Trend Pattern Analysis of Cotton using Linear and Non-Linear Models


ABSTRACT
This paper investigates the trend patterns in the area, production, and yield of cotton in India using secondary time series data from 2001-2023. Trend values are estimated by fitting linear, exponential, quadratic, and cubic models to the data. The accuracy of these models is evaluated using statistical measures, including the coefficient of determination (R²), root mean square error (RMSE), and relative mean absolute percentage error (RMAPE). The findings reveal that all applied models effectively represent the trends, with the cubic model exhibiting the highest accuracy. This makes it a reliable choice for forecasting the future scenario of cotton production in India. The findings offer valuable insights for policymakers in formulating strategies to enhance cotton production and strengthen its position in global trade.
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1. INTRODUCTION
Commercial or cash crops are primarily grown for market sale rather than personal use. They are vital to the global economy, supplying raw materials for various industries and boosting farmers' income. Grown on a large scale with advanced techniques, their demand is driven by population growth, rising incomes, and expanding industrial needs. Major commercial crops in global trade include cotton, sugarcane, coffee, tea, jute, and mesta.
Cotton (Gossypium spp.), belongs to the Malvaceae family. It is cultivated in tropical and subtropical regions for its seed hair, which is spun into textile fibers. Cotton plants produce soft, white bolls that contain cellulose-rich fibers, essential for the textile industry. The crop requires warm temperatures, well-drained soils, and adequate irrigation for optimal growth. Cotton has medicinal uses also, cottonseed oil, which is rich in antioxidants and vitamin E, is used to moisturize the skin and improve skin health. India holds a prominent position in the production of cotton in the world. The major cotton-producing states in India are Maharashtra, Gujarat, Telangana, Rajasthan, and Karnataka. During the 2023-2024 crop year, India reported a cotton production of 5528.40 million kg over an area of 12.69 million hectares, with a yield of 435.65 kg per hectare (Source: Directorate of Economics & Statistics, Govt. of India, 2024).	Comment by Remalli Anthony: how much?
Several studies have been conducted by scientists and researchers to explore the cotton dynamics in different geographical regions. For instance, Mal and Pandey (2013) analyzed instability and trend in area, production, and productivity of cotton crop in India. Afzal et al. (2014) developed statistical models for predicting the thermal resistance of polyester/cotton blended interlock knitted fabrics. Ghosh et al. (2015) investigated uni-variate, bi-variate and multi-variate statistical analysis of different cotton fiber properties, such as strength, breaking elongation, upper half mean length, length uniformity index, short fiber index, micronaire, reflectance and yellowness measured from 1200 cotton bales. Parmar et al. (2016) analyzed the trends and growth rates of area, production and productivity of cotton in the Ahmedabad region of Gujarat across the period 1949-50 to 2007-08 using parametric and nonparametric regression models. Kumar et al. (2017) conducted an autoregressive integrated moving average (ARIMA) for modeling and forecasting of yearly cotton productivity in India. Elsamie et al. (2021) used ARIMA model for forecasting of Egyptian cotton crop variables. Elamathy et al. (2022) investigated an econometric analysis for evaluating the performance of Indian cotton sector. In the study, the growth rate and factors affecting cotton acreage and production in India from 1981-82 to 2020-21 was estimated. Kumar et al. (2024) forecasted the price of cotton crop in the major markets of Haryana using autoregressive integrated moving average (ARIMA) models. Radha et al. (2024) analyzed the growth performance and instability in area, production, and productivity of cotton crop across major countries and at world level. Vitale and Robinson (2025) explored the efficacy of advanced machine learning models, including various Long Short-Term Memory (LSTM) architectures and traditional time series approaches, for the forecasting of cotton futures prices. Some other significant contributions towards time series analysis of crops, apart from cotton have been made by Saha et al. (2021), Kumar and Menon (2022), Rana and Kumar (2022), Kumar et al. (2024), Kumar et al. (2025), and Singh and Kumar (2025).
This study investigates the trends in area, production, and yield of cotton crop in India using time series data from 2001-2023. To estimate trend values, the analysis applies well-known statistical models, including linear, exponential, quadratic, and cubic models. The accuracy of these models is assessed based on the coefficient of determination (), root mean square error (RMSE), and relative mean absolute percentage error (RMAPE).

