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Abstract: [ Objectives ] Water logging damage during wheat seedling stage is a common disaster limiting the
growth and yield of wheat under wheat-rice rotation system in Sichuan Plain. We studied the effect of foliar
application of plant stimulants and fertilizers on the water logging resistance of wheat seedlings from the points of
physiological responses and population growth, to provide an approach for alleviating the damage caused by water
logging in wheat fields. [ Methods ] A field experiment was carried out in Dayi County, Sichuan Province during
wheat season after rice, the wheat cultivars included a multi-spike type ‘Shumai 1963 and a large-spike type
‘Shumai 133°. Within 30 days after sowing of wheat, the relative soil moisture content was above 90%, leading to
water lodging damage seriously on wheat seedlings. Six foliar treatments were setup at the three-leaf stage of
wheat seedlings, included spraying S-Abscisic acid (S-ABA), poleiotropic azole-meata (PM), amino acid water
soluble fertilizer (AF), humic acid water soluble fertilizer (HF), and combined spraying S-ABA and PM with AF
(S+P+A), or with HF (S+P+H), and spraying tap water (CK) as a control. The seedling traits, leaf area index,
development dynamics of tillerings and stems, grain-setting characteristics, and yield of wheat population were
investigated. At jointing stage, leaf and tillering node samples were collected for determination of the
malondialdehyde (MDA) content, antioxidant enzyme activities, and the accumulation of carbon and nitrogen
assimilation. [ Results ] Among the six treatments, S+P+H showed the highest anti-water logging effect and
stable production effects on the multi spike type of Shumai 1963, and it can also produce similar effects on the
large spike type of Shumai 133. Specifically, both spike types of wheat significantly improve the pre jointing
population growth rate and leaf net assimilation rate, increase leaf area index and chlorophyll content; The sucrose
content in leaves and tillering nodes increased by 38.8% to 70.3% compared to CK, the free amino acid content
increased by 16.7% to 24.2%, and the proline content in leaves increased by 48.0% to 71.5%, respectively. MDA
content in leaves and tiller nodes decreased by 28.0% to 51.2% compared to CK, while the activities of antioxidant
enzymes superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), and ascorbate peroxidase (APX) in
leaves increased by more than 41.3%, 47.6%, 89.9%, and 38.7% compared to CK, improving carbon and nitrogen
metabolism and antioxidant capacity. The tillering ability of Shumai 1963 and Shumai 133 spikes increased by
28.2% and 58.3% compared to the control group, and the effective tillering rate significantly increased. The
number of grains per spike, tiller spike weight, and grain number per spike on the main stem significantly
increased, and the contribution rate of tiller yield increased by 6.1% and 8.8%, respectively. The final yield
increased by 26.3% and 13.2%, respectively. Spraying HF alone also contributed to leaf growth and photosynthesis
during the seedling stage, with a 12.2%, 5.6% increase in tiller yield contribution for Shumai 1963 and Shumai
133, and an actual yield increase of 15.4% and 16.5%, respectively. Spraying S-ABA on multi spike Shumai 1963
increased yield by 13.3%, while spraying AF on large spike Shumai 133 increased yield by 10%. [ Conclusions ]

Spraying one or a combination of several plant growth regulators and foliar fertilizers at the three-leaf stage can
mitigate the adverse effects of water logging on wheat seedling growth through different pathways and to varying
degrees. Physiologically, this practice promotes wheat leaf growth and chlorophyll content, enhances the
accumulation of sugar and nitrogen metabolites in leaves and tillering nodes, boosts antioxidant enzyme activity to
reduce membrane damage, protects tillering occurrence, and enhances the plasticity of the first tiller. From an
agronomic perspective, applying plant growth regulators and foliar fertilizers can increase the population of stems
and tillers, accelerate the growth rate of the population, improve the quality of spike formation, and ultimately
boost yield. After applying the combined treatment, Shumai 1963 (a multi-spike variety) exhibited higher levels of
sugar metabolites in leaves and tillering nodes, as well as higher SOD and APX activities in leaves, compared to
Shumai 133 (a large-spike variety). Additionally, Shumai 1963 had lower nitrogen metabolite content and MDA
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content, and produced more tillers that formed spikes. Overall, the effect of spraying humic acid-based foliar

fertilizer is greater than that of amino acid-based foliar fertilizer. The combined effect of S-abscisic acid (S-ABA),

paclobutrazol-piperidine, and humic acid-based foliar fertilizer is also more pronounced than their combination

with amino acid-based foliar fertilizer.

