were distinct differences

¢ Real prices were arrived at using a constant input price for 2004-5.
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Figure 2 Trends in the cost of cultivation and input price index of cotton in India, 1975-6 to
2009-10 in Rs/ha

Table 3 Growth rates of the cost of cultivation and input price index of cotton in India,
phase-wise, 1978-9 to 2009-10 in per cent per annum

Early hybrid Late hybrid Bt phase Entire period
phase (1978-9 to  phase (1992-3 (2002-3 to (1978-9 to
1991-2) to 2001-2) 2009-10) 2009-10)
Input price index 7.81 9.06 10.85 9.41
Nominal cost of
cultivation 8.50 7.61 9.49 9.70
Real cost of
cultivation 0.70 —1.45 —-1.36 0.29

Source: Estimated by the authors using data on Cost of Cultivation of Principal Crops, Directorate of Eco-
nomics and Statistics, Ministry of Agriculture.

across the phases. The high regional variations are also noteworthy. Notwithstanding
some variations, the rate of growth of the cost of cultivation was high in the early
hybrid phase, declined during the late hybrid phase, and increased again during the
Bt phase. During the Bt phase, the rates of growth of the costs of cultivation were
highest in Gujarat, Haryana, and Madhya Pradesh. The costs of cultivation in Tamil
Nadu declined during this phase.

Trends in the Cost of Production

Trends in the cost of production — the cost of producing a unit quantity of output
— reflect the net effect of two factors, namely, cost of cultivation and per-hectare
yield. In nominal terms, the cost of production increased everywhere till the end
of the late hybrid phase, and varied over the Bt phase (Table 5). However, in real
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terms, at the national level, the cost of production declined throughout. This trend
was also pervasive across States, except during the late hybrid phase, when the cost
of production increased in five out of nine States. These aberrations were mainly
due to increases in the cost of cultivation combined with relatively low rates of
growth of yield. In the Bt phase, there was a reduction across the board in the real
cost of production. The decline in the real cost of production during the early hybrid
phase was supported by the faster spread of better-yielding hybrids and American
cotton, and a favourable input price regime. On the other hand, the post-1991 period
indicated a mixed pattern, one of increasing costs of production in the late hybrid
phase and a reversal of this trend in the Bt phase.

Some observations emerge from these trends (Table 6). At the national level, during
the early hybrid phase, though the increase in the cost of cultivation was about
285 per cent, a yield increase of about 33 per cent limited the increase in the cost
of production to 136 per cent. There was a sharp reversal of this trend in the late
hybrid phase. During this period, input costs increased by 125 per cent coupled with
a decline in yield of 13 per cent, resulting in an increase in the costs of production
of 158 per cent. From this analysis it is clear that farm income growth suffered in
the late hybrid phase because of two major factors: a secular decline in cotton yield,
and rising input prices that were not compensated by output price growth despite
repeated increases in the minimum support price (MSP).

As noted earlier, a major reason for the yield decline was an increase in pest attacks,
although it might also be reflective of deeper systemic factors. However, the spurt in

Table 6 Changes in selected indicators of costs, prices, and output of cotton in India,
triennium ending (TE) 1978-9 to TE 2009-10 in Rs/ha, kg/ha, Rs/quintal, and per cent per annum

All India Triennial average Percentage change Late Bt phase
(prices in nominal terms) during: Early ~ hybrid

hybrid phase phase
1978-9 1991-2 2001-2 2009-10

Cost of cultivation

(Rs/ha) 1856 7138 16037 35275 285 125 120
Yield (Kg/ha) 174 231 200 424 33 -13 112
Cost of production

(Rs/quintal) 341 804 2076 2150 136 158 4
Value of output

(Rs/ha) 2351 9749 15903 44400 315 63 179
Farm harvest price

of kapas

(Rs/quintal) 379 850 1889 2606 124 122 38

Note: Kapas is plucked cotton from which seeds and lint have not been separated.
Source: Estimated by the authors from data in the reports of the Commission for Agricultural Costs and
Prices (CACP).
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yield by about 112 per cent limited the increase in cost of production by about 4 per
cent, even while the cost of cultivation registered a 120 per cent increase. Thus, the
introduction of Bt cotton helped to overcome some of the negative fall-out of the late
hybrid phase by increasing the value of output through yield improvement.

