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Impact of temperature increment before the over-wintering period on growth and develop-
ment and grain yield of winter wheat. LI Xiang-dong, ZHANG De-qi, WANG Han-fang, SHAO
Yun-hui, FANG Bao-ting, LYU Feng-rong, YUE Jun-qin, MA Fu-ju ( Wheat Research Institute of
Henan Academy of Agricultural Sciences/National Laboratory of Wheat Engineering/Key Laboratory
of Wheat Biology and Genetic Breeding in Ceniral Huang-Huai Region, Ministry of Agriculture/
Henan Provincial Key Laboratory of Wheat Biology, Zhengzhou 450002, China). -Chin. J. Appl.
Ecol., 2015, 26(3) ; 839-846.

Abstract: The effect of temperature increment before the over-wintering period on winter wheat de-
velopment and grain yield was evaluated in an artificial climate chamber ( TPG 1260, Australia)
from 2010 to 2011. Winter wheat cultivar ‘ Zhengmai 7698’ was used in this study. Three tempera-
ture increment treatments were involved in this study, i.e., temperature increment last 40, 50 and
60 days, respectively, before the over-wintering period. Control was not treated by temperature in-
crement. The results showed that temperature increment before the over-wintering period had no sig-
nificant effect on earlier phase spike differentiation. But an apparent effect on later phase spike dif-
ferentiation was observed. High temperature effect on spike differentiation disappeared when the
difference of effective accumulated temperature between the temperature increment treatment and the
control was lower than 25 °C. However, the foliar age at the jointing stage was enhanced more than
0.8, heading and physiological ripening were advanced 1 day each, when the effective accumulated
temperature before the over-wintering period increased 60 °C. Higher effective accumulated temper-
ature before the over-wintering period accelerated winter wheat growth and development, which re-
sulted in a short spike differentiation period. Winter wheat was easy to suffer freeze damage, which
lead to floret abortion and spikelet death in spring under this situation. Meanwhile, higher effective
accumulated temperature before the over-wintering period also reduced photosynthetic capacity of
flag leaf, shortened the grain filling period, and led to wheat grain yield reduction.

Key words: winter wheat; high temperature before over-wintering period; growth and development
process ; photosynthetic characteristics; yield.
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H IR, A Z ) 100 4F ) M RSB T T 0. 56 ~
0.92 °C ; BHUBIGE B, 21 a0 K SR 2 2% 15
FEE T 1.1 ~6.4 CH2 PRt 4535 BE T v vt
YR R B RN 7= 18 R I, SR AR B R 1)
BRI AR 7= 4 HUA T 2L 3L
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S5V BF 1980 4F LA K /N2 77 10 4 A AR K 5T
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FEAAET 2070 4538 [ RR 7 FEE E /N 22 1) 37 25 2 7
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T 2010—2012 4578 1 48 ARk B 2% B 21
AV K FE b (5 & JR FH ) R4 7. X80 A T b
-5 (34.55°—35.11° N, 113.36°—114.15° E) , J& I
T Z ALK Bl P S, H IR T AL, ST, 4R
TSN 14.3 C, FHIRE K & 556 mm, Jo 7R

227 d, FEEPAE ] B R /N7 - K A A /N it
IR AR A ¢ [ H O AE 7698 5 R AR 2, N T
20 30 em RN 35 em), SEPREE HEREE R 30 cm;
T TR RN HUCR 37.2 mg - kg AL
15.9 mg - kg™ A 126.6 mg - kg™ A HLF 0.98
mg - g~ RN ET A A AT HLAE 750 ¢ A 1.0 g,
P,0,1.35 g K,0 2.25 ¢, 4k T R A B B4l 1.0
g. T AR A il A T ] 457K 52 1) 80% ~ 85%.

T 2010—2011 4EFEE N N TAMREH, LIS
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Fig.1 Actual and simulated average temperature before winter
period (°C).

