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Effects of drought stress on physiological characteristics of flag leaves and
expression characteristics of drought-resistant genes in roots of spring wheat
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Abstract: The study on the effects of drought stress on the physiological characteristics of flag leaves and the
expression of drought-resistant genes in roots of spring wheat varieties is of great significance for stress-resistant cul-
tivation and new variety breeding of spring wheat. In this study, spring wheat varieties in the drought-resistant group
and the water-sensitive group were used as test materials in the dry farming area at the western foot of Daxinganling.

Two kinds of water control treatments were carried out: drought (rainproof in the dry shed) and control (regulation
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and replenishment of water). The differences of flag leaf photosynthetic indexes, physiological indexes, and root
drought resistance gene expression of different varieties of spring wheat under drought stress were systematically ana-
lyzed. The results showed that there were significant differences in flag leaf photosynthetic characteristics, physio-
logical characteristics, and root drought resistance gene expression between drought and control treatments ( P<
0.05). Under drought stress, the relative chlorophyll content, net photosynthetic rate ( P,), transpiration rate
(T.), and stomatal conductance (G_) of spring wheat flag leaves decreased significantly, and the decline range of
drought-resistant group was significantly lower than that of the water sensitive group. The physiological indexes
POD, SOD, and Pro increased significantly, while MDA decreased significantly. Of which, the content of Pro in
the drought resistance group was 90.36 g + ¢”', significantly higher than that in the water-sensitive group (70.36
pwmol + ¢”'), but the MDA content (19.82 pmol - g”') was significantly lower than that in the water-sensitive
group (22.05 pmol + g '). TaXTH-7A, TaWlipl9, TaWdreb2 and TaBADHb gene were highly expressed in
drought-resistant group, and lowly expressed in water-sensitive group. The results of correlation analysis showed that

relative chlorophyll content, T, P,, and G, were significantly positively correlated with dry weight while intercellu-

0o
lar carbon dioxide concentration (C;), SOD, and MDA were significantly negatively correlated with it. In brief,
under drought stress, drought resistance group spring wheat adjusted up the expression of root antioxidant enzyme
genes and osmotic regulation gene automatically to raise the flag leaf POD and SOD activity of antioxidant enzymes,
increase the content of Pro and other water-soluble substances in the cytoplasm, reduce the concentration of intra-
cellular reactive oxygen species, decrease its toxic effect on cells, and help spring wheat maintain a relatively high
photosynthetic rate. Thus, the resistance to drought stress was enhanced.

Keywords:; spring wheat; drought stress; photosynthetic characteristics; physiological indicators; gene expression
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Fig.1 Distribution of daily precipitation during spring wheat growth period in 2019
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Fig.2  Daily precipitation distribution map of the
whole growth period of spring wheat in 2019
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Fig.3 Effects of drought treatment on photosynthetic characteristics of flag leaves of spring
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Fig.4 Effects of drought treatment on physiological indexes of flag leaf of spring

wheat in drought resistant and water sensitive groups
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varieties ) ; WSG: Water sensitive group (mean value of NM2, BM12 and BF5 varieties) .
5 FELEMNREHE KGRAESNEREADEERREHIN
Fig.5 Effects of drought treatment on expression of drought resistance genes in roots of spring
wheat in drought resistant and water sensitive groups
DU 5 AR B R T AR B (P <0.05) (]
5A~D), TR THPEHAE/NERREN Isp ek
TaXTH-7A TaWlip19 TaWdreb2 ,.TaBADHb A%} %Kik g 2 e
43 0 e R AR S 1,067 i L 1.737 £ . 1.036 w2l ) 2
#%.0.799 i, MK BURALE NERRIEA TaXTH- Ll b
7A TaWlip19 , TaWdreb2 . TaBADHb % % 35 73 5l 5
HoX 8 B AR T 0.735 £%.0.554 1% .0.667 fif . 30T
0.496f% (18 5A~D) . £
it TR TaXTH-7A TaWlipl9  TaW- 0
DRG WSG