Key words: waterlogging; wheat cultivar; plant growth regulator; foliar fertilizer; tillering dynamics;

population growth rate; fructification characteristics; antioxidant activity; carbon assimilation;

nitrogen metabolism; yield

VU A EE B R /NEF X, TEEFRE
LA PRRE T A 2 R E A, ER T K “R
IIRE” FREZKE . BRI, &/NE—KFERR
YRR 12z X 358, 3 8 i oA ol B 5L A R AR A% g e o
FHURACFE S OE R, SR, BEE DL R
AT, KRR AR R B, NS BUNEE2E 1
Pedkw Bk, i BN 3G R 01 ) A AR Az 3,
ZREBWH . HHEUIRR LS . HLBESC & ki +
Hewhdh, HEBUKMELL TS, BERBIEY, N
TR B S AR, 0 P A T A R
KAEZR, MR kEZEE, dimd, AL
SRR, WK 10%~15%, i FE LB/ AR
PrBus, BHATMR RAEK 5Ky, AEW, M A%
5 GEE T R, REERARHZI . BEBRS
IR EME AR I A, BH S E L 5
Uife, SIER ST, JiGE, N K
FAERKIGAEAEARMERON, REAR(E AT HIE B 0 o
BERURE, SRR SAME 2 /N R S OB 4R,
TR R AT AT i 32 25 AR 2 o BE LR, 2 Fdl
s P T AR A A o e, B AR B S R S
MR . R, B, BRR/INEZMRIMIRETE . M
FEACHE . Rk BE AR A, X T E BB
B SRR R

A IR 700 s e AR R AR K BB i
WIERZ, WYL K BET TR N R NI R
AT, MR, PR B A G SE R Rk I
M Ak AR, AR BE SR AMR R AR AN L, #h TR
OB BRGETIGE TR, RIS RIS LA,
THABMBES, SEPIR (S-ABA) SEAIAN “ria
WER”, BSOS AT A Y S AR A i XA
M, AT SSLIF A ZE VR e, R -
WRER (PM) REAEIE ML, BOINA R BE, fRii 4R
AR, S EIERUK IR (AF) BEAN S AR K
VA RERGIEVLTFERLR, RIS T /N
AR U B R R 3R A T S A
(HF) 2 20 Fl 4 ot 8% 2o 2 400 %) e fie AN Ak A S, —

JE W AL 2 A TR B A ALY, A1 D IR B 5
RESE AR R A, AT NO-IAA {5514
eI AR, wh et SRR S R T &
AR SR EHUERE S, UL, A A A R
T BROIE B T B RCR BB, (B A R
MBCR BB TR o R A R 5 50 55 i T A 45
PERFNEENLEL, N, AR S-iFH R, £
R FHURES . FERRRKIRIL . A SRR LR
G, PSS T A A5 AL G /N 22 2R BE
A LA RO B R, DUDIR 5 R 4T
TUH B B B A

1 FRSIE

1.1 X HETR

R T 2022—2023 4EAE DU 48 s T R & 2o
M % (30°58'N, 103°53'E) #E47. k56 Hb + 4 k1
+, 0—20cm +)Z b= A LR 38.91 g/kg,
2% 2.05 g/kg, BRA 19.26 mg/kg. 4:#E 0.231 g/kg,
PR 193 mkg, A1 14.7 gkg. HRCED 250 me/kg,
pH 6.53. /NEAKZEBFE/KE 303 mm, HIEE
13.5°C, AERE R 24 I8 70 XN, 0—20 cm
+ 2 SR BB 1R, NEBRE 30 K

1o [ = F%/K & Precipitation 7160
- 14K Soi i —
100 | T35 7K # Soil moisture content | 50 B
~ 5 £
$E g 140 8
Moo g
® 3 {30 &
nZ 80 ¢ 5
B g 120 &
Hz 70 | 1
Z 2
110 %

60

0 10 20 30 40 50 60 70
J&FJE KEL Days after sowing

E1 NEEMERTHANEKESTIRENEKE
Fig. 1 The precipitation and relative soil moisture content
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Table 1 The growth rate of two wheat cultivar populations under different spraying treatments