Trends in Input Use and Costs

Relationship between fixed and variable costs

Agricultural economists need to pay attention to trends in farm income realisation
for different crops. Though the cost of cultivation does not reflect trends in farm
income, the relationship between fixed and operational cost components is
indicative of the trend. As per the methodology used in the surveys of the costs
of cultivation of principal crops conducted by the Department of Economics and
Statistics, Ministry of Agriculture (henceforth referred to as the CCPC surveys),
land rent is calculated as a fixed proportion of the gross value of output (GVO). Land
rent is the major component of fixed cost. Because of this methodological feature,
it turns out that an increase in the share of fixed cost in the cost of cultivation is
indicative of improved farm income. At the all-India level, the fixed cost amounted
to close to one-third of the cost of cultivation in 1978-9; it increased marginally
during the early hybrid phase, fell sharply during the late hybrid phase, and rose
again in the Bt phase (Table 7).

Another major component of fixed cost is interest on fixed assets. The behaviour of
this component is ascertained on the basis of the actual assets created by farmers.
These are in turn a function not only of current profitability, but also of expected
future profits. Therefore, the interest on fixed assets might behave independently
of rent on owned land and the general trend in fixed costs. A decline in the share

Table 7 Share of fixed cost in the total cost of cultivation of cotton, selected States, 1978-9 to
2009-10 in per cent

States 1978-9 1991-2 2001-2 2009-10
Andhra Pradesh 39.85 41.00 37.55 39.23
Gujarat 24.02 27.02 22.72 30.70
Haryana 35.13 34.36 32.94 34.75
Karnataka 39.84 33.49 27.16 32.44
Madhya Pradesh 46.14 40.88 34.33 41.42
Mabharashtra 36.17 35.56 25.90 28.51
Punjab 37.24 47.30 30.50 45.30
Rajasthan - 40.02 34.43 35.95
Tamil Nadu 38.66 35.81 37.96 22.66
All India 33.86 36.51 29.33 33.51

Source: Estimated by the authors from data in the reports of the Commission for Agricultural Costs and
Prices (CACP).
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of fixed costs in the late hybrid phase occurred in all States (barring Tamil Nadu).
However, this trend was reversed during the Bt phase at the all-India level and in
most States — a clear indication of the revival in the prospects of cotton cultivation.

Punjab is a good example of this interesting change in cost composition. It exhibited
the sharpest changes in fixed costs, by 10 and 15 percentage points, during the early
hybrid and Bt phases. However, there was a 17 percentage point decline during the
late hybrid phase and a 15 percentage-point increase in the Bt phase. From the early
hybrid phase to the late hybrid phase, there was an increase in pest attacks and
disease. However, new technology turned the situation around in the Bt phase.”

Trends in Variable Input Use and Cost Changes
Seed

In official cost of cultivation surveys, the cost of seed includes the value of farm-
saved, freely-exchanged, and purchased seeds. Cotton is a crop in which the seed
system has undergone significant changes over the past half century. Till the advent
of hybrids, cotton cultivation was undertaken with a minimum quantity of market-
sourced seeds. But the introduction of hybrids triggered a change, and the seed
system in cotton gradually came under the dominance of the private sector. Still,
the use of farm-saved and exchanged seeds continued to play a major role in cotton
varieties, notably in the irrigated north Indian cotton belt where hybrid cultivation
was near-absent till the introduction of Bt cotton. The Bt gene was transferred in
hybrids and was marketed by Mahyco-Monsanto Biotech, the proprietary patent
holder of the Bt gene. It is worth mentioning here that India is the only major cotton-
producing country in the world to have the Bt gene cultivated only through hybrids
rather than varieties (Ramasundaram et al. 2011).

