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Figure 1- Agro-Climatic classification map for Kermanshah province using Papadakis method and location of
Sararoud agrometeorological research station
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Figure 2- Growing Degree-Days of chickpea for different growth stages (Whish and Cocks, 2011)
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Table 1- Average date of spring chickpea growth stages with Growing Degree-Days (Organization Of Agricultural-
Jahad-Kermanshah Province, 2021; Whish and Cocks, 2011)
Date of reaching to

Growing stages number of days Growing Degree-Days

each stage
Planting to emergence 18 24 March 115
Emergence to 50%flowering 54 17 May 994
50%flowering to 90%podding 30 16 June 1140
The whole period of growth 102 - 2248
Harvesting Late June
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Figure 3- NDVI changes during growth season of
chickpea and wheat in Kermanshah (2021)
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Table 2- Baseline linear regression model in the emergence stage to 50% flowering (model training)
Adjusted SEOE

Intercept Independent variables with their coefficients R R Square (kg ha'))
14.2*Tmax + 2.79*Rainys+ 25.16*Rainyio + 26.8*Tmean - 3.098*RHmin - ox
1831 21.64*TD + 573.45*NDVI 0.87 0.65 63.6

*P<0.05 ; **P<0.01
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Table 3- Results of different regression models in the emergence stage to 50% flowering (model training)

'Y[I;S:I Intercept Independent variables with their coefficients R stjgjger% (lf;hoal_zl)
Backward -180.4 22.7* Rainyio + 38.8*Tmean - 15.9*TD + 569.5*NDVI 0.86™ 0.69 60.06
Forward 124.9 -1.2* Rainys + 23.4* rainyio + 600.5*NDVI 0.84™ 0.67 62.6
Stepwise 124.7 22.05* Rainyio + 588.24*NDVI 0.84™ 0.68 62

Lasoo 63.5 20.2* Rainy1o + 17.01*Tmean- 9.98*TD + 523.96*NDVI  0.84™ 0.67 59.8

Ridge 28.9 1.7*Tmax + 5.7* Rainys + 14.32* Rainy1o + 23.1*Tmean - 0.76™ 0.61 67.2

0.8*RHmin - 13.96*TD + 433.4*NDVI

*P<0.05 ; **P<0.01
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Table 4- Evaluation of different regression models in the emergence stage to 50% flowering (model validation)
Years of validation

Model name 1997-1_998 2005-_2006 2010-_2011
Actual Estimated RD Actual Estimated RD Actual Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 279.1 0.5 634.7 659.7 3.9 385 398.4 3.5
Backward 277.8 273.8 -1.4 634.7 656.7 3.5 385 400.8 3.9
Forward 277.8 268.3 -3.4 634.7 665.7 4.9 385 390.7 1.5
Stepwise 277.8 267.6 -3.7 634.7 659.4 3.9 385 394.1 2.3
Lasso 277.8 278.9 0.4 634.7 632.6 -0.3 385 398.9 35
Ridge 277.8 286.6 3.2 634.7 591.7 -6.8 385 415.1 7.8
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Table 5 - The result of linear regression model at 50% flowering to maturity stage (model training)
Adjusted R 1
Square SEOE (kg.ha)
-29.6 9.95RHmax 0.46™ 0.37 86.1
*P<0.05 ; **P<0.01

Intercept Independent variables with their coefficients R
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Table 6- The result of linear regression model at 50% flowering to maturity stage (model validation)
Years of validation

Model name 1997-1998 2005-2006 2010-2011
Actual Estimated RD Actual Estimated RD Actual  Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 363.8 30.9 634.7 375.5 -40.8 385 369.2 -4.1
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Table 7- Baseline linear regression model in the whole growth period (model training)

intercept Independent variables with their coefficients R stjgjger% (lf;hoal_zl)
25.2*Tmax + 3.3* Rainys + 24.7* Rainy1o + 8.9*RHmax- 30.7*TD + o
50.6 415.5*NDVI - 14.7*RHmean 0.8 0.63 65.9
*P<0.05 ; **P<0.01
(oo hjgol (Ader) ady 090 JS (6l p (b (P 55 s g1l b A Jgur
Table 8- Results of different regression models for the whole growth period (model training)
l\:l;;i:l intercept Independent variables with their coefficients R é‘g;j;eg (EE hoal_El)
Backward  -151.2 31.4*Tmax + 22.7* Rainyio - 31.4*TD + 490.4*NDVI 0.85™ 0.66 62.8
Forward 1333 12.2* Rainyio + 435.9*NDVI 0.79" 0.58 69.7
Stepwise 1333 12.2* Rainyio + 435.9*NDVI 0.79" 0.58 69.7
Lasoo 357.4 17.7* Rainyio - 10.5*TD + 417.78*NDVI 0.81" 0.63 64.04
. 11.7*Tmax + 4.8* Rainys + 13.9% Rainyio + 0.34*RHmax - o
Ridge 276.7 5 03" RHn - 20.6°TD + 368 03*NDVI 0.72 0.56 708
*P<0.05 ; **P<0.01
(Jo (o )liiel) wlty 0593 S (6l (b (Sgmw )5y S0 glgil @l - Joux
Table 9- Results of different regression models for the whole growth period (model validation)
model name Years of validation
1997-1998 2005-2006 2010-2011
Actual Estimated RD  Actual Estimated RD  Actual Estimated RD
value value (%) value value (%) value value (%)
Baseline 277.8 330.7 19.1 634.7 575.2 -9.4 385 440.7 145
Backward 277.8 310.2 11.6 634.7 584.6 -7.9 385 420.4 9.2
Forward 277.8 266.6 -4.1 634.7 552.7 -12.9 385 425.1 104
Stepwise 277.8 266.6 -4.1 634.7 552.7 -12.9 385 425.1 104
Lasso 277.8 313.5 12.8 634.7 556.8 -12.3 385 419 8.8
Ridge 277.8 309.4 114 634.7 532.5 -16.1 385 429.1 115
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Abstract

This study aims to estimate the yield of spring chickpea using machine learning methods of linear regression
models in Kermanshah region, west of Iran. The meteorological variables, agrometeorology and remotely-sensed
based indices as predictor variables and yield data of Agricultural Jihad Organization of Kermanshah as a response
variable were used for four growth stages during 1990-1991 to 2017-2018. Twenty four and three years data were
used for training and model validation, respectively. The results revealed that among the linear models, Lasso
model with a coefficient of determination of 67% and a standard error of 59.8 kg.ha* was chosen as a best model
for crop yield estimation in the emergence to 50% of flowering stages. This model has relative deviations of 0.4,
-0.3 and 3.5 for the years 1997-1998, 2005-2006 and 2010-2011, respectively.
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