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Abstract: This study aimed to investigate the effects of spraying plant growth regulator 6-benzylamino adenines (6-
BA) and salicylic acid (SA) on starch synthesis and dry matter accumulation of wheat grains under waterlogging and shad-

ing after anthesis. The waterlogging-sensitive variety

5 H #1:2021-04-29 Wanmai 52 and the waterlogging dull variety Yangmai 18
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1277139744@ qq.com growth regulators on the activities of key enzymes in starch

riods of 7 d, 11 d and 15 d after anthesis were artificially
simulated. The 6-BA and SA were sprayed on the day of

the end of the treatment. The effects of spraying plant
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and yield in wheat were studied. The results showed that spraying 6-BA and SA after waterlogging and shading could allevi-
ate the effects of waterlogging and shading on the activities of starch glucose pyrophosphorylase (AGPase) , granule-bound
starch synthase (GBSS) , soluble starch synthesis (SSS) and starch branching enzyme (SBE) in wheat grains to varying
degrees. Among them, the effect of repairing SSS activity in the grain was the most significant, followed by AGPase and
SBE. The activity of GBSS was less affected by exogenous 6-BA. Compared with the control, spraying 6-BA and SA in-
creased the rate of starch accumulation, increased the final accumulation of starch, extended the duration of wheat filling af-
ter waterlogging and shading, raised the average filling rate, added the thousand-grain weight and the number of grains per
spike treated with shading and waterlogging for 7 d and 11 d, alleviated the adverse effects of waterlogging and shading on
wheat yield. In addition, the remediation effect of 6-BA was better than that of SA. Spraying 6-BA and SA can alleviate the

damage caused by waterlogging and shading to the activities of key enzymes in starch synthesis in wheat grains, which is

beneficial to starch synthesis and dry matter accumulation.
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Fig.1 Monthly cumulative rainfall during wheat growth period
in Hefei from 2016 to 2019
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Table 1 Sampling time for different treatments of shading and wa-

terlogging
Sb3 BORERT ) (FAEJ IS E]) (d)
WS, 10 15 20 25 30 35
WS, - 15 20 25 30 35
WS - - 20 25 30 35

WS, WS, il WS, 735l 2R AL R BUKIER] 7 d 11 d #1115 do -Fom
REHE
1.3 MEMBRAE
1.3.1 HEEHheRFEBEEE BRNERS
B 7 B 25090 1 05 ¥ AGPase 1% YE N E 2 R
Smyth %5 ()51, SSS F GBSS T £ 32 2 #E Na-
kamura 252" {75 ¥ | SBE 1 PRI E 2 IR 25 K Bt
M
1.3.2 ®EHées SR MK ek,
A Logistic T Y=K/(1+e™™) (Y J¥FRLTER &
it NI AE RIS R AL, A B ASH K G
TER B R R i) A TE M AR Bl 2 15 2 E K
B KR IES B MR RIFEEM(T), T=
(4.595 12+A)/(-B); T L RTERWI (D), D =
[In(1/9)-A]/B; TEM P RHFE(R,..) s R =
K/D; JER KL B R (R, R, .=—KB/4,
133 #HETFHARREE MNFSOHEPEUNE
FH 15~20 4~,105 °C AT 15 min, 60 °C 4t % {5 i &
Ji 1 HRFRE R i, Logistic 52 W=C/(1+
MY (W R kFRL T RL T i, n R A6 28 A B 1) R
B, Z M NSE,CRIE WM ERK TR ) L5 F
REHEIR TR 207 BT —BsR 15 BRF RN 2
W, IS DU S8 R RS (N FF
KL I 99% FTits KAL) N=(4.595 12+2)/-M ;¥
RAER AR IS B (Ny) , Ny = N=N, =N, ; #E I
HEHA(N ) o N = —Z/ M BERAIEIA (N, N, =
(Z-1.317)/M; R W (N,) N, = (Z+1.317)/
M—-(Z-1.317)/M,
134 FEAAMRBEE  [FNERAE, BHH
HWORBURERY/NAE 10 236, FH T D0 ROk 2R T 6 ot
Ciman AR i s o8
1.4 HIELE

K H SPSS 22.0 BA4#E47 5 225081, Dunca X}
W £ WA P 4 T 2 8 LS, FH Origin 2017 FEE,



12 AN N A o

2022 4F 4 38 % 1M

2 HR50Hr

2.1 6-BA 1 SA M e lFiR/KIER/NEFHIEM S
B, 5% Sl 1 RO 22

2.1.1 #HEH FHiEEBHERACH (AGPase) FHE  AG-
Pase FEE TTHEALTE M A B IS P I H R
EHE(ADPG) FTE R, &L 2 AT, A6 5 5 K i
B 7 d 11 d J5, /NEZFPRL AGPase TG PEAR {b 5 PR
2R, 7EAE G 20 d 2247 IR BIEAE ; /KR 15 d )=,