These changes had a significant influence on the use of cotton seeds (Table 8). The
technological change in cotton resulted in the progressive reduction of the quantity
of seed used. At the all-India level, the quantity of seed used declined from 11 kg/ha
in the early hybrid phase to 7 kg/ha in the late hybrid phase, and further to 3 kg/ha in
the Bt phase. This trend was observed across States. Official cost of cultivation data
do not provide explicit information on variety-wise changes in the cost of cultivation.
However, with the transition from varieties to hybrids, per-hectare seed use declined
by about 50 per cent in Punjab.?

7 With regard to Haryana, Punjab, and Rajasthan, the terms “early hybrid” and “late hybrid” are used only to
maintain uniformity in terminology at the all-India and State levels. In these three States, the share of hybrid
cultivation was less than 5 per cent till the introduction of Bt cotton.

8 The Bt gene was transgressed only in hybrids as far as India is concerned, not in varieties. In Punjab and
other irrigated States, cotton cultivation was dominated by varieties till the introduction of Bt cotton. With the
adoption of Bt cotton, varieties were displaced by hybrids.
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These changes in the seed sector have had a significant effect on seed costs. At the
all-India level, seed costs increased over the years in nominal terms, with a sharp rise
after the introduction of Bt. The share of seed cost in operational cost remained almost
stagnant, at about 6 per cent, till 1991, increased to 7.5 per cent by 2002, and escalated
to 10 per cent by 2009-10. The trend at State levels was in tandem with the national
trend. The increase in seed costs in the post-reform period, notwithstanding heavy
competition, can be attributed to rents due to intellectual property rights in the seed
sector. Bt seed-producing companies extract monopoly profits. The exorbitant cost
of Bt seeds led to stealthy marketing of Bt seeds, farmers’ unrest, and subsequent
government interventions to regulate the seed market in many States.

Labour use

One of the most important indicators of technological change in cotton cultivation
is the change in the composition of labour use (Sen and Bhatia 2004). Official cost of
cultivation studies take three kinds of labour into account: human labour, animal/
bullock labour (power), and machine labour (power).” The use of each of these three
kinds of labour is determined by their availability, relative prices, and elasticity of
substitution. One can reasonably anticipate that an economic transition will entail
a substitution of human and animal labour by machine labour. With regard to
the relationship between human and animal labour, the increased use of animal
labour entails an increase in the use of human labour as well (because of the
complementary relation between the two) while also displacing human labour from
certain agricultural operations, particularly land preparation (Raghavan 2008).

Human labour

The use of manual labour in cotton cultivation exhibits some interesting trends
over the years (see Table 9). Cotton cultivation at the national level absorbed about
90 person-days per hectare during the late 1970s; that figure increased to over
100 by 1991-2. Although the late hybrid phase saw a decline of 7 person-days per
hectare,!® there was a rise of 16 person-days per hectare in the Bt phase. Labour use
varied substantially across States: for the triennium ending 2010, it ranged from
74 person-days per hectare in Madhya Pradesh to 144 person-days per hectare in
Gujarat.

The data show an increase in the use of human labour in the Bt phase at a rate of 1.5
per cent per year, as compared to negative growth of -1.7 per cent in the preceding
phase. The pattern was almost uniform across all the major States (albeit with minor
variations). The increase in labour use during the early hybrid phase was mostly due

> We use the conventional term “labour” to denote human labour power as well as animal- and machine-power.
10 Labour-hours were converted into person-days by using the standard conversion: 8 labour-hours equal one
person-day.
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to increasing crop yield, which might have absorbed more labour for harvesting the
increased output. The same factors were also in operation, although in the opposite
direction, during the late hybrid phase, when cotton yields plummeted. By contrast,
all States barring three posted an increase in labour use in the Bt phase; the sharpest
increase was in Gujarat, which also recorded a sharp yield increase. In Andhra
Pradesh and Tamil Nadu, labour absorption actually declined in the Bt phase, by 20
per cent and 10 per cent respectively.

