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Responses of morphological structure and dry matter allocation of spring wheat to drought
stress at different developmental stages in the irrigation district of Ningxia. WANG Chen',
WANG Lian-xi'* , MA Guo-fei>®, ZHANG Xiao-yu>’, LI Qi' ('School of Applied Meteorology,
Nanjing University of Information Science & Technology, Nanjing 210044, China; > Key Laborato-
ry for Meteorological Disaster Monitoring and Early Warning and Risk Management of Characteris-
tic Agriculture in Arid Regions, Yinchuan 750002, China; ° Ningxia Institute of Meteorological
Science, Yinchuan 750002, China).

Abstract; We examined the responses of morphological structure and dry matter distribution of
spring wheat to drought stress in different developmental periods in 2018, with the mainly popu-
larized variety of Yongchun No. 4 in Ningxia as the experimental material. There were six differ-
ent irrigation treatments. The results showed that the treatment of no irrigation at all growth stages
shortened the whole growth stage by 11 days. Drought in the tillering and jointing stages reduced
lower stem segments of spring wheat spike, leaf area, and plant height, and advanced leaf yello-
wing. Water shortage at tillering stage had the strongest effect on leaf area, while water shortage
at jointing stage had the most effect on plant height. Drought affected the accumulation and distri-
bution of dry matter in spring wheat. When spring wheat was under drought stress at the tillering
stage, the proportion of leaves in the total dry matter decreased by 6.6%, and the proportion of
leaf sheath in the total dry matter increased by 9.0%. Compared with the control, when the spring
wheat was under no irrigation at all growth stages, the spike length, spike number, spike grain
number and thousand kernel weight were reduced by 5.9%, 43.4% , 9.6% and 7.6% respective-
ly. Mild drought at tillering stage significantly decreased the wheat spike number, but increased
the number of grains per spike and the thousand kernel weight by 9.2% and 4.7%. The drought
during flowering to filling stage had the greatest effect on the thousand kernel weight, with a
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decrease of 17.4%.

Key words: spring wheat; growth stage; drought stress; morphology.

FNE R TEIEEX NN SR X
FEARBAEY) (FEAR L5 ,2013) , FERERAAEAS IR
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R H R TR T 50 & A o B R 3 5
FhE S X /N 7= i AL BT S N, 2R RN
A G A P B BB R 2R 2 — (R IRH 55, 2010,
Pradhan et al. ,2012;259E45 2013) , T 5XHHFE/NE
ISR T E 44, TR EUK S F B MR A 6k
KM g R AR A KR B (RS AF, 20165 5K T
WA ,2017) o AR B A /N 22 %60 7K 43 7 oK i A B
AN CH S, 2012) , BFSE R, /N BBk
SRR/ N R B 9 A K TRE ol G i T AR AR
(Ziveak et al.,2013; Wang et al.,2014) , 1fij BT 5
B /N TR R v SR RS2 B0 S AR
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W) B, 1 D03 B2 7K G Fpih 3 25 (i P 7 3285 R 5
PEm, BIERER, Z S5 KK R 5, v AR
3 5 2 B TEY R RMERSONY , A R T
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(FHRICEF, 19955 Xu et al.,2009) . T B iYL 5%
S B2 M EY) 0 P s b B, ELAS (] i i, AN [ R 58
8] 2% 5B (Li et al. ,2010)

W R, AN ] B B SN () K a2 X6 /N 22 il
R TR H A AN R 52 R T AN K
I KA/ N FOBORT AR KR AR BTk 4
TR (W4 ,2015)  JHE 3230132 3 7K 43 ik )
SRERLEL S TR B W Rk S T
R (X555 ,2010) , LA b ZHF ST X 32 B2/ A2
LS TEPRIEAT T B Botk 2 i o8 b . AR SCE
TR LR A R TR W K AR AR v ) T S |
DX, FF TR R B 01 4 /N 22 T SR i am Ak 33 B %o /)
GRS HN RS I, BIF 58 AR [6] B 99+ 52
SK G R /INAZ T A5 254 B 14 T 4 e B 2 ), LA
WM AR /INZE TGRS R A E I P2 R AR I