FFRL AGPase T 1 52 T B, B/KHE B S Wit 6-
BA 5 SA 18 T /NEKKL AGPase 1% M | 55 W% i 2%
TR /K Y % B i) 22 5338 3] . 35 7K 7 (P<0. 05, BRimi /K
WERH 7 d Jeim# 18 #6515 d) . Wijiti 6-BA X} AG-
Pase WGP S RBERIE T SA, D2 52 f6)5
20 d R, FEBUKIERA 7 d 11 d A1 15 d 5, S xR
L, Wi 6-BA J& #FkL AGPase 15 VE 7 B #2755 T
6. 1% .14.3%F1 19. 9% , Wijifi SA J5 ¥ ki AGPase I
PR EEE T 3.0% 9. 7% 14. 0%,

W7 d KR d KR 15 d

& % r 2218 Eﬁ or w18

= h 5r ST

#E & o

23 23 4 23 4

E;2 e e

& 3 Z 3 : 2 a &3 3

1 s L =l

= :\:§ 0 1 1 1 1 = 0 1 1 J

% J?;ﬁ o1 fs52 % o1 fix#52

; ; sk 5k

8 g HE

23 =3 4 25 4

w2 g2 X e

Mﬁ 3 ﬁ?ﬁ% 35 2 a a i@ﬁ 3r

“Eﬂ 2 \‘:Eﬂ m ‘@f a a

1T

m4 0 | | | | I I 0 | | | | I 0 1 1 I

= 10 15 20 25 30 35 15 20 25 30 35 20 25 30 35
AEJE ] (d) ALJETIE] (d) AEJE ] (d)

—— CK; —@—6-BA; —A—SA

) FhE LR AL B A 7R 0.05 /K E 2257 3
B2 6-BA F1 SA X TE/RiRKIERR F/INEFFRL AGPase B TERI BT

Fig.2 Effects of 6-benzylamino adenines (6-BA) and salicylic acid ( SA) on the activity of starch glucose pyrophosphorylase (AGPase) in

wheat grains under waterlogging and shading after anthesis
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Fig.3 Effects of 6-BA and SA on the activity of soluble starch synthesis (SSS) in wheat grains under waterlogging and shading after anthesis
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Fig.5 Effects of 6-BA and SA on the activity of granule-bound starch synthase ( GBSS) in wheat grains under waterlogging and shading

after anthesis
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Fig.6 Effects of 6-BA and SA on grain starch content of wheat under waterlogging and shading after anthesis
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Table 2 Effects of 6-BA and SA on the characteristic parameters of starch accumulation in wheat grains under waterlogging and shading after

anthesis
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6-BA  Y=729.499 2/ (1+e* 110870224252 0.995 38.82 28.13 40.90 18.79
SA Y=675.984 8/ (1+¢*217 6702329861 0.993 37.83 27.53 39.37 17.87
WS, CK Y=551.221 3/ ( 1+¢™*867670-265 262t 0.999 35.67 26.63 36.55 15.45
6-BA  Y=643.727 8/ (1+e*HM00-0-2457621 ) 0.999 36.76 27.01 39.55 17.51
SA Y=614.426 1/ (1+e*343 470250 2450 0.998 36.52 26.94 38.44 16.83
WSys CK Y=525.316 8/ ( 1+e5270 3703354250y 0.998 32.39 25.24 44.05 16.22
6-BA  Y=614.102 7/ (1+¢5745 3703105255 0.997 33.30 25.58 47.67 18.44
SA Y=589.263 3/ (1+¢>720 370313 4861 0.998 32.92 25.28 46.18 17.90

WS, (WS, Fll WS s 7R BK R BF )43 51028 7 d 11 d A1 15 d, CK I BEEZE IRk X 1, Logistic R Y=K/ (1+e! #) ity g Wagad 19 TE M FR S i
FIFAE G REL, T HTERTR B RS, D AT RIR R GRTER R R 90% ) R, WEKRIRBHAE R, . AT EIBRE R,
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2.3 6-BA 7 SA XL /R iR KIERR /N EZ AR T MR
REMM

FH Logistic J5 BN /INZE ¥ T4 o FR BB ik 7 sk
TG, & T BT E R KT 0.990 (% 3),
M5t 6-BA Fl SA HE 157K 3 BA J5 T i F N 2R
REIRFFEL KRB (N) FIEE & T KPR T 25 3 R
(V). BUKERG % 18 it 6-BA J5 it K T HFHkL
TEIIGIH (N, FIRES E X I (N, ) | X HE S v |
(N)) FIFEIANK  Wiits SA £ B R T SR s,
PHEAR RG] SR g s N BUKIERE