The cost implications of changing labour use are shown in Table 9. In 2009-10, human
labour was the single largest component of cost, accounting for about 44 per cent
of the total cost of cultivation. There was an overall increase in the share of human
labour over time, notably in the late hybrid and Bt phases. In the early hybrid and
Bt phases, there was a rise in actual labour use and the share of labour in total cost.
In the late hybrid phase, however, there was a reduction in labour use but a rise in
cost share on account of either increasing wage rates or a more than proportional
reduction in the use of other inputs, or both.

The total wage component as reported in official cost of cultivation data consists
of wages actually paid to casual and permanently attached labourers, and family
labour. Family labour is the major form of labour used on the farms of small
farmers; its share in total labour use generally declines as farm size increases. In
India, a long-term decline in farm size and growing marginalisation have added
to the number of small farms (Chand et al. 2011), which generally use more family
labour than others. During the 1970s and 1980s, wages for family labour were
imputed at the same wage rates as wages for attached labourers, which were
generally lower than wages of casual labourers. Subsequent replacement of casual
wage as the basis for imputation may have had an impact on the wage share of
family labour in the total cost of cultivation. However, even after the upward
revision in imputed wages for family labour, an increase of 16 per cent in labour
use was associated with an increase of only 1.5 per cent points in wage share
during the Bt phase.

Labour with animals (bullock power) and labour with machines

The share of labour with draught animals in operational cost varied between 12 and 15
per cent in all three phases at the all-India level. However, there was a strikingly high
regional variation in this share, with Karnataka, Madhya Pradesh, and Maharashtra
generally exhibiting higher shares than other States. In the official cost of cultivation
surveys, the use of machine labour is not reported in physical terms. This limits inter-
temporal and inter-spatial comparisons of machine labour use. We circumvented this
problem by examining real costs. In the case of machine labour, the trend was quite
conspicuously that of a reduction in the real cost in the Bt phase, as compared to a
sustained increase during the early hybrid and late hybrid phases. Such a decline in
the Bt phase was recorded in four States.
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Increasing bullock labour costs in some States and a decline in machine labour costs
(in real terms) point to a rising unit cost of machine labour-hours. This rise is most
evident in the case of Punjab. In the late hybrid phase, the share of machine labour in
operational cost in Punjab increased by 7 percentage points and the share of bullock
labour decreased by 2 percentage points, whereas in the subsequent Bt phase, the
share of bullock labour registered a mild increase and there was a reduction of 2
percentage points in the share of machine labour. The general conclusion that can be
drawn from this discussion is that the usage of machine labour did not exhibit any
particular robust trend. More clarity on this aspect can be gained only through an in-
depth analysis of labour scarcity during peak agricultural seasons and of the decline
of the draught animal population.

Fertilizer

The use of chemical fertilizers in cotton cultivation increased over the entire period,
from 44 kg to 158 kg per hectare (see Table 10). The overall growth rate of fertilizer
application was 2.6 per cent per year, with each phase depicting distinct trends (Table
11) and the Bt phase showing a sharp rise in fertilizer use. The growth rate of fertilizer
use was about 2 per cent per year during the early hybrid phase, 0.7 per cent during
the late hybrid phase, and 8.1 per cent during the Bt phase. These broad trends were
observed in all States.

Farmers generally increase fertilizer application in the belief that it will lead to an
increase in yield, particularly in combination with irrigation. This trend, which
was marked during the early hybrid phase when fertilizer use doubled in cotton
cultivation, slowed down during the late hybrid phase. A simple analysis indicates
that, in the early hybrid phase, nutrient application increased by 97 per cent at a cost
increase of 261 per cent, whereas in the late hybrid phase, only a 9 per cent increase
occurred in nutrient use, but at a cost increase of 98 per cent. Eliminating the effects
of length of time-period, this implies that while the cost increase per unit nutrient
increase was 2.6 in the early hybrid phase, it was 11 in the late hybrid phase.

One noteworthy feature of the late hybrid phase is that fertilizer application in
Punjab — a State characterised by the highest fertilizer use — decreased to below the
national average. However, during the Bt phase, fertilizer use in Punjab increased
150 per cent in just eight years.

During the Bt phase, fertilizer use increased at the national level and across States,
barring a few exceptions.

