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(" Abstract: Soybean is an oilseed crop with inadvertent importance. It is a good source of protein both for human beings and livestock. The production and demand for soybean )
have been many traits increased in India during the last decade resolving in its winder adoption among farmers in Madhya Pradesh, Maharashtra, Rajasthan, Karnataka and
Gujarat. The secondary data on area, production and yield of soybean crop in seven major producing states of India were collected for period from 1990-91 to 2019-20. The data
were analyzed using compound growth rate, coefficient of variation and Cuddy Della Valle index. The investigation revealed that, among the major soybean growing states, Gujarat
recorded the highest increase in soybean area and production about 10.07 and 10.75 per cent during 1990-91 to 2019-20, respectively. At all India level shown significantly positive
growth in soybean area (4.60%), production (5.10%) and yield (0.46%) during overall period. Gujarat, Kamnataka and Rajasthan had recorded having high instability in production
during the overall study period. This study suggests that the very low productivity of soybean in India compared to the world indicates that there exists a vast untapped yield

potential, which can be achieved by research and extension efforts in India.
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Introduction

Soybean (Glycine max L.) is one of the most important oilseeds crops grown in
India which accounts for about 30 per cent area and around 16 per cent of total
oilseeds production in India. Soybean is the fastest growing crop in India which
replaced crops like maize, cotton and pulses. Huge fluctuations in prices of farm
produce are observed during the past few years. The global area under soybean
was 1654.57 lakh hectares leading to a production of 3149.55 lakh tonnes with
Brazil, the USA, and Argentina alone contributing 84 per cent of global output
during 2019-20. The major countries based on area under soybean cultivation
were Brazi, the USA, Argentina, India, China, Paraguay, and Canada [1].
Soybean was cultivated in 107.61 lakh hectares in India with a production of 93.06
lakh tonnes and productivity of 865 kg/ha during 2019-20. The major soybean
growing states in the country were Madhya Pradesh, Maharashtra, Rajasthan,
Karnataka, Andhra Pradesh and Gujarat during 2019-20. Madhya Pradesh was
the leading state in terms of area and production of soybean while, Maharashtra
was the leading state in terms of productivity of soybean [2].

Material and Methods

The study had used secondary data to measure growth and instability of major
seven states i.e., Maharashtra, Madhya Pradesh, Gujarat, Rajasthan, Karnataka,
Andhra Pradesh and Chhattisgarh. The analysis of growth and instability in area,
production and productivity was carried out from the year 1990-91 to 2019-20,
which in tumn, splited into four periods viz., Period- | (1990-91 to 1999-2000),
Period- 11 (2000-01 to 2009-10) and Period-lIl (2010-11 to 2019-20) and overall
Period-1V (1990-91 to 2019-20). The compound growth rates (CGRs), coefficient
of variation (CV) and Cuddy-Della Valle index (CDV) of area, production and
productivity of soybean were computed for the major states of India and India as a
whole.

Results and Discussion

Temporal changes in area, production and productivity of soybean

The growth rate results and its discussion has been proceeded state wise for each
period. Besides, at all India level the soybean area, production and productivity
discussed thoroughly and results are presented in [Table-1]. During 1990s,
Madhya Pradesh occupied the highest mean area among all the states in India
about 3600.52 thousand hectares which in period-1, steadily increased to 5707.73
thousand hectares in period-lll. Madhya Pradesh achieved the highest mean
production about 3540.46 thousand tonnes, followed by Maharashtra and
Rajasthan in Period-I, which showed an increasing trend in subsequent periods. In
case of soybean production in Period-l, Andhra Pradesh registered significantly
the highest growth rate of 49.71 per cent per annum followed by Maharashtra
(26.64%) and Rajasthan (19.27%). At all India level, the soybean production was
annually increased significantly at the rate of 13.05 per cent, during period-I.
During Period-l, the growth rate of productivity of soybean was recorded the
highest in Karnataka about 6.99 per cent per annum followed by Maharashtra
(5.21%) and Rajasthan (2.63%). At all India level, the soybean yield was
increased at the rate of 2.56 per cent per annum in Period-l. In Period-Il,
significantly the highest increase in area under soybean was reported in Gujarat
(38.17%). Besides, Chhattisgarh (31.13%), Andhra Pradesh (29.39%),
Maharashtra (20.38%) and Karnataka (13.29%) witnessed high growth in Period-
II. While, Rajasthan (4.16%) and Madhya Pradesh (2.34%) shown the low, but
significant positive growth in area of soybean in Period-Il. At all India level in
Period-Il, the growth rate in area was increased significantly at the rate of 5.73 per
cent per annum. In case of soybean production in Period-Il, Chhattisgarh
registered significantly the highest growth rate of 37.06 per cent per annum,
followed by Gujarat (33.17%), Andhra Pradesh (22.33%), Kamataka (12.37%) and
Maharashtra (10.18%).
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Period-1 (1990-91 to 1999-00)

