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Impacts of climate change on growth and yield of winter wheat in the semi-humid

region of the Loess Plateau
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Abstract: Winter wheat growth and meteorological observation data in a semi-humid region of the Loess Plateau are used to
analyze the effects of climatic change on winter wheat growth, and the relationship between ear dry weight growth of winter

wheat and meteorological conditions. Results show that the interannual trend of precipitation in the study region fluctuated,
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and was a minimum in the 1990s. An interannual periodic change of 3 a and 8 a was observed. The interannual temperature
trend was upward, and a linear fit of this trend produced a rate of 0. 325 °C/10 a. The crop aridity index during the growing
season showed a marked upward trend, with a linear fit giving a rate 0. 069/10 a. There was a significant drying and
warming tendency from the beginning of the 1990s through 2010. Because of climate warming, the sowing time of winter
wheat would be postponed by 2—3 d/10 a. Reviving time would advance by 4—5 d/10 a, and flowering and maturing
times by 5—6 d/10 a. Overwintering days would be reduced by 5—6 d/10 a, and the entire growth period would shorten
by 7—8 d/10 a. Growth speed of ear dry weight was much greater on the 83™ day after reviving, and then reverted to a slow
speed on the 101" day after reviving. The highest ear dry material speed was on the 87" day after reviving. Because of
climate warming, the amount of heat was abundant in most of the winter wheat growing period. The yield was very sensitive
to climate change during the period between sowing and just before winter, as well as between the jointing and flowering
stages. Every 1 °C increment in average temperature per ten days could decrease the yield of winter wheat by 10—15 g/m’.
Sensitive periods are 20—25 d and 30—40 d. The precipitation influence and heat functions showed an opposite phase.
except for the maturation stage, precipitation was positively correlated with yield. Yield was also very sensitive to
precipitation change during the seeding and reviving-jointing stages. Every 1 mm increment in precipitation per ten days
would increase yield by 15—20 g/m’. Sensitive periods are 20—25 d and 50—60 d. Abundant solar illumination during
the overwintering stage would improve cold resistance training, and it had a strongly positive effect on yield during the
postulation period. Every 1 h increment in sunshine duration per ten days would augment yield by 5—10 g/m’. The

sensitive period is 25—35 d. Long sunshine duration would aid the accumulation of dry materials.

Key Words: the Loess Plateau; climate change; winter wheat; growth; ear dry weight
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Fig.1 Annual Precipitation change Curve in the study area
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Table 1  The ration of trend precipitation and temperature in seasons in the study area

R as HE HE R 2 HRKF(4—10 A)
Factor Year Spring Summer Autumn Winter Growth period
FEK {1111 3R ration of trend/ ( mm/10a) -8.915  -5.126 0.289 -4.546  1.154A -7.378
precipitation  ZESF R EL Coefficient of variability/% 21.0 44.6 27.4 46.2 55.7 22.7

el {1111 3R ration of trend// ( °C/10a) 0.325*  0.365* 0.1594 0.295* 0.463* 0.255*
Temperature A5 5 R %L Coefficient of variability/% 9.4 11.8 3.7 10.4  -41.7 4.5

AP<0.10, AP<0.05, *P<0.01

*2 HRREERBKEFESE SEETF

Table 2 Every decadal anomaly percent of precipitation and temperature departure in the study area

g 20 Tﬁég 20 ﬂé@ 20 ﬂé@ 20 ﬂég 20 ﬁég 21 ﬁzg
Factor 50 4EAR 60 AL 70 4L 80 1A% 90 A% 10 4F4R
1950s 1960s 1970s 1980s 1990s 2000s
[ K HESFEH 40 # Anomaly percent/% -3.6 12.6 -0.1 3.5 -13.0 0.5
Precipitation 75 B Z R Coefficient of variability/ % 15.3 19.4 20.7 24.1 19.7 21.2
i #5F Departure/°C -0.4 -0.7 -0.4 -0.4 0.4 1.2
Temperature 75 B Z K Coefficient of variability/ % 4.6 6.3 5.9 6.7 7.3 4.4
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2.1.2 iR

1951—2010 4, 58 X2 B 2 L@ (& 2) , HA M %4 0. 325 °C/10a (P<0.01) . <R3
Fr48h& 77 F2 ( Cubic R B 26ME 5 TH, 7 FE N v = —0.000005x° + 0. 0018x> -0. 0644x-0. 0612 , H Lk V1L 5
MIAACREL R=0.823 31T a=0.01 K240, X HIG T RER—B 540, % dy/dy =0, K15 1970 4 ARG R
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|R,iK 1.2 °C 20 {40 90 AR IRAR R IR, 2 5 R ECN 7.3% ,80 4FARIKZ B RECN 6.7%

http ; //www. ecologica. cn



5158 JAE = 324

20 1

y=10.0325x - 1.0668
R?=0.4768

y=0.0069x +1.779
R?=0.0591

1.0

ET RS
Annual aridity index

Al B/ °C
Temperature departure
(=]