FhFh Cultivar (C) ALl Treatment (T)  AHXZEKH% RGR [mg/(g-d)]  BEMA K% CGR [g/(m2-d)] ¥ [E4HL%E NAR [mg/(m?-d)]

SM1963 CcK 3237 ¢ 3.44b 351d
S-ABA 3422 be 3410 38l¢c

PM 40.13 a 3.93a 4.19 ab

AF 3233 ¢ 3.15b 38l¢c
HF 35.77b 401a 3.97 be
S+P+A 39.84a 4.07a 4.17 ab

S+P+H 37.92a 429a 431a

SM133 CcK 28.18d 2.61¢ 293¢
S-ABA 28.82d 2.68 ¢ 3.39b

PM 3532¢ 3.43b 3.60b

AF 26.64d 238¢ 297 ¢

HF 36.81 be 3.63 ab 3.94a

S+P+A 39.81a 3.94a 423a

S+P+H 37.90 ab 4.09a 4.10a

J1 224538 ANOVA

C 32.9" 109.0™ 81.8"

T 59.3" 222" 29.5™

CxT 7.3 1.4 53"

IE: CK—iH7K; S-ABA—S-FHiR; PM—ZRmk FIURES ; AF—&&@IEMKIHNE ;. HF—S B AERKIAIE ; S+P+A—S-FHiR+ 250 1
WSS+ BAEMAIRIIE s S+P+H—S-BHI R+ 220 FIURES+3 AL . [RIFVEERE AN F/INE SRR [ SR A R b 0] 22 55 i 2%

(P<0.05). JTZEoHrH, *. ** R FoRa s F0.05. 0.01BE K-

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. RGR—Relative growth rate,

CGR—Crop growth rate, NAR—Net assimilation rate. Different lowercase letters after data in a column indicate significant difference among
treatments of the same cultivar (P<0.05). In ANOVA, *, and ** indicate the variable effect at 0.05, and 0.01 significant levels, respectively.
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IKFM B E K (P<0.01), bR 5 W06 AL FEXT /N A2 1Yy
FHR Az R AN R AR B R BAEH (% 1),
5 CK ML, PM AbBEMAhFE A /N F2 SM1963 &5
SM133 FYARXTAE KA B T 23.9% . 25.3%,
BEARAE KRBT T 14.2% . 31.4%, &lilfk
ROPMARTET 19.8%. 16.5%; Wijiti HF AbBEARR A=
KRN HIETE 10.5% ., 30.6%, BEARA K HZFR5
$&TF 16.6% . 39.1%, HRILFT BT 15.7% .
35.0%; Wiji S-ABA ZbHRHEI AL 4R T 7.3%
15.2%; Wijiti AF AbBEHETH SM1963 1t [l fb 4 7.9%.
Wizl A S+P+H 5 S+P+A 4B i) A i K 2% TR
3%, S+P+H AbFHA FRlit A HF Zb 3 SM1963 [HIAH
XA R 55 LR A BT 6.0% . 7.2%, LA
MU P S-ABA . PM AbFE SM133 A X A= 1K 5 R

BT 31.5% . 7.3%, EELRS 4T 21.4% .
13.9%, £ b, /N2l v 195t 3 W8 )5 Wil HF
PM fE4 it e lRIfbRE 0y, fREHL EERA . KAl
A1 SM133 Wt PM EAF AR KRR T, 23
SM1963 Wit HF 584 B FHAMN = P A K o ¥
S-ABA. PM 5 HF. AF 44 Wit e 4E & &R Ak
s, HI A BRI A0

2.1.2 WEEREREXT N0 R AR K R s PR
RUNEZ R TBE S, P E A BEER (P<
0.05), Mt jife b F AT I 3R WA F8 b S i 4 5 = 1
SEMA A B KT (P<0.01),  HL & 555 it &b 3L
AR ELZ M (352). 5 CK AL, Wi HF 4
P SM1963 5 SM133 44 15 11 i 1o AR 48 £3 70l 42
23.9%. 30.3%, MHTEFRHRSHIETE 93.2% ., 124.1%,

