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Table 1 The concentration of HA combined
with regulators in different treatments

b Rl HA IR
Treatment Regulator HA concentration (mg/L)
CK EEE 0
EDI ETH+DA-6 0
ED2 ETH+DA-6 200
ED3 ETH+DA-6 400
ED4 ETH+DA-6 600
ED5 ETH+DA-6 800
EBI1 ETH+BR 0
EB2 ETH+BR 200
EB3 ETH+BR 400
EB4 ETH+BR 600
EBS5 ETH+BR 800
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Different lowercase letters indicate significant differences at the P <
0.05 level. The same below.
E1 #EPEKEBTER HA X ERZEMNF0
Fig.l Effects of plant growth regulators combined
with HA on the stem diameter of maize

F2 EMEKETHTIEE HA X ERZEE M EELNELE

Table2 Main effect tests of plant growth regulators combined with HA on the stem diameter of maize

HAZ & . A A% R H R 177 F P TR
Independent variable Dependent variable SS daf MS 7p? (%)
HAC Z5H Stem diameter 6.546 4.000 1.637 7.521 0.001 25.1
PGR 9.565 1.000 9.565 43.957 0.001 32.8
HAC*PGR 36.179 4.000 9.045 41.564 0.001 64.9
%7 Error 19.585 90.000 0218
J&1 Total 71323.379 120.000

HAC. PGR. HAC*PGR 735lf0& HA WREE. MR HA WKRE SHEWAE KT EE. FR.
HAC, PGR, and HACxXPGR represent HA concentration, plant growth regulator, and the interaction between HA concentration and plant growth

regulator, respectively. The same below.
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Fig.2 Effects of plant growth regulators combined with HA on stalk strength of maize
T E S Wi, HAC Al HACXPGR [RISZMR UM 5225, L i

JHIT#% 3 iAl, HAC. PGR. HACXPGR X[ W8 kn? AT %1 HAC X T F 47 56 B B2 2 o 58 B 5
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Table 3 Main effect test of plant growth regulators combined with HA on stalk strength of maize

H AR . (R . SFJ R B H ¥7 F P fhin?
Independent variable Dependent variable SS df MS np? (%)

HAC FE T R 744.916 4 186.229 50.943 0.001 69.4
PGR 125.495 1 125.495 34.329 0.001 27.6
HACxPGR 196.968 4 49.242 13.470 0.001 37.4
HAC 2 i 5 5 21682.123 4 5420.531 119.971 0.001 84.2
PGR 241.117 1 241.117 5.337 0.023 5.6
HACXPGR 4340.569 4 1085.142 24.017 0.001 51.6

%7 Error JEATaR 329.007 90 3.656

2 il 5 B 4066.398 90 45.182

&1t Total FEAT R 420 660.845 120

2 i 5 5 8 101 603.990 120
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Fig.3 Effects of plant growth regulators combined
with HA on 100-grain weight of maize
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Ab PR T 35 FRAK 3.34%, EB4 AbFEEIRE, % CK
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WK 4 fis, ED 415 CK ARHEAHEL, K&
B ) HA R B AL 3R T 1 B vh A I Ok
K, RWILE ED b, HA W0 8 % 5 AT 1]
B, IR =k T HA SR — e R b
R ER AT IR T AR R . /£ EB ZHAbEE e
I TH I VA R B HA WRFE I I 5K AR
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4 Richards FFER ERIFRIERSH

Table 4 Richards equation and grain filling parameters of maize

b Richards 77 & #EH ZHU Grain filling parameter Yo B
Treatment Richards equation A B K D R
CK 1=34.908/(1+44.694¢0-0¢)1/0639 34.908bcd 44.694 0.096 0.639 0.997
EDI ¥=34.496/(1+1.562¢-0781/0:206 34.496¢d 1.562 0.078 0.206 0.992
ED2 1=34.06/(1+7.554¢0091)1/0.547 34.060cd 7.554 0.091 0.547 0.996
ED3 ¥=36.473/(1+13.665¢-09)1/0663 36.473ab 13.665 0.099 0.663 0.986
ED4 ¥=34.199/(1+3.445¢0-085)1/0353 34.199cd 4.753 0.903 0.401 0.993
ED5 y=35.763/(1+3.168¢0:0831)1/0.339 35.763abc 3.168 0.083 0.339 0.992
EB1 y=35.247/(1+3.132¢0:0821)1/0.322 35.247abed 3.132 0.082 0.322 0.994
EB2 ¥=33.841/(1+20.51 10105ty 1/0.771 33.841d 20.511 0.105 0.771 0.994
EB3 Y=34.133/(1+11.597¢0-08)110672 34.133cd 11.597 0.089 0.672 0.993
EB4 =36.889/(1+1.808¢7-075)1/0246 36.889a 1.808 0.075 0.246 0.988
EB5 y=34.582/(1+21.987¢0-098)110:59 34.582cd 21.987 0.098 0.596 0.996
NRAVNGFREE R P<0.05 KTFEREE. TH.
Different lowercase letters indicate significant differences at the P < 0.05 level. The same below.
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Fig.4 Fitting equations and filling rate curves of maize grain filling

