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Foliar compound oligosaccharide enhances leaf physiology and key enzyme
activities of starch synthesis in winter wheat under mild dry-hot wind stress
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Abstract: [ Objectives ] Oligosaccharide, a phytohormone, has anti-stress functions. We studied its effect on
resistance of winter wheat to dry-hot wind, to provide a chemical way for controlling dry-hot wind disaster.
[ Methods ] A field experiment was conducted in Hengshui, Hebei Province, where winter wheat suffered from

dry-hot disaster frequently. Three compound oligosaccharide foliar treatments were set up, as spraying once at
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jointing stage (BT), once at anthesis stage (HT), and at both jointing and anthesis stage (BTHT), at the same time,
tap water (CK) and KH,PO, (CKP) were respectively sprayed at the two stages as controls. At 30 days after
anthesis, the flag leaves were sampled for monitoring relative chlorophyll content (SPAD), water loss rate of
excised-leaves (RWL), leaf area index (LAI), and the key enzyme activities of starch synthesis; and at harvesting
stage, the yield and yield components were investigated. [ Results ] The winter wheat went through two mild
dry-hot wind stresses during the experiment. Compared with CK, BTHT increased the SPAD and LAI of winter
wheat significantly by 12.36% and 77.78%; BT and BTHT treatments significantly reduced leaf RWL by 15.08%
and 21.73% after the first dry hot wind compared to CK, but there were no significant differences between the
treatments after the second dry-hot wind; HT treatment increased the ADP-glucose pyrophosphorylase (AGPase)
activity by 16.91%, BTHT treatment increased grain starch binding synthase (GBSS) activity by 12.28%, and the
soluble starch synthase (SSS) activity by 12.89%. Compared to CKP, LAI was significantly increased by 49.53%
to 50.47% under BTHT and HT treatments; HT treatment significantly increased AGPase activity by 14.41%, and
BTHT treatment significantly increased GBSS and SSS activities by 6.30% and 9.39%, respectively. Compared
with CK, wheat yield was significantly increased by more than 6.69% in all formulation treatments except HT
treatment, and wheat thousand grain weight was also significantly increased by 5.09% in BTHT treatment. Under
two dry-hot wind stresses, BTHT treatment significantly enhanced leaf physiological characteristics, key enzyme
activity in a wheat grain of winter wheat and winter wheat yield compared with the other three treatments.
Correlation analysis revealed that GBSS and SSS were significantly and positively correlated with the yield
(P<0.05), while the SPAD, LAI, and starch synthase enzyme activities correlated positively with the yield, and
RWL correlated negatively with the yield. [ Conclusions ] The BTHT treatment improves the chlorophyll
content, water status and starch synthase activity of dry-hot winter wheat. Through the synergistic improvement of
starch accumulation and the growth status of flag leaves at the late grain filling stage of wheat, BTHT contributes
to the increase in grain weight and mitigation of disaster effect on winter wheat.

Key words: winter wheat; compound oligosaccharide; relative chlorophyll content;
water loss rate of excised leaves; leaf area index; starch synthase enzyme; yield
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Fig. 1 Diurnal variation of field microclimatic factors after anthesis
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Table 1 SPAD values of flag leaves of winter wheat at different days after anthesis

16 J5 KL Days after anthesis

pisa

Treatment 10 15 20 25 30
CK 54.24+1.28 a 54.81+1.06 a 51.26+0.58 a 36.42+0.78 b 14.93£0.29 b
CKP 54.50+0.69 a 55.54+0.37 a 52.09+0.36 a 40.96+1.05 a 16.37+1.04 a
BT 55.42+0.43 a 55.60+0.78 a 52.35£1.20 a 38.83+£3.26 ab 16.65+0.84 a
HT 55.06+0.51 a 56.16+0.65 a 52.66+0.86 a 41.97+1.42 a 15.98+0.09 ab
BTHT 54.33+1.99 a 55.05+0.44 a 52.42+1.95a 41.20+1.21a 16.77+0.74 a

TE: CK—Weitii /K3 s CKP—REiiKH,PO,; BT—4& 1 IMGIESENE ; HT—IFAEMIMOGESENE ;. BTHT—h 1y IR AL T SE s . BT 4
PR BRI, [RISVEUELIS A [R5 B3R AL BEIRI 7E0.05 /K - 22 57 B 5