1 MARMXEHARFTE

1.1 50
G VEPEAE 77 B M H IR Xk T B BRI,

AT B b Ak 7 B JE S (35° 12" N—35°49 N,
105°12'E—106°37'E) , R IG #] , PE A B2 22 1, J&
T KB e, A T4, W A AR v, 25 ko
FLHME R, BRI ZER, THUKE, HiK
1113.7 m, 4E S Y50 9.6 °C, 4F W Ui i i <R
38.5 C AP MmN AR -25.1 C, 4FERFE K= 177.2
mm, K HFE7K iR 59.0 mm, 4F H BB I %k 2892.7 h,
HEFE R E1696.4 mm, HHA ML+ HERRU RN+ A
MRS 8.8 ¢ - kg™, 2A N 0.8 ¢« kg™' , 2B H
#®07g ke, 2SR 178 g kg,
1.2 Kkt

INZEIRES SRk EFE 457, F 2018 43 H 5
HALOEAE A, A7 85 14 om, 38 Fh 2 5 4 400 J7 #E -
hm ™ HTAEVEY oy E oK, R FH A% G T WA =8 TR
(BRI IEEHE ) WA & AL Ty | )45 25 R
FH B — 3

H 77 524 R FH KO I VTR IS ) AN
PERSR BT 1L, AR50 30 o 15 N [R) R K ok
R 224 b R EE A SR BR A, ARG 5 AT 5
TEARFRAN 1A REAR TR /N A HAVEE 4 UK,
FRRBEBE R 900 m® - hm™, B[R] 35 by 43 BE Y]
(4 H30 H) #H1WI(5 A8 H) JFE-#EXRM (6 A
2 H)MFLAMI(6 A 18 H)4 Mmfk, K it
FRAE T2 HERNC 5%, X4 AL B T4 (2 1) ,T0 4
UCHE K YN HEE 5 T1 . A3 BEASTE R T2 3815 AN
HEWE 5 T3 . TFAE-VE 2K S ASTE R ; T4 . FL A N VE I
CK:4 WHEKSBIMERE . /X BT R HBENLHES 72X,
3WER , INEMTREME 262.5 kg - hm™ , /NX ]
7.7 mx7 m=53.9 m?, /NX Z[a] F1/N X0 4545
PATZ AR 1.2 ~ 1.4 m SEIRHERS (0035, 517K
TR BB BT 17K 5y R &
1 MEEERBIGH

Table 1 Experiment design of wheat irrigation

Ab WK (m® - hm™?)
Sy EEI BT Fr k- FLA B
TS K
TO 0 0 0 0 0
T1 0 900 900 900 2700
T2 900 0 900 900 2700
T3 900 900 0 900 2700
T4 900 900 900 0 2700
CK 900 900 900 900 3600
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1.3.1 AEWDII ARG |, U
FERNCAR/ N A BAEFI S B = BRI
PRI R AR AR LAV
1.3.2 +HOKS SRECESNEERE, RE N 1 m,
BEP 10 em BURE— WK, RS TRRE VAR 1
FroK R, SRR TR0 B R K &, R % = 3
Bk HIEH K&, BT 14 d BCERAE 1R,
SYEEWIG 5 d ZEATBURE 1 RARAT PR B LI RS 3 K
F 50 ¢m,
1.3.3 AERKIEb: ks d A4, B EER 15
BR/ANZE  FHER 3 5I00 /N 4 (M 21 2R )
EES ) AT (T S e A B B ) | 4 BRI AR =
X 5Ex0.75 THE I EFR R 43 S0 5 /N 2 ik
e CHBET B RS AHE i i 38 2R R g BE 2 il
T, MR T B ZE LI )
1.3.4 MREKERTYERHER RiECLIL
S MHLIE Y | B3 Ab R4 A B Ik A K 3 5] — 3K
M F 10 F, I BB BT, B i i o () AR e ) |
£ 105 C F AT 30 min J5,75 C FHLEH &, FRE
FJEEM R fKE, A SKE = (PiRsEE-T
)/ THEX100%, T 95 FLR & R 245 AR 7
oA KIS — BB 15 Bk, 4025 nF B AR
LA ,105 CATE,RJFET 75 C M ZEE, HE
T RPRIT &,
1.3.5 JPRMEREE  PNEREE /N
A RFPERIRE 30 B P, 25 R0 B A FE RS Rk
O TR,
1.4 BdEsHr

