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Effects of water deficit and high temperature on growth and arabinoxylan
concentrations in two different spring wheat varieties

ZHANG Bei-bei''?, ZHANG Hui', GAN Zhuo-ting', ZHOU Qi', YI Wen-li', LIU Wen-zhao
(1. Key Laboratory of Disaster Survey and Mechanism Simulation of Shaanxi Province/ Baoji University of
Arts and Sciences , Baoji, Shaanxt 721013, China;
2. State Key Laboratory of Soil Erosion and Dryland farming on Loess Plateaw , Institute of Soil and Water Conservation ,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: In this study, effects of drought and heat stress to the two spring wheat growth and quality were investi-
gated. The investigation was conducted in a controlled environment to evaluate the combined effects of water deficit (im-
posed at the stem elongation stage, 40% field capacity) and high temperature (imposed at the booting stage) on the
wheat growth, leaf gas exchange, arabinoxylan concentrations and yields of two spring wheat varieties ( Superb’ and
*AC Crystal’) commonly grown in Canada. The temperature treatments were 25°C/15°C ( day/night, T1) and 35°C/
25°C(T2). Overall, time to maturity under high temperature was 20 days shorter for Superb and 21 days for AC Crystal
indicating that two varieties were more sensitive to high temperature stress. Plant height was sensitive to drought combined
high temperature stress for both varieties at booting stage; the plant height of Superb was reduced by 16.7% , while AC
Crystal was reduced by 30.6% . At the late growth stage the tillers of AC Crystal was more sensitive to high temperature
which was 18.7% higher than that of Superb under appropriate water and temperature condition; Drought and high tem-
perature decreased (P <0.05) leaf gas exchange parameters ( Pn of Superb was decreased by 68.9% under drought and
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high temperature conditions) and the yields but increased the grain arabinoxylan concentrations, especially the water-ex-

tractable arabinoxylans (WEAX); High temperature treatment under drought conditions made the WEAX of Superb in-

creased by 49% . The different arabinoxylan fractions were negatively correlated with the leaf gas exchange and yield.

Keywords: wheat; gas exchange parameters; arabinoxylans; yield
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Table 1  Development of spring wheat varieties under different water and temperature conditions
I [ [ ——
B Kb B RPEAERL (/) FUTEE AP
Variety Water treatment emperature treatment ays to tlowering ays to maturity

’ ’ (Day/night) /d /d
25°C/15C 56 92

WD
35°C/25C 52 72

Superb

25°C/15C 56 92

wWwW
35°C/25C 52 72
25°C/15C 60 99

WD
35C/25C 55 78

AC Crystal

25°C/15C 60 99

wwW
35C/25C 55 78

VEWW - KSR T AL 3 WD — K SN e
Note: WW — well-watered; WD — water-deficit .

JIT A ) 2k — T IR BEATLACE 726 SR 16 h
AR, ORI 1 IR B 4300 Dy 25°C i 15°C, 42
FEWI T 7K A3 AL B (K43 78 2 FK 43 Jilkaf ) 1 222
FREEH R BORIE 43 30 35°C/25°C (T2) F1 25°C/
15°C (T1) PR 0 A 4 A6 b A7 30 B2 1 A 3L et
Ab P E BEY) R
1.3 4£ERABRIEFEHNE

Gy BER AT A R R HRN A T SRR AL A
BERORIRR o FEAE I 2 SRS I S50, IS B
SRR R /NZZ AT 0 7 | B J 5 R A T R SR
TR

SRS S B 2 - FFAE W E], B Li - 6400
{651 (Li = Cor, Lincoln, USA) Jill 52 i M- 1+ 5t
G P, pmol *m~%+s71) [ F S fL T (Cond,
mmol-m~2-s~ 1) I Co, E(Ci, pmol * mol ~ DY Fn
525 1 3 R (Tr, mmol - m™2 - s™ 1) o AR E AN
T EE N 500 pmol s, SR EE S 20°C, 6
541 000 mol*m~2+s~1, CO, YN 380 mg- kg™ !,
MR T B T o R 1S AP E K, R
FlsE 3 IAEIE CO,/Hy0 FEFR AR EE 2

AT S B E - B 8 Douglas B9 7 3E2Y
TEARFE M R OR TROBE S o I Al R R (UK R
110 ml, ¥ b1 2 ml), 2 i 4% i ih 2 (BE 1 100
pgeml ™ AKERRUEWR, 43 AL 0.0.5.1.1.5.2 ml
FIABEFRUE R E T 15 ml B9 F 5 b, I A XGE K
i BAAFR A 2 ml, A 10 ml FO3MARIRF] 3850, T
K H A 25 min, B RIR Bl 2 U, B JE 7R K T i
B A, 4 BT 522 nm F1 510 nm R0 A2 W G AE
DA ZEMEAE A DAL AR, DAAKE 5 9\ AL bR 22 il b o

HiZk) . HEFIFREL 4.5 ~5.5 mg /NEH T 15 mL
@R IARZEK 2 mL, 2RJF A 10 ml i $2 10
FEHE G PHA MK 2 25 min, 1 40 ISP 6
FE (DR 5000, Hach, USA) B 2 A3 4 45 i
(TAX) .