Period-Il (2000-01 to 2009-10)

Period-Ill (2010-11 to 2019-20)

Overall Period (1990-91 to 2019-20)

Period-1 (1990-91 to 1999-00)

Period-Il (2000-01 to 2009-10)

Period-Ill (2010-11 to 2019-20)

Overall Period (1990-91 to 2019-20)

Period-I (1990-91 to 1999-00)

Period-1l (2000-01 to 2009-10)

Period-Ill (2010-11 to 2019-20)

Overall Period (1990-91 to 2019-20)

Period-1 (1990-91 to 1999-00)

Period-Il (2000-01 to 2009-10)

Period-Ill (2010-11 to 2019-20)

Overall Period (1990-91 to 2019-20)

Madhya Pradesh

Growth and Instability of Area, Production and Productivity of Soybean in Major States of India

Table-1 Period wise growth rates of soybean area, production and productivity of major states in India
Maharashtra

Mean 3600.52 3540.46 972 15 629 27 | 74728 1 110 49
CGR% 823" 1034 1.95  20.38™* 26.64™* 521"
SE 0.08 0.12 0.09 0.11 0.23 0.17
Mean 463233 485004 967.85  2080.74 2573.72 1125.87
CGR% = 2.34™* 865" 547 1367 1018 -3.37
SE 0.05 0.14 0.13 0.1 0.23 0.21
Mean  5707.73 6078.17 107148 35554  3998.37 1143.94
CGR%  -0.41™*  -230™*  -1.89™ 421 047 -3.59*
SE 0.07 0.15 0.19 0.05 0.32 0.34
Mean 464686 471507 1003.83 208847 233813 1126.77
CGR% = 2.55™* | 3.45™*  0.59*  10.04™ = 9.99 -0.05"**
SE 0.13 0.21 0.17 0.26 041 0.26

Kamnataka

P Y | A P

L tem | A
Mean 38943 44181 110114 477 35.09 703.86
CGR%  16.22* 1927  2.63™* 11.18™  18.95™*  6.99"™*
SE 0.2 0.27 0.16 0.15 0.31 0.3
Mean 669.36 806.74 1095.25  111.96 81.13 687.63
CGR%  4.16™  9.33" 5.10" 13.29™* 1237  -3.83"™*
SE 0.16 0.36 0.32 0.27 0.22 0.24
Mean 999.8 1079.7 1111.39 | 242.59 222.19 921.17
CGR% 173  -536™ 697  7.04™  7.81™  0.72"*
SE 0.14 0.24 0.3 0.12 0.22 0.26
Mean 686.2 754.01 110259  134.08 109.86 770.89
CGR% 550  5.37** 012 8.82"* 1041 1.46™
SE 0.24 0.4 0.29 0.19 0.29 0.29

State/

Andhra Pradesh

Y | A | P | VY
Mean 7.34 7.04 102481 1319 9.85 766.64
CGR%  53.84*  49.71*  -2.69**  -1312** -13.81** -0.79***
SE 0.62 0.53 0.15 0.31 0.2 0.19
Mean 80.46 13476 137969 39.16 31.71 680.41
CGR% = 29.39"*  2233** = 2.27*** 3847 3347 -2.66"*
SE 0.35 0.5 0.31 39.16 31.71 680.41
Mean 190.25 27493 | 1503.09 87.23 79.62 885.96
CGR%  2.36"** 1717 -0.69%* 1147 1590  3.97***
SE 0.3 0.2 0.23 0.31 0.35 0.22
Mean 92.68 13213 130253 46.53 38.3 777.67
CGR% 21618 2361Ns 1,64 10.07* 10.74* 0.61***
SE 0.78 0.79 0.24 0.62 0.62 0.24