£ 3 6-BA l SA X TERRAKER/NEFFRERFIERZM

LA 52 Wit 6-BA FI1 SA J5 A K TR E 3% i 4
1 VER PG IR R (KR 11 d ER
HEIBRAL ) , LI 6-BA HME R ROURE, DI
52 R, EAGER 7 d 11 d 15 d 5, S0P,
e 6-BA J K oRL P P HER B R B RE T
18. 8% 22. 7% 22. 7% , Wijifi SA Ji K ki - 25 7 3K
W EE T 10.3% 9. 3% 10. 2%, HFEY)
AR 22 A H A, Wi 6-BA Xt 48 J5 ¥t K il
BRI /IN22 KR40 R R 43 ) SR SR T SA

Table 3 Effects of 6-BA and SA on grain filling characteristics of wheat under waterlogging and shading after anthesis

S it B i werm ey o 0N
% 18 WS, CK W=36.824 8/ ( 1+e*0%0 8-0.260630n 0.998 10.64 10.10 12.58 33.32 1.11
6-BA W=47.537 1/( 1+¢*0070-0.256 726n 0.999 10.71 10.26 12.77 33.74 1.41

SA W=41.956 8/ ( 1+e*0041-0.258 166n 0.999 10.64 10.20 12.70 33.54 1.25

WS, CK W=32.881 2/ ( 1+¢39803-0.262 9761 0.998 10.13 10.02 12.47 32.61 1.01

6-BA W=41.119 1/ (1+¢>924 370255 683n ) 0.998 10.20 10.30 12.82 33.32 1.23

SA W=37.095 5/ (1+e™*!84570-268 916n 0.998 10.66 9.79 12.19 32.65 1.14

WS,s CK W=29.685 0/ ( 1+¢>34 9703532151y 0.999 11.98 7.46 9.28 28.72 1.03

6-BA W=36.760 8/ ( 1+¢>347-0329271ny 0.999 12.23 8.00 9.96 30.19 1.22

SA W=33.452 5/ (1+>785 770-349 9% 0.999 12.77 7.53 9.37 29.66 1.13

e 52 WS, CK W=36.638 3/ ( 1+¢*0604670:29430Iny 0.999 11.17 8.95 11.14 31.26 1.17
6-BA W=44.640 2/ ( 1+e*3738-0.285 984n 0.998 11.39 9.21 11.46 32.06 1.39

SA W=40.855 5/ ( 1+e*00! 4-0.292953 0.998 11.42 8.99 11.19 31.60 1.29

WS, CK W=30.346 4/ ( 1+e*4106-0.286 7061 y 0.999 10.79 9.19 11.43 31.41 0.97

6-BA W=38.739 2/ ( 1+e*190270.2609 7921 0.999 10.67 9.76 12.15 32.59 1.19

SA W=34.608 3/ ( 1+e*1328-0.267 1481 0.999 10.54 9.86 12.27 32.67 1.06

WSs CK W=26.062 0/ ( 1+e*341 2-0.300 7831y 0.999 10.05 8.76 10.90 29.71 0.88

6-BA W=34.342 4/ (1+e*H47970.285 3700 0.998 10.97 9.23 11.49 31.69 1.08

SA W=30.596 2/ ( 1+e*1978-0.278 931 0.999 10.33 9.45 11.76 31.54 0.97

WS, WS, il WS, Jm BB 50504 7 d 11 d A 15 d,CK WBEHEA AR TR Logistic /B2 W=C/(1+e2* ") i W PR TRUR L,
I WLEER RPRLTR ,n h FFAE TR O TR, N, TR, N, RSk BB 0 N, i ZE R0 NV o A 00 R i i 999% i

TFE) VIS R

2.4 6-BA 1 SA XL FiRKIER/MNEFEMEE
M

M 4 FTLIE Y, SX AL, BRI RIS 7 d.,
11 d 5t 6-BA F1 SA 3588 = T PR S Fh /N 22 B
BB TR, W22 18, S5XHRA 5k
JE W 6-BA Fl SA FERLEA B 1k 25 R Wit 6-
BA FI SA P b ¥ 8] UG f. 3 2% 57, {H TR0 0T & 7F 45 Ab
PRI 22 S A B 2 KT, X T e 22 52, BRI AL
TR i 7 45 b 3L ) 2 S A0k 31 dn 2K OF, 5K

