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Simulation Analysis of Rainfed Spring Wheat Yield and Leaf Area Index

Responses to Future Climate Conditions in L.ongzhong Dryland

MA Rui, LIU Qiang, LI Guang

(College of Information Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: To adapt to the future climate change and increased carbon emissions in the Longzhong re-
gion, this study proposes optimization strategies for the production management of rain-fed spring
wheat. Based on field experimental data from Dingxi, Gansu, collected from 2014 to 2017, the Root
Zone Water Quality Model 2(RZWQM?2) was calibrated and validated for this region. Using this mod-
el, climate projections under the RCP4. 5 and RCP8. 5 scenarios for the period 2025—2060 in North-
west China were analyzed. Different sowing dates and CO, concentration gradients(370,400,500 and
600 pmol « mol™") were applied to evaluate the impact of future climate change on spring wheat yield
and LAI. The results show that, The model accurately simulated the leaf area index(ILAI) and yield
of spring wheat, with R? values reaching 0. 913 and 0. 992, respectively. Under the RCP4. 5 scenario
with moderate warming, when CO, concentration exceeds 500 pmol * mol™', significant yield increa-

ses were observed. The average yield increases for early sowing (March 7)., conventional sowing
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(March 19), and late sowing(March 31) were 29.3%, 28.9%, and 24. 7%, respectively. Under the

RCPS. 5 scenario, high temperatures, reduced radiation, and precipitation fluctuations weakened the

CO, fertilization effect, resulting in a yield increase of only 20. 9% —27. 5%, with significant interan-

nual variability. The sowing date effect was also prominent, with early sowing maintaining the high-

est and most stable yield and LAI in both climate scenarios, while late sowing, impacted by combined

heat and drought stress, showed the highest yield fluctuation. In conclusion, under the future higher

CQO, concentrations, through coordinating reasonable early sowing and water and fertilizer manage-

ment the risks of high temperature and water stress can be alleviated to increase the LAI and yield of

spring wheat in Longzhong dryland.
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Table 1

Soil properties of 0—40 cm soil layers

Y H S # Physical parameter

+ WUk Particle of soil/ %

+ 2R E AE EIRGRIEEOE 0 EIR GRS
Soil depth/cm Bulkﬁdcmit y Ks/ Initial nitrate Initial ammonium H [ HEkr by A
(o ;3}; (ecm+h 1) nitrogen/ nitrogen/ P Sand Silt Clay

g cm (mg+ kg 1) (mg+ kg™ 1)
0~10 1. 30 1. 29 17.15 5.75 8.3 50. 39 34.51 15.10
10~20 1. 26 1. 30 23.10 5.10 8.4 49.91 35.06 15.03
20~40 1.23 1.31 19. 85 5.00 8.3 47,17 36. 56 15. 27

Ks: LA SR A,

Ks: Saturated hydraulic conductivity.
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Table 2 Genetic characteristic parameter calibration results of spring wheat

e WA Rl

S . WAGEE R s

= Value Initial ~ Calibrated

Parameter Description

range value value
P1V/d F il R AT i A B BERT T KB Vernalization period 0~9 6.02 6.07
P1D/% Y6 B W28 Photoperiod parameter 220~270 264.70 250. 80
P5/C°C « d) R HE S AR Accumulated temperature during grain filling 430~700 526.10 540. 00
G1/(grains = g~ 1) FF A8 W B A5, Ak 56 57+ FF R BX Grains per unit canopy mass at flowering 15~30 23.12 23.66
G2/mg F A4 F AR MR Standard grain mass 20~60  52.76 55.02
G3/g A R i 30 BARR ZEF8 T i BE Non-stressed stem and spike dry mass at maturity 1.0~3.0 2.96 1.94

PHINT/(C « d)

SEM— A M AE K B Accumulated temperature for the first leaf appearance

60~100 87.27 95.94

Table 3 Calibration results of nitrogen transformation parameters

Z ¥ Parameter

k75 Hl Optimization range

V1A 1E Initial value it 4t 3 Optimized result

Ammonia volatilization constant
fifi b Z 4k
Nitrification coefficient

LR T

Denitrification coefficient

R Z K ik

Urea hydrolysis coefficient

1 000~4 000

107 10~10"¢8

2.5X107°~2.5X10"%

1000 1008.01

10°° 1..001 596X 10"

lo-18 1..000 08X 101
2.5%X10 2.509 42410
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B LAT S5 AR BB B . O Jm 2218 AUl S
SAA ISR [TF /o U E T

2 HXREHH

2.1 RZWQM2 #E Bt H/NEZEF=EF LAl B9
R

RZWQM2 58I 5 /N A2 7 i BAT 380 iy
PAEEE (R 4 FE D, 7EFH 2014—2016 4 H
() 5 Al 238 I RS /N P AU P R AL
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NRMSE Fl MRE 43 5] 24 3. 90% # 3. 37% . #|H
2017 4F M [a] %5 4 #F 47 3 9F, B8 R® iy 0. 913,
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Bk 6. 40 YT 6. 42 %, Ud B 2 J A AR 11 158 25 Wik
Bt A S A 7 BRI 1) T B T R L 7E U A Ok
15 S I HL 2 1 1 12 L g

FE e I RE L LAT B 40045 S 52 i R0 0L
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ARG B . 8 Dy s BRSO E L, BE R R
ik 0. 992, RMSE,NRMSE 1 MSE ¥ F [, iR
HASTRLE LAT (1 35000 6 1 45 = A e .

i B RZWQM2 fEf h B F /N - i S
LAT B R B8 R B3 » L I R R R
SO A G AR ) T T

R4 RZWQM2 Xt F/NEFEN LAI WEMEE
Table 4 Simulation accuracy for yield and LAI of spring wheat through RZWQM2

A5 & Variable ¥y Bt Phase RMSE NRMSE/ % MRE/ % R?
Fi s KE Calibration 64. 54 3. 90 3.37 0. 899
Yield/(kg « hm™?)
I3 Validation 82. 96 6. 40 6.42 0.913
LAI HE Calibration 0.086 10. 69 5.20 0.963
BHIE Validation 0.024 4. 34 4,57 0.992
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Fig.2 3D heatmap of simulated spring wheat yield under different RCP scenarios and CO, concentrations
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Fig.3 Trends in spring wheat LAI under different RCP scenarios and CO, concentrations
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