2. MATERIALS AND METHODS
This paper utilizes secondary time series data on cotton from 2001-2023 to examine trends in area, production, and yield of cotton in India. The data has been obtained from the records of the Directorate of Economics & Statistics, DAC&FW, Government of India.
To examine the trend patterns in the area, production, and yield of cotton, trend values are estimated by fitting linear, exponential, quadratic, and cubic models to the time series data as follows:
(a) Linear Model: 
                                                                     … (1)
where  denotes the observed time series value of area, production, or yield (as the case may be) of cotton at time .
The values of constants ‘’ and ‘’ are obtained by using the principle of least squares on solving the following normal equations:
                                                                                              … (2)
                                                       … (3)
where ‘’ represents the number of observed values. 

(b) Exponential Model: 
                                                                       … (4)
Taking natural log on both sides of above equation, we have
=  a + bt  e
i.e.,                                                                 … (5)
where ,  , and  
The normal equations for estimating the values of ‘’ and ‘’ are as follows:
                                                          ... (6)
                                                     ... (7)
Finally, the value of ‘’ is obtained on using

(c) Quadratic Model:
                                                     ... (8)
The values of constants ‘’, ‘’, and ‘’ are obtained on using the principles of least squares as follows:
                                            ... (9)
                                        … (10)
                                       … (11)
(d) Cubic Model:
3                                             … (12)
The values of constants ‘’, ‘’,‘’ and ‘’ are obtained on solving the following normal equations.
                                 ... (13)
                                ... (14)
                              ... (15)
                               ... (16)
The accuracy of the concerned models has been estimated using various statistical measures, such as the coefficient of determination (, root mean square error (RMSE), and relative mean absolute percentage error (RMAPE), using the following formulas:


and

where denotes the mean value of variable , i.e., area, production, or yield (as the case may be) of cotton. Also,  represents the trend value of variable , which is computed by fitting the models (i.e., linear model, exponential model, quadratic model, or cubic model) to the variable . 

3. RESULTS AND DISCUSSION
The secondary time series data on area, production, and yield of cotton in India is presented in Table 1. Trend values are estimated by fitting linear, exponential, quadratic, and cubic models to the data, and the results are shown in Tables 2, 3, and 4, respectively. Additionally, the equations of the fitted models for the area, production, and yield of cotton are provided in Table 5.
Table 1. Time series data on area, production, and yield of cotton in India
	Year
	Area
	Production
	Yield

	
	(in Million Hectares)
	(in Million Kg)
	(in Kg/Hectare)

	2001
	9.13
	1700.00
	186.20

	2002
	7.67
	1465.40
	191.06

	2003
	7.60
	2334.10
	307.12

	2004
	8.79
	2793.10
	317.76

	2005
	8.68
	3145.00
	362.33

	2006
	9.14
	3847.10
	420.91

	2007
	9.41
	4399.60
	467.55

	2008
	9.41
	3787.60
	402.51

	2009
	10.13
	4083.40
	403.10

	2010
	11.24
	5610.00
	499.11

	2011
	12.18
	5984.00
	491.30

	2012
	11.98
	5817.40
	485.59

	2013
	11.96
	6103.00
	510.28

	2014
	12.82
	5916.00
	461.47

	2015
	12.29
	5101.70
	415.11

	2016
	10.83
	5538.60
	511.41

	2017
	12.59
	5577.70
	443.03

	2018
	12.61
	4766.80
	378.02

	2019
	13.48
	6131.90
	454.89

	2020
	13.29
	5992.50
	450.90

	2021
	12.37
	5290.40
	427.68

	2022
	12.93
	5722.20
	442.55

	2023
	12.69
	5528.40
	435.65


 (Source: Directorate of Economics & Statistics, DAC&FW, Govt. of India)