IR AR RE (WEAX) 75 5 5 : METFRIL 4.5
~5.5 mg/NERT 5 mL BUBLELOA Y, InARGEK
2 ml, 7£ 28 CHH i P i 55 S 46 DAL 200 rmp 2 42
18 h ), AL 3 000 mmp B0 5 min, B IR, #
A 15 mL HIERE B, Al $2 1557, 1] Douglas ¥
D5 HOK A AR MR

TRANE P AR TBE (WUAX) 75 530 22« IS 19
SR SR B Dol 25 o A R ) K AR SRR i
RIS KA YA RS & i
1.4 HiRALE

TR I8 EU R Microsoft Office Excel 2003 A1 SPSS
17.0 FEATGEIF AL B, 51K 3R J7 22 43 BT 6 1 One -
Way ANOVA, #H 3¢ 53 Hr £ B Pearson; 2 5 LL #43#r
I H Tukey’s HSD £ 5
2 HIR5r
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2.1.1 FREHSEHGTA K2 TAM
I AL BT /NAE T R, iR S BT OK a3
AEFRITUR ) 25 AL BRI 73 BERE S A W2 (B2 I
Fh 2z ) 265 B3 . AR (R iR AL RO 46 ) T 50
AR T BERC SR WY AT DL, K G 78 R /INFZ R 4
BERCHR = T Ko 38 T /N 1 23 BE G OF HAEIX A
B A, SRl AC Crystal B9 BERCR T 5 Superbs %
U5, T RN T BRI S B ., 7K oy
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SR 473 BERY] 0/ [R] A i B SE LT 19 73
BERCAL B R, /INZE (9 70 BE R ey T v it A B T 7 B Dk
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K2 FERBNESEHERSHT

Table 2 The differences in number of tillers of each plant with eight treatments at different stages

, BREA (B /fg)  TMROEERCFSE < WREZE)  mpreanam (R ) PEIRPEERCRISE = ARifEZ)
= i KAk B Temperature Per plant tillers (Mean + SD) Temperature Per plant tillers (Mean + SD)
. Water
Variety treatment lreatmfznt Ay BERR T trealm.ent Zh s |
(Day/night) Tiller Jointing (Day/night) Booting Maturity
WD 25C/15C 2.29+0.15 8.58+1.83 25°C/15C 10.99 +1.60 7.33+0.68
25C/15C 2.17+0.26 8.29+1.59 35°C/25C 10.79+0.83 7.04+0.60
Superb
W 25C/15C 2.33+0.52 8.13+1.30 25°C/15C 12.88£0.75 10.25+£1.76
25C/15C 2.29+0.43 8.54+1.43 35°C/25C 12.38 £2.12 9.08 +1.48
WD 25°C/15C 2.46+0.44 10.25+1.98 25°C/15C 12.80+1.36 7.17+0.98
25°C/15C 2.08+0.70 8.54+1.50 35°C/25C 11.96+1.68 5.13+£0.61
AC Crystal
25°C/15C 2.42+0.44 10.08 +1.40 25°C/15C 15.29+1.74 9.83+0.88
WwW
25°C/15C 2.29+0.60 8.88+1.94 35°C/25C 14.63+3.02 6.42+0.85
fm i Variety (V) 0.09 4.94" 17.85" " 17.92" "
W JE Temperature (T) 1.48 2.17 0.30 32.12° "
K5 Water (W) 0.37 0.00 22.19" " 53.38" "
e
7:?%):”% VxT 0.37 2.58 0.83 10.74" "
Analysis of variance
Vx W 0.00 0.04 0.09 0.67
Tx W 0.37 0.41 0.34 3.40
VxTx W 0.09 0.01 0.60 0.17