Item Chhattisgarh All India
A | P | Y | A [ P | YV |

Mean 5.51 4.78 895.81  4740.02  4831.33 1000.52
CGR%  39.63Ns  36.71Ns  -2,09**  10.22***  13.05™* = 2.56***
SE 0.84 0.86 0.14 0.08 0.11 0.09
Mean  45.85 55.98 880.16 ~ 771545  7855.5 1006.25
CGR% @ 31.13** 37.06"™* 646" 573" 8.92* 3,02
SE 0.17 0.28 0.18 0.04 0.13 0.13
Mean 101.09 83.42 831.73  10961.87 11900.31  1093.67
CGR%  -2.65** -6.46** -3.91** 153" -1.14 -2.63**
SE 0.11 0.24 0.3 0.06 0.16 0.18
Mean 50.82 4414 869.23  7805.78  8195.71 1033.48
CGR%  18.54Ns 18008 -0.46™* | 4.60** 5.10"* 0.46**
SE 0.73 0.8 0.24 0.13 0.22 0.15

Note: 1. % ** and *** indicate significance at 10%, 5% and 1% levels, respectively.

2. CGR = Compound Growth Rate, SE = Standard Error and NS= Non-Significant, 3. A = Area (000°'ha), P = Production (000" tonnes) and Y = Yield (kg/ha)

Besides, Rajasthan and Madhya Pradesh shown low growth rate of 9.33 and 8.65
per cent per annum in Period-Il, respectively. At all India level, soybean production
was annually increased at a significant rate of 8.92 per cent.

During Period I, the growth rate of productivity of soybean was reported the
highest in Chhattisgarh at the rate of 6.46 per cent per annum, followed by
Madhya Pradesh (5.47%) and Rajasthan (5.10%). At all India level, the soybean
yield was increased at the rate of 3.02 per cent per annum in Period-II.

In Period-Ill, Gujarat obtained significantly the highest growth rate of soybean area
about 11.47 per cent per annum, followed by Karnataka (7.04%), Maharashtra

(4.21%), Andhra Pradesh (2.36%) and Rajasthan (1.73%). Whereas, Madhya
Pradesh and Chhattisgarh registered negative growth in area of soybean in
Period-1ll. At all India level, growth rate in area was increased at the rate of 1.53
per cent per annum during Period-Ill. Sajesh et al. (2014) [3] noted similar results
for soybean area in Maharashtra during 2001-2010.

In Period-1ll, significantly the highest increase in soybean production was reported
in Gujarat (15.90%) followed by Karnataka (7.81%), Andhra Pradesh (1.71%) and
Maharashtra (0.47%). While, Chhattisgarh, Rajasthan and Madhya Pradesh
registered negative growth in production of soybean in period-Ill.
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SrNo  Instability in sugarcane

Table-2 Instability analysis of soybean area, production and productivity

Period-Ill Over All Period

(APY) 1990-91 to 1999-20) | (2000-01 to 2009-10) | (2010-11to 2019-20) | (1990-91 to 2019-20