Table 2. Trends values for area of cotton
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	9.13
	8.23
	8.32
	7.47
	8.10

	2002
	7.67
	8.48
	8.52
	7.93
	8.23

	2003
	7.60
	8.73
	8.73
	8.37
	8.42

	2004
	8.79
	8.99
	8.94
	8.79
	8.65

	2005
	8.68
	9.24
	9.16
	9.19
	8.93

	2006
	9.14
	9.49
	9.38
	9.57
	9.25

	2007
	9.41
	9.74
	9.61
	9.93
	9.59

	2008
	9.41
	10.00
	9.85
	10.27
	9.95

	2009
	10.13
	10.25
	10.09
	10.59
	10.33

	2010
	11.24
	10.50
	10.33
	10.89
	10.70

	2011
	12.18
	10.76
	10.58
	11.18
	11.08

	2012
	11.98
	11.01
	10.84
	11.44
	11.44

	2013
	11.96
	11.26
	11.11
	11.68
	11.78

	2014
	12.82
	11.52
	11.38
	11.91
	12.10

	2015
	12.29
	11.77
	11.66
	12.11
	12.37

	2016
	10.83
	12.02
	11.94
	12.29
	12.61

	2017
	12.59
	12.28
	12.23
	12.46
	12.80

	2018
	12.61
	12.53
	12.53
	12.60
	12.92

	2019
	13.48
	12.78
	12.84
	12.73
	12.98

	2020
	13.29
	13.03
	13.15
	12.84
	12.97

	2021
	12.37
	13.29
	13.47
	12.92
	12.87

	2022
	12.93
	13.54
	13.80
	12.99
	12.69

	2023
	12.69
	13.79
	14.13
	13.04
	12.41



















Table 3. Trends values for production of cotton
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	1700.00
	2679.95
	2528.55
	1344.10
	1172.76

	2002
	1465.40
	2857.80
	2655.26
	1886.30
	1808.40

	2003
	2334.10
	3035.65
	2788.33
	2393.80
	2387.10

	2004
	2793.10
	3213.50
	2928.07
	2866.60
	2911.07

	2005
	3145.00
	3391.35
	3074.81
	3304.70
	3382.55

	2006
	3847.10
	3569.20
	3228.91
	3708.10
	3803.75

	2007
	4399.60
	3747.05
	3390.73
	4076.80
	4176.90

	2008
	3787.60
	3924.90
	3560.65
	4410.80
	4504.23

	2009
	4083.40
	4102.75
	3739.10
	4710.10
	4787.96

	2010
	5610.00
	4280.60
	3926.48
	4974.70
	5030.31

	2011
	5984.00
	4458.45
	4123.26
	5204.60
	5233.52

	2012
	5817.40
	4636.30
	4329.90
	5399.80
	5399.80

	2013
	6103.00
	4814.15
	4546.89
	5560.30
	5531.38

	2014
	5916.00
	4992.00
	4774.76
	5686.10
	5630.49

	2015
	5101.70
	5169.85
	5014.05
	5777.20
	5699.34

	2016
	5538.60
	5347.70
	5265.33
	5833.60
	5740.17

	2017
	5577.70
	5525.55
	5529.21
	5855.30
	5755.20

	2018
	4766.80
	5703.40
	5806.31
	5842.30
	5746.65

	2019
	6131.90
	5881.25
	6097.29
	5794.60
	5716.75

	2020
	5992.50
	6059.10
	6402.86
	5712.20
	5667.73

	2021
	5290.40
	6236.95
	6723.74
	5595.10
	5601.80

	2022
	5722.20
	6414.80
	7060.70
	5443.30
	5521.20

	2023
	5528.40
	6592.65
	7414.55
	5256.80
	5428.14



















Table 4. Trends values for yield of cotton
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	186.20
	323.58
	303.99
	213.23
	163.81

