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ABSTRACT

The present study investigates to growth and relative contribution of area and yield in production of 
green gram, black gram chickpea, pigeon pea and lentil pulse crops in India. The study period (1998-99 
to 2017-18) is divided into three periods viz., period-I (1998-99 to 2007-08), period-II (2008-09 to 2017-18) 
and period-III (1998-99 to 2017-18). Time series data on area, production and yield were collected from 
Directorate of Pulses Development, Bhopal, Directorate of Economics and Statistics, Department of 
Agriculture and Cooperation, Government of India. The semi-log model, Cuddy-Della Valle instability 
index and decomposition analysis models were used to analyze the CAGR, instability and relative 
contribution of area, yield and interaction components. The study clearly finds that area and production 
of green gram (Vigna radiata) is notified highest compound annual growth rate 1.84 and 1.76 percent 
respectively, during period-I. In case of yield highest growth rate is reported in black gram (0.26 percent) 
during the same period. During second period, highest CAGR in area, production and yield is found 
in black gram at 6.00, 10.30 and 4.10 percent respectively. During all three periods, instability in area, 
production and yield was very low, except total pulse in second period. The decomposition analysis 
of production is revealed that yield effect and area effect are major sources of output growth in kharif 
and rabi pulses, respectively. The Identified growth rate in individual pulse crop is a great informative 
work because it provides chronological background of how the cultivation of pulses persuades the life 
of farmers either in negative or positive way. The study also tries to know the peak or trough in past 
cultivation of pulses crops.

Highlights

 m Less instability was reported in area, production and yield of pulse crops
 m Area and yield are major source of decomposition in pulses.
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Pulses are the basic ingredient in the diet of a vast 
majority of Indian livelihood. The country grows a 
wide variety of pulses crops such as Chickpea (Cicer 
arietinum), Pigeon pea (Cajanus cajan) green gram 
(Vigna radiata), black gram (Vigna mungo), cowpea 
(Vigna unguiculata), pea (Pisum sativum), moth 

bean (Vigna acontifolia), grass pea (Lathyrus sativus), 
horse gram (Macrotyloma uniflorum) and lentil 
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(Lens culinaris) under rain-fed conditions, which 
are having poor fertility and moisture stress. Pulse 
crops are energy rich like proteins, vitamins, etc. 
but their cultivation required minimum energy such 
as nutrient, rainfed conditions etc. Pulses are major 
source of protein, fatty & essential amino acids, 
minerals, fibers, and vitamins. in human diet for 
the poor and vegetarian livelihood in the country. 
Therefore, pulses are popularly known as “Poor 
man’s meat” and “rich man’s vegetable” (Singh, et al. 
2015). Pulses are a Smart Food, as these are critical 
for food basket (Pulse-Bread, Pulse-Rice), rich source 
of protein i.e. 20-25%. The United Nations, declared 
2016 as “International Year of Pulses” (IYP) to 
heighten public awareness of the nutritional benefits 
of pulses as part of sustainable food production 
aimed at food security and nutritional (Kumar 
et al. 2018). When farmers include pulse crops in 
their cropping system, the yield of component crop 
increased significantly (Kumar and Bourai, 2012). 
Biological nitrogen fixation and improvement in 
soil physical condition enhance the production 
potential of the cropping system, which resulted 
pushup the gross and net monetary income of the 
farming community (Agarwal, et al. 2011). The rain-
fed regions of the country support 40% of human 
population and 2/3rd of livestock, 90% of coarse 
cereals, 80% pulses, 74% oilseeds, 65% cotton and 
48% rice are rain-fed. About 52 per cent of total net 
sown area (141.40 million ha) is rain-fed in India 
(Anonymous, 2017-18).
It was found out from the results of the studied 
area that reduction in the consumption of pulses, 
leads to the increasing malnutrition and deficiency 
in protein intake (Shalendra et al. 2013). India is still 
a home of about 24% of undernourished people 
in the world (Sharma et al. 2016). The shortfall in 
pulses has been attributed to a number of factors, 
the major ones being the increasing population, 
rising income, socio-economic conditions and poor 
marketing opportunities (Srivastav et al. 2010). 
Thus, poor production performance has not only 
created an imbalance in demand and supply of 
pulses but also has resulted in soaring import 
bills, unpredictable price rises and low net profit 
compared to their competing crops (Joshi and 
Saxena, 2002). During pre-green revolution period 
area, yield and production of total pulses registered 
a positive but non-significant growth rate indicated 
stagnation (Jain and Singh, 1991).

