Trends and Growth Dynamics of Soybean in the Agro-Climatic Zones of Madhya Pradesh


 Abstract
Soybean (Glycine max L.), a vital oilseed crop with over 40% protein and 20% oil, plays a critical role in India’s edible oil economy. Madhya Pradesh, the “Soya State,” contributed 48.4% of national production and 47.8% of area in 2019–20, with average productivity of 1,062 kg/ha. This study analyses trends and growth rates in soybean area, production, and productivity across seven major agro-climatic zones of Madhya Pradesh from 2002–03 to 2019–10, divided into Period I and Period II, using simple growth rate (SGR), compound growth rate (CGR), and trend analysis. In Period I, area expansion was positive and highly significant in most zones, peaking at 9.02% SGR (Others) and 9.26% CGR, with state-level growth of 1.2% (SGR) and 1.21% (CGR). Period II saw contractions in several regions, most notably −11.2% SGR in Central Narmada Valley, while Nimar Valley recorded modest gains (1.4% SGR, 1.13% CGR). Production growth in Period I ranged from 3.77% (Nimar Valley) to 11.92% (Satpuda Plateau), with the state averaging 2.78% (SGR) and 3.02% (CGR). Period II declines were pronounced in Satpuda Plateau (−13.46% SGR) and Gird Region (−8.82% SGR), but Nimar Valley improved sharply (8.28% SGR, 10.41% CGR). Productivity growth in Period I was highest in Satpuda Plateau (7.08% SGR, 7.54% CGR) and Jhabua Hills (7.07% SGR, 7.53% CGR), with the state averaging 1.6% (SGR) and 1.79% (CGR). Period II saw negative growth in several zones, with Vindhya Plateau dropping −8.31% (SGR).
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Introduction
Soybean has come to be recognized as one of the premier agricultural crops today for various reasons. In brief, soybean is a major source of vegetable oil, protein, and animal feed. Soybean, with over 40 percent protein and 20 percent oil, has now been known all over the world as a possible supplementary source of edible oil and nutritious food (Bevers et al., 2022). The protein of soybean is called a complete protein, because it supplies adequate amounts of the kinds of amino acids needed by the body for building and repair of tissues (Qin et al., 2022). Its food value in heart disease and diabetes is well known. It is significant that World infants using soybean milk in place of cow's milk are practically free from rickets (Hamza et al., 2024).
In fact, it proved to be a fortune crop in terms of edible oil production, export earnings and rural prosperity. In recent years, soybean has assumed important position in the country, as it is one of the most stable kharif crops yielding cost effective production under varied agro – climatic conditions unlike other kharif pulses and oilseeds (add reference).
Origin (delete)
Soybean [Glycine max L.], is known as a ‘miracle crop’ originated in China. As early as in 2853 BC, the Emperor Sheng-Nung of China named it as one of the five sacred grains (Dilawari et al., 2022). Thus, soybean has been cultivated in China for more than 4,000 years. It is believed that with the development of sea and land trades, soybean moved out of China to nearby countries such as Burma (Myanmar), Japan, India, Indonesia, Malaysia, Nepal, the Philippines, Thailand, and Vietnam between the first century AD and 1100 AD. The utilization of this crop has meant meat, milk, cheese, bread and oil to the World. This explains why this crop has often been mentioned in these countries as the 'Cow of the field', or 'Gold from soil'. 
World Scenario
The current global production of soybean is around 339.41 Million MT with Brazil being the largest producer [FAO stat 2018]. add in reference Globally India ranks fifth with an annual production of 12.28 Million tones from 9.96 Million ha area (Chen, 2024). India ranks 4th in the area and 5th in production of soybean in the world after Brazil, U.S.A., Argentina and China. The contribution of India in world soybean area and production is about 10.8 and 2.7 percent and their phenomenal increase in its area and production together with the expansion in processing units has earned a prominent position for India on the world map of soybean industry.
Domestic Scenario
