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Abstract: [Objective] To investigate the influences of water stress at different growth stages on the growth and yields of
winter wheat, field experiments were conducted under a rainout shelter during two seasons of 2012-2013 and 2013-2014. The

dynamic changes of several eco-physical characteristics of wheat growth were measured and compared, including height, leaf area
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index, phenology, biomass, and yield. [Method] The whole growth season of wheat was divided into five growing stages (wintering,
greening, jointing, heading, and grain filling). Water stress occurred at two continuous stages, while irrigations were applied at other
stages, which resulted in four different levels of stress period (D1-D4). Two irrigation levels of 40 mm (I1) and 80 mm (I2) were
applied. A total of eight treatments, with three replicates for each, followed a split-plot experiment design. An extra control treatment
with irrigation at all five stages was arranged beside. [Result] The results showed that normal growth and development of wheat
could be obviously influenced by continuous water stress given at vegetative stages. The height, LAI and biomass were the worst for
all treatments, when water stress occurred at the stages of wintering and greening. However, the negative influences on wheat growth
were not notable when water stress occurred after jointing stage. The average growth rate of height and LAI after jointing was about
ten times as that before jointing. There were no notable differences of biomass between all of the treatments until the jointing stage.
The biomass values of treatments with water stresses at wintering and greening stages were remarkably lower than other treatments.
The irrigation later could not recover these serious biomass losses. Water stress could shorten the whole growth season of wheat, with
a maximal 5-day advancing of maturation. At the same irrigation level, the heading and flowering stages could be delayed for 1-3
days for different levels of stress period. For the same irrigation level, relatively higher numbers of productive ears and seeds per ear
could be obtained when water stress occurred at the heading and grain filling stages, but with a lower thousand-kernel weight. On the
contrary, a relatively higher thousand-kernel weight could be achieved when irrigation was applied at the heading and grain filling
stages, but with lower numbers of productive ears and seeds per ear. For irrigation levels of 11 and 12, yields were the lowest when
water stress occurred at wintering and greening stages, which was only 42% of the control treatment. However, the treatments with
the highest yield were different for different irrigation levels. For I1, it was the treatment with water stress at jointing and heading
stages that had the highest yield, or about 63% of the control treatment. For 12, it was the treatment with water stress at greening and
jointing stages, which had a yield of about 75% of the control treatment. [ Conclusion] There was a clear interaction between the
intensity and occurring stage of water stress. In general, the greening and filling stages were the critical periods of water demand for
winter wheat. Reasonable irrigation managements are needed at these two growth stages to guarantee a higher yield of winter wheat
in arid region.

Key words: winter wheat; water stress; growth stage; phenology; biomass; yield
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Monthly average temperatures in the two growth seasons (2012-2013 and 2013-2014) of winter wheat
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Table 1 Experimental treatments of water stress at different stages of winter wheat (mm)

posil A (12.15) BT (3.15) AW (4.15) AU (5.1) HERI (5.15) SRR
Treatment Wintering Greening Jointing Heading Filling Total irrigation water
CK 80 80 80 80 80 400

11D1 0 0 40 40 40 120

11D2 40 0 0 40 40 120

11D3 40 40 0 0 40 120

11D4 40 40 40 0 0 120

12D1 0 0 80 80 80 240

12D2 80 0 0 80 80 240

12D3 80 80 0 0 80 240

12D4 80 80 80 0 0 240

F2 WX ANIA IR

Table 2 Initial soil properties of the experimental plot

T2 K VEE w6y FH TR 7K 2 WIH %7K 4 Initial water content (cm®-cm™)
Layer (cm) Bulk density (grem™) Wilting point (cm®*-cm™) Field capacity (cm®cm™) 2012—2013 2013—2014
0-20 1.26 0.15 0.25 0.23 0.20

20-40 1.35 0.16 0.26 0.24 0.21

40-60 1.30 0.16 0.26 0.26 0.18

60-80 1.32 0.14 0.29 0.27 0.18

80-100 1.35 0.15 0.24 0.29 0.21
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Fig. 2 Plant heights of winter wheat at different growth stages under different conditions of water stress in the two seasons of

2012-2013 (a, ¢) and 2013-2014 (b, d)
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Fig. 3 Leaf area index of winter wheat at different growth stages under different conditions of water stress in the two seasons of

2012-2013 (a, c) and 2013-2014 (b, d)

