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Sensitivity analysis and optimization of spring wheat grain growth parameters
under APSIM model with the increase of temperature

ZHANG Kang', NIE Zhi-Gang"", WANG Jun', and LI Guang®

"College of Information Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China; >College of Forestry, Gansu
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Abstract: In order to effectively identify spring wheat yield sensitivity parameters in grain growth parameters based on APSIM
model, the local model parameters were quickly and accurately estimated. Using the meteorological data of Anjiagou Village,
Fengxiang Town, Anding District, Dingxi City, Gansu Province from 1971 to 2018 and the field test data of dryland spring wheat
from 2000 to 2018, the sensitivity analysis of 32 model parameters under five temperature gradients (0°C, 0.5°C, 1.0C, 1.5°C, and
2°C) was conducted by EFAST method. The particle swarm optimization algorithm is used to optimize and verify the parameters

sensitive at all temperatures. The results showed that, under different temperature gradients, there were nine grain growth model
parameters that had the greatest influence on the yield of spring wheat in dry land, which were extinction coefficient, the number

of grains per gram of stem, the number of grains per ear, the maximum grain mass per plant, the accumulated temperature from
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filling to maturity, the accumulated temperature from emergence to jointing, plant height, the maximum specific leaf area, and
water stress slope of photosynthetic leaf aging. The sensitivity intensity of spring wheat yield was significantly different, among
which extinction coefficient and the number of seeds per gram of stem were the most influential parameters in spring wheat yield,
and the sensitivity sequence of other parameters was different under different temperatures. Particle swarm optimization algorithm
was used to optimize the nine parameters. Compared with before optimization, the optimized spring wheat yield, root mean square
error of grain dry matter, normalized root mean square error and model validity index were significantly improved. After parame-
ter optimization, the optimized spring wheat yield, root mean square error of grain dry matter and model validity index were sig-
nificantly improved. The mean square error of yield at maturity stage decreased by 13.50-5.99 kg hm™>, 183.17-69.44 kg hm™>,
and 141.69-48.51 kg hm™, respectively. The normalized root-mean-square error decreases by 4.94%-2.19%, 10.92%—4.65%,
8.39%—-2.87%, and the average model validity index increases by 0.894-0.979, 0.893-0.981, and 0.898-0.988, respectively. The
optimized parameters can effectively improve the prediction accuracy of the model. This study provides a scientific basis for the
local application of APSIM model and the calibration of model parameters.

Keywords: parameter; sensitivity analysis; APSIM model; particle swarm optimization; spring wheat
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Table 1 Soil properties of the experiment site used for specifying APSIM simulation
Soil layer Drained upper limit Wheat low limit Bulk density NH4-N NO;-N
(cm) (mm mm’') (mm mm’') (gem™) (mg kg™ (mg kg™
>0-5 0.27 0.09 1.29 6.30 19.10
>5-10 0.27 0.09 1.23 5.20 15.20
>10-30 0.27 0.09 1.32 5.10 23.10
>30-50 0.27 0.09 1.20 4.90 16.60
>50-80 0.26 0.09 1.14 4.60 16.80
>80-110 0.27 0.10 1.14 4.80 18.20
>110-140 0.27 0.11 1.13 4.80 16.40
>140-170 0.27 0.13 1.12 5.80 13.70

>170-200 0.27 0.15 1.11 4.10 15.40
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Table 2 Upper and lower limits and distribution of parameters and model output
Parameter Lower bound Upper bound
Grains per gram stem (GGS) (grain g™') 10 40
Potential grain filling rate (PGFR) (g grain' d ") 0.001 0.004
Potential grain growth rate (PGR) (g grain™' d") 0.0005 0.0015
Potential grain n filling rate (PGNFR) ( g grain' d™") 0.000,027,5 0.000,082,5
Minimum grain n filling rate (MFR) ( g grain™ d™') 0.000,007,5 0.000,022,5
n fact grain (NFG) (-) 0 1
y n conc min leaf (YML) (g g™) 0 0.02
y n conc crit leaf (YCL) (g g™") 0 0.06
YMS (YMS YMS) (gg ) 0 0.02
y n conc crit stem (YCS) (g g™ 0 0.05
eo crop factor default (EFD) (-) 0.75 2.25
MGS (Max grain size) (g) 0.02 0.06
Dm tiller max (DTM) (g) 0.6 1.8
X stem wt (XSW) (g) 2 8
Y height (YH) (mm) 500 1500
Grain num coeff (GNC) (-) 10 50
tt end of juvenile (TOJ) (C d) 200 600
tt floral initiation (TFI) (‘C d) 250 800
tt flowering (TF) (C d) 60 180
tt start grain fill (TGF) ('C d) 200 900
Vern sens (VS) (-) 0 5
Photop sens (PS) (-) 0 5
Rue (y rue) (RYR) (g MJ™) 1.1160 1.3640
K (y extinct coef) (K) (-) 0 1
x temp grainfill (XTG) (-) 0 1
N fact photo (NFPO) (-) 0.75 2.25
N fact pheno (NFPE) (-) 50 150
sen rate water (SRW) (-) 0.05 0.15
sen light slope (SLS) (-) 0.001 0.003
lai sen light (LSL) (m® m?) 3.5 10.5
initial tpla (IT) (mm?) 100 300
y sla max (YSM) (mm* g ") 22,000 45,000
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GGS: the number of seeds per gram of stem; PGFR: potential daily grain filling rate during filling period; PGR: potential daily grain filling
rate from flowering to filling; PGNFR: potential daily grain nitrogen accumulation rate; MFR: the lower limit of daily nitrogen accumulation
rate; NFG: grain nitrogen limiting grout factor; YML: the minimum leaf nitrogen concentration; YCL: the critical leaf nitrogen concentration;
YMS: the minimum stem nitrogen concentration; YCS: critical stem nitrogen concentration; EFD: crop water requirement; MGS: the maxi-
mum grain mass per plant; DTM: the tiller weight; XSW: weight per plant; YH: plant height; GNC: the number of grains per spike; TOJ: the
accumulated temperature from seedling emergence to jointing; TFI: accumulated temperature from jointing to flowering; TF: temperature
from flowering to grouting; TGF: accumulated temperature from grouting to maturity; VS: crop vernalization sensitivity index; PS: crop
photoperiod sensitivity index; RYR: radiation utilization efficiency; K: extinction coefficient; XTG: the daily average temperature affects the
grouting rate; NFPO: the influence factor of nitrogen deficiency on photosynthesis; NFPE: phenological nitrogen limiting factor; SRW: water
stress slope of photosynthetic leaf aging; SLS: sensitivity parameter of leaf area aging caused by shading; LSL: the maximum leaf area index
of shading induced aging; IT: the starting leaf area of the plant; YSM: the maximum specific leaf area.
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Table 3 Initial values of spring wheat parameters related to APSIM model
Parameter Initial value Optimized value
Grains per gram stem (GGS) (grain g™') 24 26
Max. grain size (MGS) (g) 0.04 0.046
Y height (YH) (mm) 1000 1013.81
Grain num coeff (GNC) (-) 30 28
tt end of juvenile (TOJ) ('C d) 400 360.44
tt start grain fill (TGF) (‘C d) 550 589.91
K y extinct coef (K) (-) 0.50 0.45
sen rate water (SRW) (-) 0.10 0.11
y sla max (YSM) (mm’g ™) 26,000 24,317.50
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