India has also entered this soybean development race, although the experience of India as an active participant in this race is not even of two decades (Tiwari & Tiwari, 2023). Total area, production and productivity of soybean in India in year 2018-19 was 12.19 Million ha (10.8%), 9.3 Million tones (2.74%) and 0.76 tones/ha respectively (add reference). Soybean is extensively grown in the states Madhya Pradesh, which is known as "Soya State", Maharashtra, Rajasthan and in some parts of Andhra Pradesh, Karnataka, Uttar Pradesh, and Tamil Nadu as the pure crop and Intercrops. Among the soybean producing states Madhya Pradesh is the leading State in the country.
A wide range of oilseed crops are produced in different agro-climatic regions of the country. Three main oilseeds namely, groundnut, soybean, and rapeseed-mustard accounted for over 88% of total oilseeds output. Soybean is the most important crop grown mainly in Madhya Pradesh and Maharashtra, presently soybean contributes 43 % to the total oilseeds and 25% to the total oil production in the country. The second most important oilseed crop is rapeseed-mustard mainly grown in Rajasthan, Madhya Pradesh, Haryana, Uttar Pradesh, West Bengal and Gujarat with an estimated share of about 93% in total production in the country. Groundnut, which was the largest oilseed crop in the 1990s, lost its share and is now third important oilseed and grown in Gujarat, Andhra Pradesh, Tamil Nadu, Rajasthan, Karnataka and Maharashtra with a combined share of about 91% in total groundnut production in the country. (add reference).
Domestic scenario of Madhya Pradesh
India produces 10.98 million MT of soybean from 10.4-million-hectare area with 1049 kg/ha average productivity. The Madhya Pradesh state during 2018-19 contributed 5.32 Million MT (48.4%) soybean in the country. The area of soybean crop in Madhya Pradesh state was 5.53Million hectare (47.8%) with 1062kg/ha average productivity (Khangar & Thangavel, 2025). The highest area and production in soybean were found to be 2605.32 thousand hectare (51.2%) and 2823.77 thousand MT (54.6%) in malva region followed by Vindhya plateau 1133.27 thousand ha and 837.55 thousand MT (22.3% and 16.2%) and lowest area and production in satpuda plateau zone which is 151.02 thousand ha and 98.3 thousand MT (3% and 1.9%), respectively.
In the recent past, soybean cultivation has increased manifold as compared to any other oilseed crop in India and stands next only to groundnut. Though commercial production of soybean began only in 1971-72, soybean production is mainly confined to Madhya Pradesh (also known as soybean bowl of India), Maharashtra, Rajasthan, Andhra Pradesh and Karnataka. Currently Madhya Pradesh state contributes about 47% and 48 % in total area and production of soybean and is called as ‘Soya state’(add reference). Importance on this present study was undertaken with the objective to examine the compound growth rate in area, production and yield of Soybean in Madhya Pradesh.
Research Methodology
Madhya Pradesh is the leading state in the Area and Production of soybean in India and also called as the “soya state”. Hence to analyse the performance of soybean in different parameters, the major Agro climatic zones of Madhya Pradesh and state as a whole was selected for the study. The present production of oilseeds is not sufficient to provide balanced diet to bur going population as per capita per day availability of soybean found to be 19.47 gm. while as per recommendation the per capita per day requirement of soybean is 34.5 gm. (add reference).  The soybean is one of the cheaper sources of oil and protein therefore they are called as poor mens’ protein and the pressure build to import this crop to manage the demand supply gap and providing the balanced diet to citizens of country by using our precious foreign reserves for payment of increasing import bills on soybean.
The following mathematical and statistical tools have been employed in the Research work to analyse the various aspects of the study in order to fulfil the objective:
1. Measure Coefficient of variation
To measure the extent of variability in area, production and productivity of soybean, the coefficient of variation was calculated by using the following formula.