HEF 15 d J5W5HE 6-BA 1 SA B4R E T PRI/ NE
(TR, W TR B i A T8 B K T, DARE
7 52 M, BKIERA 7 d 11 d JEmEk 6-BA kA
BIHRES T 22.5% 19. 2% , Wtiti SA BRI B T
10. 8% 13. 9% ; /KR 7 d (11 d .15 d J5 Wit 6-BA
TR MR E T 21.7% .27. 1% H1 32. 1%, Wi
SA TR o Bl e T 11.3% . 13. 6% fil 17. 6%,
PR A K 8 15 700 2[RI AH He 3, Wit 6-BA X AE )5
BOKIEEAXS/INAZ 7= e i3 I AR T SA
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R4 6-BA F SA MERFFKEANFERM/NEFZEMHEER

eI
Table 4 Effects of 6-BA and SA on yield components of different
wheat varieties under waterlogging and shading after an-

thesis
i AbFR

%718 WS, CK
6-BA 43.67+1.45a 45.57+0.2la 48.24+0.08a

HRH TR (g) BETME(g)
37.67=1.15b  36.130.24c¢

33.52+0.16¢

SA  43.00+0.33a  41.28+0.17b  42.64+0.25b

WS, CK
6-BA  41.33+0.88a 40.70+0.40a 40.40+0.11a

SA  41.67+0.67a 36.73+£0.14b  36.72+0.16b

WS,s €K
6-BA  30.07+0.33a  36.77+0.45a 26.54+0.11a

34.00+0.58b  32.47+0.28¢c 26.48+0.08c

30.00+0.58a  29.73+0.47¢  21.41+0.07c
SA  30.06+1.45a 33.47+0.30b 24.15+0.16b

Wi 52 WS;  CK  37.00£0.47c¢  36.35+0.81c  32.24x0.36¢
6-BA  45.33+0.04a 44.25+0.83a 48.16+0.24a

SA 41.00+2.23b 40.46+0.07b  39.84+0.48b

WSy, CK  31.33x0.47¢  30.43:0.21c  22.88+0.32c

6-BA  37.33+0.72a 38.68+1.07a 34.64+0.40a

SA  35.67+0.27b 34.58+0.28b  29.60+0.16b

WS;s  CK  24.69+0.72a 25.99+0.54c  15.40+0.08b

6-BA  24.71£0.72a 34.32+0.50a  20.35+0.16a

SA  27.69+0.94a 30.55+0.59h 20.30+0.13a
WS, WS, Fl WS, s /KB AR )43 318 7 d 11 d 115 d,CK K
TS 25 R 7K X B[] vl ] — 5t e [) — A 103 7 G B s TR S [ 5
FEFRAL BB E 0.05 K LR EE,

3 17 8

3.1 6-BA 70 SA X}iFR/KIERRE/INEFFRIEMR G K
XEREFHEEMRENEZIG

WS FINK , S 5 /N R RLTE Ry 6 100 OC ek il
FHEA AGPase ,SSS.GBSS il SBE™®' | (e ¥ kL3¢
SEadEEH SRR A AR A AR I A S, Ok
B TER B A 2 B 0 WK FRAR T N
GBSS .SSS 1& LS 556 Mt k5 T K AR
WY AGPase .SSS ,GBSS iV, FRAK T e M iy e & &
FUR ) AR IT & B0, WA ) A K 3 70 vl L
XFUE A B BOC BB TR, 3 v ay AR, e
IKAERER I Wi 6-BA F1 SA 3% 8 T kL GB-
SS.SSS Fl SBE MIKFEN Hy ik it AR A 5%
SEIRFIA Wi 6-BA (SA G 15t K I B s Xt
22 KF KL VE M A B G B B ( AGPase . SSS . GBSS Al
SBE) T6PE 1 B A 52 M), 360 R ()RR | w5 it A 4 A=
KIS RIE Z RO B, AT AfFR g Rk,

FEE B8 S5 A R /N 22 R R SSS TR M A2 R ) d
F ) XK REMEiE CPPU[ N-( 2-%8-4- M BEJE ) -N-
AREENR ] A0 PP333 (224 ) J& , FFkirh SSS Fl SBE
T B R, GBSS W ELA AR RRE O, AR
BT 245 A 3 W, I A6 W15t /K G B S mE i 6-BA AN
SA XFFFRLT SSS TG R IE I RO B ol B HAKOR
AGPase 1 SBE , GBSS 114 3 #MFAE 4 A= K )8 15 7
Y52 M /I U BH 3645 25 F T W3 6-BA il SA A7
I S VE Ry 10 A 1, W3 it &7 DA 40 A B 8 4 7510 %
TIER A 53 B e A i i — DR ST