CK.: SEBRAR Actual temperature; T AU Simulated temperature.
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Table 1 Accumulated temperature in different treatments

Qb b S ] =0 CHUR

Treat- Treatment Accumulated temperature above 0 °C (°C)
ment time (d) 2010—2011 2011—2012
CK 0 482.5 504.5

W, 40 507.5 598.0

W, 50 505.0 659.5

Wy 60 542.0 728.5

BE KA 5] — B AR AR 12 BR.
1.2 M H 5k
1. 2. 1 Zh BB oy e A R R
T I 2RI 3 ~ 5 Rk 2R AR, R A
RTAT G R AR
1.2.2 MR & H(SPAD () WlE  T/NEW L
] BER IR H 77 SPAD-502 B i 45 25 30 2 e
SPAD {A. BRI 20 /N0t R &R E 10 Wk, BOF
¥IfH.
L 2. 36ERESEME BT/ N E B
VI R BRI BT R X 9.00—11 .00, 4 F 35 [ 7= Li-
6400 B HE A AU E T LA A (P,) (R
LR (g,) MEIH] COVREE (C,) ZEBHA(T,) 5
HAESE AN P — BRI 5 R 28
SN
1. 2.4 MEKR M= BRI e ENE
AN K B B AT & 8 A R A R 5 R 4
TSR, R /N R R R = B R (A
B R TR
1.3 Bt

K H Excel 2003 84 4b 5 B d , SR SPSS
13.0 BRAEEAT B 5 PERE I8 (1LSD #5) , R H SigmaPlot
10.0 BAFAEE.

2 ERE5NH
2.1 BUAHTHE IR /NAE BT HERE R R

x2 MEEEHEHLBIE

Table 2 Spike differentiation process in main stem of wheat

2.1 1 2R AL ERE T R e 4 R A A R Y
FEPZE . % 2 R, Bt P 1 AR TR AL B X 4
KB WRTH B TP L S WIS kB R
(R TINBR  A 72 728 /1N, KR W, W, Ak 8 ] i 8
WIZERIEAREE 53 BM L, =0 CREURBE A
AR 25 °C X4 BE A R AN, 25 R OR W
2010—2011 4F W Fl W, 4b 3 ; LR34 i i 60 C
Ja X RE R ERR 5 A B . i 2010—2011
AE WAL FEFT 2011—2012 424538 iR AL B X FRAH L
B B AR U R AT 2 2 .

PAR I 45 S R B AT =0 C BUR S i
1 60 °C ] {HLhAE & B HERE IR B AR sk B
AR WBANE RS E , SR T RN
T2 o il 2 R H A0 T, 2010—2011 4E i 56
WL AR B T EE TR E 2 24 T KR S
TR/ IMEAIEI S (K 2).
2. L2 9fiiAste N 3 T LIE Y, SXTREAH L,
AR 3G 2] — 2 1 8 2 5 B /N W A 4R
A, BURSE nEd 60 CHREIHR AT 1 d, b4 Ay
1 d.2010—2011 4F W AbBRUSCARIIHER 2 T4 &
HEREIIIR ZE4R 1 52 SRR, 25 R 4 BE VR
BE T8 LR 43 BE BURE. ) o B R B T BU N 2 A~
RE BRI F T M ARRAEH 1 S NMEM
B E/NEAIE(E 2).
2. 1.3 REHTHIED R IR IR A R (R
4) FBH 550 BEAH EL A& R0 BRI B T /N 1
KRR AR LA R IR T I i A, R B
it 60 °C,HARRE N 0.8 LU E  ARIR SIS s b T
/INZE G BERNUR AR AR AR T DI | A BEFN IR AR AR Y
AR A A 3R T I A — B R v B A i AR TR
T o .
2.2 ERAHTIG RS /NEZ AE IS T SPAD {H (1520

SPAD {E AYAEfb 2 il T HEE I D) R IR S AL A
W PRI Z5 R ([EI3) AT LUE Y, A R AR

Ay Qb H ] Date

Year Treatment 12-25 02-22 03-09 03-28 04-07

2010—2011 CK b A T AR Hf el T e A Sk A
W, A T RS b INESTE Sk A
W, I i MBI A1k Wt 8541k Sk A 1)
W, I AW I 8 D 3 A1k 2RI L] ( FE 25/ NMERIE) T 25/ NEIE

2011—2012 CK BB A ) EiaknE i Nia A 3 S I oAk FE Sk A4 1)
W, A T Eak e % e [ Y Sk A
W, I T BRI A1k 2 RRIE L kP B RE
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Fig.2 Observation of main stem spike in different periods.

A FRAIH Wintering period; B WA Jointing stage; C: 2 fE A Heading stage.