2.2 FBAEIE/INEH EEEYE RN
2012—2013 4S54 Ab B b4 4 2 W BAK T
STEMEEE (& 4-a Fl 4-¢) o FEREBLAKFE 1L R, Frfy
TR BOKSE e EE AR R O B2 s fE 12
T, ZEE DI GERAHREZE b 4y
BEIAL T AR K« (HEE 2013—2014 45, 1500 )%
AR X D A 2012—2013 4F B HE Ml PR K 4
Z, IR, REEG AT E K I,
PATWIRK G /N A K —, T 2013—2014 4EFEF& iy
TR, FEARNRE RS, LUK g
TE, ST AR K G S A B 2 AR K. DR K 43 i ie
X A /N A ISR B D S o AP AR FE A L
A IR T AL TR (& 4-c 1 4-d) o 7EREIE/K
IR, ZEEE D1 GERAHREIZE i 135
AW EAR, HCh D2 GRE+HRTTIRZ S , 1fi D3
R+ Z 2 71 D4 (HiBE+FER I ) M
AR, HARRIR G S s 7R R KT
2°F, ZRME DI (EA+HRFIARZE) M 4
Y AR T Il 3 A2 R BUKSE, 1 D2 GRH+
TWATWIZ S - D3 GRTHIBEZ 5D FI D4 (hlifd
HER 25D W ZERR AN XRWILEA N 7

AT, AR RS2 5, S0kl B AR RIS
BORIIR, 5 IREKIEAREIRAMNX R R . 32 F B
B D2 GRE+HEITIIZ ) Al DI GBRA+HRF I
FHEL,  FURBRR T W RE KT 2] 74, MITiBE
B LRAUFLE -3 SR 5 (1 K Al /N8 57 AR KR Y Al
M, AR AR . Bk, AR
UEAE R 92 e I 5 R B AT — OK 4y Ah
78, A RERUEA/NZE L LAY AN R A K 8D

FEPIANEE T, R0 5 A B M 350 A Ak
s LAL —#F, ¥R R R ad, Rk Gf
Ji 150 d ZeAi) DA KARGENS, Bl mussg i, )
RS (FRJE 240 d 24D IEBIRCK, 2 RFEAREE
A,
2.3 FAEWENEEFHENG

2012—2013 A1 2013—2014 PIEERE, A[R)2r Bz 5
AbBEN A /N S A A PR A T AN RN RE S RIS o
2012—2013 4R, SACIAEARTTOART, FEAEF IR
A8 (K 5-2) , BHEFEEER (P<0.05) , {HMN
PN LUG AR TFAb JERRN GRS DK 23 i 1 5 )
AFNRA T3, ZSE R REKT (P<0.05)
Hrh 11D BN R 428 B HRE K =AU 120 mm, H.



12 3 [/ S

AN AE A BOK 22 B0 68 5 XA/ A KR T R B R

2385

20000

a —o—IDI1 [ b
——=— 1ID2 f,o‘)

16000 —-a— [1D3 ) P and
= ——o-— [ID4 }4 o

& 12000 | ————=CK /

=2 4

] / 4
g 8000 $

S

m

iz 4000

8

El 0 o= el

20000 C g

2~ 16000 |

£ o
£ 12000 | v xX
H e
g 8000 |

S

m

i 4000 |

8

Eul 0}

E G JHEAF MHA E G J HEAF MHA
| N N i | Y T P Y | N N i P I Y ] N

0 20 40 60 80 100120140160180200220240260 0 20 40 60 80 100120140160 180200220 240260
&0 5 R 4L Days after sowing (d)

B4 2012—2013 (a. ¢) #12013—2014 (b, d) EETERZFEEZHTE/NEH LEHLEMERENE

Fig. 4 Aboveground biomass accumulation of winter wheat at different growth stages under different conditions of water stress in

the two seasons of 2012-2013 (a, ¢) and 2013-2014 (b, d)
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Fig. 5 Growing stages of winter wheat under different conditions of water stress in the two whole growing periods
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Table 3 Influences of water stress at different growth stages on the growth and yields of winter wheat in the two seasons of

2012-2013 and 2013-2014

Kb BE 2012—2013 2013—2014
TreMment iy AL TR = R HOR AT T Pl
Productive panicles  Kernels per 1000-kernel Yield Productive panicles  Kernels per 1000-kernel Yield
(><104*hm'2) spike weight (g) (kg-hm'z) (x 104-hm'2) spike weight (g) (kg*hm'z)
CK 676.50 38 36.20 8407 617.00 30 47.23 7488
I1D1 562.67b 33b 33.73a 5079d 453.33b 22¢ 44.27a 2927b
11D2 557.67b 3lc 33.28a 5202¢ 455.00b 23¢ 4331a 4375a
11D3 679.33a 37a 27.06b 5626a 491.33a 25b 41.42b 4440a
11D4 670.67a 38a 26.84b 5316b 491.67a 27a 40.40b 4168ab
12D1 580.33¢ 33b 36.99a 5755d 451.00b 24c 45.71a 3503¢
12D2 598.67bc 34b 34.51a 6682a 466.00b 26b 46.10a 5243a
12D3 675.33a 36a 27.84b 6460b 518.67a 30a 43.89b 4884b
12D4 652.33ab 36a 27.75b 6323c 520.67a 3la 43.10b 4733b