Where,
Yn = Mean value (area/ production/productivity) for the last triennium ending Y0 = Mean value (area/ production/productivity) for the first (base) triennium ending. check it
2. Simple growth rate (SGR):
SGR (%) =	b/ӯ x 100
Trend analysis and growth rates:
Compound growth rates of area, production and productivity of soybean was worked out in different major agro climatic regions of Madhya Pradesh for the period of 2002-03 to 2019-2020. The period was further sub divided as per triennium average. Compound growth rate was worked out by fitting exponential function as given below:






Where,

Xt = abt
Log Xt = Log a + t log b
 Compound growth rate (r) = (antilog b-1) * 100

Xt = Area/production/productivity of soybean in the year‟ t = Time

element which takes the value 1,	2,3… N
a = Constant
b = Regression coefficient „
t = test was used to test the significance of the compound growth
rate.

Student t-test

t = (X̄₁ - X̄₂) / sqrt((s₁²/n₁) + (s₂²/n₂))
where,
X̅1=observed mean of 1st sample X̅2=observed mean of 2nd sample S1=standard deviation of 1st sample S2=standard deviation of 2nd sample n 1=size of 1st sample
n 2=size of 2nd sample.
t -Test:-
where,
test of Significant(t) = b/SE of b
b = trend value
SE of b = standard error of regression coefficient
Findings & Discussions
Trend in area, production, and productivity of soybean in different agro climatic zones of Madhya Pradesh
The trend analysis performed to analyze rate of change of area, production and productivity of Soybean across different agro-climatic zones and state as a whole during the period under reference. which indicates the direction of change but it fails to provide rate of change per annum and same is presented in table 1 to synthesize the facts about soybean in terms of area, production, and productivity, a better statistical tool has been used in this section. the results of analysis provided growth trends in linear forms in some agro-climatic zones of Madhya Pradesh, the agro-climatic region-wise status of soybean trends in the area, production, and productivity have been fitted on the time series data. the trend value given in table 2 assumed straight line tendencies of soybean area, production, and productivity. The slope of the line is given by the importance associated with the year (x), trend analysis furnishes the rate of change of particular variables during the period of contact and the direction of difference, but it fails to provide the rate of growth per annum.
The trend value of coefficient for area of soybean in Madhya Pradesh was observed positive slope in period -I (b= 57.47) and overall period (b=85.95) and the negative slope was observed in period–II (b=23.79) in whole Madhya Pradesh level.
The change in area of soybean was found to be positive and highly significant across all the agro climatic zones and the state as a whole except central Narmada valley and Nimar Valley where it was found to be positive and insignificant in period-I and in Malwa plateau, Nimar region, and Jhabua hills was found to be positive and in significant remaining agro climatic zone it was found to be negative and insignificant in period-II. The change in area of soybean in overall period was found to be positive and highly significant in Malwa plateau, Vindhya plateau, and Jhabua hills, and in Central Narmada Valley, Satpuda Plateau valley where it was found to be positive and insignificant in overall period.
In the state simple and compound growth rate of area were found to be 1.2% per annum, 1.21% per annum in period –I and in period –II it was - 0.42% per annum and -0.42% per annum and in case of overall period 1.64% per annum, 1.72% per annum.
The simple and compound growth rate of area was found to be more period –I as compare to period –II and overall period except Nimar Valley it was found to more in period-II (1.4%,1.13%) as compare period-I (0.48%, 0.49%). Simple growth rate in period-I was found to be range between 0.48% (Nimar Valley) to 9.02% (other zone) and Period-II Area range - 11.2%(Central Narmada Valley) to 1.4% (Nimar Valley), Overall period Area range in -2.26 % (Central Narmada Valley) to 5.66% (Others Agro Climate) and compound growth rate in period-I was found to be range between 0.49%(Nimar Valley) to 9.26% (other zone) and Period -II Area range -11.2% (Central Narmada Valley) to 1.4% (Nimar Valley) and in overall period Area range in -2.94% (Central Narmada Valley) to 6.39% (Others Agro Climate.)
Simple and compound growth rate was found to be increased malwa plateau and Jhabua hills in period-I (1.84%, 1.85%) as compared to period – II(0.85%, 0.9%) and among the remaining Agro climatic zones was found to be increased in rage between 0.76%,0.74% (Central Narmada valley) to 6.41%,6.4% ( Vindhya plateau) and it was decreasing in rage between - 1.6%,-1.62% (Vindhya plateau) to -11.2%,-10.5% (Central Narmada Valley) and in overall period the range between -2.29%, -2.94% (Central Narmada Valley) to 3.64%,3.85%(Gird region).

