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ABSTRACT: The DSSAT cropping model can determine the relationship between the
environment and crop yield and can also effectively predict crop yields based on local
environmental differences in different regions. This research aimed to evaluate the accuracy of
the DSSAT cropping model for assessing the productivity of sugarcane growing soils in Sa Kaeo
province. Data collection were soil information and plant management data in the experimental
plots of the representative sugarcane growing soils in Sa Kaeo province, i.e., Thap Prik and
Munchakiri soil series. The data from the experimental plots were added to the DSSAT cropping
model together with the climate data and plant genetic coefficient data from reference sources.
The model performance was evaluated by comparing the simulated sugarcane yields with the
actual yields obtained from the experimental plot. Then, simulating mapping units were
generated to evaluate sugarcane growing soil productivity in Sa Kaeo province. The results found
that the sugarcane yields simulated from the DSSAT cropping model were lower than the actual
yields obtained from the experimental plot, excepted stalk fresh mass. The DSSAT cropping
model most precisely estimated the stalk height with a root mean square error of 0.142-0.588
and the agreement index between 0.884-0.989. The sugarcane planting simulation results using
the DSSAT cropping model for estimation of the soil productivity of sugarcane growing soils in
Sa Kaeo province found that the soil series with the highest sugarcane productivity potential
was Thap Prik soil series, followed by Bang Khla, Wang Hai, Wang Saphung, Chiang Khan and
Munchakiri soil series.
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Table 1 Fertilization rates applied in the representative sugarcane growing soils

Fertilization rate (kg rai™)

1* application

2" application

Treatment

46-0-0 18-46-0 0-0-60  MMF' 46-0-0 18-46-0 0-0-60 MMF
Thap Prik (Fine, isohyperthermic Ultic Haplustalfs)
T1: Control 0 0 0 0 0 0 0 0
T2: NPK® 17 7 14 0 17 15 14 0
T3: NPK+MMF? 17 7 14 2 17 15 14 2
Munchakiri (Sandy, isohyperthermic Typic Paleustults)
T1: Control 0 0 0 0 0 0 0 0
T2: NPK 35 18 53 0 35 32 53 0
T3: NPK+MMF 35 18 53 2 35 32 53 2

" MMF = minor and micronutrient fertilizer
“ NPK = NPK fertilizer

*NPK+MMF = NPK fertilizer with minor and micronutrient fertilizer
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Table 2 Simulation data requirements and their data sources

Data requirements

Data sources

Soil data

Weather data

Genetic coefficient data
Crop management data

Soil profile description and soil laboratory analysis
POWER Data Access Viewer version 1.1.1

Data validation (Kapetch, 2016)

Crop data in experimental plot
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Table 3 Fertilization rates applied in the sugarcane growing soils

Treatment

Fertilization rate (kg rai™")

N PO K O MMF
2 5 2

Thap Prik (Fine, isohyperthermic Ultic Haplustalfs)
NPK! 3 6 0
NPK+MMF? 6 1
Chiang Khan (Clayey-skeletal, isohyperthermic Typic Kandiustults)
NPK 14 16 25 0
NPK-+MMF 14 16 25 1
Wang Saphung (Fine, isohyperthermic Typic Haplustalfs)
NPK 6 6 22 0
NPK+MMF 6 6 22 1
Wang Hai (Fine, isohyperthermic Oxyaquic Paleustalfs)
NPK 6 6 22 0
NPK+MMF 6 6 22
Bang Khla (Loamy-skeletal, isohyperthermic Typic Haplustults)
NPK 20 14 26 0
NPK+MMF 20 14 26 1
Munchakiri (Sandy, isohyperthermic Typic Paleustults)
NPK 16 12 24 0
NPK+MMF 16 12 24 1

"' NPK = NPK fertilizer

2 NPK+MMF = NPK fertilizer with minor and micronutrient fertilizer
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Table 4 Soil properties of the study soils

Thap Prik soil series Munchakiri soil series

Soil parameter

Topsoil Subsoil Topsoil Subsoil
Soil texture' C C SL SL
Bulk density (Mg m~) 1.45 1.72 1.43 1.56
Ksat” (cm hr™) 4.20 - 27.90 3.06
Soil pH (1:1 HZO) 7.60 6.80 5.95 6.40
Organic matter (g k™) 15.20 10.70 12.80 0.82
Total nitrogen (%) 0.63 0.61 0.48 0.15
Available P (mg kg™) 3.24 1.72 49.09 11.02
Available K (mg kg’l) 65.64 56.46 177.46 69.58
CEC® (cmol(+) kg™ 50.30 45.93 6.90 2.95
Extracted Ca (cmol(+) kg™ 35.00 23.90 271 0.82
Extracted Mg (cmol(+) kg™ 9.49 10.99 1.08 0.39
Extracted K (cmol(+) kg™ 0.17 0.15 0.46 0.18
Extracted Na (cmol(+) kg™) 0.39 0.94 0.03 0.21
%Base saturation 89.56 78.63 62.43 53.77

'C = clay, SL = sandy loam
? Ksat = saturated hydraulic conductivities
® CEC = cation exchange capacity