During 2017-18, share of pulses in total food grain 
area and production were 29.36 per cent and 8.61 
per cent, respectively, in the country. In total pulses 
production of India, about 63 percent share is 
contributed by rabi pulses in 2017-18 (Anonymous, 
2017-18). India is the largest producer and consumer 
of pulses in the world. The country is not able to 
keep pace with the domestic demand even with 
cultivating 29 million hectare area under pulses. The 
pulses availability (54.5 gram/capita/day) in India, is 
less than recommended intake (65 gram/capita/day) 
of Indian Council Medical Research, New Delhi. 
Mostly pulses crops are labour intensive along with 
other inputs. Therefore, a major challenge in India 
is to provide an improved production technology 
for achieving sustained production of pulses. The 
present study is conducted to answer the research 
questions such as whether there is significant 
growth in the area, production and yield of pulses 
over the period, whether the area, production and 
yield of pulses are instable in nature, what is the 
contribution of area and yield towards change in 
total pulses production and trade performance in 
India.

MATERIALS AND METHODS
The present study is primarily based on secondary 
data collected from various published sources like 
Directorate of Economics and Statistics, Department 
of Agriculture and Cooperation, GoI, Directorate of 
Pulses Development, Bhopal, GoI, Various issues of 
Agriculture Statistical Year Book and Agricultural 
Statistics at a Glance, etc. The selection of study 
period is mainly based on availability of data. The 
entire study period has been divided into three 
periods viz., period-I (1998-99 to 2007-08) and 
period-II (2008-09 to 2017-18) and Overall study 
Period (1998-99 to 2017-18). This study is restricted 
to major kharif and rabi pulses crops of India viz., 
Green gram, Black gram, Pigeonpea, Chickpea and 
Lentil. Selected crops account for more than 85 per 
cent of total pulses cropped area and production.
Compound Annual Growth Rate: the production 
pattern of pulses was investigated using tabular 
analysis and compound annual growth rate 
(CAGR). The growth rate is generally calculated by 
using linear growth rate and Compound Annual 
Growth Rate (CGR) models. The major limitation of 
linear growth rate is performed the comparison of 
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growth rates between periods and crops. Therefore, 
it is better to use the compound annual growth rate 
model for computing growth rate of selected pulse 
crops for three periods. A semi-log trend model is 
applied to compute the growth in acreage, output 
and yield of individual pulse crop:

Qt = Q0 (1+ r)t

Transformed this to logarithmic form, ln Yt  = ln Y0 
+ t ln (1 + r)
Where,
Qt is the variable for which growth is calculated at 
tth period
r is the compound growth rate
ln is the natural logarithm
Now, let ln Q0 = β1 and
ln (1 + r) = β2

Therefore, the above equation becomes, ln Qt = β1 
+ β2 t
Now, β1 and β2 will be estimated by Ordinary Least 
Squares (OLS) method and the CAGR will be,

r = (antilog β2 – 1) × 100

Instability Analysis: The instability in area, 
production, yield of major pulses is calculated by 
using Cuddy-Della Valle instability index. It was 
developed by Cuddy and Della Valle in 1978 to 
study over the period. Cuddy-Della Valle index is 
worked out as:

( )21I CV R= × −

Where,
I is the instability index (%),
CV is the coefficient of variation (%), and
R2 is the coefficient of determination from a 
time trend regression adjusted by the number of 
degrees of freedom.

This is a better measure compared to coefficient 
of variation, as it is innately adjusted for trend, 
often observed in time series. It helps to know the 
variability and risk in production of pulse crops.
Decomposition analysis: It is used to compute 
the relative contribution of factors as area and 
productivity in total output of individual pulse crop. 

Various researchers (Devi, et al. 2017; Ruchi, 2017; 
Kamble and Wali, 2016 and Bastine & Palanisami, 
1994) applied component analysis model to examine 
the growth performance of different crops. The 
general outline of decomposition model is given 
below:

Q = AP …(i)

Where Q = production of selected pulses crops in 
in India

A = area under the same crop production
P = Yield of selected pulse crop

Then, 

Q0 = A0P0 and  …(ii)

Qt = AtPt …(iii)

where 0 and t is time periods such that t>0 by an 
accounting period (usually single year)

Now (Pt – P0) = ΔPt

(At – A0) = ΔAt

(Qt – Q0) = ΔQt  …(iv)

Now substituting the terms represented in (iv) 
equation into (iii) equation:

 Qt = (A0 + ΔAt) (P0 + ΔPt)

ΔQt = (Qt – Q0) = {(A0 + ΔAt) (P0 + ΔPt)} – A0P0

or

ΔQt = (A0 ΔPt) + (P0 ΔAt) + (ΔAt ΔPt) ….(v)

(Change in production) = Yield effect + Area effect 
+ Interaction effect
Thus, the total change in production is attributed 
due to area and yield that can be decomposed into 
three effects viz., yield, area and interaction effects.