Table 1 Trend, simple and compound growth rate of soybean production across major agro-climate zones of Madhya Pradesh during different Periods.
	Agro climatic
zones
	Coefficient (b)
	SGR (%
	CGR (%)

	
	P1
	P2
	OP
	P1
	P2
	OP
	P1
	P2
	OP

	Malwa Plateau
	153.5** (32.45)
	192
(181.87)
	143.6* (43.27)
	7.66
	5.98
	5.51
	8.63
	4.31
	5.34

	Nimar Valley
	5.6* (2.12)
	20.6
(10.80)
	10.8** (2.73)
	3.77
	8.28
	5.54
	4.08
	10.41
	5.3

	Vindhya Plateau
	86.7** (16.38)
	-157.6
(85.17)
	49.9
(28.08)
	9.81
	-9.93
	4.04
	9.94
	-10.16
	4.29

	Gird Region
	25.1* (9.2)
	-46.08
(19.11)
	15.7* (7.63)
	8.31
	-8.82
	3.82
	11.89
	-9.62
	4.99

	Satpuda Plateau
	38.7** (5.44)
	-54.79
(23.67)
	4.8
(8.32)
	11.92
	-13.46
	1.33
	13.01
	-15.15
	0.36

	Central Narmada Valley
	26.7
(15.89)
	-47.65
(22.42)
	-14.2
(7.91)
	5.21
	-12.76
	-3.22
	5.63
	-13.95
	-4.86

	Jhabua Hillls
	31.7** (4.18)
	16.31
(17.99)
	15.1* (4.5)
	9.92
	3.79
	4.04
	10.4
	4.88
	3.95

	Others Agro Climate Zones
	14.6* (4.48)
	8.9
(21.56)
	17.4* (5.20)
	8.45
	2.56
	6.7
	8.58
	3.09
	7.22

	Total MP
	129.82* (39.67)
	-59.55
(15.37)
	243.42
*(72.34)
	2.78
	-0.84
	4.13
	3.02
	-0.87
	4.62


Source: Farmer welfare and Agriculture Development Department, Madhya Pradesh. 
add in reference 
**= Significant at 1% level of significance,
* = Significant at 5% level of significance,

Trend, simple and compound growth rate of soybean production across major agro- climate zones of Madhya Pradesh during different Periods.
The agro climatic regions wise trend analysis in production of soybean was found to be positive as well as negative also.
The trend value of Coefficient for production of soybean in Madhya Pradesh was observed positive slope in period -I (b= 129.82) and overall period (b=243.42) and the negative slope was observed in period–II (b=59.55) in whole Madhya Pradesh level.
The change in production of soybean was found to be positive and highly significant across all the agro climatic zones and the state as a whole in period-I. and in Malwa plateau, Nimar region, and Jhabua hills was found to be positive and in significant remaining agro climatic zone it were found to be negative and insignificant in period-II, The change in area of soybean in overall period was found to be positive and moderate significant in Malwa plateau, Gird region, and Jhabua hills, and in Vindhya plateau, Satpuda Plateau valley where it was found to be positive and insignificant in overall period, except Nimar Valley where it was found to be positive and highly significant.
In the state simple and compound growth gate were found to be 2.78% per annum, 3.02% per annum in period –I and in period –II it was -0.84% per annum and -0.87% per annum and in case of overall period 4.13% per annum, 4.62% per annum.
The simple and compound growth rate of production was found to be more period–I as compare to period –II and overall period except Nimar Valley it was found to more in period-II (8.28%,10.41%) as compare period-I (3.77%, 4.08%). Simple growth rate in period-I was found to be range between range from 3.77% (Nimar Valley) to 11.92% (Satpuda Plateau) and Period-II Production range -13.46% (Satpuda Plateau) to 8.28% (Nimar Valley). In overall period Production range significant in -3.22% (Central
Narmada Valley) to 6.70% Others Agro Climate. Compound growth rate in Period -I Production range from 4.08% (Nimar Valley) to 13.01% (Satpuda Plateau) and Period -II Production range -15.15% (Satpuda Plateau) to 10.41% (Nimar Valley). Overall period production range in -4.86 (Central Narmada Valley) to 7.2% (Others Agro Climate).
Simple and compound growth rate was found to be increased Malwa plateau and Jhabua hills in period-I (7.66%, 8.63%) as compared to period – II(9.92%, 10.4%) and among the remaining agro climatic zones was found to be increased in rage between 5.21%,5.63% (central Narmada valley) to 11.92%,13.01% ( satpuda plateau) and it was decreasing in rage between - 8.82%,-9.94% (Gird region) to -13.46%,-15.15% (satpuda plateau) and in overall period the range between 4.04%, 4.29% (Vindhya plateau) to 5.54%,5.3%(Nimar valley).