CDV(% CDV(% CDV(% CDV(%

1 Madhya Pradesh
Area 23.24 6.19 8.87 55 7.02 7.35 2242 9.81
Production 29.63 10.15 26.16 10.5 15.67 14.92 31.25 19.43
Productivity 10.2 9.03 19.15 11.93 17.54 17.73 16.38 15.72
2 Maharashtra
Area 50.88 8.86 36.56 743 12.64 3.94 63.35 10.48
Production 65.23 22.86 37.26 2542 24.91 26.35 66.45 29.86
Productivity 21.21 16.19 21.03 20.34 28.54 273 23.12 23.53
3 Rajasthan
Area 41.88 16.59 18.15 1417 14.16 14.15 42.09 15.59
Production 51.23 24 47 30.23 22.66 23.87 20.37 46.82 30.2
Productivity 15.85 14.85 2749 26.49 30.12 24.85 244 24.83
4 Kamnataka
Area 32.12 12.81 40.12 23.89 22.73 11.99 68.54 22.62
Production 54.97 27.83 39.51 23.19 3257 23.33 84.73 39.73
Productivity 33.11 28.21 23.99 22.32 23.02 2424 29.29 27.09
5 Andhra Pradesh
Area 85.59 3443 59.35 16.1 29.55 30.72 93.73 41.12"
Production 84.92 33.93 48.18 28.72 20.69 2148 92.74 36.62"
Productivity 16.4 14.39 29.25 29.93 19.61 20.7 27.55 24
6 Gujarat
Area 46.47 30.44 79.55 20.61 4262 30.3 89.01 49.59
Production 4453 18.62 77.79 29.41 58.48 36.84 10949  68.59
Productivity 19.75 20.54 22.65 22.88 26.35 2357 25.31 24.85
7 Chhattisgarh
Area 63.05 44.35" 73.21 21.14 12.24 10.45 87.76 37.91"
Production 62.66 47.13" 72.68 15.14 30.72 23.75 92.32 55.74"
Productivity 15.28 14.7 2244 15.65 30.18 29.51 225 227
8 All India
Area 27.92 5.26 17.59 4.87 7.18 5.91 36.2 7.37
Production 35.69 8.99 27.15 11.9 14.48 14.9 42.14 18.65
Productivity 11.03 8.62 14.94 13.04 17.65 16.51 15.06 14.71

Note: CV- Coefficient of Variation (%), CDV - Cuddy Della Valle Index (%), * Non-Significant

At all India level, soybean production marginal decreased at the rate of -1.14 per
cent per annum. During Period-lll, Gujarat shown significantly the highest increase
in soybean yield by 3.97 per cent per annum followed by Karnataka (0.72%).
While, Rajasthan, Chhattisgarh, Maharashtra, Madhya Pradesh and Andhra
Pradesh recorded negative growth rate of -6.97, -3.91, -3.59, -1.89 and -0.69 per
cent per annum in Period-ll, respectively. At all India level also shown negative
growth in soybean yield (-2.63%) during Period-Ill. In overall period from 1990-91
to 2019-20, Gujarat recorded the highest significant increase in soybean area at
the rate of 10.07 per cent per annum followed by Maharashtra (10.04%),
Rajasthan (8.82%) and Rajasthan (5.50%). While, Madhya Pradesh (2.55%)
shown the low, but significant positive growth in area of soybean during overall
period. All India level shown significantly positive growth in soybean area (4.60%)
during overall period.

In case of soybean production in overall period, Gujarat registered significantly the
highest growth rate (10.74%) per annum followed by Karnataka (10.41%),
Maharashtra (9.99%) and Rajasthan (5.37%). While, Madhya Pradesh (3.15%)
shown the low, but significant positive growth in production of soybean during
overall period. At all India level, soybean production increased significantly at the
rate of 5.10 per cent per annum during overall period. Thus, during last three
decades, Gujarat, Karnataka and Maharashtra contributed considerably for
increasing soybean production in India. In case of soybean productivity during
overall period, Andhra Pradesh registered significantly the highest growth rate
(1.64%) followed by Karnataka (1.46%), Gujarat (0.61%) and Madhya Pradesh
(0.59%). While, Chhattisgarh, Rajasthan and Maharashtra shown the negative
growth in productivity of soybean during overall period at all India level, soybean
productivity increased significantly at the rate of 0.46 per cent per annum during
overall period. Thus, during last three decades, soybean productivity marginally
increased. Besides, Andhra Pradesh registered the highest mean productivity of
soybean above 1302.53 kg/ha in all periods followed by Maharashtra (1126.77
kg/ha). However, India is far behind in soybean productivity in world that indicates

requirement for improvements in the yield of soybean by use of new research
methodologies and by exploitation of recent advances in biology. Agarwal et al.
(2013) [4] also reported similar results at national level for soybean in India. Their
study revealed that soybean crop has shown unparalleled growth in area and
production. However, large yield gaps exist between the potential and the actual
yields and require intervention in soybean crop for improvement of productivity.