INZERFRLIY TSI R, FR B TR I A R AR
EabRE, BN R APRIE R A OGRS T &
Z RN, R0 P BORE A BB ER TR A
NG & B, WEits 6-BA BEAT RUAE i /)N 22 ¥ kL v iR
FLANM S 2R TERS A A 1 5 FF AL I it 1
e BE (Y SA N A RUR R /N VER R AR SE
R KR S it 6-BA Fl SA HE i T /NETER
TR R (b - 28 B B8 5 3 My e K B R
) LVHIN TR RAH B, EERHRENRE
W, AGPase i PE AR AL 5 JE M AR B R ANCH %
Y ,AGPase S e B8 B E N W EA
T 3-BR T I R BE 05 TS X W) T AGPase 1%
P AR ek AL R PP333 1l DIk H 2 AR B
AGPase 1 VEREE T, PR v #5 AR R R 380 0E ¥y
RS GBSS i ME 5 B BEVE K AR R 5 b
FHIEMIEIE R SSS it 5 S bk v by B o R L
WEFIEAMG, IF 5 B TEk Rl 258 W2 EAH
AR R, S B E, 5K B S it 6-
BA Fll SA, b 8 T FFRL T UE R A BOCHE R I 1 |
TEM R SR R Ry A R Wi 6-BA FII SA FE
—ERRRE LA R TN E Ry AR R R 2 I R I BR
W1, Horhox gz 52 WiKERT 7 d AN BRSO,
Al Kb 3 493 A R T B O R A2 B AL S 1)
B
3.2 6-BA 7 SA Xt iRAKERE/NEFHR T KRR
EMFEENRMm

IINFE PRI o 28 o e 2 Pl R R RN S R
e rdesE O R ZE R BT it R 4 A K R T
T2 REMa /N T R AR, Qe /N2 TP AL Mt it 6-BA
FTABA B8 T AT B 3 ZE KT B TR
B Wi 6-BA SR T BK I A XN 3
BB Fr s 1 3%, B e & 4 FH RE ) FiE 5 R4k
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YRz i R E e ARSI & B,
Wi 6-BA Fl SA fE#E TAEJG L& W n R B 55
18, SRR T Tt/ S B 0 o SV 2 R R 5 ) 405
F LRI AESE T IIRENT B R S R R TR
VSRR 30 B (R | AR A5CR R d g
Jiti 6-BA FI SA X H A E 3K S 850 (v Y et )
G ) B2 R T A (7] 5 A oGT 245 551 S50 A A
E—EZFMAE, SR F, Wi 6-BA A1 SA X
S-S5 I R ) M B

HEABESE & B, FFAE 5 5K GHE B i aa 8 m 1 /1
FBANZEINCEL, R T /N RPRLESR e K> T
INE BB RO TR T /N R R 25 d
Wit 6-BA T L) 2 R AR /IN 22 BB T 2/ MBI CE
R P AR ] AL SR RN R A
TE/NZZ FFAE It SA BEAS IE L& 0 F (W) 2%, A
FHE R AU 2 T AN X KR )
Wbtk B, A6 K RS AL I Wit SA 7] DL ZZ i =
LG A0 B T R RO g SR YR
WhgE /N KR 7 d. 11 d J5 Wit 6-BA Fl1 SA
PR T BRSO TR, X e K U B
X ] SR A i 6-BA A SA YL T /N FE B ER /N
AE IR NI 46 =5 T 45 50 %, [l i — o B I Ak
G T /NEDent i B R IR R T AR SRR A E
AL B TS R 0 2 i RO AR DTRk %
FOUKIEER 15 d J5 o TN R B 4 A o, Wt
Jiti 6-BA F1 SA Xif /N2 R EI ) 5% i 35 /0N , (E2: AT DA
ARG 15t K HE B 38 % TR B ()2 ), AN [ A
WA E 1 R 2 (B A L3, Wit 6-BA X 7 i &
SN T SA,

4zt

/NEEAEJE K B A WG 6-BA A1 SA K fEZE
figp 5t 7K B T30 X5 /N2 PR S A 5 IO BT
MU 1, 2 A 5t K JHE B 30 X e AR B R
(BER R R AR 3R A NG A5 1 24 BH 3R R ) 3 1 4
SN AR TAERLE A & B, i ESE KRR 2 4
e - T AR G IR R BT i, W 6-BA AN
SA T 2 fifk st 7K 18 I i 3 o) RREASE 5 TR B 3
FRISANED o TR ol A ) A K 8195 5 ) L %5, Wit 6-BA
MR T SA,
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