Table 2. Trend, simple and compound growth rate of soybean productivity across major agro- climate zones of Madhya Pradesh during different Periods.
	Agro climatic
zones
	Coefficient (b)
	SGR (%
	CGR (%)

	
	P1
	P2
	OP
	P1
	P2
	OP
	P1
	P2
	OP

	Malwa Plateau
	56.3* (18.54)
	76.8
(84.40)
	51.9* (20.26)
	5.8
	5.51
	4.39
	6.65
	3.42
	3.94

	Nimar Valley
	16.5* (7.37)
	64.6
(36.65)
	39.4** (9.20)
	3.31
	7.61
	5.84
	3.57
	8.89
	5.63

	Vindhya Plateau
	32.5* (14.34)
	-114.2
(73.95)
	21.9
(21.73)
	3.28
	-8.31
	1.86
	3.33
	-8.7
	1.35

	Gird Region
	33
(29.53)
	-59.8
(23.4)
	6.3
(10.88)
	3.55
	-5.72
	0.63
	5.62
	-5.79
	1.1

	Satpuda Plateau
	73.9** (18.94)
	-85.5
(68.9)
	13.5
(19.58)
	7.08
	-6.98
	1.2
	7.54
	-7.07
	0.58

	Central Narmada Valley
	51.8
(36.87)
	27.7
(53.09)
	-15.2
(16.3)
	
4.37
	
-2.81
	
-1.41
	
4.86
	
-3.12
	
-1.98

	Jhabua Hillls
	79.5** (13.07)
	43.4
(50.46)
	20.6
(13.66)
	7.07
	3.67
	1.79
	7.53
	4.76
	1.36

	Others Agro Climate Zones
	-6.5
(16.93)
	35.5
(35.19)
	9.0
(9.49)
	-0.79
	3.99
	1.05
	-0.62
	3.68
	0.78

	Total MP
	15.51
(9.74)
	-3.47
(23.84)
	31.26
*(18.43)
	1.6
	-0.28
	2.81
	1.79
	-0.45
	2.85


Source: Farmer welfare and Agriculture Development Department, Madhya Pradesh.
add in reference 
**= Significant at 1% level of significance,
* = Significant at 5% level of significance



Trend, simple and compound growth rate of soybean productivity across major agro- climate zones of Madhya Pradesh during different Periods.
The agro climatic regions wise trend analysis in productivity of soybean was also found to be positive as well as negative also.
The trend value of Coefficient for productivity of soybean in Madhya Pradesh was observed positive slope in period -I (b= 15.51) and overall period (b=31.26) and the negative slope was observed in period–II (b=3.47) in whole Madhya Pradesh level.
The change in productivity of soybean was found to be positive and moderate significant in Malwa plateau, Nimar region, Vindhya plateau and Jhabua hills and central Narmada valley and Gird region it were found to be positive and insignificant in period-I and satpuda plateau and Jhabua hills where it was found to be positive and highly significant in period-I. in Malwa plateau, Nimar region, central Narmada valley and Jhabua hills was found to be positive and in significant remaining agro climatic zone it were found to be negative and insignificant in period-II, The change in productivity of soybean in overall period was found to be positive and insignificant in all agro climatic zone expect Malwa plateau valley where it was found to be positive and moderate significant and Nimar Valley where it was found to be positive and highly significant in overall period.
In the state simple and compound growth rate of productivity were found to be 1.6% per annum, 1.7% per annum in period –I and in period –II it was -0.28% per annum and -0.45% per annum and in case of overall period 2.81% per annum, 2.85% per annum.
The simple and compound growth rate of productivity was found to be more period–I as compare to period –II and overall period except Nimar Valley it was found to more in period-II (7.61%,8.89%) as compare period-I (3.31%, 3.57%). Simple growth rate in period-I was found to be range between from 3.28% (Nimar Valley) to 7.08% (Satpuda Plateau) and Period-