FIF Excel 2010 F1 SPSS 4t i3 #7448 #1142 i
IR , R e/ ik 3 25500 (LSD ) 8047 25 S A 3

2 ERE5SH

2.1 /NAAAE IR KR R SRR R RE

R B 32 B W K B T I A T R I [R] 2
e DS/ INAZ B A PR 7K S5 22 T T8I 4 R I, S A
A sz TR R E AR bR . LKA 2l
INEARET BEROLETERE Y iz E H
JoE IS A B AR Ao o ) AR A 2 i ™
TR,

WG T B RR B R K B AT LUK 3
(F2),2018 4 BEAF/INAE A A J01 ] et/ A D 4
PRI T R, SO DI AFF- 24149 519% , H.6 H #

R2 2018 FEFRNELEFHMEKE (mm)
Table 2 Precipitation during the whole growth period of
spring wheat on 2018

A4 2018 4R BB Wk K DAY R K
3 2.5 6.0
4 17.0 9.1
5 10.2 21.8
6 1.6 24.5
At 31.3 61.4

IR ARAL R D3 A28 0 7% , an S e By B i
TTHEWE , X /INAZ W 28 A e i HLA AR R 52
LT AT RL B, AN ] Ak 3 ) A 39630 BN
[F] P A8 AL RE AR AR B ] 5 b o Ak T 548 )
(GB/T 32136-2015) ,TO Zb Bl 4= FHIAHE K, 1&
BT Ay BRI R DR EE TR
AR, T1ACFE S BEWR K, A T1 b2y BE
W R R rh BT 5 A R A T 5, T2 b3
P IARTE K  #15 T2 AL BT WP 46 3R AR
Wi MR R TR P AR EE TR, T3
ACFRTF AE-HE SN A HE K, (T3 Ak B4l A 09 52 8 1
BRI Z R EE T 5, T4 Ab BRI HE K fi
PSR R R R T 5 CK A BRAhAE- T AL 1]
R SAN, HA I - 8 B O R AE IR /K,
2.2 R[FEIEHHT R a xRN &' RS2
N R FE BN MR Nk RN
REEMER, KSR LT R WM
WA A AR R A B A OB AR K R W, 7E
TEIHATEOT /N2 AR E ez B, s Ent 1
N GG P Wb W) o i N S g T Rl
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Fig.1 Changes in soil moisture during different treatments

of drought
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SV T JTAEAS [R5 B 8 20 T L A8, XA A 1Y)
AR EFHRARIEW, FE A A 5 A KT
TR I AR Y IRV E I Y & R
H12¢ 3 AT UL ORI 30 0+ 25t /N2 & B A
ANRIFRER , TO Kb B & & Wi, 5 CK AH L 2 i
11 d B, 2R T 16 32+ 2 02 il 45 % & 1 42
I, FLAVH 2 s A2 5 m d5e K, T1, T2 b P = 2
AT 4 2% 8 IR0, 1T T4 A B DU R Sy L 2
F A AT K, FRR A2 B R, b T LA
AR E B R 5 CK A EL, UBIERT 1 d,
2.3 RIFIFHE T R0 X BN E RS S BN
2.3.1 SrEERL ArBEWR UK /INE FZE 5
BER AT W22 S, TO ZbBE i TrBE 5, +
HERE RS 50% LI, E2EMEE BN R E
AR BE RGBT BER IR F CK 41 (3R 4) . 1
VLR, YA /INEE 52 By BEW T S e i, 322540
IYEER IR0 H R T R BUK , KR BE
P BAE T s IR AL L, CK 44 BE BTG R ik
100% , 1fii TO &b 353 BE B AR 22% .,
2.3.2 WA nFEIAEAS R B EY AR