Note: CK—Tap water; CKP—KH,PO,; BT—Oligosaccharide at jointing stage; HT—Oligosaccharide at anthesis; BTHT—Oligosaccharide at both
jointing and anthesis stage. Values are mean+SD; values followed by different letters within the same column indicate significant difference among

treatments at the 0.05 level.
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27.26% F1 21.15% ()G 20 K) (£ 2). G 15 77.78% (FFAEJG 10 KERAM); 5 CKP ML, {XFEFHF
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XN RWL HY5EM 22 S AN 2 o S — R TAAXL G 30 1) B 3519 0 T 49.53%~50.47% . {XAETFAE
RAJGIFRIG 25 X, BT 5 BTHT A# RWL 5 5 K, BT AbHfY LAT % CK F1 CKP 5 & H
B CK 705 AR 15.08% 1 21.73%, UiWIHEIS  17.56% F124.22%; #EFFAEIS 10, 15 FI25 K, Fif
BT 5 BTHT & B R Z B A BT 20 F BN, ) omib s LA 5 CKP £ %R B2 ZIKEJ%?LEEF' %
BABHRAKTT . THER 30 X, BEPEZERY 355 24 F126 K405 H 0T P02 B T 4R
AW, SRS A BRI, BRI e TR A SN LAT (H 0 R kzjb }F
ANZEE S AR RGEBICRES . INZEDIPRT 5 30 K, CK ARERAY LAT (EETFEIT 20 K2Rk
RIS, i BT T N BRI {15 80.51%, HT I BTHT AbFRIN 4 5IMEAE 69.64% Fi

%ﬁﬂtﬁ%ﬁﬂﬂﬁﬁmo 70.73%. %2 WIS A A F TN 0T LAT
23 EAEMEWNINEMHERIERETNT (B 20 F5 58 28 0 KT, T L2 T H XU 361 1) 5 0 h A

%3 W%, 5 CKAH, HT F1 BTHT &3/ PN, Horp BTHT A0 0 R el HLiZAb B
FLAT BERN 14.56%~78.40% F1 16.62%~ A LAI 5t SPAD Fig EA — bk (% 2), wiM

*®2 FRLETENEEMBEM FRKEEFNSEL [mg/(gemin)]

Table 2 Dynamics of water loss rate of excised flag leaves of winter wheat under different treatments

b3 1EJ5 KL Days after anthesis

Treatment 5 10 15 20 25 30
CK 3.85+0.68 a 5.09+0.02 a 4.89+0.03 ab 4.36+0.32 a 4.67+£0.30 a 4.74+0.22 a
CKP 4.10+1.01 a 5.24+0.20 a 4.56+0.34 be 4.02+0.20 ab 4.16+0.17 ab 4.34+0.41 a
BT 3.31%1.12a 4.75£0.21 b 5.07+0.03 a 3.17+0.26 ¢ 3.96+0.09 b 4.41+0.42 a
HT 4.62+0.22 a 5.31+0.18 a 4.55+0.33 be 3.73+0.27 b 4.19+0.09 ab 4.20+0.09 a
BTHT 3.72+0.52 a 5.08+0.10 a 4.37+0.17 ¢ 4.14£0.02 ab 3.65+0.66 b 4.20+0.32 a

i CK—BEiy KXl s CKP—BEHEKH,PO,; BT—H 1 IHIBTHESERE ; HT—IT/EMIMOESENE; BTHT W AIT AEMIMOE SEME . A 4K
WX I EARE RS . BUES AR TR 3R AL BRIRITE0.05 /K- 22 57 .35

Note: CK—Tap water; CKP—KH,PO,; BT—Oligosaccharide at jointing stage; HT—OIligosaccharide at anthesis; BTHT—Oligosaccharide at both
jointing and anthesis stage. Values are mean+SD; values followed by different letters within the same column indicate significant difference among
treatments at the 0.05 level.

#®3 FTELETZNEMERERIZSEN

Table 3 Dynamics of winter wheat LAI under different treatments

JbF 165 REX Days after anthesis

Treatment 5 10 15 20 25 30
CK 8.29+0.27 ¢ 8.29+0.27 a 7.16£0.45 b 4.62+0.03 b 0.90+0.23 ¢ 0.90+0.20 b
CKP 7.84+0.51 ¢ 7.84+0.51 a 7.56+1.30 ab 4.70+0.41 b 1.07+0.25 abc 1.07+0.12 b
BT 9.74+0.42 b 8.60+1.25 a 7.8340.38 ab 4.36+0.10 b 1.03+0.34 bc 1.03+0.09 b
HT 10.97+0.92 a 8.89+1.47 a 8.76+0.39 a 5.29+0.19 a 1.61+0.27 ab 1.61+0.14 a
BTHT 9.67+0.76 b 8.76+1.83 a 8.93+0.59 a 5.47+0.20 a 1.60+0.35 a 1.60+0.20 a

TE: CK—Weitii /K3 s CKP—REiiKH,PO,; BT—4& 1 IMGIESENE ; HT—IFAEMIMOGESENE ;. BTHT—h 1y IR AL T SE s . BT 4
PR AR, BES AS R) PR AR BEE] £E0.05 K 25 57 B 3%

Note: CK—Tap water; CKP—KH,PO,; BT—Oligosaccharide at jointing stage; HT—Oligosaccharide at anthesis; BTHT—Oligosaccharide at both
jointing and anthesis stage. Values are mean+SD; values followed by different letters within the same column indicate significant difference among
treatments at the 0.05 level.
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Fig. 2 Dynamics of key enzyme activities in winter wheat
grains under different treatments
TE: CK—MWifitiis KX I8 ; CKP—MWijifi KH,PO,; BT—H 17 HImEjitE
SEME; HT—JF A6 W0 SE0E ; BTHT—4& 7 1 A1 78 10 1o e 2%
M AGPase— I MR AT 40 AR IR T ; GBSS—IREEZRIE
Wy I s SSS—RIVATETER G g . A EAR/NG TR AL

HHITE 0.05 KPR RE,

Note: CK—Tap water; CKP—KH,PO,; BT—Oligosaccharide at
jointing stage; HT—Oligosaccharide at anthesis; BTHT—Oligo-
saccharide at both jointing and anthesis stage. AGPase—ADP-
glucose pyrophosphorylase; GBSS—Grain starch binding synthase;
SSS—Soluble starch synthase. Different lowercase letters above the

bars indicate significant differences among treatments at the 0.05 level.