®2 TR TEGMNE IR S EA R

Table 2 The leaf traits and chlorophyll content of two wheat cultivars under different spraying treatments

vl Ab MRS AR FER R Kamge) MEERb(mglg)  BMHEEE (mglg)
Cultivar (C) Treatment (T) LAI LAR LWR Chl a Chlb Total chlorophyll
SM1963 CK 1.34d 5.02d 0.62b 0.71d 0.25¢ 0.96d
S-ABA 1.36d 9.09b 0.62 be 0.77 ¢ 0.26 ¢ 1.02¢
PM 1.45cd 7.14c 0.66a 0.86a 0.28b 1.15a
AF 1.35d 5.99 cd 0.59 ¢ 0.71d 0.29 ab 1.00 cd
HF 1.66 b 9.70 ab 0.54d 0.76 ¢ 0.28b 1.05 be
S+P+A 1.50 ¢ 5.86 cd 0.65a 0.82 ab 0.28b 1.08 b
S+P+H 1.83a 11.01 a 0.61 be 0.78 be 031a 1.15a
SM133 CK 1.22¢ 531d 0.62 a 0.77d 0.27c¢ 1.05d
S-ABA 124 ¢ 7.72¢ 0.58b 091b 031b 1.21b
PM 1.50b 9.64b 0.58b 1.07 a 0.37a 144 a
AF 1.14¢ 6.55 cd 0.55¢ 0.73d 027c¢ 1.00d
HF 1.56 ab 119a 0.59b 0.82¢ 0.27¢ 1.12¢
S+P+A 1.17 ¢ 7.32¢ 0.62 a 0.75d 0.30b 1.02d
S+P+H 1.65a 10.61 ab 0.58b 0.85¢ 0.31b 1.16 ¢
T 25535 ANOVA
C 25.67" 2.60 55.7 115.1* 173.1™ 284.3™
T 448" 46.3" 18.2™ 52.6™ 36.6™ 70.9*
CxT 4.5™ 4.7 9.6 17.1° 19.8™ 2557

IE: CK—iH7K; S-ABA—S-FHiR; PM—ZRmk FIURES ; AF—&&@IEMKIHNE ;. HF—S B AERKIAIE ; S+P+A—S-FHiR+ 250 1
WSS+ BAEMAIRIIE s S+P+H—S-BHI R+ 220 FIURES+3 AL . [RIFVEERE AN F/INE SRR [ SR A R b 0] 22 55 i 2%

(P<0.05), JFZEoHrH, *.

Y WFEIRBON K F0.05, 0.01 8 FKFE,

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. LAI—Leaf area index, LAR—Leaf area

ratio, LWR—Leaf dry weight ratio. Different lowercase letters after data in a column indicate significant difference among treatments of the same
cultivar (P<0.05). In ANOVA, *, and ** indicate the variable effect at 0.05, and 0.01 significant levels, respectively.
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Fig. 2 Carbon metabolite content in leaves and tillering nodes of two wheat varieties under different spraying measures
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WR 35+ AAERRKIFAL ;. S+P+H—S-IEHT R+ 30 HIRES+ 3 JE AR IR AL . AL EARIR)/NG PR 3R [ — R A () Aob 2 ) 22 S (2 25

(P<0.05),

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different lowercase letters above the

bars indicate significant difference among treatments of the same cultivar (P<0.05).
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Fig. 3 Effects of different spraying measures on nitrogen metabolites in leaves and tillering nodes of two wheat varieties
I: CK—E7K; S-ABA—S-IEHiEK; PM—2 a0 HIRER ; AF—3 & EM/KIE L, HF—3 M RKIEAL ;. S+P+A—S-IfPI R +2 a0k - H
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(P<0.05),

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different lowercase letters above the

bars indicate significant difference among treatments of the same cultivar (P<0.05).
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Fig. 4 Malondialdehyde (MDA) content in leaves and tiller nodes of two wheat varieties under different spraying measures
I: CK—E7K; S-ABA—S-IEHiEK; PM—2 a0 HIRER ; AF—3 & EM/KIE L, HF—3 M RKIEAL ;. S+P+A—S-IfPI R +2 a0k - H
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(P<0.05),

