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Impacts of climatic change on spring wheat growth in a semi-arid region of the

Loess Plateau. a case study in Dingxi, Gansu Province
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Abstract; Spring wheat growth and meteorological condition observational data for a semi-arid region of the Loess Plateau
were used to analyze the effects of climatic change on spring wheat growth and the relationship between spring wheat growth
and meteorological conditions. The results showed that precipitation displays a descending trend, and changes at a velocity
of —=15.796mm/10a. In addition, an annual periodic change of 3a and 6a was observed. The temperature displayed an
ascending trend and changed at a rate of 0.362°C/10a. The aridity index displayed a marked ascending trend and changed
at a velocity of 0.12/10a. The aridification tendency was significant from the beginning of the 1990s to 2009. The whole
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growth period of spring wheat takes110—130days, during which1500—2000°C in temperatune ( all of which should be
above 0°C ) should be accumulated , 150—200mm precipitation and 800—1300h sunshine duration are required. The
results also showed that the dried weight growing velocity became much greater on day 38 after sowing and then decreased on
day 63 after sowing. The highest velocity appeared on day 50 after sowing. The interval between the milky stage and
maturation displayed a decreasing trend, and changed at a velocity of —=2.874d/10a, that is ,it would be shortened by 2—
3days /10a. The interval between the milky stage and maturation was significantly negatively correlated with the average
temperature in June and July, and the entire growth period displays a decreasing trend on an annual basis, changing at
—4.117days/10a, that is, it would be shortened by 4—>5days/10a. The entire growth period was signi ficantly correlated
with the average temperature from April to July. That is, it would be shortened when the average temperature was
ascending. The entire growth period was significantly positively correlated with precipitation during this period ; therefore, it
would be extended when the precipitation increased. Except for the sowing-seeding stage and the maturation stage, the
temperature was negatively correlated with the yield. The boot stage yield was very sensitive to temperature and the sensitive
period was about 40—45d; therefore, the yield will decrease 15—18 g/m” when the ten-day period average temperature
increases by 1 °C because of climate warming. The influences of precipitation and temperature are distributed in an in-phase
opposition. Except during the seeding stage and maturation stage, the precipitation is positively correlated with the yield,
and the yield is very sensitive to precipitation during the jointing and earring stages. The sensitive period is about 50—60d ,
and the yield will decrease 14—20 g/m’ when the ten-day period precipitation increases by 1 mm. Sunshine hours were
positively correlated with the yield in the sowing stage and the maturation stage. The impacts of meteorological factors on
spring wheat growth showed an ascending trend, although the yield decreased significantly in 1995a, 1997a and 2007a

because of the significant decrease in precipitation that occurred in these periods.
Key Words: the Loess Plateau; climate change; spring wheat; growth; ear dried weight
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Fig.1 Annual Precipitation change Curve in the study area
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Table 1 Every decadal anomaly percent of precipitation and temperature departure in the study area

20 th4g 20 tt4g 20 tit4g 20 2

BEH Factor 1958—1960 60 4F{E 70 4R 80 AFEAR 90 4% 2001—2009
1960s 1970s 1980s 1990s
[ 7K #EF- T 43 Anomaly percent/ % 6.3 15.8 4.6 0.8 -5.4 -3.5
Precipitation 5 5 Z 8 Coefficient of variability/ % 14.9 28.3 21.3 17.2 11.6 14.8
Sl 5 Departure/C 0.0 -0.5 -0.4 -0.2 0.5 1.3
Temperature A5 53 REX Coefficient of variability/ % 3.8 6.6 5.9 6.8 8.5 4.6

AR ENFETR (345 HNEZE,6.7.8 HHEZE,9 .10 11 HEkE=12.1 2 HNEAZE), k2
RS IX 4% 7 15 WK BRI 5T DL, I8 K A K TR I R A, SE R -8, 054 mm/10a, /N2 K 7 4—7 A
FMEERZ 5351 H-6.069 mm/10a, 4. 363mm/10a, 77 3 R/, F-3. 677mm/10a, Ti 4 75 5L W 14
o BEK R ARIRE B RK, 5 REGK 55.5% s BRI Z B 5 R BN 45. 2% s B EON, 2 5 R BCh
26. 1% , FW BF58 X Ak B3k 2 01 s/
2.2 iRk

SIRAEBR AL 5 2 EIHa s SR I R LML G 325 0. 362 C/10a( &l 2) . S Cubic PREL
BEREE T SRR y = —0.00003x° + 0.0038x°— 0.0979x + 0. 1778 , Hk AL )5 AUAH X R B R=0. 869, 18
i1 @=0.01 #46, % Cubic BRECK—Br FH, 4 dy/de=0, K45 1973 4E N HR Cubic eREUR/IME BV 47 4,
1973 )55 Cubic MREL LT,

AESEE SR BEE 1958—1960 4F 20 fiE20 50 4E8 .60 4EA% 70 4E 4L .80 4,90 4EE 2001—2009 4351 H
0.0,-0.5,-0.4,-0.2.0.5.1.3°C, A WA 60 4EARIF LR AR AR BRIE 4K K EF,2001—2009 4RI PR K,
1.3, 90 EIT IS IR, A5 5 RN 8. 5% 80 4EIRIKZ B R RHH 6.8% .
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Table 2  The ration of trend precipitation and temperature in seasons in the study area

