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Effect of Irrigation and Nitrogen Fertilizer Managements on
Winter Wheat Quality Based on CERES — Wheat Model
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Abstract; Market shortage of high-quality wheat and lack of market competitiveness both exist in wheat
production in China. The objective was to evaluate response of CERES — Wheat to different irrigation and
nitrogen fertilization managements. Field experiments were conducted in the Guanzhong Plain of Shaanxi
Provice during 2014—2016 for two wheat growing seasons. And its relevant outputs were used to estimate
grain protein concentration ( G,.). The CERES — Wheat was calibrated and evaluated with the
experimental data. CERES — Wheat was run with 51-years (1966—2016) historical weather data to
simulate the G,. and yield, and the optimal irrigation and nitrogen fertilization managements were
selected. The CERES — Wheat model could accurately simulate winter wheat growth and G, under
different irrigation and nitrogen fertilization managements. While the aboveground and grain biomass were
underestimated with severe nitrogen stress, and the relative root mean square error ( RRMSE) values
between simulated and measured were 10% ~30% , which meant that the simulation results were good or
medium. And G, were overestimated with slight nitrogen stress. The RRMSE of G,,. was 3. 77% , and
the simulation results were still excellent. The CERES — Wheat model was able to be used to simulate

winter wheat quality and yield. G,. and yield had different responses to irrigation and nitrogen
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fertilization. But the coupling effects of irrigation depth and nitrogen fertilization, irrigation depth and

irrigation frequency, and irrigation depth and irrigation times could improve G,. and yield at the same

time. The selected final optimal management, with a basal dressing of 262.5 kg/hm’ and 120 mm

irrigation depth at wintering stages, showed strong reliability under different climatic conditions in the

Guanzhong Plain. The management could simultaneously meet the multiple requirements of high grain

quality and yield, and would be more practical.

Key words: winter wheat; grain protein concentration; yield; CERES — Wheat; irrigation and nitrogen

fertilization management
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Tab.1 Irrigation and nitrogen fertilization management

of winter wheat

[ —— THE W AL Eﬁﬁ%/z
mm (kg-hm ™)
0 B 0 0
1 A 1 60 52.5
2 4 1t 120 105.0
3 HEH 180 157.5
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5 A+ HE A 262.5
6 A + R 315.0
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SR G I\ HR B 3 HE O Hp i X T R L KRR AR
FA A W K K R B A Ak B A 4% Sy
UwyN'z( 3R 1) U0 BERLHE E o B2, o b« QR VE
B3,y R 015 N b A 000 IES ) BE 2 Oy i R
AL B 1'42N"2 i 142 FoR A + 3O OF
F4) AW 120 mm (JP 5 2) N2 RORil A &R
105 ke/hm® (J5 2 2), F[dl. Fl A CERES — Wheat
B 3R 203 A~ K A S HLAE 1966—2016 4F 11y
AEARAT O, Lh/INZE R R i 50 RN 7 18 A o B K AU
PR 2 20 3k 2% 4, B
G e =12%
{ (4)
G,=0.75G, .\«
K Gy JOKAMNE 5T 24 i R,
B2 9 378 ke/hm’



274

Kok HLOB ¥ R

2018 4

G, —— B K RS B AR g/
HEHf 12% o f 5 3R A /1N 2 FF R 2 1 R EE (14% 7K
AT N

2 HRE5HMH

2.1 CERES — Wheat By # #

RS 1A e DR R 2 00 A St S I 4 /N2 it ol
AOAHSCHEIE (£ 2), 2K 2 IC A P A4 F . G, .
Gy R ZEHCE (ET) BHUHE 5 WNE 4 /M T 10%
(323) BEUEE R AE o Wy o S35 004 5 5 00 {0 A
[F] oA 250 50 Dy v M A DL & /N Y T S G A, AT
B Sl BB R SR A B ET /9 d 0 - 2.34%
BERMIEAS T ET AFES AR RSO0 G A G i

PeACAs  d 4y 9k - 3.16% Fl - 3.41% . {H CERES —
Wheat SR | B8 9% i 5 b B 5008 2 309 VR 9 4 K K
BB

F2 “IMERTEFBSHRELR

Tab.2 Estimated genetic coefficients of “Xiaoyan 22”

il R 2 5 R AE
FUHUE R PLV 42.54
Je U R KL PID 45.34
THEHKFFAES B PS/(C -d) 405. 2
W ARLBRFIE S8 GL/ (RL-g ") 16. 05
WER R HE SR G2/ (mg-d ™) 38. 66
IIEEIETI R AL C3/g 1.476
o 8] B R AE 2 8 PHINT/ (C - d) 67.25

®3 2014—2015 £ Bk EBAE (IBN3) IR AL R
Tab.3 Calibration results of treatment with sufficient irrigation and fertilization (I3N3) in 2014—2015

FAE LA Gy Gy ET
s/d o /d d/%  si/d o/d d/% st/(kg-hmfz) o/(kg-hm’z) d/ % sl/(kg~hm’2) ot/(kg-hmfz) d/ % s;/mm o/mm  d/%
191 191 0 233 233 0 8 025 8 287 -3.16 170 176 -3.41 458 469 -2.34
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Fig. 1

fertilizer managements in 2015—2016

F4 20152016 FNEFHNEYENM FREME
KNES#EUER RRMSE
Tab.4 RRMSE of grain biomass and aboveground
biomass for CERES — Wheat based on dynamic

simulation in 2015—2016 %
Jugi] R A ) Ho b Ay
I0NO 22.6 23.8
I0N1 15.6 7.7
I0N2 7.9 5.8
I0N3 9.1 3.9
11NO 18.6 15.5
1IN1 9.5 17.2
11N2 11.1 12. 8
11N3 22.7 13.5
12NO 19.6 25.4
12N1 16.7 17.3
12N2 18.7 10.7
12N3 9.7 10. 4
13NO 17.5 14.8
I3N1 10.3 5.9
13N2 9.0 10. 8
13N3 9.2 10. 4

Comparisons of simulated and observed biomass of total aboveground and grain with 16 irrigation and nitrogen
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Fig.2 Comparison of simulated and observed grain protein

concentration under 16 different irrigation and fertilization

fertilizer treatments in 2014—2016
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Fig.3 Coupling effects of irrigation depth and nitrogen, irrigation depth and irrigation frequence, and irrigation depth and

irrigation days after sowing on grain protein concentration and yield
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Tab.5 Selected potential optimal irrigation and nitrogen

x5

fertilization managements based on CERES — Wheat

model simulation for winter wheat in Guanzhong Plain

KR B KRR AR/ % Pohk/ (kg-hm %)
I'74N'6 12. 04 7382
1'43N'6 12.03 7394
1'44N'6 12.03 7407
I'53N'6 12.03 7294
I'54N'6 12.03 7382
I'IIN'6 12.03 6 866
I'14N’5 12.02 7366
I'13N’'5 12.02 7356
I'12N'5 12.02 7314
I'52N'6 12.02 6998
I'72N’'6 12.01 7318
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3 it
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