	2002
	191.06
	331.58
	311.62
	251.33
	228.86

	2003
	307.12
	339.57
	319.45
	286.55
	284.63

	2004
	317.76
	347.57
	327.47
	318.91
	331.76

	2005
	362.33
	355.57
	335.69
	348.41
	370.88

	2006
	420.91
	363.56
	344.12
	375.04
	402.65

	2007
	467.55
	371.56
	352.76
	398.80
	427.69

	2008
	402.51
	379.55
	361.62
	419.69
	446.66

	2009
	403.10
	387.55
	370.70
	437.72
	460.19

	2010
	499.11
	395.55
	380.01
	452.88
	468.94

	2011
	491.30
	403.54
	389.55
	465.18
	473.53

	2012
	485.59
	411.54
	399.33
	474.61
	474.61

	2013
	510.28
	419.54
	409.36
	481.17
	472.83

	2014
	461.47
	427.53
	419.64
	484.87
	468.82

	2015
	415.11
	435.53
	430.17
	485.70
	463.23

	2016
	511.41
	443.53
	440.97
	483.66
	456.70

	2017
	443.03
	451.52
	452.05
	478.76
	449.87

	2018
	378.02
	459.52
	463.40
	470.99
	443.38

	2019
	454.89
	467.51
	475.03
	460.36
	437.88

	2020
	450.90
	475.51
	486.96
	446.86
	434.01

	2021
	427.68
	483.51
	499.19
	430.49
	432.41

	2022
	442.55
	491.50
	511.73
	411.25
	433.72

	2023
	435.65
	499.50
	524.57
	389.15
	438.58



In Tables 2, 3, and 4, the term ‘’ denotes the observed value of area (in million hectares), production (in million tons), and yield (in tons/hectare) of cotton for the year ‘’ . Furthermore, ‘’ denotes the linear trend value of area, production, and yield of cotton for the year ‘’. Similarly, ‘’ denotes the exponential trend value, ‘’ denotes the quadratic trend value, and ‘’ denotes the cubic trend value.	Comment by Remalli Anthony: Interpret the values of the table!
The graphical representation of the relative influence of trend values on the observed values of the area, production, and yield of cotton is shown in Figs. 1 to 12. 
















Table 5. Models equations for area, production, and yield of cotton in India
	
	Linear Model
	Exponential Model
	Quadratic Model
	Cubic Model

	Area
	
	
	
	

	Production
	
	
	
	

	Yield
	
	
	
	


(Note:  )












	
	
	

	Fig. 1 Linear trend values for area of cotton
	Fig. 2 Linear trend values for production of cotton
	Fig. 3 Linear trend values for yield of cotton

	
	
	

	Fig. 4 Exponential trend values for area of cotton
	Fig. 5 Exponential trend values for production of cotton
	Fig. 6 Exponential trend values for yield of cotton





	
	
	

	Fig. 7 Quadratic trend values for area of cotton
	Fig. 8 Quadratic trend values for production of cotton
	Fig. 9 Quadratic trend values for yield of cotton

	
	
	

	Fig. 10 Cubic trend values for area of cotton
	Fig. 11 Cubic trend values for production of cotton
	Fig. 12 Cubic trend values for yield of cotton



[bookmark: _Hlk138502433]The values of ,  RMSE, and RMAPE for the concerned fitted models (i.e., linear model, exponential model, quadratic model, or cubic model) on area, production, and yield of cotton are computed and the results are shown in Table 6.