x3 ARMBTFEMEXMENEREHRM

T AR A R /INDESE T 6 A S AL, e A A 1 o
GEHARKRA S, R 5 F i, & 03 A -
AR R ST JE T e, /N A e T R
I S T AR R, 43 BE] TO T1 A B AY
/N5 CK /N kb T AR Z ) AT B 2 25 5%,
TO A1 T1 AL/ RN Ry CK 2 /N2 i T AL A
72.8% M1 75.0% , 151, TO, T2 4b B 1 AR CK
grtmflE A B E 2R, T ANk TEKYS
CK M AR A W P22 5 SR A 152 i
JHNHY/NZ (TOT1,T2) , M TR E £ TT 46 Hh B 18
SN B 2, o BN A CK 4 T ALY 69. 7%
75.1% 69.1% , 1 CK 410 L5 S B i g i 22 5%
R bR T T R5 R R AW EAh /INEIY
TR R A R S 0 8 A i (A5 i A A 33
TR RIS AT AR [RIRR B R R B, CK 285 FL A A 3 ) 3
FEAE SR 22 5 o AN R H A 1 5t %o o T R ) e
KAEA A F S0 |, TO Ab R BARR /N 2 - AR B KA
fH 60.9 em®, T1 Ab 3B RE /)N 22 0 1 B 5 KAE K
71.3 em®, T2 Hipg/NZ AU KAB R 74.5 em®, T
CK Ab B AR /INAZ I T AU KA 35 5 86.7 em?,

Table 3 Effects of drought stress on the development period of spring wheat in different periods

b3 &R H = IrBE AT 217l gl IHiE FLEA A

CK 3-05 3-26 4-8 4-18 5-6 5-14 5-20 5-25 6-18 7-2

T1 3-05 3-26 4-8 4-18 5-6 5-13 5-17 5-24 6-16 7-1

T2 3-05 3-26 4-8 4-18 5-6 5-14 5-19 5-24 6-16 7-1

T3 3-05 3-26 4-8 4-18 5-6 5-14 5-20 5-25 6-17 7-1

T4 3-05 3-26 4-8 4-18 5-6 5-14 5-20 5-25 6-18 7-1

TO 3-05 3-26 4-8 4-18 5-6 5-11 5-16 5-23 6-12 6-21

x4 TEXMENESEHHIRM

Table 4 Effects of drought on the number of spring wheat branches

b3 F 2R EXEE SrEEE SIBERR SYBEI SYBESL g al SYBER S BRI
(em) (em) THH T4 T4 (%) (%)

CK 10.3 53.5 25.7 17 17 0 0 165 100

TO 16 43.2 21.2 22.5 5 10 7.5 140 22

x5 FARETFELEMENZLBHRMHERAZM (cm’® - )

Table 5 Effects of different drought processes on leaf area per plant of spring wheat

b3 S B BRI T AR PO BRI AR TR B R - AR T AE-TEH 30 Ep R TR

CK 53.06+2.33 a 81.33+5.99 a 87.38+1.67 a 61.86+1.49 a

Tl 39.82+2.23 b 71.33+3.23 ab 65.58+2.05 b 53.00+2.52 b

T2 - 62.22+3.94 b 60.38+2.47 b 44.57£2.20 ¢

T3 - 52.70+2.08 b

T4 -

TO 38.65+2.45 b 58.00+4.85 b 60.88+2.52 b 26.89+1.49 d

[ F Rl 7 REAS A AL BRI 25 5 . 2% (P<0.05) o R 1],
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Fig.2 Effects of different drought processes on the length
of underarm stalk
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AEEMEH, W2 nTLIA 1, To b PN A
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B BEFZEW KR, TS5 A 23 HREF2EWKE
REIFRE . M CK AR/NER TR R, BT ZE
TR R, T 5 A 28 HiAFFAE G A TO Ab
PEAH L EA B 225 T T2 b3l TR Btk T 5,
B 229 KA CK 4LAH HE WA FEAIG

2.3.4 M\ SOENERESEEDSEENE
KIGHARR), 2 BEW ARG A K248 | BRI D) SR
PRFRTEE (181 3,4 6) . JPBEWAMS, TO #1 T1 23 -
HOR AT 5 AKCE, bR 50 IR AL /N dk s BT
BEMES, TR, T0 A TS TR 4
HEREE TR 50% , Bk i 4 1 G2 12 Sk xof B 2H Bk 5 1)
80.2% ,55 CK 1A W E2 5, T1 APl T 40 BE 1
ARl HARCTT A K bk i 5 0] B2l T (2
F5 . T2 Ab B A 5 A B AR A e, 4 39T AT,
TEE 60% L L R SXT IR B i P2 .
FEMIET , TO AbEE 4 600 B R R3] 40% LT, bk &
5 H A A PRI B R 25 5 U B RS T R bR
TS AR K T T2 AR BE i T HRSe 0+ 5
T RERIS0% LT, 5 I 00 T2 R bR