II Productivity range -8.31% (Vindhya Plateau) to 3.37% (Jhabua hills). In overall period Productivity range in -1.41% (Central Narmada Valley) to 1.79% (Jhabua hills). Compound growth rate in Period -I Productivity range between from 3.57% (Nimar Valley) to 7.54% (Satpuda Plateau) and Period- II Productivity range -8.7% (Vindhya Plateau) to 4.76% (Jhabua hills). In overall period Productivity range in -1.98% (Central Narmada Valley) to 1.36% (Jhabua hills).
Simple and compound growth rate of productivity was found to be increased Malwa plateau and Jhabua hills in period-I (5.8%,6.65%), (7.07%, 7.53%) as compared to period –II (5.51%,3.42%), (3.67%, 4.76%) in all the agro climatic zones.
It is concluded that the trend in area of soybean is increase over the period of study and this indicated the land holder farmers of the soybean have interested to cultivated area of their farmland in soybean. The positive trend of production of soybean in some agro climatic zone in M.P. was due to more area under cover in particular in soybean crop. The overall productivity of soybean in the state was poor and not at satisfactory level. This denoted that it could exist due to the non-adoption of soybean production technology and further yield attributing intakes in soybean production. it could be also concluded that soybean is an important crop in Madhya Pradesh but the insufficient yield the troublesome particular for development agencies in the state.
Conclusion
The study of trends and growth rates in soybean cultivation across different agro-climatic zones of Madhya Pradesh reveals a complex but instructive picture of this vital crop’s trajectory. Madhya Pradesh, widely recognized as the "Soya State," continues to play a pivotal role in India’s soybean economy, contributing nearly half of the country’s total production. (no need del it) The findings demonstrate that while soybean remains an attractive choice for farmers due to its profitability, adaptability, and market demand, its performance varies significantly across time periods and regions, influenced by a combination of agronomic, climatic, and management factors.
Over the study period, the area under soybean cultivation has generally increased in Madhya Pradesh, signaling a strong farmer preference for the crop. In Period I, growth rates were predominantly positive and highly significant in most agro-climatic zones, with the Malwa Plateau and Jhabua Hills showing the most consistent expansion. This indicates that early in the period, favorable prices, demand, and crop adaptability encouraged acreage expansion. However, in Period II, many regions experienced a slowdown or even contraction in sown area, particularly in the Central Narmada Valley and some plateau zones. Factors such as climatic variability, pest and disease incidence, or competition from alternative crops may have contributed to these declines. The overall period still shows a positive trend in most zones, reflecting soybean’s enduring economic appeal, although the pace of expansion has moderated.
Production growth patterns closely mirrored area trends but revealed sharper fluctuations. Period I saw robust and significant increases across almost all zones, with the Satpuda Plateau achieving the highest growth rates, indicating favorable yield conditions during that phase. Period II, however, saw marked declines in several regions, including the Vindhya Plateau and Gird Region, while a few areas such as the Nimar Valley bucked the trend with strong gains. These divergences underscore the role of localized conditions—soil fertility, irrigation availability, pest pressure, and input use efficiency—in shaping production outcomes. Over the entire period, production growth in the state averaged 4–4.6% annually, a respectable performance, but the variability between zones highlights the need for region-specific strategies.
Productivity trends present the most nuanced and concerning picture. While Period I recorded modest but positive gains in most regions—driven by good seasonal conditions and possibly better adoption of recommended practices—Period II witnessed declines in several key zones, notably the Vindhya Plateau and Satpuda Plateau. The Nimar Valley was a notable exception, achieving strong gains in productivity during Period II, likely due to improved technology uptake or favorable local conditions. Over the entire study period, productivity growth was positive but relatively low (around 2.8% annually) and remained below potential yields. This persistent yield gap points to structural constraints, including suboptimal seed varieties, inadequate pest and nutrient management, insufficient irrigation coverage, and inconsistent adoption of modern agronomic practices.
Given that India still faces a gap between soybean availability (19.47 g per capita per day) and the recommended requirement (34.5 g), Madhya Pradesh has both an opportunity and a responsibility to enhance production in a sustainable manner. Increasing productivity is the most viable pathway, as further large-scale expansion in cultivated area is constrained by competing land uses and environmental concerns. Lessons from high-performing zones like the Nimar Valley in Period II could be replicated elsewhere through farmer-to-farmer knowledge exchange, demonstration plots, and targeted subsidy or credit schemes.
In essence, soybean’s future in Madhya Pradesh—and by extension, India—depends on adaptive, region-sensitive strategies that marry scientific advancements with grassroots realities. By doing so, the state can consolidate its position as the “Soya State” while ensuring that the benefits of this “gold from the soil” are equitably shared across its diverse agro-climatic landscapes.
There is no discussion found in results and discussion. so add some references in that how to change growth and production trends.
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