dreb2 .\ TaBADHb SEPRTEHT G/ N MR R P AR
N LR, A K U 4 A8 3Rk 1y
i ZE N, BT R IR R B B bR AR
AT I B R0 i w710 = 57N S vy 100 B R [
2.4 FEHEXHESNEH B FERNZI
XA, TR T F/NE T E Y %
flR(P<0.05) HLFHE/NE T HEBEIRT 27.77% , 1M
IRBURA AR T 32.39% , I+ AL B2 ) 2% PRI
BN H YU R /NAZ AT DU A B 1 A=
KR, HEBEEZW T (K 6)
25 BINEEYWESHNEHEM EESENEXS T
J T W R N2 A 5 R /N A T A LR
TEZ AR OCOC R, AR 00 AR /N2 il 13T E A
JHAY R RS LRI EIT T Spearman

Eo6 TEAEMNREA KGRAENETENZIT
Fig.6 Effects of drought treatment on dry weight of spring

wheat in drought-resistant and water-sensitive groups

AHFNE AT, R 2,

BN EE T E 50 G AR 2 B3 IEA X
HIAT 4 A AR R S i (X)) BB R (X,)
HEBR (X)) AT (X,) s MR B 51N
0.549 .0.604 .0.585 .0.605, #/NFZHb I3+ & 5 il
W] CO, ¥ B (X5) 2 W 3 A ¢, MR
J3-0.585,

BN IR A PR AR 2 3 R e
HIA 2 A ALY AL (X,) (N (X)), HHC
A5 H-0.356 ,-0.440,
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x2 FNEMEBFESHNEEM EEFIEEXRY
Table 2  Correlation coefficient between spring wheat shoot
dry weight and physiological characteristics
of spring wheat flag leaf

FaFR Index Y
X, 0.549**
X, 0.604 * *
X3 0.585**
Xy 0.605* *
Xs -0.585**
X -0.155
X, -0.356 "
Xg -0.440* *
X, -0.078

TE: # = FRIRTE 0.01 AKF BRI EARN, « FIRTE 0.05 /KF F
WEMR, VT H X AR SR A X, AR R X R
X, SALFBE XS ] CO, WeBE X o i AL I ; X, - 4R AL
YA Xy Y X AR

Note: #* * indicates a very significant correlation at the level of
0.01, and * indicates a significant correlation at the level of 0.05. Y.
Dry weight; X, : Relative chlorophyll content; X, : Transpiration rate; X :
Net photosynthetic rate; X,: Stomatal conductance; Xs: Intercellular
carbon dioxide concentration; X¢: Peroxidase; X;: Superoxide dismutase;

Xg: Malondialdehyde; Xg: Proline.

30w
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FRiFE

HEVER MY EE A R R — R
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AT T4 A H B 7 A5 31 T ERRE Y OF
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Fsg B> e/ N E R R E
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INTF KU, 5280 X B SR i ) 5 RO A 4R
S L KRR S AR LT S P 5 1 5 T A
PREFX S B G, 0 P, R T, S0 FI 5514 T4
F P, T AT DR BRI R 2 T, 4
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FE/NTF KU P4 ¢, ETHIREE B /ML i B T
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HREEVS BT 25 A R, AR ST I8 K B X o

SRR EBERE AR SARESTE
BEFIEMX, WL LR S T R R
B UIFHSC, AT 38 0 /N T S S50 SPAD
P, .T..G WA L ias 1P TR & NEET R
T AR R fe R, i A T R E Y i
BRI
3.2 MEREHENEE TR RAEFERKEE

MRS EERTERG

YEWITE IR AR K R B W Bess 7 A is M4 H
F(ROS) , R4 ROS Al figg |21 HEE,HE
tlE—fS S5k E K LT NES ST 8
T2 T SRR 2 S B8O ROS 1
SXHVEY Y 20 I R R 4 s s L (RE AR B &
S SHAFRE B4 ML 1 DA 8 T 200 B 1977 A AR 6 T SR 5
Bkt AR 0 i X R N 2 AR HE B )
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INEFEH B e 2R PE T RE AR N E T 5
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SR8 3 PRI 5 R T 35 PR T A T 2
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