Figure 1 Profile characteristics of sugarcane growing soils in the studied areas
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Table 5 Comparison of the simulated growth and yield components with the actual values in

the control plot (T1)

T1: Control
Variable
Soil series'  Mean observed Mean simulated  RMSE? AP

Stalk height Tpk 1.49 1.30 0.212 0.973
(m) Mki 2.37 1.91 0.588 0.884
Stalk fresh mass Tpk 6,602 12,850 42.552 0.576
(kg rai’t) Mki 16,104 21,266 33.673 0.872
Stalk dry mass Tpk 1,921 537 9.559 0.571
(kg rai™) Mki 4,183 528 25.924 0.488
Aerial dry mass Tpk 5,260 1,700 25.964 0.579
(kg rai™) Mki 12,554 1,733 76.859 0.468
Sugar yield Tpk 1,026 152 5.664 0.406
(kg rai’™) Mki 1,654 162 10.114 0.463

' Tpk = Thap Prik soil series, Mki = Munchakiri soil series

* RMSE = root mean square error where value close to 1 indicates high model efficiency

® Al = agreement index gives a value between 0 and 1 where a value close to 1 indicates high model

efficiency
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Table 6 Comparison of the simulated growth and yield components with the actual values

in the NPK experimental plot (T2)

T2: NPK'
Variable
Soil series” Mean observed  Mean simulated RMSE? Al*

Stalk height Tpk 1.57 1.50 0.142 0.989
(m) Mki 2.31 2.09 0.424 0.935
Stalk fresh mass Tpk 8,095 13,172 31.646 0.777
(kg rai’t) Mki 15,085 19,378 39.997 0.833
Stalk dry mass Tpk 2,360 1,751 4.714 0.907
(kg rai’t) MKki 4,279 3,593 5.478 0.952
Aerial dry mass Tpk 6,620 3,473 24.528 0.693
(kg rait) MKki 10,940 4,744 47.140 0.624
Sugar yield Tpk 1,200 612 3.909 0.751
(kg rai™) Mki 1,557 1,054 3.249 0.862

' NPK = NPK fertilizer

? Tpk = Thap Prik soil series, Mki = Munchakiri soil series

® RMSE = root mean square error where value close to 1 indicates high model efficiency

“ Al = agreement index gives a value between 0 and 1 where a value close to 1 indicates high model

efficiency

f3un1smaaesii 3 (NPK+MMF)

wuudaesUssdunannandndilaann
wuusaastesniwandnadeiildainulamaans
Tuyin q Mudsilldgisudiou sniu thwiinand)

Tnsuvudraosssifiuanugedildutugiigniis
lunUasypfAuiunsnuasynAulyaAs de1 RMSE
Wiy 0.159 wa 0.452 uazdlan Al Wiy 0.987
wag 0.927 muadu dauansly Table 7
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Table 7 Comparison of the simulated growth and yield components with the actual values in

the NPK+MMF experimental plot (T3)

T3: NPK+MMF'
Variable
Soil series” Mean observed Mean simulated  RMSE’ Al

Stalk height Tpk 1.51 1.51 0.159 0.987
(m) Mki 2.35 2.11 0.452 0.927
Stalk fresh mass Tpk 7,681 15,587 34.882 0.751
(kg rai’) Mki 15,894 20,595 36.023 0.860
Stalk dry mass Tpk 2,198 2,402 1.706 0.990
(kg rai’) Mki 3,996 2,713 9.312 0.837
Aerial dry mass Tpk 5,836 4,305 12.979 0.864
(kg rai’t) Mki 12,077 5,039 53.304 0.614
Sugar yield Tpk 1,118 895 1.841 0.923
(kg rai™) Mki 1,595 1,168 2.796 0.907

' NPK+MMF = NPK fertilizer with minor and micronutrient fertilizer

* Tpk = Thap Prik soil series, Mki =

Munchakiri soil series

® RMSE = root mean square error where value close to 1 indicates high model efficiency

“ Al = agreement index gives a value between 0 and 1 where a value close to 1 indicates high model

efficiency
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Table 8 Average sugarcane yield (t rai ') estimated by DSSAT model

Soil series Fertilization  Average sugarcane yield (t rai™")
Thap Prik NPK! 10.55
(Fine, isohyperthermic Ultic Haplustalfs) NPK-+MMF? 11.82
Chiang Khan NPK 8.21
(Clayey-skeletal, isohyperthermic Typic Kandiustults) NPK+MMF 10.35
Wang Saphung NPK 8.95
(Fine, isohyperthermic Typic Haplustalfs) NPK+MMF 11.05
Wang Hai NPK 9.70
(Fine, isohyperthermic Oxyaquic Paleustalfs) NPK+MMF 11.60
Bang Khla NPK 10.00
(Loamy-skeletal, isohyperthermic Typic Haplustults) NPK+MMF 11.42
Munchakiri NPK 7.39
(Sandy, isohyperthermic Typic Paleustults) NPK+MMF 9.43

"' NPK = NPK fertilizer

2 NPK+MMF = NPK fertilizer with minor and micronutrient fertilizer
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