FHXTR 55 -

223 BREESEXSAHMXNE WES PR,

Vinax~ Wmax F1 Vo 5 H AL 2D IEAHE, Wa.

Vo 5 R R R EAR G, W NS E EORLE [

EMAMRSH, HETERSE W M 7, &5

Vinacs Wnaxs Vo SFEAS W3 AT KL 30
#=5 EXRENESHFRERSHEBEXMES T

Table 5 Correlation analysis between 100-grain
weight and grain filling parameters of maize

F8HR Index Viax  Wmax ~ Va W, w; 12
ki 100-grain weight 0.486™ 0.397°°0.390™ 0.321"-0.320" 0.371"

€ SR RIFRIRTE P<0.05 Fl P <0.01 K RERK.
“*” and “*” indicate significant correlation at P < 0.05 and P < 0.01
levels, respectively.

HHEE 6 v AN, X THEHR S HL Vi, ED3 i CK
L PR IR T 7.24%, ED1 M1 ED2 43 5l# CK &b
PRIEZ LT 4.69%41 3.62%, EB1. EB3 Fll EB4
3l CK Ak B2 2% BEAIK T 4.26% «  10.76% FH
3.94%, HApWMHEYE CK LR EMEZESR; X T#
WBH Wnax, ED3 B CK AF B E R T 6.94%,
EDI % CK 4 ¥ B K T 12.02%, HRpkHY

CK L EMZER; X THEEXSE V., ED3 # CK
KPR ZESE = T 7.29%, EB3 # CK Ab¥ 5 ZZFE1K
7 10.78%, MHERMIY CK LREMEER.

=6 EYEKIABTSHE HA M ERERS RN

Table 6 Effects of plant growth regulators combined
with HA on grain filling parameters of maize

pise Tmax Vimax Winax Va Do

Treatment (d) (g/d) (g) (g/d) (d) Ro
CK 28.302ab  0.939bc 15.794ab 0.631ab 55.651bc 0.221c
ED1  25.814e  0.895d 13.895¢ 0.606bc 56.971b 0.411a
ED2  28.106b  0.905d 15.320b 0.61bc 55.871b 0.173de
ED3  29.531a 1.007a 16.890a 0.677a 53.852cd 0.155e
ED4  26.012de 0.947bc 14.711bc 0.640ab 53.474d 0.250c
ED5  26.677cde 0.933c 15.112bc 0.632ab 56.979b 0.250c
EBl  26.579cde 0.899d 15.572b 0.608bc 62.261a 0.380a
EB2  27.302bcd 0.948bc 16.004ab 0.636ab 53.404d 0.149¢
EB3  28.570ab 0.838¢ 15.771ab 0.563c 60.784a 0.14le
EB4  26.157cde 0.902d 15.078bc 0.612bc 60.338a 0.330b
EB5  27.458bc 0.961b 15.558b 0.647ab 53.703cd 0.209cd

wmR 7w, WTH#ERKSE W, EBl1. EB3
F1 EB4 43 5% CK ALFE T 2 42 5 13.27%- 5.75%F1

6.24%, HAWHY CK LRENEES, X T#

xR7 EYEKFTRER HA W ERKERN AT
Table 7 Effects of plant growth regulators combined with HA on grain filling stage of maize