RESULTS AND DISCUSSION
Growth rate of area, production and yield: The 
compound growth rate of area, production and 
yield of chickpea, pigeonpea, green gram, black 
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gram and lentil for the study period from 1998-99 
to 2017-18 were calculated. Season wise result of 
compound annual growth rate for whole country 
is presented in table 1 for different period namely 
1998-99 to 2007-08, 2007-08 to 2017-18 and 1998-99 to 
2017-18. During first period, the CAGR in area and 
production of total kharif pulses was 1.10 and 1.77 
per cent respectively, which was higher than rabi 
and total pulses. During this period, the main source 
of growth in kharif pulses production was growth 
in area of kharif pulses. During 2008-09 to 2017-18, 
the compound annual growth rate of kharif pulses 
production was 6.4 per cent, which was higher than 
the rabi and total pulses production.
However, during this period the growth in 
production was mainly due to growth in yield, 
the improved coverage of fertilizer, irrigation and 
institutional reforms played important role in 
increasing yield. During whole study period (1998-
99 to 2017-18), the CAGR in production of rabi crops 
was 3.20 per cent followed by 3.00 and 2.60 per cent 
in total and kharif pulses production respectively.

The compound annual growth rate of area, 
production and yield of individual pulse crop is 
presented for different study periods viz., period-I 
(1998-99 to 2007-08), period-II (2007-08 to 2017-18) 
and overall (1998-99 to 2017-18 0 in table 2. During 
first period, the CAGR in area and production 
of green gram was 1.80 followed by chickpea, 
pigeonpea, black gram and lentil at the same period. 
During this period, the main source of growth in 
green gram production was mainly due to growth 
in area of green gram. The highest growth rate was 
notified in production of black gram 10.30 per cent 
followed by green gram (8.20), pigeonpea (5.80) 
chickpea (3.00) and lentil (1.80) in second period 
(2008-09 to 2017-18). However, during this period 
the growth in production was contributed due 
to increase in area and yield of crops. Growth in 
minimum support price of pulses is painstaking to 
farmers for increasing area whereas the improved 
coverage of fertilizer, irrigation and institutional 
reforms played important role in increasing yield 
of pulses.

Table 1: Season wise Compound Annual Growth Rate in Area, Production and Yield of Pulses in India

Study Period Season
Rabi Pulses Kharif Pulses Total Pulses

CAGR R2 CAGR R2 CAGR R2

Period-I
Area 0.70* 0.054 1.10* 0.354 0.90* 0.209
Production 0.40* 0.010 1.77* 0.137 0.90* 0.063
Yield - 0.30NS 0.026 0.50* 0.022 0.00NS 0.000

Period-II
Area 2.00* 0.617 2.70* 0.336 2.40* 0.535
Production 3.60* 0.611 6.40* 0.528 4.50* 0.626
Yield 1.60* 0.393 3.60* 0.646 2.10* 0.469

Overall Study 
Period

Area 1.7* 0.666 0.80* 0.212 1.30* 0.602
Production 3.20* 0.711 2.60* 0.448 3.00* 0.696
Yield 1.50* 0.638 1.80* 0.451 1.60* 0.645

Source: Computed by author; *Statistically Significant @ 1% NS = Non-significant.

Table 2: Compound Annual Growth Rate in Area, Production and Yield of Major Pulses in India

Study Period
Crops Chickpea Pigeonpea Lentil Black gram Green gram

CAGR R2 CAGR R2 CAGR R2 CAGR R2 CAGR R2

Period-I
Area 1.30* 0.075 0.70* 0.352 - 0.2NS 0.024 0.10* 0.004 1.80* 0.485
Production 1.30* 0.053 0.80* 0.041 - 1.30NS 0.217 0.40* 0.033 1.80* 0.067
Yield 0.00NS 0.000 0.10* 0.001 - 1.10* 0.201 0.30* 0.034 - 0.10NS 0.000