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different lowercase letters above the

bars indicate significant difference among treatments of the same cultivar (P<0.05).
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Fig. 5 Antioxidant enzyme activity in leaves of two wheat varieties under different spraying measures
TE: CK—iH/K; S-ABA—S-iFHIHR; PM—LRUM- RS ; AF—& QAEROKIFNL; HF—SEAERUKIEIL; S+P+A—S-FHFIR+Z8mk-

WREH+7 2 FE MK NE 5 S+P+H—S-IFPL K+ 280 IR 85+ & A R IE . B ARF/NG 8 38R R — S A AS R Ak 2R R 22 57 B 3

(P<0.05),

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;
HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;
S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. SOD—Superoxide dismutase,
APX—Ascorbate peroxidase, POD—Peroxidase, CAT—Catalase. Different lowercase letters above the bars indicate significant difference among

treatments of the same cultivar (P<0.05).
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Table 3 The occurrence and extinction rates of tillering in two wheat varieties under different spraying measures

© (M) Te EN SR [No./(m?-d)] [No./(m?-d)] [No./(m?-d)]
SM1963 CK 0.78 ¢ 1.45d 80.28 bc 327e 2.41 ab 0.57 ab
S-ABA 1.00 a 1.58 be 79.11¢ 370 ¢ 253 a 0.59 ab
PM 0.85b 1.47d 79.66 ¢ 3.51d 2.59a 0.60 a
AF 0.87b 1.53¢ 81.81 ab 3.48d 2.26b 0.54b
HF 0.99 a 1.6b 81.6 ab 392b 2.4 ab 0.56 ab
S+P+A 1.03a 1.67 a 82.12a 4.17a 2.38ab 0.54b
S+P+H 1.00 a 1.66 a 80.76 abc 3.81bc 2.6la 0.60 a
SM133 CK 0.48d 1.04d 68.08 ¢ 0.35d 3.60 ab 0.85a
S-ABA 0.59 ¢ 1.10¢ 74.26 ab 0.74 ¢ 287¢ 0.65¢
PM 0.59 ¢ 1.10¢ 70.48 d 0.78 ¢ 3.40b 0.85a
AF 0.65b 1.16 be 7529 a 1.20b 276 ¢ 0.63 ¢
HF 0.73 a 1.24a 72.86 be 1.56a 3.6 ab 0.74b
S+P+A 0.66 b 1.19 ab 71.72 cd 1.30b 342b 0.78b
S+P+H 0.76 a 122a 70.59 d 1.31b 371a 0.84a
FrZE55HT ANOVA
C 4793.3" 682.9™ 184.3" 16180.1™" 209.2" 351.6™
T 43.7" 28.3™ 13.3™ 71.6™ 11.5™ 18.8™
CxT 7.4 3.3" 9.6™ 11.9™ 6.9 10.4™

H: CK—H7/K; S-ABA—S-IBHIZE ; PM—Z0M: - HIIRSS ; AF—& & ER/KIBIL; HF—SEHEKENL; S+P+A—S-FEHIR+Z 550 - H
RS+ AL ; S+P+H—S-IH R+ 220 RS+ 5 RIS IL . [RIF B E AN R/NE SRR3R R R — S RO [ b ) 22 5 1 3%
(P<0.05). Jr2Ehirh, **FoRBNLERI0.01 B E K-

Note: TC—Tillering capacity per plant; EN—Ear number per plant; SR—Spike rate; TER1—The rate of tiller emergence from the start to the end
point of effective tiller; TER2—The rate of tiller emergence from the endpoint of effective tillers to the maximum tillers, TDR—Tiller death rate.
CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer; HF—Humic acid
water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer; S+P+H—Abscisic acid +
paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different lowercase letters after data in a column indicate
significant difference among treatments of the same cultivar (P<0.05). In ANOVA, ** indicates the variable effect at 0.01 significant level.
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Fig. 6 Stem and tiller dynamics of two wheat varieties under different spraying measures

