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Effects of Droughts and Meteorology on Spring Wheat in Western Loess
Plateau Based on DSSAT — CERES — Wheat Model

LI Yi ZHANG Siyuan LIU Qingzhu JI Yadong YAO Ning SONG Xiaoyan
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; With the global warming, droughts occurred more frequently than before. Droughts have
occurred in all major farming areas in China, and spread all over the country. The wheat production in
the western Loess Plateau is obviously affected by drought, flood and water conditions, so it is necessary
to study its response characteristics under the background of meteorology and agricultural droughts in
order to put forward effective measures to prevent agricultural production from being negatively affected by
drought. The DSSAT — CERES — Wheat model was combined to simulate spring wheat at seven sites in the
western Loess Plateau. The growth factors and yield data from 1961 to 2018 were collected and their
temporal and spatial changes were analyzed. The standardized precipitation evapotranspiration index
(SPEI) and soil moisture deficit index (SMDI) at the O ~ 10 ¢cm depth and 10 ~40 cm depth at the time
scales of 1 ~ 6 months were estimated, and the temporal and spatial changes of meteorological and
agricultural drought were explored. The effects of drought severity on the growth process and yield of
spring wheat were further studied. The results showed that taking Linxia Station in Gansu as an example,
the dry and wet status of SPEI and SMDI at the time scale of 1 ~6 months were generally consistent,
SPEI generally showed alternatively wet and dry conditions, and the changes in SMDI at the 0 ~ 10 cm
depth and SMDI at the 10 ~40 cm depth were basically the same, showing a wetter trend. The DSSAT —
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CERES — Wheat model was effective in simulating the key growth period and yield of spring wheat in the

western Loess Plateau (0. 65<R’<0.84). The maximum leaf area index of spring wheat from 1961 to

2018 and the above-ground biomass had no obvious change trends, but the yield had an increasing trend

after 2005. Drought in the jointing and filling stages had greater impacts on the growth process and yield

of spring wheat. The relationship between SMDI and spring wheat growth and yield elements was closer

than SPEI, indicating that agricultural drought had a greater impact on winter wheat growth and yield.
The 2-month SMDI at the 0 ~ 10 ecm depth was a key time scale for showing the effects of drought on

spring wheat growth and yields. The research result provided a useful reference for the prevention of

meteorological and agricultural drought in spring wheat production on the western Loess Plateau.

Key words: spring wheat; yield; drought index; meteorology; western Loess Plateau; DSSAT — CERES —
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Tab.1 Site location, weather and soil characteristics of agrometeorological stations in western Loess Plateau

28 KT ¥ I It 5 G IR H gh AN
ZiREE/(°) 106. 15 E 104. 41 E 103. 11 E 104.37 E 101.08 E 101.57 E 102.5 E
difE/(°) 38.17 N 36.34 N 35.35 N 35.35 N 36.75 N 36.49 N 36.20 N
R/ m 1113.7 1398.2 1917.2 1897.2 2635.3 2480.0 1813.9
% H [ K B /mm 0.53 0.63 1.38 1.42 0.88 1.07 0.95
i/ (mes™") 1.99 1.22 1.26 1. 30 1.82 1.47 1.62
AR5/ % 55. 40 58. 35 66. 32 67.38 49.28 56.23 57.05
H BB %/ h 7.88 7.38 6. 66 6.71 8.00 7.27 6.70
A AR/ C 3.48 3.48 1.67 1. 64 -2.09 0. 06 2.90
H R &S R/C 16. 09 16. 63 14. 47 14. 81 12.12 14.03 15.32
L T i 53 %0 % 24. 11 14. 80 15. 19 16. 99 17.61 18.21 14. 69
Wi BL T = 5350 % 51.49 59. 94 62. 81 63.27 63.74 63. 81 65.96
L5 K RS % 0.18 0.20 0.18 0.21 0.15 0.16 0.17

1.3 FEEHRITE
1.3.1 52 T 53545 SPEI

SPEI 9 1+ % 43 3 % & % X | Penman —
Monteith ¥:+% A N S %W & & ET,'" it
R

0.4084(R, - 6) +y 22 1/ (e —e.)