2 Factr i % P " 5% AKRG-T)
S Year Spring Summer Autumn Winter Growth period
i [1] 2R
F%ﬂ(‘ L b\rﬁjz . -15.76 -3.677 -4.363 -8.054 0.200 -6.069
Precipitation  Ration of trend/( mm/10a)
ERAM
AT R
20.5 45.2 55.5 26.1 41.9 28.3
Coefficient of variability/ %
= 327
i S
0.362 0.274 0.300 0.356 0.521 0.321
Temperature ~ Ration of trend/( °C/10a)
i ®
i 11.2 11.9 4.8 12.3 -22.0 6.1

Coefficient of variability/ %

PG TR AL (WMO) BUE - IE B KT 8055 T bR 22 0 50 88 5 /N T 3085 T A hr i 22
FFE o B KT B T — MR EZE R 0 N B AE ; SRR /N T30S T — R UE2ZE R 0 e 4E . BFFEIX B
SERBEAE N 2002 ,2006—2007 2009 4 ; BE4E K 1997 .1999—2001 ,.2003—2005 2008 4F | H b 5% 4 F1 57 H W 4F
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0.356 C/10a.0.300 °C/10a; HZF M 2R /N, 7 0. 274 C/10a; F/NEAKTE4—7 AR BIGHE ) 2%
90.321 C/10a, R EMRATRK, LR REHEE-22.0% ; KFRZ,E5 RECN 12.3% ; A =5/, 2
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2.3 EWAKE TR SEL
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KR R=0.352,i1d a=0.01 #3565 ,

1959—1967 4F NAHRHEIEI 20 22 70 4E40K 2 80 4EA0 TR AZE:, 90 4E4CH) % 2009 444 T 1% 11k,
TRE A B Tt

40 r y =0.012x + 1.9882
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Fig.2 Interannual change curve of temperature departure and aridity index in the study area

3 HENEEREABERATURESESHETHUNXE
3.1 FAEEREEBZEL
3.1.1 FNEERKEEWESMF

WFFE X I/ N — B AE 3 H i N ARG R, s 7E 4 A bpa), =mve 4 A A R IE S AR
1,207 5 AR 6 H LA) HEEIATE 6 b a)  FRAEWIE 6 A F A FLAIAE 7 A LAY A AE 7 A
Ha), RERPE] S RECA 110—130 d, i[5 =0 C A 1500—2000 °C |, FE/K 4 150—200 mm, H BRES L
4 800—1300 h( £ 3) .

R3 HRRENEERREPETSGSEG
Table 3 Ecoclimate conditions in all growth period of spring wheat in the study area

=0C R/ C

KEW [ KA/ d [ 7K &/ mm H AT h
Growth stage Tnterval days Accumulated Precipitation Sunshine hours
temperature
FE&Fh—H T Sowing-seeding stage 20—30 100—150 10—15 140—200
HH— = seeding stage-three leaf stage 10—20 100—200 10—20 80—150
= IH—4K5 Three leaf stage-jointing 20—25 250—300 30—40 150—200
AT —Z# R Jointing-booting 10—20 150—250 20—30 100—150
ZE i —HFH Booting-earring 6—10 100—160 8—15 60—80
HFE—JF7E Earring-flowering 6—10 110—170 10—17 70—80
FFAE—FLEA Flowering-milk stage 10—20 180—300 20—30 80—160
FLI— R Milk stage-maturing 10—15 200—300 25—35 90—150
& Ff— 1 Sowing-maturing 110—130 1500—2000 150—200 800—1300
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Fig.3  Curve of growth interval days of spring wheat
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Fig.5 Curve of annual spring wheat yields
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Fig.4 Curve of growth of ears dried weight
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Table 4 Correlation coefficients and direct path coefficients of spring wheat yields against different climatic factors

5 HMA— 5 HMA)—

- . A K TRk 3—5 AkEkhE: 5 ARk 6 H_EA)SIR 6 H B A
URER . o
Climate fact Precipitation of Precipitation in Precipitation in Temperature in Sunshine in May

tmate factor growth period/mm  March to May/mm May /mm May last ten-day to the last ten-day to the

frist ten-day of June /°C frist ten-day of June/h

*ﬂﬂé%f& - 0.376 0.441 0.428 -0.49%4 -0.469
Correlation coefficient

(BB R
HEBEAN -0.156 0.502 -0.213 -0.105 0.065

Direct path coefficients

FAanW FNE RS2 EY 33— AMKERIEME, HERE r=0.376,ii a=0.05 K5, 5
3—5 HIEKEMCREE R MR E r=0. 441 ,33d «=0.05 Ki5; 55 H FA—6 H LA AR,
MR E r=-0.494 il it «=0.05 K5 ; 55 H Fa)—6 H LA H BB R0, HERE r=-0.469 38T
a=0.05,

it orpr R B R 2R A L TR R YR B E R, FINEERKER
AT ST, BEAKISD AN 053 I /N2 7= iR A
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