H: CK—7K; S-ABA—S-iEHIE; PM—LaE-HIRSS; AF—
WR§5+ 2 MR KB IE 3 S+P+H—S-iFH0 B+ 4 - B IR $5+
B

B EAERKHEAL; HF—SEAEROKIEIL; S+P+A—S-iF R+ 23
FTE ARG o P2k ORI Y 0 A AR SR T i P R B 1 A R BE NG

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. The horizontal lines and their associated

coordinates are the “critical points of effective tillering” referred to in the method.
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SM133 P24 T} 10.0% . S BERHETE 25.7%, ki
W, SHMEEA A, A S+P+A AL
SM1963 F= 4T 7.8% LA b, 20 BEr= i sk R T
9.0% LI b, ZH& S+P+H AbFH SM1963, SM133 Hifi
TR SR R T 4.1% . 3.7% LU b, EZER0RI%L
ArETE 2.4, 4.7 KL E, SM1963 FEhERTE 9.5%
Pl b, Zi b, Wi S+P+H. HF fefeTh 325 . /hEesk
SRR, rEE R TTERRE, S-ABA REfEHF F
ZEREREER T, AF X RAEAIE) A7 133 TRLE IR A2
SRR BRI 4R T R P R AT A B T AR
AR, IR A BRI AR T R FR B ER T4 BE BT
R
2.7 MEFERESERERREXES T
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SYEE, BRMRATEETNT .

MR AT LUR B, R S5 EETT Y
MDA it 5 R BET) . AR BER MR . AL
PR R AARG, 5OrEEIH TR R W IEAOC
TR AL L BERE SOD T5 7k . I 1k 4L I T BE il
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MR IEAOC, SBEE T BOR 2 MR, B,
5 BE AR B 5 o R BOA B BEREAR, A



520 MY E IR 58k R 31 %
*®4 TR T A R EZERIRER
Table 4 Characteristics of tillers and spikes in two wheat varieties under different spraying measures
. A HK (cm) i (x10° kg/hm?) L9/ N AH /IS FEVANE
At ik Spike length Spike weight Fruiting spikelets Sterile spikelets Total spikelets
Cultivar Treatment
© M FE Bt orEE EoE orEE EoE IYBE F IYEE
Stem Tiller Stem Tiller Stem Tiller Stem Tiller Stem Tiller
SM1963 CK 9.0¢ 75¢e 6.5b 1.5d 15.6b 13.5¢ 32a 49a 18.8a 18.5abc
S-ABA 9.8b 8.4d 6.6b 22¢ 16.5ab  14.7 be 2.5bc 3.1be 19.0a 173c¢
PM 94c 87¢ 58¢ 2.1c¢ 169b 15.8 ab 2.5bc 27¢ 19.5a 184 abc
AF 9.1de 8.4d 6.4b 2.1c¢ 16.2ab 135¢ 2.9 ab 39b 19.1a 17.5bc
HF 10.2a 92a 7.6a 33a 17.1a 164 a 2.1cd 3.1bc 19.0a 195a
S+P+A 9.3 cde 8.8¢ 69b 33a 169a 15.9 ab 2.7abc  3.1bc 19.7a 19.1 ab
S+P+H 9.3cd 9.0b 79a 29b 179a 16 ab 1.7d 3 be 19.6 a 19 ab
SM133 CK 9.0d 84c 7.8¢ 1.2d 179¢ 1470 3.4ab 5 ab 21.7a 2020
S-ABA 10.7 a 93a 8.8a 1.5¢ 199bc  159ab 2.7¢ 39¢ 227a 19.8b
PM 8.9d 8.2d 8.5ab 1.0e 179ab 1490 3.7 ab 4.7 abc 21.6a 194b
AF 9.8¢c 9.1b 79c¢ ldc 19.1¢ 15.8 ab 3.4 ab 4.6 abc 22.7a 204 ab
HF 10.1b 89b 8.0 be 19b 18.7a 16.8 a 38a 5.0 ab 225a 21.8a
S+P+A 98¢ 84cd 8.8a 1.6¢c 19.1ab 16.7a 3.1bc 42bc 222a 209ab
S+P+H 99¢ 89b 8.6a 2.1a 19.5ab  164a 33abc  55a 227a 219a
7522531 ANOVA
C 324 103.1 251.7" 593.4™ 114.0™ 10.5™ 76.5™ 452" 192.5"  58.8™
T 56.2™ 73.9" 11.9" 115.7* 3.8 5.8 3.1 4.4 0.9 4.4
CxT 16.0™ 49.8" 10.1* 26.6™ 1.7 1.7 3.5™ 3.3" 1.0 0.8

H: CK—i7K; S-ABA—S-iEHIE; PM—Z20mk- RS ; AF—S & IEMRAGAIE; HF—F IR K AL ;

S+P+A—S-FEHT R+ LA 1

WR B+ EEMOKIEAL 3 S+P+H—S-PEHT R+ 280k HUR G-+ AR AE o [RIZVEE IS AN TR)/ING “FRERR [R)— RS Rl Ak B ) 25 S B35

(P<0.05), JyZ5rHih, *.