Instability in area, production and yield of soybean in major states of India
State-wise instability in area, production and productivity of soybean crop were
measured for four periods and results are presented in [Table-2]. Among all the
states, Andhra Pradesh (34.43%) and Gujarat (30.44%) showed the highest
instability in soybean area during Period-I. While, Rajasthan (16.59%) showed
medium instability in soybean area during Period-l. This reveals that during
Period-I, the area under soybean relatively small and Period -I was introducing
phase of soybean crop in many states.

In case of soybean production, the states of Andhra Pradesh (33.93%) have
shown high instability in Period-I. Whereas, Madhya Pradesh and at all India level
showed low instability in production of soybean in Period-l. Looking to the
soybean productivity, Karnataka state recorded highest instability (28.21%) during
Period-l. Besides, Gujarat (20.54%) and Maharashtra (16.19%) had shown
medium instability in period-l. whereas, remaining other states under study and at
all India level showed low instability in production in Period-I.

In Period-II, soybean area in Kamataka (23.89%) showed the highest instability.
Chhattisgarh (21.14%), Gujarat (20.61%) and Andhra Pradesh (16.10%) showed
medium instability. whereas, all other states under study and at all India level
showed low instability in area in Period-Il. While, In Period-Il, soybean production
in Gujarat (29.41%) showed the highest instability followed by Andhra Pradesh
(28.72%), Maharashtra (25.42%) and Karnataka (23.19%). Besides, Madhya
Pradesh (10.50%) had shown low instability in period-Il. Whereas, all India level
also showed low instability in production in Period-Il [5-8].
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While, in case of soybean productivity, Andhra Pradesh recorded the highest
instability (29.93%) in Period-Il. Besides, Rajasthan (26.49%), Gujarat (22.88%),
Karnataka (22.32) and Chhattisgarh (15.65%) had shown medium instability in the
period-Il. All other states and at all India level showed low instability in soybean
productivity in Period-Il. Similar result for soybean production growth and
instability in Maharashtra was reported by Sajesh et al. (2014) stated that erratic
weather, volatile market price and lack of storage and market infrastructure
caused instability in production.

In Period-lll, soybean area in Andhra Pradesh (30.72%) and Gujarat (30.30%)
showed the higher instability. In case of soybean production, Gujarat (36.84%)
showed the higher instability. While, Maharashtra (26.35%), Chhattisgarh
(23.75%), Kamataka (23.33%) and Rajasthan (20.37%) experienced medium
instability during Period-IIl. While, Madhya Pradesh and at all India level recorded
low instability in soybean production in Period-ll. This indicates that during 2010s
the soybean production has been reported medium variations in all the states
under study except in Gujarat states.

In overall period from 1990-91 to 2019-20, Gujarat (49.59%) showed high
instability in soybean area. While, Karnataka (22.62%) and Rajasthan (15.59%)
showed medium instability in soybean area in overall period. Whereas,
Maharashtra (10.48%) and Madhya Pradesh (9.81%) showed low instability in
soybean area during last three decades. Whereas, study showed low instability in
area during overall period at all India level. In overall study period, Gujarat
(68.59%), Karnataka (39.73%) and Rajasthan (30.20%) had recorded having high
instability in production. Whereas, all other states under study showed medium
instability in production during overall period. Whereas, all states and at all India
level under study showed low instability in productivity during overall period.
Looking to the state-wise scenario, Madhya Pradesh and Maharashtra state
recorded the low instability in case of soybean area during all period. While,
Gujarat state recorded the high instability in case of soybean area and production
during the period-l, period-Il and period-lll. At all Indian level recorded the low
instability in case of soybean area, production and productivity during all three
decades.

Conclusion

All'India level shown significantly positive growth in soybean area and production
during overall period. During last three decades, Gujarat, Karnataka and
Maharashtra contributed considerably for increasing soybean production in India.
At all India level, soybean productivity increased significantly at the rate of 0.46
per cent per annum during overall period. Thus, during last three decades,
soybean productivity marginally increased. However, India is far behind in
soybean productivity in world that indicate requirement of improvements in the
yield of soybean by use of new research methodologies and by exploitation of
recent advances in biology.

Application of research: The important policy implications emerged are (1) Area
and production of soybean crop increased considerably in last two decades and it
has vast scope to increase further having large demand, and (2) Very low
productivity of soybean in India compared to the world indicates that there exists a
vast untapped yield potential, which can be achieved by research and extension
efforts in India
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