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Abstract: Accurate simulation of grain protein accumulation is of considerable importance for the effective regulation of
high-quality wheat production on drylands in hilly loess regions. Using field experimental data of Anjiagou Village, Fengxiang Town,
Anding District, and Dingxi City from 2016 to 2017 and meteorological data of Anding District and Dingxi City from 1971 to 2017,
a dryland wheat grain protein content model was established using the Agricultural Production Systems Simulator (APSIM) and
tested using correlation analysis. Quantitative analysis was conducted on the effect of different tillage methods and sowing dates on
wheat grain protein content. Four tillage methods were used: conventional tillage (T), conventional tillage with straw cover (TS), no
tillage (NT), and no tillage with straw cover (NTS). Further, three sowing dates were set: early sowing date (ESW), normal sowing
date (NSW), and late sowing date (LSW). The findings revealed that under the tested tillage methods and sowing dates, the root mean
square errors between the simulated and measured yield and grain protein content were 66.4—121.9 kg-hm ? and 0.2%-1.1%,
respectively, and the normalized root mean square errors were 1.23%-9.66% and 1.31%-9.94%, respectively. These results indicate a
satisfactory precision. Sowing date had a significant effect on the wheat grain protein content for drylands. The highest grain protein
content was found with NSW, but the content decreased significantly with LSW. The relationship between wheat yield and grain
protein content for the four tillage methods showed a quadratic curve in an open downward direction. As the grain protein content
increased, the yield first increased and then decreased. TS and NTS (straw cover) were more conducive to the increase in the wheat
grain protein content than T and NT (no straw cover).

Keywords: Wheat; Grain protein content; Tillage method; Sowing date; APSIM (agricultural production systems simulator);
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Table 1 Tillage treatment description
Code Tillage treatment Description
T ) 1 , ,8 2 ,9 3
Conventional tillage 1,10 2
The field is ploughed 3 times and harrowed twice after harvesting. The first plough is immediately
taken after harvesting, and the stubble of previous crop is incorporated into soil. The second and third
ploughs are respectively in late August and September. The field is harrowed after the third plough and
re-harrowed in October before the ground is frozen.
TS + T, 10 2
Conventional tillage with The field is ploughed and harrowed as the treatment T. The ground is covered with all the straw from
straw cover the previous crop after the second harrow in October.
NT > , ,
No tillage After harvesting, no plough, no harrow and no cover with straw, and other field management is similar
to local management practice. Sowing and fertilization is accomplished at one time.
NTS + NT,
No tillage with straw cover  Tillage is as the treatment NT. The ground is covered with all the straw from the previous crop after
harvesting.
13
; 7 d, (mm) (3]
12 ; APSIM
20 , Dingxi.met
. 12 13
; (2 : [ APSIM
1.3 APSIM )
APSIM Dingxi.soils
(APSRU) 1.5
APSIM APSIM V7.7 , APSIM-Wheat
(11,13-18] (Wheat.xml), 1971—2017
(APSIM-Wheat) (Dingxi.met) (Dingxi.soils),
b b 2
1.4 (3 APSIM ,
(1971— , 2
2017 ) APSIM , Asseng ¥ ,
-2
, (M-m™) .

()

() 70~230 gkg™

R2 APSIM Ffti/ hEFTERMEVIESH

Table 2 Initial parameters of the properties of dryland wheat in APSIM
Parameter Value

Accumulative temperature form filling to maturity () 580

Leaf number of main stem 7
Weight of tiller (g) 1.22

Weight of single plant (g) 4
Stem length (cm) 100
Lower internode length (cm) 33
Maximum of daily protein accumulation (g-kg™") 230

Minimum of daily protein accumulation (gkg™") 70
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" Rycain
( g, ] APSIM Cx CN_min
£3 FHBNEEMMERIRETNEHE
Table 3 Observed mean of nitrogen concentration in stem and leaf of dryland wheat after flowering
Average N concentration (g-kg™")
Organ Tillage treatment Sowing date From flowering to From grain filling to
grain filling maturity
(T) (ESW) Early sowing 11.3 5.4
Stem Conventional tillage (NSW) Normal sowing 11.9 6.5
(LSW) Late sowing 10.0 5.2
+ (TS) (ESW) Early sowing 15.6 8.3
Conventional tillage with straw cover (NSW) Normal sowing 16.9 91
(LSW) Late sowing 14.7 7.9
(NT) (ESW) Early sowing 9.3 4.3
No tillage (NSW) Normal sowing 8.8 438
(LSW) Late sowing 9.3 4.0
+ (NTS) (ESW) Early sowing 14.3 7.9
No tillage with straw cover (NSW) Normal sowing 13.9 83
(LSW) Late sowing 13.1 7.6
(M) (ESW) Early sowing 28.2 13.2
Leaf Conventional tillage (NSW) Normal sowing 26.6 12.3
(LSW) Late sowing 23.7 9.3
+ (TS) (ESW) Early sowing 30.3 14.5
Conventional tillage with straw cover (NSW) Normal sowing 281 12.6
(LSW) Late sowing 25.5 11.0
(NT) (ESW) Early sowing 22.3 8.4
No tillage (NSW) Normal sowing 21.0 8.0
(LSW) Late sowing 20.4 7.5
+ (NTS) (ESW) Early sowing 29.5 13.8
No tillage with straw cover (NSW) Normal sowing 274 11.5
(LSW) Late sowing 24.3 10.8

http://www.ecoagri.ac.cn
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Fig. 1 Relationship between simulated and observed values of dryland wheat yield (a) and protein content
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Table 4 Simulation result of dryland wheat yield by the mode of test

Sowing date

Yield

Protein content

Tillage treatment RMSE (kg-hm™) NRMSE (%)  RMSE (%) NRMSE (%)
(ESW) (T) Conventional tillage 78.3 5.09 0.7 6.47
Batly sowing + (TS) Conventional tillage with straw cover 96.8 5.76 0.9 7.26
(NT) No tillage 74.0 477 0.2 131
+ (NTS) No tillage with straw cover 88.3 5.30 1.1 9.13
(NSW) (T) Conventional tillage 1193 9.66 1.1 8.83
Normal sowing + (TS) Conventional tillage with straw cover 108.3 5.91 0.4 2.94
(NT) No tillage 66.4 3.84 0.7 5.83
+ (NTS) No tillage with straw cover 19.9 123 0.3 222
(LSW) (T) Conventional tillage 121.9 9.43 1.0 9.59
bate sowing + (TS) Conventional tillage with straw cover 120.8 8.29 0.8 7.25
(NT) No tillage 91.3 6.64 1.1 9.94
+ (NTS) No tillage with straw cover 82.9 5.52 0.6 5.23
NT NTS 11.2% 12.6% 10.8% ,

12.1%; (ESW) T ,T TS NT NTS
TS NT NTS 10.4% 11.7% 20)~(23) .,  95%
10.4%  11.3%; (LSW) , (R?) 0.775 3~0.908 8,

T TS NT NTS 9.6% 10.4%

9.9%  9.5% 4 <0,

(NSW) (ESW)  -132.07 —63.669 -186.36 —37.239, 4
(0.4%~0.9%), (NSW) )
(LSW) (0.9%~2.6%),

(LSW)

2.4 NT>T>TS>NTS,
2013—2017 4 3 10.5%
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