Period-II
Area 2.10* 0.399 2.80* 0.359 - 0.60* 0.076 6.00* 0.792 3.60* 0.508
Production 3.00* 0.343 5.80* 0.553 1.80* 0.024 10.30* 0.868 8.20* 0.501
Yield 0.90* 0.153 3.00* 0.480 2.50* 0.047 4.10* 0.736 4.40* 0.282

Overall Study 
Period

Area 2.50* 0.636 1.40* 0.496 - 0.10NS 0.005 1.40* 0.309 1.10* 0.305
Production 3.90* 0.675 2.20* 0.409 0.00NS 0.000 3.60* 0.595 3.01* 0.354
Yield 1.30* 0.577 0.70* 0.144 0.10NS 0.000 2.20* 0.718 1.90* 0.255

Source: Computed by author; *Statistically Significant @ 1% NS = Non-significant.
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During whole study period (1998-99 to 2017-18), 
the CAGR in production of black gram, chickpea 
and green gram was more than 3 per cent. The 
growth in production of black gram and green gram 
was effective due to growth in yield and chickpea 
production was increased mainly growth in area.
Variability in area, production and yield of major 
pulses: The instability in area, production, and 
yield of kharif, rabi total pulses was analyzed and 
presented in table 3. It is revealed from the table 
that area, production and yield of kharif, rabi and 
total pulses were found highly stable with very low 
variability indices in period-I. The highest instability 
of 94.99, 90.05 and 92.23 percent in area production 
and yield was found in total pulses for the period-
II. At the same time, variability in area, production 
and yield of kharif and rabi pulses was also found 
very low. In case of overall study period, instability 
in area production and yield of kharif, rabi and total 
pulses was found to be at highly stability indicated 
by very low coefficient of instability indices.

Table 3: Season-wise Variability (%) in Area, 
Production and Yield of Pulses in India

Period-I (1998-99 to 2007-08)
Season Area Production Yield
Kharif Pulses 4.94 13.84 10.92
Rabi Pulses 8.73 12.06 4.97
Total Pulses 5.31 10.73 6.28

Period-II (2007-08 to 2017-18)
Kharif Pulses 12.37 20.00 11.26
Rabi Pulses 5.14 9.68 6.39
Total Pulses 94.99 90.05 92.13

Overall Study Period (1998-99 to 2017-18)
Kharif Pulses 10.24 19.15 11.62
Rabi Pulses 7.02 12.23 6.60
Total Pulses 6.78 12.83 7.52
Source: Computed by author.

At national level, the instability in area, production 
and yield of chickpea, pigeonpea, lentil, black gram 
and green gram were computed and presented 
in table 4. During period-I highest instability of 
22.68 per cent was found in production of green 
gram followed by 16.74 per cent in production 
of chickpea. At the same time, instability in area, 
production and yield of pigeonpea, lentil, black 
gram and green gram was recorded very low. The 
highest instability of 30.69 and 28.76 per cent was 

reported in production and yield of lentil during 
the period of 2007-08 to 2017-18. During 1998-99 to 
2017-18, the highest instability of 23.12 per cent was 
recorded for production of green gram followed by 
22.38 per cent in lentil production.

Table 4: Variability in Area, Production and Yield of 
Major Pulses in India

Period-I (1998-99 to 2007-08)
Season Area (%) Production (%) Yield (%)
Chickpea 14.20 16.74 5.87
Pigeonpea 2.99 12.14 10.89
Lentil 4.55 7.82 7.00
Black gram 6.75 6.93 4.56
Green gram 6.32 22.68 16.36

Period-II (2007-08 to 2017-18)
Chickpea 8.35 13.58 7.31
Pigeonpea 12.59 18.03 9.88
Lentil 7.02 30.69 28.76
Black gram 10.87 14.71 7.11
Green gram 11.13 20.96 17.72

Overall Study Period (1998-99 to 2017-18)
Chickpea 10.85 15.52 6.9
Pigeonpea 9.93 18.23 11.17
Lentil 5.76 22.38 21.18
Black gram 14.21 22.03 8.49
Green gram 10.7 23.12 17.19
Source: Computed by author.