Insecticides

As mentioned earlier, Bt cotton was introduced as a response to increasing pest
attacks and a high level of use of insecticides. A careful observation of the data
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Table 11 Growth rates of fertilizer use in cotton, selected States, phase-wise, 1978-9 to 2009-
10 in per cent per annum

States Early hybrid phase ~ Late hybrid phase Bt phase Overall
Andhra Pradesh 0.06 7.23 5.39 7.22
Gujarat -0.31 —4.89 13.97 0.38
Haryana 7.63 -3.92 14.95 4.12
Karnataka 0.69 0.03 11.77 0.42
Madhya Pradesh 22.49 -1.11 7.64 4.76
Maharashtra 8.18 4.28 4.33 4.93
Punjab 8.20 -6.03 13.30 3.76
Rajasthan - 16.88 3.17 2.49
Tamil Nadu 2.00 0.18 8.39 3.23
All India 1.97 0.70 8.06 2.58

Source: Estimated by the authors from data in the reports of the Commission for Agricultural Costs and
Prices (CACP).

(Table 12) indicates that the costs of insecticide application increased continuously
till the end of the late hybrid phase, with wide variations across States, but reduced
marginally during the Bt phase. In the case of Punjab, by 2001-2, insecticide costs
accounted for more than one-third of the total operational cost. The introduction of
Bt cotton contained this growth and even reduced it in some States, for example,
in Andhra Pradesh and Punjab. Since the physical quantity of insecticides applied
in the fields is not recorded in the official cost of cultivation surveys, we have
used constant prices to provide a better insight into changes in insecticide use. At
the national level, during the early hybrid phase, the expenditure on insecticides
increased (on a real cost basis) in seven out of the nine States studied. The trend
continued in the late hybrid phase. In the Bt phase, there was a decline in costs at
the national level and in six out of the same nine States. It is also noteworthy that
as a share of operational costs, insecticide costs declined continuously, from 16 per
cent in the late 1970s to 6 per cent in 2009-10, with the sharpest decline occurring in
the Bt phase.

Trends in Farm Business Income and Profitability

Farm business income (FBI), which is the difference between the Gross Value of
Output (GVO) and paid-out costs, is an indicator of the economic sustainability of
agriculture. However, while considering a single crop, profitability — that is, GVO
relative to cost — is often a more useful concept. For a comprehensive view, we have
analysed profitability with respect to two cost concepts — Cost A2 and Cost C2.
While a comparison of GVO with Cost A2 indicates farm profitability with respect
to paid-out costs, a comparison with Cost C2 shows output relative to total costs
including imputed values of land and capital.
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Table 13 illustrates the trend in the value of output per hectare and the ratio of the
value of output with respect to both Cost A2 and Cost C2. The ratio of GVO to Cost
A2 went from 2.3 at the start of the early hybrid phase to 2.2 by the end of it, and
further to 1.68 by the end of the late hybrid phase. This indicates that while a 125
per cent increase in cost yielded a 139 per cent increase in GVO during the early
hybrid phase, the corresponding figures for the late hybrid phase were a 115 per cent
increase in cost for a 63 per cent increase in GVO. In terms of Cost C2, the ratio fell
dramatically, and by 2001-2, it was below one. During the late hybrid phase, cotton
cultivation was generating profits when considered in relation to Cost A2 but not
when reckoned against Cost C2. However, this slump was overcome during the Bt
phase, when the ratios improved to 2.24 in the case of Cost A2 and 1.26 in the case of
Cost C2. The pattern in the States closely followed the national pattern.

There was thus a sharp change in the responsiveness of the value of output with
respect to costs incurred. To examine this change, we estimated the cost elasticity of
output (Table 14).

It is evident from Table 14 that, at the national level, the elasticity of output (value)
with respect to cost declined from 1.11 in the early hybrid phase to 0.51 by the
late hybrid phase, and it increased to 1.49 in the Bt phase, an increase of about
190 per cent. Two important conclusions emerge from this. First, the input cost
responsiveness of output was lower in the period immediately following the reforms
as compared to the previous period. This could be due to high input prices leading to
subdued input demand, and a consequent decline in yield realisation. Increased pest
attacks could be one reason for subdued yield, but the available literature suggests
that the pest effect could not have been of this magnitude. Another factor could be
the less-than-proportionate increase in output prices, which resulted in a lower gross
value of output.