®6 ARTFEIEMENERSHFM(cm)
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Fig.3 Effects of different drought processes on plant height
of spring wheat
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Fig.4 Effects of different drought processes on water con-
tent of spring wheat leaves

PR R [ 1R b B804 22 57 .3 ( P<0.05)
Fl CK ZHAH L AR 5.6%, HEIK IR, CK 41 i/ 32
MR SHAA bR m A R E M E RS CK
A, TO, T1, T2 Il T3 AbFR/NE RS FRET
24.4% 4.5% 8.4%H 4.8%

2.4 AS[E]EH T S0 X R /N SR SR R )
2.4.1 MR EUKE W AR SR E RS
Hh S AR R K A B R B 1 B AR A, B L e
YE AR LB &I SEPRAK SR, I 4 7]

Table 6 Effects of different drought processes on plant height of spring wheat

Ak SrBEIbR BT IR TFAE- MR B 25
CK 37.26+1.37 a 51.49+1.15 a 72.62+1.21 a 87.32+1.46 a
T1 32.191.01 b 47.21+1.23 a 71.13£1.70 ab 83.37+0.82 b
T2 38.33x1.52 a 46.70£1.40 a 67.16+0.89 b 80.04+0.89 c
T3 - - - 83.14+0.95 b
T4 -

TO 30.43+0.71 b 41.32£1.52 b 58.36£1.95 b 66.03£1.32 d
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Table 7 Effects of different drought processes on the ratio

of dry matter distribution of spring wheat

EHY pure] i L e Tl JEN:
hAE HEE OSEE O HEHE (»
(%) (%) (%) (%)

SrBER] CK 5418  45.82 - - 0.44
T1  49.03  50.97 - - 0.41
TO  46.43  53.57 - - 0.39
LG CK 3458 27.23  38.20 - 0.97
TI  27.85 29.88  42.28 - 0.89
T2 3847 2573  35.80 - 0.79
TO 2797 36.18  35.85 - 0.90
e CK 1855 16.16 41.32 2396  1.76

TI 1473 1570 4423 2534  2.26
T2 1592 1630 42.04 2574  1.59
TO 1623 18.43 36.47 28.88  1.82
FEAE] CK 1555 14.16 40.88 2942  2.08
TI 1272 1338 42,69 3121 243
T2  12.85 1413  40.79 3223  1.87
TO 1043 1397 3594 39.66  2.18
I CK 947 10.85 3675 4294  2.68
T1 7.52 9.94 34.07 4846  3.35
T2 979 1210 3584 4228  2.69
T3 1076  10.22 3830 40.71  2.41
TO 3.73 6.96  25.30 2.60

UL BET CK 422, A& Ab Bt i /K & bl
B IR HE UE AR AR AE R A A T Rk gV 2R
T1.T2 F1TO ZbH AT CK 20 M Fr 5 K R A He 2 9 F
K% 9.3% 11%F1 19.6%, T FAbBEAY/NZZ TR IHA
SHE B O, TR v e
FlEK , 2R R bR e 28 s ok, koK
B2, MWK E AR R, R
PELR IS , HERESZ B0 T R R, T R HraE
B PR e B K SRR AT

2.4.2 TYFAE KRGS BE /N
ZIATEYIN B AT, AS R ALBEX 4 R R
AT (R 7). TBERNHR T HT, it P L
R, T BRI R & b HESR I 2 S A
Wi, Y/NAE 3 BERIZ 80 T 2 W ia i, vt 7 BT o
%8 ARTFELEMENEFEHMREZHZN

