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Abstract

(Y,,) was simulated using daily dynamic crop growth model and agro-climate data from the Luancheng Agro-Ecosystem
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Determining the effects of climate on winter wheat yield in Northern
China via yield gap analysis
—A case study of Luancheng County, Hebei Province
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and Ecological Construction, Shijiazhuang 050024, China; 2. Center for Agricultural Resources Research, Institute of Genetics and

Developmental Biology, Chinese Academy of Sciences, Shijiazhuang 050022, China)

Experimental Station of Chinese Academy of Sciences. Yield gap (YG) was calculated as the difference between Y, and the actual
yield under sufficient irrigation (Y;). A correlative stepwise regression analysis was used to determine the relationship between
climate factors at different growth stages and YG. The same analysis was used to determine the relationship between climate factors
and Y. Before heading, sunshine hours and temperature factors (mean air temperature, maximum air temperature, minimum air
temperature and daily temperature-range) were positively related with YG. After heading, however, both sunshine hours and daily
temperature-range tended to be negatively correlated with YG. The results suggested that higher light and temperature increased

production potential in the early growth stage. At the late stage, however, sufficient sunshine and large daily temperature-range
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In order to determine the effect of climate on winter wheat yield in the North China Plain, potential wheat productivity
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benefited actual yield by enhancing vigorous growth. For actual yield, sunshine hours and daily temperature-range were positively

correlated with Y}, at most growth stages. This suggested that high sunshine and daily temperature-range were favored actual yield.

While precipitation was negatively correlated to YG for almost the whole growth period, it was not significantly correlated with Y.

This suggested that precipitation influenced yield gap by reducing production potential. Only at the late ripening stage (about ten

days before harvest) was precipitation positively correlated with YG and slightly negatively related with Y. It implied that at late

ripening stage, winter wheat yield did not benefit from precipitation.
Keywords North China Plain; Winter wheat; Yield gap; Potential productivity; Climate change
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Microsoft Excel
, SPSS 19.0
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Table 1 Growth stages of winter wheat suitable for the North China Plain
Growth stage Seeding Wintering Reviving Jointing Heading Filling Ripening
( - ) Date (month-day) 10-06 12-01 03-01 04-01 04-21 05-11 06-11
1.3 Yop
[15-18]
b C++ b
( ) 2 HRE5HM
(1) [15-16]. 2.1
Ym = K.Q.g.gp.(1_a>.(1_ﬂ).(1_p).(1_7). 1955—2010
) (D 16258 h
-1 —1 -1 > 5
(1_“’)'(1_’7) ‘(1_5) seq Ay 'ZQj
» Ym K 8.25 h(P<0.05); ,
Q CO, '€ 10 0.6 “C(P<0.05);
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Fig. 1 Changes of climate elements at Shijiazhuang Weather
(YG) Station for winter wheat growth period over 1955-2010 (n = 56)
(Ymp) (Yh) Tmax: 5 Tmin: 5 T: 5 SD:
; PCP: Tmax: maximum air temperature; Tiin:
’ minimum air temperature; 7: average air temperature; SD: sun-
s YG shine duration; PCP: precipitation. The same blow.
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Fig. 2 Potential photosynthetic productivity (V,,), light-tempe-
rature productivity (Y,,) and climate productivity (¥,,,) of

winter wheat based on data from Shijiazhuang Weather Station
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Fig. 3 Sufficient irrigated yield (Y;) and its yield gap (YG) to
potential light-temperature productivity of winter wheat over
2000-2010
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Table 2 Pearson correlation and stepwise regression relationships between the yield gap (YG, between light-temperature potential
productivity and actual yield with sufficient irrigation) of winter wheat and the climate factors calculated by every ten days

Growthstage Time Climate factor ~ Correlation coefficient Stepwise regression relationship
— 12 21%-31* Dec. SD 0.634
Overwintering—reviving 1 1%-10" Jan. Toax 0.807" YG = —80PCP + 161. 7Ty + 1 133,
. [R*=0.817, P <0.05,
DT 0.689 P(Tmax) = 0.002, P(R) = 0.027]
Tmin 0.690"
PCP -0.478"
2 1%-10" Feb. T 0.731° YG = —250.7PCP + 222 9T s + 2 586
. [R*=0.813, P <0.01,
SD 0.677 P(R) = 0.006, P(Tmin) = 0.008]
Tioin 0.702"
PCP -0.514"
2 11M-20" Feb. Tomin 0.661"
— Jointing—heading 4 15-10™ Apr. SD 0.614
— Heading—filling 4 21%-30" Apr. PCP —0.460"
— Filling-ripening 5 11"-20™ May SD -0.677"
5 11"-20™ May DT -0.639"
6 13-10™ Jun. PCP 0.596"
DT: ; ¥ P<0.05; ** P<0.01, DT: Daily temperature-range; * P < 0.05; ** P <0.01. The same below.

F3 RASKRATFERSEBREZGETEZ/NEFE(Y,)H Pearson X REFZE L EIITXH
Table 3 Correlation and stepwise regression analysis between sufficient irrigation yield (Y;) of winter wheat and the climate factors
calculated by every ten days

Growth stage Time Climate factor Correlation coefficient Key factor

— Seeding—overwintering 11 15-10" Nov. Tnin 0.632"
— Overwintering—reviving 12 19-10™ Dec. SD 0.727" Y, =327.48D + 5 085
(R*=0.529, P=0.011)

DT 0.702"
12 11"-20™ Dec. Toa 0.749" Yy =2242T e + 5 573
(R*=0.561, P =0.008)

DT 0.654"

1 11"-20™ Jan. Tonin ~0.629"

3 1°-10™ Mar. SD 0.676"

— Reviving—jointing 3 11"-20" Mar. PCP —0.692"

3 215-31* Mar. SD 0.634"

— Jointing—heading 4 11"-20™ Apr. SD 0.606"
— Filling-ripening 5 11"-20" May SD 0.758™" Y, =221.95D + 4 854
(R*=0.574, P =0.007)

DT 0.619"

PCP —0.669"

6 13-10™ Jun. PCP —0.393 (P05 = 0.443)

x4 ZNEZHEEHREMBEKEERBEFB N, HEXRE
Table 4 Correlation coefficients between precipitation in different growth periods and light-temperature potential productivity of
winter wheat

Item
Seeding—overwintering Overwintering—reviving Reviving—jointing Jointing—heading Heading—filling Filling—ripening

. . -0.370"" -0.043 -0.163 -0.526"" —0.402"" 0.110
Correlation coefficient

Significance 0.005 0.753 0.230 0.000 0.002 0.419
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