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Spatial-temporal distribution characteristics of winter wheat potential yields
and its influencing factors in the Loess Plateau
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Abstract: A study on the spatial and temporal distribution characteristics of potential yield and its influencing
factors could help to quantitatively estimate the potential of crop yield in the region reveal the factors that limit
crop yield and then identify key areas and possible measures to increase crop yields in the future. The Agricultural
Production Systems Simulator ( APSIM) —Wheat model was validated using the winter wheat data from Changwu Ag—
ro-ecological Experiment Station of the Chinese Academy of Sciences on Loess Plateau from 2004 to 2008 it per—
formed well in simulating leaf area index yield and above-ground biomass of winter wheat. Hence this model has
good applicability in Loess Plateau. Combining meteorological data and agro-meteorological observations during
1974-2016 in winter wheat planting areas of Loess Plateau. The spatial-temporal distribution characteristics were

analyzed in potential and waterdimited yield of winter wheat and then explored the impacts of climatic factors on
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potential and waterdimited yield. The results showed that under the unchanged condition of variety and management
measures from 1974 to 2016 the average potential yield and waterdimited yield of winter wheat on the Loess Plat—
eau were 6554.19 kg * hm™ and 3584 kg * hm™. In the past 42 years the potential yield and water limited yield
decreased by 146.59 kg * hm™ and 65.11 kg * hm™> « ( 10a) ~' respectively. The increase in temperature caused
the potential yield of winter wheat to decrease ( P<0.05) and the increase in radiation increased the potential yield
( P<0.05) . The correlation coefficients were 0.36 and 0.35 respectively. Due to the absence of additional irrigation
water supply during the winter wheat growing season precipitation has the greatest impact on the water limited yield
on the Loess Plateau showing a significant positive effect ( P<0.05) with a correlation coefficient of 0.47. Under
the condition of sufficient irrigation southeastern Gansu and central Shanxi were areas with low and unstable yields.
Under the raindeed condition central and northeastern Shanxi were areas with low and unstable production. There—
fore we proposed to improve winter wheat yield in low and unstable yield areas through cultivation technology chan—
ges or selection of new varieties.

Keywords: winter wheat; APSIM—Wheat model; potential yield; waterdimited yield; Loess Plateau

APSIM—-Maize

( Thornthwaite

4 Memorial ~ Miami )
11-13
5
14-15
’ APSIM
R ( CSIRO)
) ( APSRU) .

16-17

APSIM—-Wheat
o Pasuquina J] M

DSSAT N

o Guilpart N

’ 1961 -2007 1.1
N 32°~42°N 101° ~114°E



269

3
o 1.2 APSIM—-Wheat
APSIM —Wheat
o 300~ 600 "
mm ( 1
o 3.6~14.3C =10C o
2 000 ~3 000°C » 1
900~3 200 h o 2004 -2008
. ( 2o
B APSIM - Wheat
( root mean square error RMSE) . (R
i (index of agreement D) "7
. . . - RMSE R® D 1
1974-2016 RUSE :Jli (5. -0)° ()
32 n =

2005-2016 10 a

160

Fig.1 Distribution of meteorological and agro-meteorological

stations in the winter wheat planting areas of Loess Plateau
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Table 1 ~ Cultivar parameters information of winter wheat

variety ‘Changwu 89134’

Name of parameter  Definition of parameter Unit Value
vern_sens . Lo 2.0
Sensitivity tovernalization
hotop_sens - . 3.0
photop_sens Sensitivity to photoperiod
tt_start_grain_fill Effective accumulated C - d 545
temperature of grainfilling
grain_per_gram_stem Grain number per g 25

stem mass

potential_grain_filling_rate  Potential rate of g« grain_l - d7' 0.0025

grain filling




37

270
670 kg * hm™,
125 kg * hm™’ APSIM-Wheat LAI,
125 kg * hm ™, o D
0.8 . LAI.
50 mm 350 em, APSIM-Wheat
1.4 .
2.2
a 10 o
X, =at+b t=12-n (3) 3 . 3
X, t 10 a
. 0 12~19.2C
0 o
1.5
CV( coefficient of variance) o
21
1 n 42 a
\/nZl (% - ) ~2.09~4.49°C 4.8~13.23C
CV = - (4) ( 3(a) .
X
N ; - o (b) .(¢)) . 1974-2016
( 3(d)-
2
2.1  APSIM-Wheat 296.
“ 89134 ” 91~511.02 mm o
( LAI) . . 2 .
. LAI. 1:1 ( 3(e) (D).
R’ 0.68.0.84  0.91 . 2350 h 5
. ( RMSE) 230 MJ * m™ . 1 630
LAI. LAI. h 4493 MJ * m.
1.66 kg * hm™ 2100 kg * hm™’ . .

2

Fig.2 Validation results of winter wheat in Changwu site
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ST (C); Toin (C) ;5 Thean (Cc); P (mm) ; SH (‘h) ; Radn
(MJ+ m™)
Note: T, maximum temperature( °C); 7, —minimum temperature( C); T, mean temperature( °C); P precipitation
(mm) ; SH sunshine hours( h) ; Radn solar radiation ( MJ * m™2)
3
Fig.3 Spatial distribution of climatic elements in the growth period of winter wheat in Loess Plateau
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Fig.4 Climate trend ratesof climatic elements in the growth period of winter wheat in Loess Plateau

D Yp: s Yw: o Note: Yp: Potential yield; Yw: Water limited yield.
5 N
Fig.5 Spatial distribution of mean values change trend and variance coefficient of simulated potential

yield and waterdimited yield in Loess Plateau
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o 32%
2
Table 2  Influence of climate factors on potential yield and waterdimited yield of winter wheat in Loess Plateau
Correlation cofficient
[tem T ax T in T ean P SH Radn Fitting formula R?
. -0.36" 0.08 0.20 0.11 0.24 035" Y= 2491.51+2.15Radn-398.12T,,  0.45
Potential yield
Waterdimited yield 0.09 0.23 0.11 0.47 0.14 0.03 Y=19214-3.17P 0.32
E 0.05 o Note: * means significant at 0.05 level.
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