b TR 6.619% , M5 T 7 1) LU B 55 8.95% ., il
FEI Z Ay, T SRR/ NZ T B AR T CK 40, il
MRS, T AN 22 S w2 AL 3 (TO
AT /NEBEST CK 41, Hd T1 AP/ S E
TR B, UEHH /N2 i 0 T 5 5 Kl - 1R
JEVRI TE K Ja 3t /N2 T AR A e R
2.4.3 PEMEHEE KN EEAKET MG
BN EA T EEER, B, TR 2
SR /INGZ () B e, R 8 W LU
HLBR T T ARFE HAR T FAL BRI S Af N R
FEAR, T CK 4B o M 22 % T1 AP (H Rk
B2 T2 FiTO b3 25 ffi R0k 458/, 1 CK 41
FHEE 5 R % 4.9% F1 9.6%, T1 T2 Fl TO Ab By
S-S EERON D 5 CK /N A TE 2
5,43 PR 20.8% (13.6% 1 43.4% 1 FF 463 LA
Ja B T5(T3 Fl T4 ) f/N 2 BEEON] 5 CK 2 /N 22
BB EMZES ARSI TEX TR ESA A
[R5, T1 AL 3G 38 18 /N 22 TR0 5, TO Fl T3
Ab PR TR 2 TG, R I 2 T3 Ab B, T R IR
KRR 17.4% ,T2 F1 T4 4P CK AR b TR TG
WEWZES

3 i i

3.1 R[FEIEHH T2 A xRN A B I sZ
WA & B, AR B T R XN EE TR A S S A
BHAAFEMEWN, T 5 =252k T L
WA, 24 F R T R XN F B
BOR N CK A A B 4604 11 d, 52510 (2012)
WA —E, 2500 (2012) W5 &3, BEE K 73
[l 3R | A/ N A KRB AR R, Y/ NE
TR0, TEX /N KR F R E e E/NE
TR TR B 7 K E R, AR R (E
o455 2001) it R kA, IAROC AR Z 315
e, T o o Fe i Lo kAR el Bk AR R 2B K
JEARRT B SEm B/ NAE 7 i B R R R

Table 8 Effects of different drought processes on yield components of spring wheat

4k R (em) TR (B - m™) THIHE ()

CK 10.3920.14 a 35.03=1.17 ab 87.68+3.15 a 42.61+0.19 b
T 10.3920.12 a 38.27x1.80 a 70.33£1.20 b 44.63+0.27 a
T2 9.43+0.16 cd 33.271.31b 76.67+3.48 b 41.07£0.23 c
T3 9.89+0.18 b 36.63+1.22 ab 79.33+2.73 ab 35.21+0.39 e
T4 9.10+0.16 d 34.90+1.51 ab 84.00+2.00 ab 42.14£0.19 b
TO 9.7820.16 he 31.67x1.20 b 49.67+2.67 c 37.500.15 d
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3.2 AN[EIEHH A E xRN IS SR R0

AT AN TR B T R R N IR E S Wk
BT EE T R S SRR L T IR R K AR
SRR BERUR 250870 (B oy BE 25 TR R ik AR AR 4K

SYEEMIRIBCT I T R S MR 2 B TR,
FE T AR R TR MESRIR T g S
FIZAS 8 52 % | X 54 B AAE (2013) A BIF 58 45—
B, WA (2013 ) KB, B HIRNER 1T BHOK 4 77 Bk
SRR e AT T R B Fl R R R R
S AR ST R, R RS R R
SRR KRB, 54 724, AT S 8oik
e A AR T B (T 55, 2005) o i 3 A
Fed, 5 CK 4UAH L, AR & B B+ 20 i AL
M A/N A TOST1>T2>T3, X Bk i 5% M /N A TO>T2 >
T1>T3, 5% T 2L B W 240, 5 BEI K O i i FL
S R AR, 4R T R OR AR S5 e
3.3 OR[EIEHH TR X RN SR S B R

5T LB, T 5 2e5g /N2 T o i LR N 43
Jie (4 #0545, 20105 X E M4, 2018) |, S /NE HiT I
W75, BRI 5 K, o B e
T B 6.6% , WS T 7 L EE TR 9.0% 143 BEIH
8 2 B T 5 NFEAE K G 2 M BN, TR
AT 5 ] 9/ B T 4 o R 2R (XN P 55, 2012
Borrell et al.,2014) ﬂ‘ﬁg}ﬁ%,ﬁz%ﬁé}:}ﬁ%1ﬁ
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