[ —4R S, BRSNS A BEROR AL ) — KPR AR 2257 B2 (0=0.05)

In the same season, values with different letters within each column are significantly different at @=0.05 for the same irrigation level

Ja BIE K IEARETRANX Rl K . 52 R HrBr D2 F1 DI

\‘ \/\
3 Tk A, FURRAR T IR KSR AT 2 1A, Mg

AHIIELRRIT, AF TR BT K 7 W xs
FEDCNAERR R LAT F_E 32 A= i A W] SR K 5
Wigo JRCTTRT S I A A B R . LAT A2 BB+
PO a2 AR, H D3 BBz FRIESR R, D1
B R E RN . IXRWAERNZEE TR ERKATH, W
RIS AR5, X B AR ARk

g ORUEAE T3 AT AL (1K 7 /N 228 IR AR i
Hs DR 2 B AR e B R AR b o I, K
I MEA R BRI, AP R R AT
HRIZK S Ben] DA s Ja I LR e 0, 3t i
BRAA T HEVFAEIE 2 (17K 23 B JR 2. 7K rhh
D, R H BN 8 AR I, A R T
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BN —UGHEAK, T RAd N K T MR R AR AN A A K
RIER], —E R ERE IR AN AR . LAT A
Mo EES R, HRE KRB RO B .

ATy BESE TR A NI AT IR O, HL
PWE NI [ REBKP T, R A A A
L, SR AE R T, BRI 52 R A A R
I 3 do ANA] AL A0 DD 007 5, HE/K LR
N DVBSYIAR AT, S KR AT 3 de IR,
KT IPE R, Y, MR T, X ST
NG R =30, G X o —E W GEIbIX, &
KNIV S ER AR RSN JINE 773 P i 2
Wi~ —ZEA R AR, 3 ) RE SRS ™ fee /N
H.

AT IR WIREACE U 52 T B B A W] 2 A8
HARM, AE 1A 12 AR, KOs N AT R
B, PAFPREL TRE DG RIA BE . fE
11 KFF, Wik DI B S, MG A2 &/ N2 1T
WIRER AL, I e REK R, RKE A KRG
PyRAE, SRR B AWK 1M7E D3 BrBsz A,
ST IYTHTHE K R L /N 22 IEH AR AR, R SREK
X EETTIRAN R, PRI R m, (H i T RER IR Bk
SETRERAL, X RYIRER O FORLIE AT W] K
M. AE 12 KPR, D2 BrBeg i a R, X2
M T AK, N IER KRR, iR
TR 52 55, ARSI K T 3 e N AR
FEH BERIEON TR, AT Al BRI i K . A
U, ANFZE T B BOKZMBRMER AN = i Je Ry i R 37
AR RN, ST K n] W A RO E, fAd
FIESITRE K T LA i R OR T 200

Y UIVIWSPESER RN /3 U VSESNT FIPS 3 i
I3, XS RIS A AR, AT &N RG
ST A S BT I B AIIC Y I SR R B A
NI FEE AR AR A A P AT, g2 iRk T
AR B RE R ANEA B AT, AW AR
IR AT 1A KRS, LT 58 R AN BIFERT A
JRIFBOIGERAR, PRI /N 22 B SUT AR EE S i el A5 58
W2 UbAh, XPTH CHYBTRIRCTIID BIANREKI
ARBE, 2 KIR SR FRK, ANETER R IE R A K,
SPEOE T, XA BEY] T IR AN R
AR

4 ZEig

FET ST R, SRV RTHE K RENS BB/ K 20 Jiy

TR A A IR, AE—E R R &
NERRE LAL Mt By, HEK o R
IR OB K Ra L, s, A E R
RN, 35 22 W] A P AU 5 d, 39 7 S0 sl 1 30
BEATIE IR 0 Bad,  m] LUBE S s s — AR (i
FoLs A AR T SNV S RE K T LR N (KA
RO E, i AU SUTHE /K m] A Jn /22
(TR IR T SUDMIRE S S0 D & /N8 K A BRI S
I3, AR LB BOREAK, AR BLRAIE N IE
WA, AR/ RIAEE N, I n] DO AT R
PRI BN TR, B 2R IK B KA 1K H
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