1 Note: * P<0.05, * ¥ P<0.01, F[F] The same below.
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GG E T Superb AR R L AC Crystal 55 4.2% 5
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FTEEEFGERS) . WARFEAARES R
RPN E W ZE R, R T 5 R HAS [R 4 43
TR S AR, T BRI T Y TAX,
WEAX Fl WUAX AR IR FIK 43 78 2 T B 2 o
FERI R = I, X WEAX B2 K, TR AT &
IRAL PR S Superb ) WEAX FHiE T 49% ., X F =
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Table 3 The differences of plant height with eight treatments at different stages
TR AL E B E/em R AL FR R/ em
o KAk B (B/1%) Plant height(Mean + SD) (B/1%) Plant height(Mean + SD)
\? " ! Water Temperature Temperature
anely treatment treatment ST EE AT regime 2R A
( Day/ night) Tiller Jointing ( Day/ night) Booting Maturity
25°C/15C 33.85+2.56 52.71+1.85 25°C/15°C 60.53+5.14 61.62+2.67
WD
25°C/15C 33.95+1.13 55.58 +4.61 35C/25C 55.13+3.87 56.32+2.30
Superb
- 25C/15C 33.62+1.83 58.13+2.30 25°C/15°C 65.35£2.19 80.15+3.32
25C/15C 33.09+2.14 57.71+1.62 35°C/25C 57.24+£5.57 59.17+£3.12
WD 25C/15C 30.23+£2.19 49.17+2.64 25°C/15C 60.09 £5.96 60.73+£2.77
25C/15C 29.85+1.46 49.08 +1.44 35°C/25C 50.48 £6.58 49.38+5.02
AC Crystal
— 25C/15C 31.03+1.24 50.25+2.38 25°C/15C 70.30+4.59 76.90 £2.04
25C/15C 30.70+2.15 49.13+£2.20 35C/25C 48.75+4.77 51.60+4.38
Al Variety (V) 33.55"" 75.71"" 2.3 22.34""
WREE Temperature (T) 0.27 0.17 7.147 254.88" "
7K43 Water (W) 0.06 8.10" " 59.93" " 101.77" "
Ji 2E 53K . "
Analysis of variance VxT 0.02 1.45 9.36 6.92
VxW 1.57 4.447 0.07 0.58
Tx W 0.07 2.03 6.44" 56.51° "
VxTxW 0.09 0.55 2.56 0.19

x4 INEFHBHRSEZHRSBERST
Table 4 Variance analyses of leaf gas exchange indexes for two spring wheat varieties under different water and temperature conditions
M=NEEN J=3 wtn A N s = § i
: s WEIRIROSZBOD s e e AL Wil CO, 7K
s Temperature .
Variet Water treatment Pn Tr Cond Ci
ariel reatmen
Y treatment (Day/night) /(pmol-m=2+s71) /(mmol*m~2+s7") /(mol*m=2+s~") /(pumol * mol 1)
25°C/15°C 7.35¢ 1.90b 0.06b 163.38b
WD
35°C/25°C 6.37c 1.79b 0.05b 177.03b
Superh
25C/15C 20.49a 10.39a 0.68a 309.28a
wWwW
35°C/25°C 11.46bc 3.68b 0.12b 207.97b
WD 25°C/15°C 10.12be 2.86b 0.11b 182.31b
35C/25C 8.87hc 1.88b 0.05b 183.47b
AC Crystal
- 25°C/15°C 18.34ab 10.29a 0.69a 302.92a
35C/25C 13.27b 4.50b 0.17b 216.78b
Yl Variety (V) 2.07ns 0.77ns 0.26ns 0.36ns
iR Temperature (T) 2.61"" 45.01° " 32.71° " 13.75" "
K43 Water (W) 80.68" " 101.88" * 48.29" " 50.46"
y;
ﬁi]ﬂ:ﬁ VxT 1.15ns 0.00ns 0.00ns 0.00ns
Analysis of variance
Vx W 2.67ns 0.03ns 0.00ns 0.24ns
Tx W 11.94" " 31.69" " 26.55" " 18.87" "
VxTxW 1.52ns 0.78ns 0.20ns 0.35ns

1 B H GG AR FRE ) Tukey’s HSD K30 H22 R B3, T,

Note: Means within each column with different letters are signifcantly different according to the Tukey’s HSD test. The same below.
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Table 5 The differences of arabinoxylan concentration and yield of two spring
wheat varieties under different water and temperature conditions
o KOTALEE RBERAFOR/R)  EOREME HKEVEA SRR IKATENEA SN P
\; " ) Water Temperature TAX WEAX WUAX Yield
anely treatment  treatment( Day/night) /% /% /% /(g plant=1)
WD 25°C/15C 7.08ab 1.06¢ 6.02a 9.98b
35C/25C 8.10a 1.58a 6.52a 1.75¢d
Superb
25°C/15°C 6.45b 0.90c 5.55a 13.79a
WW
35C/25C 7.19ab 1.15be 6.04a 3.24¢
25°C/15°C 7.55ab 1.17be 6.38a 10.64b
WD
35°C/25C 7.29ab 1.13¢ 6.16a 0.55d
AC Crystal
- 25°C/15C 6.49b 0.96¢ 5.52a 14.80a
35°C/25C 7.95a 1.55ab 6.40a 1.90cd
il Variety (V) 0.34ns 0.20ns 0.22ns 0.53ns
JBE Temperature (T) 14.50" 26.65" " 5.21° 1202.00" "
IKAF Water (W) 6.28" 2.0lns 4.79" 80.27""
o
ﬁtﬁ*ﬁ VxT 0.51ns 0.77ns 0.21ns 12.19" "
Analysis of variance
Vx W 2.14ns 9.84"" 0.22ns 0.03ns
Tx W 3.41ns 1.84ns 2.28ns 18.20" ~
VxTxW 6.66" 12.427 7 2.36ns 0.17ns