RN IR E0.05, 0.01 8 FEKF,

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;

HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;

S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different letters after data in a column
indicate significant difference among treatments of the same cultivar (P<0.05). In ANOVA, *, and ** indicate the variable effect at 0.05, and 0.01

significant levels, respectively.

HBEW TN, TidEE SOD. APX. POD i&PEREA K

(A BE R, WhREL
3 ifie
3.1 EE KR SR A A B E ST E

#, REMEEK

/INFAZ T 3 53 A0 I e o B S Y ) R B
MR R B, ARESS ERIEZ . ZIR RN
PRIRIE R AL AR ARG AP, e IR AN AL
% T AR MR E A B RAE KRESE , L 2x REARK
IrEIIRE I S BORIBRE I TR LA R RS, Ot

BB, BESFECIA Y E T GA RE(LIE M2 K i
I tmoK L& WIHFE, S-ABA 5 PM AEMIH] GA
E . TEARBIFE AN S-ABA . PM KN T
S ER R SR HARTE T i R ALEE S, SETA
Zie—5. B, AABAB, B S-ABA. PM
BARTEH Ty BER, AOFRSE T B B, S
TR R I3 BE R AR I R A A K R Y Tk
SRHEM AR F M, EEEN AN ERAL
SR HF RERS et/ N AR, R
MRS BRI, IR R AR o XA
SFEMIN, HF ol Uedt/ N A, JRREDL
HRES . WA HE 5 S-ABA . PM 41 {5 Wit ,
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Table 5 Yield of two wheat varieties under different spraying measures

. A AU (<10%hm?) MOk E . o e .
sl Lty Fertile spikes Grain number per spike THLE () Sr T BEDTRRA (%) i
Cultivar Treatment 1000-grain Contribution rate Yield
© (T) L oriE g oriE weight of tillering yield (kg/hm?)
Group Tiller Stem Tiller
SM1963 CK 334.2d 77.6¢ 405¢ 31.0d 52.3d 17.8 ¢ 55152
S-ABA 3533¢ 107.7 ¢ 46.6 a 319d 51.7 de 20.8d 6251.2bc
PM 3483 ¢ 922d 41.7 de 35.2be 53.7¢ 22.4d 5964.2 cd
AF 3450¢ 95.0d 43.7 be 343 ¢ 552a 21.7d 5796.0 de
HF 362.1b 1193 b 42.1 cde 383a 54.1 be 30.0b 6364.7b
S+P+A 3763 a 1413 a 43.2 bed 37.6a 509 ¢ 327a 6862.4a
S+P+H 377.1a 1233 b 45.0 ab 36.6 ab 54.8 ab 26.6 ¢ 69673 a
SM133 CK 2679 452¢ 432d 35.0cd 50.6 f 13.6¢ 5220.7c
S-ABA 280.4 cd 59.2b 452 be 3790 549d 17.7 ab 58275a
PM 274.6 de 383 ¢ 42.7d 33.1d 558¢ 10.8d 5424.8 be
AF 280.8 cd 56.8b 435 cd 36.2 be 57.6b 16.8b 5740.8 ab
HF 295.8b 71.1a 46.2b 37.1b 529e 192 a 6086.8a
S+P+A 283.8¢ 61.9b 46.4b 33.6d 585a 15.8 be 5375.1bc
S+P+H 304.6a 76.6 a 509a 399a 53.7e 19.7 a 5910.6a
7522531 ANOVA
C 2721.0™ 1714.3™ 35.0° 3.7 85.5™ 165.3" 33.5°
T 42.3" 72.4" 21.0" 15.0™ 51.2" 40.2" 15.3™
CxT 5.2 151" 7.5" 14.2™ 59.3" 18.8" 7.4