B2 SIRXSEET, FRIEQEMRTH L

Fig.2 Interannual change curve of temperature departure and aridity index in the study area
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Fig.3  Curve of growth interval days of Winter wheat
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Fig.4 Curve of growth of ears dried weight and annual Winter wheat yields
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Ao v, FOR TR R A8 A KA R AR K B FEPTITIAD, x, e B AR K FE M SR8 AR K G STt (], RPAZE
KRG 83 d Hrif, 8 A A s AR KB By, MR T 5 55 101 RIF IR, AR N s AR K S R 22
AR, HEAT YRR R 18 d,

o UL IR BT 8 BRI A S S BRI 53 X ARl ARG a0 sl R D 5 6 () e 143 BT 45 R, 7
SEBRA R OR R K S A AR ILA 55 (U A, RS RS R,
2.4 ZNETESRBEEANER

1980—2010 4, 5% X & /N2 7 e AR AL T R

y = 0.0307x°—1.6947x" + 33.264x + 44.034

Ao,y WAEP D v NIRRT S, A1 4G, MRS A C R 8 R=0. 628 (P<0.01)

KINE ST R G KE RIS U OC (r==-0.279,P<0.10) (£ 3) , Bk ES IR &, AR AR £,
T8 AN A HT TR, 2 FBE VAR SR 20 FUK O3, BRARHTE BE /) FIBTVRRE ), S B/ N80 . 5 5 H e Ul
R AMIE(r=-0.404,P<0.05) ,5 A AA/NEZEE—TF AL | 1M Aot B e o U i e 52 Ml EAE 520y 45 52 i

wire, 56 A by H RN IEMSE (r=0.404,P<0.05) ,6 A A IEEA/NERESRY), H RS

B EMT TR SR e, ST 8—9 A /K E 2 1EH 2 (r=0.605,P<0.01),8—9 H
Rk 782, WIHE R IE 47, 2 /N2 th i 5%, i it o 3 = 2 Bt . SaRF—3 1 2—4 HRKE 2 IE
AR (r=0.527,P<0.01) iR EF KW 2—4 H B ZIX AR T 55 1B, H i Bog 4 /N R K I 6
I 2—4 BRSNS AR TEFREK,

£3 TRKBEEFEMNSNEFENEXRRSERBEEZRY

Table 3 Correlation coefficients and direct path coefficients of Winter wheat yields against different climatic factors

. 6 H By
N 5 Hixm 8—9 HR&E/K#E/mm

SRR/ C N H A% h 2—4 AR/

s T SIS /C . . Jﬁ . Precipitation in HF:F J(E . o
R Temperature i Sunshine in frist Precipitation in

Climate factor mean maximum . August to .

of autumn . ten-day to mid ten-day . February to April

temperature in May September
of June

HHF B Correlation coefficient -0.279% -0.4044 0.4044 0.605* 0.527*
FEIH R R B Direct path coefficients 0.042 0.003 0.122 0.567 0.472

AP<0.10, AP<0.05, % P<0.01

et br R BRI R, A RTRRLE 22, 38 A /INZE A R R O 1 5 2 20l 1 38 T v S B A Y
FHOK P BFEH R, LA TR, RIS E R AR AR TN AR KT A= 1IE M,

7 BB 2% A0 PR 3 X 2 /NS P 9 B SRR/ N R i S AR I B A U R 5 &/ N e
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RE R 2—4 HREKE>6 A b i) B RN 2 Rk P2l >5 H e W8, b 3 Rl i
Jii 8—9 A /KB AR H —K W 2—4 A Bk R B S AR R RO R T HAL TR T,

AU WSS X AR AR 8—9 H REK BEAINR W —4h 1 1] 2—4 H oK i B R ma ] 1 5 ATk 321
i P e A1 5 H e TR A /N AR 1 R I ) 2 2 BRI IH 1
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10—15 g/m®  BU52E 20—25 (181 5) . iUl i , 233 A/ NE BRI, i BE I AR IR 70 FK o
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http ; //www. ecologica. cn



16 1] W HE A B b R XA AR A X A /N A R B R R 5161

YEYIBRAK N 3 55— T, 595 2N FAE SR O o 40 5 T AR AR 30, (i /NAE 25 50T B, 0 T R ) 7 i 4544
BRI SR A/ N P I ON TR, AP SR AT R 1 °C, &/NE F= e al i 10—15 g/m*, HJF
PR] 2 s 22O U 8 O 2 A ) T S R RS 2 U /458 2 i S Ao 3 B O AR A 3 X6 1 22 B R R AR
FICR MR,
2.5.2  BROKEEXFAC/INZ ;i ()5 i S UR
Ik B [ 7K e Xof A& /N2 P i TR A B 5O A,
AT B K XA /N PR R T L A IE RN, R4 N
U VRa T 90 ) G et A DA e 2 T 11 S
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2.6 Z/NERERITY

O3 M2 /INEZ A K ST B SR G R X L d S ) AR AR [ U B A S o B S | ST 4 /N
R
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do HAYA R R SR AN 5 kAR K, B R AR KB B, A F %k, &/ NERN T
AR R A&/ N IR T I 83 RITUR , F A AR K th G218 5 S i A K B B, #E R 7 5 156 87 K, Rl AR
KRR ATIL 18.4 g-m™>d™" R TEFJGHE 101 RIFUh, HoA K IR GUAE K SO 218 K, R T4 Il il
A ZHH 18d,

(3) HFAUMRARE , 2 /N2 A B AR 43 B B AR i 70 JE 5 9% b — 80 44 BRI 4K W — A 30 ™ e <l AR b
Fe e R o BEURS AP R AR TR 1 C & /N PR FEAIK 10—15 ¢/m®, BUBHA 43 5110 20—25 d.30—40 d,
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