Sources of growth in Production: The growth 
rate analysis of area, production and yield of 
pulses revealed the normal pattern of growth and 
direction of changes in yield and area. However, 
the contribution of area and yield towards the 
production growth of pulses do not examine by this 
analysis. Therefore, it is necessary to analyze the 
sources of growth in production. To compute the 
source of output growth in different season’s viz., 
kharif and rabi seasons, the change in production is 
split up into area, yield and interaction effects. The 
season wise change in pulses production due to 
relative contribution of area, yield and interaction 
is presented in table 5. The results of decomposition 
analysis for different study periods show that 
during first period area and yield effects were 
more dominant in rabi crops than kharif pulses. The 
contribution of area in growth of rabi and kharif was 
70.77 and 36.10 per cent while that of yield effect 
was 59.05 and 43.10 per cent respectively.
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Table 5: Season wise Decomposition of Growth (%) 
in Pulses Production of India

Period-I (1998-99 to 2007-08)

Season Yield 
Effect

Area 
Effect

Interaction 
Effect

Change in 
output

Kharif Pulses 43.1 36.1 20.8 100%

Rabi Pulses 59.05 70.77 -29.82 100%

Total Pulses 291.68 216.5 -408.18 100%

Period-II (2007-08 to 2017-18)

Kharif Pulses 47.85 37.91 14.24 100%

Rabi Pulses 47.97 50.23 1.80 100%

Total Pulses 47.36 47.64 5.00 100%

Overall Study Period (1998-99 to 2017-18)

Kharif Pulses 43.91 29.92 26.17 100%

Rabi Pulses 57.09 33.54 9.37 100%

Total Pulses 53.15 36.04 10.81 100%

Source: Computed by author.

Fig. 1: Season wise Decomposition effect of pulses in India

In the second period 2007-08 to 2017-18, the area 
effect and yield effect were dominant in rabi and 
kharif seasons respectively. The area effect and 
yield effect were 50.23 per cent and 47.97 per cent 
whereas yield effect was 47.85 per cent and 37.91 
per cent for rabi and kharif respectively. During 
overall study period yield and area effect was also 

more dominant for rabi crops than kharif. The yield 
effect was 57.09 per cent and 43.91 per cent for rabi 
and kharif seasons respectively.
The output of decomposition analysis of major 
pulses is presented in table 6. It is revealed the 
result that during first period area effect and yield 
effect was more dominant in chickpea and lentil 
production changed than other crops. The highest 
contribution in production changes was observed 
91.95 per cent and 72.47 per cent in chickpea and 
lentil respectively. Just like first period, area effect 
and yield effects were also more effective for 
chickpea and lentil crops.
The largest and lowest contribution of area in 
growth of chickpea and lentil was 62.05 per cent 
and 28.14 per cent respectively, while interaction 
effect was dominant for green gram (50.44 per cent). 
During overall selected study period; yield effect 
was contributed dominantly in growth for chickpea, 
pigeonpea, green gram and lentil while area effect 
was effectively contributed in growth of production 
of black gram.

Table 6: Crop wise Decomposition of Growth (%) in 
Pulses Production of India

Period-I (1998-99 to 2007-08)

Crops Yield 
Effect

Area 
Effect

Interaction 
Effect

Change in 
Output

Chickpea 40.34 91.95 -32.29 100%

Pigeonpea 42.64 60.2 -2.84 100%

Lentil 72.47 26.32 1.21 100%

Black gram 61.07 40.54 -1.61 100%

Green gram 0.08 49.48 50.44 100%

Period-II (2007-08 to 2017-18)

Chickpea 32.20 62.05 5.75 100%

Pigeonpea 61.64 29.14 9.22 100%

Lentil 80.38 28.38 -8.76 100%

Black gram 36.23 60.69 3.08 100%

Green gram 38.49 44.51 17.00 100%

Overall Study Period (1998-99 to 2017-18)

Chickpea 43.44 42.32 14.24 100%

Pigeonpea 51.67 33.33 15.00 100%

Lentil 78.51 29.47 -7.98 100%

Black gram 39.86 56.34 3.80 100%

Green gram 22.71 27.42 49.87 100%

Source: Computed by author.
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CONCLUSIONS
The present study clearly found that highest and 
lowest compound annual growth rate in production 
is examined at 1.80 and -1.30 percent in green 
gram and lentil respectively, in period-I. During 
second period, highest growth rate in production 
is reported for black gram and lowest growth rate 
is found out for lentil as in period-I. During whole 
study period improved growth rate in area and 
production is examined at 2.50 and 3.90 per cent 
in chickpea. The highest growth rate for yield is 
reported in black gram (2.20 per cent) respectively. 
During the study period-I and III, instability in area, 
production and yield of kharif and rabi seasons was 
very low. The decomposition analysis of production 
suggested that during first and second period area 
effect and yield effect was major was major source 
of growth in production of chickpea and lentil 
respectively.
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