Table 6. Model evaluation for area, production, and yield of cotton in India
	
	Model
	
	RMSE
	RMAPE

	Area
	Linear
	0.82
	0.79
	6.41

	
	Exponential
	0.80
	0.86
	6.64

	
	Quadratic
	0.86
	0.69
	5.19

	
	Cubic
	0.89
	0.62
	4.59

	Production
	Linear
	0.67
	824.94
	18.17

	
	Exponential
	0.64
	1039.93
	20.12

	
	Quadratic
	0.89
	465.77
	9.51

	
	Cubic
	0.90
	458.11
	9.46

	Yield

	Linear
	0.37
	68.93
	16.55

	
	Exponential
	0.38
	74.35
	17.40

	
	Quadratic
	0.79
	39.84
	8.64

	
	Cubic
	0.87
	31.59
	6.83



The results obtained from Table 6 are as follows:
(i) The values of  for the fitted models (i.e., linear model, exponential model, quadratic model, or cubic model) are greater than   for area and production, as well as for the quadratic and cubic models of cotton yield. However, the linear and exponential models of yield have   for the fitted model.
(ii) The cubic model exhibited the highest  in area, production, and yield of cotton as compared to the other model.
(iii)  The cubic model demonstrated the lowest RMSE in area, production, and yield of cotton, as compared to the other models.
(iv)  The cubic model reported the least RMAPE in area, production, and yield of cotton, as compared to the other models.
Therefore, based on the points discussed above, it can be concluded that the fitted models are effective for analyzing the trends in the area, production, and yield of cotton in India. Furthermore, the cubic model demonstrates higher accuracy compared to the other models in assessing the trend patterns of cotton.

4. CONCLUSION
This paper investigates the trend pattern in area, production, and yield of cotton in India using time series data from 2001-2023. Various trend models such as linear, exponential, quadratic, and cubic, have been applied to the data. The performance of these models has been evaluated using statistical measures such as the coefficient of determination (), root mean square error (RMSE), and relative mean absolute percentage error (RMAPE).
The results of the analysis reveal that the fitted models effectively represent the trends in area, production, and yield of cotton. Moreover, based on the , RMSE, and RMAPE values, it can be concluded that the cubic model provides the most accurate forecast for the future trends of cotton in India. The findings of the study offer valuable insights for policy formulation aimed at boosting cotton production to meet global demand and strengthen economic sustainability. 
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Production (in million kg)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1700	1465.4	2334.1	2793.1	3145	3847.1	4399.6000000000004	3787.6	4083.4	5610	5984	5817.4	6103	5916	5101.7	5538.6	5577.7	4766.8	6131.9	5992.5	5290.4000000000005	5722.2	5528.4000000000005	Exponential Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2528.5460330803662	2655.2649619510062	2788.3344522605303	2928.0727645162551	3074.8141089571068	3228.9094448797464	3390.7273200231925	3560.6547520194836	3739.0981540185344	3926.4843067009906	4123.2613790038367	4329.8999999999996	4546.8943844955684	4774.7635150366823	5014.0523831531018	5265.3332928071004	5529.2072291651457	5806.3052959660281	6097.2902249231647	6402.8579607711172	6723.7393257472313	7060.7017674893432	7414.5511945299513	



Yield (in kg per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	186.2	191.06	307.12	317.76	362.33	420.91	467.55	402.51	403.1	499.11	491.3	485.59	510.28	461.47	415.11	511.41	443.03	378.02	454.89	450.9	427.67987065481009	442.5522041763341	435.65011820330977	Expenential Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	303.98797439938801	311.62113614921742	319.44596718601184	327.46728034051807	335.69000929403865	344.11921161299819	352.76007185970889	361.61790478124703	370.69815857840263	380.00641825671232	389.54840906163759	399.33	409.35720744984019	419.63619886092084	430.1732965481491	440.97498158025269	452.04789776610062	463.39885574112088	475.03483715632836	486.96299897253942	499.19067786241493	511.72539472303845	524.5748593018061	



Area (in millions hectares)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	9.1300000000000008	7.67	7.6	8.7899999999999991	8.68	9.14	9.41	9.41	10.130000000000001	11.24	12.18	11.98	11.96	12.82	12.29	10.83	12.59	12.61	13.48	13.29	12.37	12.93	12.69	Quadratic Trend Values	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	7.4690999999999992	7.9280000000000008	8.367300000000002	8.7870000000000008	9.1871000000000009	9.5676000000000005	9.9285000000000014	10.2698	10.5915	10.893600000000001	11.1761	11.439	11.6823	11.906000000000001	12.110099999999999	12.294599999999999	12.4595	12.604799999999999	12.730499999999999	12.836599999999999	12.9231	12.989999999999998	13.0373	