ET - T +273

0 A+y(1+0.340,)

(1)
X R, —E 45, M)/ (m* - d)

G——16] T 4 4l T $AiE B, M/ (m® - d)

A A ZE IR R T R  kPa/K

v T W 8, kPa/K

T—2 m gh 2 SR, °C

R 32 BRI A7 ka0
TR & B 18] ROBE R K 4> = B/ 4 & D,

(mm) 35N

[N

D, =P, - ET, (2)
Xrp P—4HT A RETH i A BKE, mm
ET, —% i M WSHEAEY I K &, mm
i T AE TR E R 2 50 X = 2 800 B Logistic
oA WA Ny R A A R = S
Logistic 3 A % D, #4740 G, BR300 411 pR A

B -1

Py =1+ (=25 ] (3)

x =y
a—RESH —ERSH

X




5 6 1] ZER % . 5T DSSAT — CERES — Wheat (1 8 + 5 J5 P4 3 4 /N 32 T 5 5 i BF 52 341
¥’ BB SR %2 T SPEI #1 SMDI 1 F 2 Z F % 4
F(x) UL 245 A 2R R Tab.2 Drought classification based on SPEI and SMDI

R X A0 BE AT AR ME AL IE A Ab B 45 3 SPEI,
=W

2
cy tC W +cyw

SPE]:W_1+d1w+d2w2+d3w3 4)

Hor w=/=2lnp (5)
F(x) (p<0.5m)
p:{l —F(x) (p>0.5m)

¢, =2.515517,¢, =0.802 853,¢, =0.010 328 ,d, =
1.432788,d, =0. 189 269 ,d, =0. 001 308,

THE THFFEIX 7 ol A 1961—2018 4E 5 /N
WiES N (3—8 A ) & B RE R SPEL i F/AEH
Wit e NH  HLFRE R RE 1 ~6 4~ H SPEL, Jf
O BT TSR] A Ak R L5 R /N A G
1.3.2 el T 53545 SMDI

SMDI & # )iz i F R AE R L T 5 9 7™ &
JEE R B M K EHHEE SMDT A SN

SD, .
0.5SMDI. . | + 4

ot (1<j=12)
SMDI, | = b | "
50 (j=1)
s Mxloo% (SW, . <MSW,)
MSW, - SW,., !
SD, =
ST 0w (sw, > s
SW, = MSW, !
(7)
A SD,—5% i AR5 A R HOK ST B, %,
i=1,2,---,58

SW, ,—— - JE & i v it — B[R] 8 ] N 197 1
+3EE K E , mm
MSW—"25j H L)2 K RS oK E
L%, mm
SWoo—5 7 A L2 KW+ S KED
i K{E, mm
SWo—2 7 H )2 K - 5 F oK & H
i /ME , mm
SMDI J& 75 8 A~ 75 /N 22 W 45 300 1) 7 A+ 39 TR
(0 ~10 cm f1 10 ~40 ecm) £b 388, + 2 HEFE
0 ~10 cm ff§ SMDI %75 & SMDI, _,,, + 2% 10 ~
40 em [ SMDI #7553k SMDI,, _,, , IHA]55 o 3—8 A .
B  N CS R = T O G (= N A ' [ i e
gk 2),
1.3.3  FH/NE il S 800 % Ko™ w il
DSSAT — CERES — Wheat £ %1 F| Fl /E 9 5 Fp A
B 1 3845 R 1 S HOR HE R b R0 I R DL AR

TR SPEI SMDI

E A (-0.5,0.5] (-1.0,1.0]
RBETR (-1.0,-0.5]
TR (-1L5,-1.0]
TR (-2.0,-1.5]
e 3 T 5+ <-2.0 <-2.0

(-2.0,-1.0]

WAEKEF R MHKRIEES = ERIE R, Hit,
BT AR NFE 8% R v S B8O 2 . DSSAT —
CERES — Wheat #1345 7 4~ f£ 2%. PLV .P1D .
P5.G1.G2 .G3 Ml PHINT( % 3) .

% 3 DSSAT - CERES — Wheat & hHE/NZEESH
Tab.3 Genetic parameters of spring wheat in

DSSAT — CERES — Wheat model

S8 HH
Iic 3 Ik A% 1R T S s A Ak Y BT AR IR (PLV) /d 5 ~65
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Tab.4 Genetic coefficients of spring wheat

o DIV PID/Z o ps/ G1/ G2/ G3/ PHINT/
T d % (C-d) (Hi-g™') mg g (C-d)
HH) 19.79 38.66 792.8  15.97  20.46 1.488 67.25
Rfl 19.91 38.34 798.8  24.15 26.96 1.616 69.65
K 24.83 38.54 775.3  19.64  33.71 1.921 85.92
Y5 19.47 39.06 784.8  17.31  28.37 1.798 63.63
I 19.75 38.97 751.5  20.33 30.27 1.759 73.95
PR 6.14 0.743 449.2  15.58  20.43 1.032 98.47
EY 19.67 38.67 786.1  19.74  20.89 1.942 61.40
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Fig.4 Box plot of interannual variations for simulated

spring wheat yields, LAI and aboveground

biomass over 1961—2018 in western Loess Plateau
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Tab.5 Correlation coefficient of spring wheat between

multiscale SPEI and growth factors at Linxia Station
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Tab.6 Correlation coefficient of spring wheat between

multiscale SMDI,, _,, and growth factors at Linxia Station
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Tab.7 Correlation coefficient of spring wheat between

multiscale SMDI,, ,, and growth factors at Linxia Station
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