£3 ZEAEERAEN/NEWERNI I
Table 3 Effects of different increasing temperature treat-
ments before winter period on phenophases of wheat

A szt BEW R AR sl
Year Treatment Turning Jointing Heading Maturity
green slage stage stage stage
2010—2011 CK 02-23 03-18 04-25 06-06
W, 02-23 03-16 04-25 06-06
W, 02-23 03-16 04-24 06-05
W, 02-23 03-13 04-27 06-10
2011—2012 CK 02-26 03-13 04-23 06-04
W, 02-26 03-12 04-23 06-04
W, 02-26 03-10 04-22 06-02
W; 02-26 03-10 04-20 06-02

x4 ZRARIEELEMNNERE-HTHENFERAIE

TRUBR i, B AE AR R/ N T 1) SPAD (B BRAIR,
HBURIE I 60 °CTERER M2 540 w25 WIESK
Wik E , S SLPAE WL IN 45 S A — 3, AR DL W
AbFRTEE ) SPAD {Ee 5, P33 CK #2811 4.7%
W, W, Ab B SPAD {H V-1 3 51l CK FEAR T
9.8% .37.0%.
2.3 AT/ INAE AL OGRS
MPAERIRZE R (] 4) nf LI Y, /N 4B ) Tt
P S 5 A A X 8 2 T AS () 484 L A B4 694 i 7 AN [). 7
JFAER] M 5G5S HR (P,) BR 2010—2011 4 W, 4k
HUNEEARIES | 16 A 25 X6 B 2 S 0N b 3 TR

Table 4 Effects of different increasing temperature treatments before winter period on biological traits of wheat in returning

green and jointing stages

ARGy hgi iR H] Returning green stage Y7 Jointing stage
Yoar Treatment = -y Sy R WAEALEL ity SR WOER ol
Leaf Tiller Secondary Leaf Tiller Secondary Jointing height
age number root number age number root number (em)
2010—2011 CK 6.2b 3.6a 6.0a 7.0¢ 4.5a 9.5a 0.5¢
W, 6.9b 3.7a 5.4a 8.1b 5.0a 9.0b 0.5¢
W, 8.8a 3.2a 2.5b 9.5a 3.7b 8.7b 1.0b
W 8.9a 3.5a 14 c 9.7a 2.1c 7.0c 1.5a
2011—2012 CK 6.1c 2.0a 4.0b 7.1b 4.8a 6.0b 0.5¢
W, 6.9b 2.0a 5.0a 7.1b 3.0c 4.0c 1.0b
W, 7.2ab 2.0a 2.0d 7.3b 3.0c 8.0a 1.0b
W, 7.5a 2.0a 3.0¢c 8.3a 4.0b 6.0b 1.5a

[RIBAR ) /INE i) 2R Ab PR E] 2% 53 . 3 ( P<0.05) Different small letters in the same column meant significant difference among treatments at 0.05

level. T [A) The same below.
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Fig.3 Effects of different increasing temperature treatments before winter period on SPAD values in flag leaves of wheat.
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Fig.4 Effects of different increasing temperature treatments before winter period on P, T., g, and C, in flag leaves of wheat.
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Table 5 Effects of different increasing temperature treatments before winter period on grain yield and yield components of

wheat
O TSR EY Ny YN i A THE i
Year Treatment Fruiting spikelet Sterile spikelet Spikes per Kernels per 1000-kernel mass Yield
number number plant spike (g (g« plot™)
2010—2011 CK 16.0a 1.7bc 25.4a 35.5a 49.2a 44.5a
W, 13.5b 1.8b 24.5a 38.9a 48.3a 46.1a
W, 13.4b 1.6¢ 24.8a 37.2a 48.9a 45.1a
W, 8.5¢ 3.0a 22.6b 14.9b 48.8a 16.4b
2011—2012 CK 16.2a 2.9ab 24.7a 35.7a 44.4a 38.9a
W, 16.4a 2.8ab 23.6ab 35.2a 45.5a 36.9a
W, 16.2a 3.1a 22.0b 33.8ab 42.9b 32.2b
W, 15.9a 2.6b 21.3b 32.2b 41.9b 31.9b
601 2010—2011 01 2011—2012
30 40
)
2 40
o E *
@Ew
" M 20
g 20
=
10 10

05-26

05-11
05-16
05-21
05-31

Bl 5 AR [l A I /N2 AN [ A ) - 4 52 g
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05-23
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06-02 -

05-03
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H #j Date

Fig.5 Effects of different increasing temperature treatments before winter period on 1000-kernel mass of wheat at different stages.
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