Production (in million kg)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1700	1465.4	2334.1	2793.1	3145	3847.1	4399.6000000000004	3787.6	4083.4	5610	5984	5817.4	6103	5916	5101.7	5538.6	5577.7	4766.8	6131.9	5992.5	5290.4000000000005	5722.2	5528.4000000000005	Quadratic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1344.1	1886.3	2393.8000000000002	2866.6	3304.7000000000003	3708.1000000000008	4076.8	4410.8	4710.1000000000004	4974.7000000000007	5204.5999999999995	5399.8	5560.3	5686.1	5777.2000000000007	5833.5999999999995	5855.3	5842.2999999999993	5794.6	5712.2000000000007	5595.0999999999995	5443.3	5256.7999999999993	



Yield (in kg per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	186.2	191.06	307.12	317.76	362.33	420.91	467.55	402.51	403.1	499.11	491.3	485.59	510.28	461.47	415.11	511.41	443.03	378.02	454.89	450.9	427.67987065481009	442.5522041763341	435.65011820330977	Quadratic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	213.23240000000001	251.32600000000002	286.5532	318.91399999999999	348.40840000000003	375.03640000000001	398.79800000000006	419.69320000000005	437.72200000000004	452.88440000000003	465.18040000000002	474.61	481.17320000000001	484.87	485.7004	483.6644	478.762	470.9932	460.35799999999995	446.85639999999995	430.48840000000007	411.25400000000008	389.15320000000008	



Area (in millions hectares) 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	9.1300000000000008	7.67	7.6	8.7899999999999991	8.68	9.14	9.41	9.41	10.130000000000001	11.24	12.18	11.98	11.96	12.82	12.29	10.83	12.59	12.61	13.48	13.29	12.37	12.93	12.69	Cubic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	8.1005000000000003	8.229000000000001	8.4159000000000006	8.6533999999999995	8.9337	9.2489999999999988	9.5914999999999999	9.9534000000000002	10.3269	10.704200000000002	11.077500000000001	11.439	11.780899999999999	12.0954	12.374699999999999	12.610999999999999	12.796500000000002	12.923400000000001	12.9839	12.9702	12.874500000000001	12.688999999999998	12.405899999999999	



Production (in million kg)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1700	1465.4	2334.1	2793.1	3145	3847.1	4399.6000000000004	3787.6	4083.4	5610	5984	5817.4	6103	5916	5101.7	5538.6	5577.7	4766.8	6131.9	5992.5	5290.4000000000005	5722.2	5528.4000000000005	Cubic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1172.7552000000001	1808.3999999999999	2387.0967999999998	2911.0703999999996	3382.5455999999999	3803.7472000000007	4176.8999999999996	4504.2287999999999	4787.9584000000004	5030.3136000000004	5233.5191999999997	5399.8	5531.3807999999999	5630.4864000000007	5699.3416000000007	5740.1711999999998	5755.2000000000007	5746.6527999999998	5716.7543999999998	5667.7296000000006	5601.8031999999994	5521.2	5428.1448	



Yield (in kg per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	186.2	191.06	307.12	317.76	362.33	420.91	467.55	402.51	403.1	499.11	491.3	485.59	510.28	461.47	415.11	511.41	443.03	378.02	454.89	450.9	427.67987065481009	442.5522041763341	435.65011820330977	Cubic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	163.80499999999998	228.86200000000002	284.63260000000002	331.75880000000001	370.88260000000002	402.64600000000002	427.69100000000003	446.65960000000001	460.19380000000001	468.93560000000002	473.52699999999999	474.61	472.82660000000004	468.81880000000001	463.22860000000003	456.69800000000004	449.86900000000003	443.38360000000006	437.88380000000006	434.01159999999999	432.40899999999999	433.71800000000002	438.5806	