(BTHT 4bBEBRAM) . A 30 K, ZBEALLEE BT A
HT MWz &, L SSS i M4 CK fil CKP
BN 1.97%~12.89%., Ut B3 WMt 52 & S bE G i
ARG A /NFEAFRL SSS I T 2 744 =i 11 7K



2330 R R S 28 &

S, T HAERE S S WO W 5 o BTHT 4b 3

ORI

25 EABERENLNEFEREHHERNFN
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1l AGPase TEPEY 5= 2 IEMIEER (£ 5), RWL
g R amEXk R, Fit, GBSS il SSS 5 &
2 IEAHG (P<0.05), H, LAI 5 SPAD. GBSS
1 AGPase, SPAD 5 AGPase .3 IEAHE (P<0.05),

RWL 5 SSS i F FAHC (P<0.05). HUILULHIE &5
W38 2o 5 25 BT VE R B A DGR 1, (R TE A
B, R E R R . W BT DALY RRE X
SPAD. GBSS Fl AGPase iGPEAH I B2, wil]
FEMEA R TR s K /NEE I OGS A BT RE
SN/ INAZ GE R G P, 1 T () 4225 i o

3 ihie
31 EAEMENRINEREH B A R B 20
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Table 4 Effects of different treatments on yield and yield components of winter wheat

/NZE RO ) S S5 G, {H BTHT &b # A2
Tk W E RN 5.09%, R 3 m? AT ISR Y
SEhRFERE AL, BR HT AbEAL, HAHIFIAL P AR
T2 B MO /N2 B B 6.69% LI b 45 A Fig T
EMSEPRF=E, BTHT A& MR =B SR, Hik
BT Ab3, ifF— 251 A 3 S it S AN (BB 2% i T
PR E XN PR AR R, H AR B T XL
T, A B ARG N . SO IR A A
B WX 7 B N A e HAT B RIVE A

s Fi PRI SEpR ZCKIH
e ' A HE A ?*ﬁii . %mfﬁg ;&BTTFE% '354 ' ™
Spike number . . 1000-grain weight Theoretical yield Grain yield Yield increased
Treatment Grain number per spike
(*10%hm?) (2) (t/hm?) (t/hm?) (%)

CK 57222 a 3332a 35.65b 577424 ¢ 5843.62 b

CKP 575.00 a 33.59a 35.71b 5865.67 be 6234.57 a 6.69

BT 561.11a 3574 a 36.86 ab 6281.20 ab 6351.55a 8.69

HT 574.07 a 3474 a 36.53 ab 6188.83 abc 5802.47b

BTHT 57222 a 35.05a 37.46 a 6386.18 a 6341.85a 8.53

TE: CK—WEitiv KX Hl; CKP—BEHEKH,PO,; BT—H 1 IIBTHISERE ; HT—IFAEMIBOESEME; BTHT SR AEMIBOESEmE . [R5 %L
{BJE AR SR R A BB 7E0.05 K P 22 5 B 5

Note: CK—Tap water; CKP—KH,PO,; BT—oligosaccharide at jointing stage; HT—Oligosaccharide at anthesis; BTHT—Oligosaccharide at both
jointing and anthesis stage. Values followed by different letters within the same column indicate significant difference among treatments at the 0.05

level.
RS BABLNETERREZSHNBEXMEIT
Table 5 Correlation analysis of yield formation factors in different regulation treatments under dry hot wind

815 Code SPAD RWL LAI AGPase GBSS SSS Y

SPAD 1

RWL —0.100 1

LAI 0.900* —0.300 1

AGPase 0.900* —-0.300 0.800 1

GBSS 0.800 —-0.500 0.900%* 0.900* 1

SSS 0.300 —0.900* 0.400 0.600 0.700 1

Y 0.500 —0.800 0.700 0.700 0.900* 0.900* 1

: SPAD—MERFAHX &y RWL—EEI SR A LAI—MTHFRIEEG AGPase— /I H BRI AH AR DR (LG ; GBSS—4isiE
B ;s SSS—ITAMEIEMS G M Y— . *—7E0.05/K T W HH G,

Note: SPAD—Relative chlorophyll content; RWL—Rate of water loss of excised leaves; LAI—Leaf area index; AGPase—ADP-glc
pyrophosphorylase; GBSS—Grain starch binding synthase; SSS—Soluble starch synthase; Y—Yield. *—Significant correlation at the 0.05 level.
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