Secondly, the Bt phase witnessed a reversal of this trend, both at the national level
and in all States. The extent of change was highest in Punjab and lowest in Andhra
Pradesh. To explain the increase in the gross value of output, two factors are examined
more closely, namely, the extent of technological change manifested in changes in
yield, and the price of output. The relevant output prices in this context are Farm
Harvest Prices (FHP), as they reflect the prices realised by farmers.

To recapitulate our discussion on yield, the yield of cotton increased during the
early hybrid phase, declined during the late hybrid phase, and rose again during the
Bt phase; this trend was seen across the board in all States (see Table 2). It is also
noteworthy that the price of kapas, (plucked cotton from which seeds and lint have
not been separated) witnessed a general increase during all the phases. When this
information is read together with the data in Table 15, it can be inferred that the late
hybrid phase was characterised by an average yield reduction to the tune of 2.7 per
cent per year at the national level, coupled with an increase in farm harvest prices at
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Table 14 Elasticity of value of output to Cost C2 in cotton cultivation, selected States, phase-
wise, 1978-9 to 2009-10

States Early hybrid phase Late hybrid phase Bt phase
Andhra Pradesh 1.16 0.78 1.16
Gujarat 1.18 0.42 1.87
Haryana 1.42 0.68 0.93
Karnataka 0.90 0.31 1.91
Madhya Pradesh 0.79 0.49 1.64
Maharashtra 0.88 0.37 1.39
Punjab 1.55 0.28 2.14
Rajasthan - -0.31 1.27
Tamil Nadu 0.81 0.50 2.53
All India 1.11 0.51 1.49

Source: Estimated by the authors from data in the reports of the Commission for Agricultural Costs and
Prices (CACP).

Table 15 Levels of farm harvest prices of cotton, selected States, triennium ending (TE) 1978-
9 to TE 2009-10 in Rs/quintal

States Farm harvest price (Rs/quintal, kapas)
1978-9 1991-2 2001-2 2009-10

Andhra Pradesh 423 1048 1926 2597
Gujarat 387 1140 1671 2573
Haryana 395 803 1999 2699
Karnataka 349 855 1960 2574
Madhya Pradesh 386 1031 1876 2718
Maharashtra 324 659 1994 2073
Punjab 372 788 1963 2966
Rajasthan 725 994 1689 2781
Tamil Nadu 388 759 1662 2646
All India 379 850 1889 2606

Source: Estimated by the authors using reports on Farm Harvest Prices in India, DES, Ministry of Agricul-
ture.

the rate of 12.9 per cent per year. On the other hand, the Bt phase was characterised
by a 14 per cent yield increase per year, coupled with an increase in FHP that was
close to 4 per cent per year. Clearly, it was the lower output of cotton that resulted
in lower gross values of output in the late hybrid phase, while it was high output
growth that was mainly responsible for higher value realisation in the Bt phase.

Recent Concerns

Recent trends indicate that the input cost of Bt cotton cultivation is increasing at the
all-India level. The cost of production is also gradually increasing in many States.
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Figure 3 Trends in fertilizer productivity of cotton, selected States, 1990-1 to 2009-10 in kg of
cotton per kg of nutrients

Both these trends have raised serious questions regarding the sustainability of Bt
technology. Further, input productivity, which rose with the introduction of Bt, is
showing a gradual decline, especially with regard to fertilizer. Figure 3 illustrates the
movement of partial fertilizer productivity, defined as the output per unit of fertilizer
applied, at the national level and in three major cotton-producing States, Andhra
Pradesh, Gujarat, and Maharashtra, since 1990-1. Partial productivity at the national
level declined gradually up to the early 2000s, and then rose with the introduction of
Bt, peaking by 2004-5, after which it declined again. This trend was broadly similar
at the State level, most visibly in Gujarat. This suggests that the effect of the new
technology was eroded by higher input application.