TE: CK—iH/K; S-ABA—S-EHIR; PM—Z k- HIURSE ; AF—& @IERUKIFNL; HF— S EAERUKIRIL; S+P+A—S-FEHTR+Z2 30k 1!
WR 35+ AL ROKIEAL s S+P+H—S-IEPT R+ 30k - HUR 85+ 5 JE R K T L o 18] 51 U IS A 1R] /NS =7 B 3R () — i i ) 28 e 12 35
(P<0.05). JTZE0HTHh, *. **pRIFRAAF0.05 . 0.01 BFE K-

Note: CK—Water; S-ABA—Abscisic acid; PM—Paclobutrazol and methylphenium; AF—Amino acid containing water-soluble fertilizer;
HF—Humic acid water-soluble fertilizer; S+P+A—Abscisic acid + paclobutrazol and methylphenium + amino acid water-soluble fertilizer;
S+P+H—Abscisic acid + paclobutrazol and methylphenium + humic acid containing water-soluble fertilizer. Different letters after data in a column
indicate significant difference among treatments of the same cultivar (P<0.05). In ANOVA, *, and ** indicate the variable effect at 0.05, and 0.01

significant levels, respectively.

K IAE T FH IS TR M BE R FIR e SRt A BEICRGR A ik 50%~70%, @it B . 45
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) 52 THROR 50 ﬁﬁ%ﬂ%%tﬂﬁ%@mm HEK RSN BEZEIR 00 /N2 3R 1 T e M e s
PM WA ZEBHETHHCR . B S-ABATPMAHF B JEma L R, BV I o IE B B T B bk 3 ik
AEAMEAE T, FEDTHE WA TR E/NE D BEEUE  pen, SR BRI 5 B R U AN Sy A BE R
AT S it Ao chE, 4R R B S AR RS g O R ANEE S R A SO A | B
3.2 EPEKBTHISRBESERIBIERENR W RADTHEMESRE . AU R 55
W, HIRITR RN BEVT TR PERE . REMEA R, TR D WA

RABHREEY ARSI WA, TERE SRR XA, BG4 A T i
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522 W E 37 5K A2 )
" 1.0
H-TH AR FE % LAL 0.70 | 0.54 0.47 |-0.72/-0.57 0.48 | 0.71 0.79 |0 0.57 0.5¢
4% % & Chlorophyll 0.50 |-0:42 0:58 0.34 08
A PERE L-soluble sugar ’ 0.73 ~0:69 ~0.84 ~0.80 0.47 0.530.50 092 0.55 —0:63 0.88 | 0.88 0.92 '
I A EA L-sucrose ", 0:37 2073 -0.45 0.50 | 0.46 ~0.39 0.82 | 0.65 ~0:44 0.76 | 0.71 | 0.75 06
I F Al %% 3 1 L-soluble protein .\. 059 | 0.59 0.79 ~0.51 0.69 | ~0.71 -0.84 ~0.78 '

I Ui B LR L-free amino acid ' 0.50 04
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SrBETT A PETR 1 T-soluble protein ‘ '
53 BETTF 25 S 25 1R T-free amino acid “ .’ 0.59 |-0.42 ~0.51/-0.64|~0:58 o
B AL SOD ‘ ‘ 0.35 0.54 0.46 :
TEAETE CAT ' 04
PR IR A s APX , /" \\ ' ‘ 0.68 |~0:52/ 0.86 | 0.81 | 0.87 ’
A IEE POD ' " "" ’ 0.410.60 | 0.49 | 0.56 06
JrBEHTIE A TDR \ ‘ ’ ' ‘ . “ 0.74 -0:84 ~0.78 ’
Bk 8EH TC | @D ,’\ \\ o " /'\ 0.95 097 08
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Fig. 7 Correlation analysis between stress resistance metabolism and effective panicle formation
E: L T8, WEaRIRIREDN ARG, ERRIEML, SEREAMCHRE, *—P<0.05.
Note: L—leaf; T—tiller node; LAI—Leaf area index; SOD—Superoxide dismutase; CAT—Catalase; APX—Ascorbate peroxidase;
POD—Peroxidase; TDR—Tiller death rate; TC—Tiller capacity per plant; TER1—The rate of tiller emergence from the start to the end point of
effective. Blue indicates negative correlation between indicators, red indicates positive correlation, and color depth indicates correlation strength.

*—P<0.05.
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