2.4 INEMRSEZHRSEMIFHNARESEN
HEXR
X MRS S EL G N AR RS & F 1 T4
Ko, 858 F 3R 6. Bk 6 Hli, it Pn F Ci
SR B & B (AL 35 TAX, WEAX Fll WUAX) &2 #i 5
FEWHAC KR W BWa] LIE S, R Tr #
Cond 5 TAX Fl WEAX 2 B EFMRM L XR, 5
WUAX FHRA R . RS ARRE G REZH 2 0
WENTAALKR,
k6 NEMASBZHRSH. ESAEESEBHEXHN
Table 6 The correlations between leaf gas exchange

and seed arabinoxylan concentration

K EHE R
Arabinoxylans Pn Ir Cond G Yield
TAX -0.43"" -0.37" -0.30" -0.383"" -0.46""
WEAX -0.36" -0.39"" -0.39"" -0.33"" -0.41""
WUAX -0.37" -0.28 -0.20 -0.30" -0.39"

T % xR P<0.01 FURHKF-5 xR P <0.05 AR 3EKF-
Note: * * significant level at P <0.01; * significant level at P <0.05.
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BFVE T 538 BB AR LLFE AR 16% , AC Crystal B
1% 22% 5 BASYIIE 50 g S 3 SE [l T, X4
BERUE I 8K, Horb Superb 73 BEBUEAX 31% , AC
Crystal [ 48% o & Liji, 2E & JEH AC Crystal 1Y
Sy BERO A R) B X6 3R B 1) SR iR . AT
A IR AR S BERORRL (R 3) o I
EL e /NG A A R B S IR AR, B R
)22 5 2 2%, LA Superb A% 15 55 15 5 2 Bl ) 52 21
AR R 152 ), Superb 52 55 Vi [R] B R AR =
5538 FREE FAIELRRAIK 16% , AC Crystal FEA% 28% ;
TSRS, TSR R A 2L [ E T, Superb 43 BEAL
FAA 30% , AC Crystal A% 36% o

e 3 T A S NE LRI E AR R R £
Hi, IF EUIEOR R B (R 1) AR RIX T4
Yok vt — e T2 Y HL 5 e il M aa A OG0 B AT 45
FERE I YR AR I & T 30
ARFNFHRERLTE B, 7™ B A 7] LS 3500 4 1 ik =
B BTSSR G (3 d) S iR
(40°C ) AT A A5/ N2 9 7= B FARAG 299 1227 5 16 B I 1Y
WA R s RA 1 d MAE)E B IR G (40°C)
AL /N PR 149 124,
3.2 FEBEMEMNENFSELRNEm

W IR, Ak R A i B AR TR AL,
A LR VR R BRIE D e AR, M IR
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5 34 45

JE T 30°CHE, AE B FEIX Rubisco TG 1, [F] I
IMEYIRC R GE W(PSID) , s A5 AR W) 1) 66 AR
FIP . Monneveux ZERF57 45 5 s WA T /N
f) Cond BEZ Pn 1 FEAR T AR . A48 Farquhar
H1 Sharkey 9218 7R« i i W38 BEAR 70 R Pa,
Cond F1 Ci LBl Z B, ABFTE P, S1E b T
TRECE mR A, o AL B B
HIEOGA B (Pr) S 2506 R (Tr) 5 50 B W i
R(GR4) . FEKSr TR MRS, iR aa AR T
AL FBE (Cond) K 70% o SRS, & i A1
TRMEEAVER 58 B VR A L, X 2% SR
et bnr A T ORME BE R . [ Cond Y FEAR S 2
PEREE P J Tr (RG2S R A AL BT,
VEY3E 2 AL ORAE K 3, 080 T TR 38, B
KRR T i 5 EY
3.3 FESEMEINMNEFRAEESENZNM

AW 5T, R R K 43 38 R Superb Fil AC
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