The discussion above raises important questions regarding Bt cotton technology in
India. While the innovativeness of Bt cotton rests on the introduction of the Bt gene,
in India it was introduced to the field through hybrids. Notably, though hybrids
in cotton were available in the country from the 1970 onwards, they covered only
one-third of the total area under cotton in 2000. The rest of the area was occupied
by varieties, which had distinct advantages over hybrids for certain geographical
areas and sections of society in terms of agro-climatic suitability, input requirements,
and so on. The Bt gene was introduced in certain hybrids by private companies,
compelling farmers to purchase seeds every year. The proprietary patent holders of
the gene extract rents over the patent rights, thereby raising the seed cost. With the
introduction of Bt technology in hybrids and its fast diffusion, more than 90 per cent
of the area under cotton came under hybrids. This indicates that the demand was
for the Bt gene rather than for hybrids. With the spread of Bt hybrids, many popular
varieties were eliminated from cultivation (Ramasundaram et al. 2011).
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SUMMARY AND CONCLUSIONS

The analysis brings forth some significant conclusions.

1. The cost of cultivation increased consistently over all the phases of cotton cul-
tivation. The rise was moderate during the early hybrid phase and accelerated
in subsequent phases. The increase continued through the post-reform period,
with a sharp rise after 2001-2, coinciding with the introduction of Bt cotton. The
increase in the cost of cultivation was particularly pronounced in fixed costs
during the pre-reform period, and this trend was reversed in the late hybrid
phase (immediately after 1991). However, it rose faster than operational cost
during the Bt phase, indicating a trend of rising gross values of output, as fixed
cost is aligned with the gross value of output.

2. In nominal terms, the cost of production of cotton rose till the end of the late
hybrid phase, and declined in the Bt phase. Despite the increase in the cost of
cultivation, the large yield enhancement during the Bt phase was enough to
arrest an increase in the cost of production.

3. Input use has undergone distinct changes in different phases. In physical terms,
at the national level, the seed rate has gone down consistently. The use of hu-
man labour, machine power, and fertilizer increased in the early hybrid phase.
This was followed by a slump in the late hybrid phase and a rise in the Bt phase.
With respect to insecticides, the Bt phase was characterised by a reduction in
real cost compared to the previous phase. The decline in input use during the
late hybrid phase might be attributed to systemic factors in the aftermath of
economic liberalisation. This led to a reduction in yield and low growth of the
gross value of output, bringing distress to cotton-farming communities. The
high occurrence of pest attacks exacerbated the situation. The revival during
the Bt phase was mainly on account of the positive effects of technology sup-
ported by favourable public policy, notably on the institutional credit front.

4. The elasticity of value of output with respect to cost declined in most States and
at the national level during the late hybrid phase, and increased sharply in the
Bt phase. The sharp reversal was mainly on account of changes in yield.

5. The impact of Bt technology has weakened, as shown by the reduction in par-
tial productivity of fertilizers and an increase in the costs of production. Moreo-
ver, a resurgence of minor pests has been reported. The spread of Bt cotton
brought about a spread of hybrids, and was associated with changes in the use
of inputs such as fertilizer, labour, and irrigation. The enhanced application of
inputs also contributed to productivity improvement in areas of less intensive
cultivation. The use of Bt technology reduced losses through control of the cot-
ton bollworm.

Thus it is evident, from the contrasting performance of cotton during various
phases, that technology and policies have played a decisive role in determining the

performance of the cotton crop. The technological advantage of Bt cotton seems to
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have been augmented by higher input application. One major reason for this is that
the technology has spread through hybrids. Modifying this technology so as to make
it suitable for a low-input-use regime along with policies that ensure favourable terms
of trade would further augment farm profitability, and prolong the sustainability of
the technology across farm sizes and agro-systems. Developing Bt varieties is an
important step in this direction. The public sector can and must play a greater role in
this regard. In the long term, our strategy with respect to cotton cultivation needs to
expand the yield frontier further, while at the same time including the use of a more
sustainable (and proportionately smaller) set of crop inputs.
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