b it ] Gradual increase period HUIEHA Rapid increase period 22384 Slow increase period
Treatment 1 (d) Wi (g) 71 (g/d) £ (d) W (g) V> (g/d) t3 (d) Wi (g) V3 (g/d)
CK 15.399b 4.453bed 0.2889b 26.305de 20.573cd 0.782cd 42.226¢ 8.842abc 0.209bc
EDI1 12.268cd 3.888cd 0.316b 27.094cd 20.982bc 0.774d 45.864b 9.284ab 0.202bcd
ED2 14.970b 5.608a 0.375a 25.770e 20.240cd 0.786¢d 37.661de 8.096de 0.215b
ED3 17.259a 4.997ab 0.2889b 24.543ef 21.321bc 0.869a 34.408f 7.513cd 0.219b
ED4 13.500c 4.580bc 0.338ab 25.022ef 19.773d 0.791cd 38.997d 9.511a 0.247a
EDS5 13.272c¢d 4.432bcd 0.336ab 26.811cd 20.862bc 0.779d 42.881c¢c 8.766bc 0.205bed
EB1 11.898d 3.964cd 0.336ab 29.612a 23.304a 0.787cd 47.663a 7.157¢ 0.150e
EB2 15.257b 5.220ab 0.341ab 24.089f 19.644d 0.816bc 33.023f 8.656bc 0.262a
EB3 14.973b 4.890ab 0.327ab 27.695bc 21.755b 0.786¢d 39.324d 7.349¢ 0.187cd
EB4 11.854d 3.689d 0.315b 28.605ab 21.856b 0.764d 47.558ab 8.669bc 0.183d
EBS 15.126b 4.923ab 0.326ab 24.665ef 20.671cd 0.838ab 36.591e 8.112cd 0.222b
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WP CK LR FEMZR: ED3 PRk, ¥ CK
AbH I R R 5.40%, LN EB4, B CK AbEEE
FEHE 4.69%, ED4 F1 ED5 43 5% CK AbFE 5 Z 42
7 1.70%#1 4.10%, EBI1 F1 EBS5 43l CK A4bHE B
FZHRE T 1.18%412.19%, EDI 1 ED2 43 %)% CK
AL T I 25 AR 2.24%A1 3.24%, EB2 Fl EB3 AbF =
BERAMKIK, H5 CK AR A LEEnZER.
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Table 8 Effects of plant growth regulators combined
with HA on yield and its components of maize

4hEm E*EE FATHL TR F‘%
Treatment IOQ—graln Kernel rows  Kernels Yield
weight (g) per ear per row (kg/hm?)
CK 33.44bc 16.67a 36.33bc 14 581.44d
ED1 32.41de 16.00a 3533¢c 14 082.40f
ED2 32.93cde 16.00a 35.67bc 14 255.38¢
ED3 34.76a 16.67a 39.67a  15368.2la
ED4 32.95¢cde 16.67a 38.33bc 14 829.57c
ED5 33.53bc 16.67a 37.00b  15179.93b
EBI 33.66bc 16.67a 36.33bc 14 900.96¢
EB2 32.81cde 16.00a 35.67bc 14 453.32d
EB3 32.32¢ 16.67a 36.00bc 14 470.56d
EB4 34.21ab 16.67a 39.33a  15265.47ab
EBS5 33.23cd 16.67a 36.33bc 14 753.51¢c
HAC * ns kk kk
PGR ns ns * K
HACxPGR *x ns * K

“ns” FRTREZER.

“ns” indicates no significant difference.
3 T

AT 9 2 B W it AR A AR K T R S HA BT

DI S = N - A D WS A T - P A R
BERFRLRESRBERE, BEMR &~ & . HA A A K
VR TR By e R AR A A B2, Bt DA
PP BN $E T, Khodadadi S50V SR it

300 mg/L HA 1 100 mg/L 7K ¥ & ] 3 2 $2 v it =%
TETRE T P EEE ), (R R . 2R
H R 7 2 ETH AL B Y 55 35 38 I 25 F PR,
3T KRR 15.31%, S/NSFEEB8S 5] HA
AR B E AT HAGA P o A AR B 5 VR B b B
YL ZERL RN R AL 1.57 1, DU R0 B 4L
2.57 1%, MR T It ; ETH 5 DA-6 EICiE
T I A 5 2R RN A 2 AR v R TN R i
i AL A S, BT S EE PR, ETH
5 BR & i ot Y 5 A i 2 R0 £ 4 355 S R NS
PE RS R TIACRE, HOIN A, R R A
TR ZEYromE IR PR EE /)], g —PEsL T
P B [ 1 2R A ZERT LR SR 4R THE T, A
R R FIRWER — 8, H—@ kB N
HA " — B4 oK PR fe

W il AR A A R T 7 e D (B AR R, [ B 4
R A B DASCE G G = BT, R SR RLE R %
2, MR E = 5 (1 FR 401, 2 g ik SRR FE 45 1Y
HA mliEd s g R ts. SILSREMLE
HORPEFHRFRLRER R . SRR TR, WhRK5
AT T AR 2R DA R DR EE SRR T P =
X G S 2] /N ZE (WA FEARUE S, HA Wt T 3
AR E AR R M AL, Rl h
PRV BRSIE H,  MATT B THRE R 20 R T L
B, SCHIETFS. Bhuvaneswari ZESIHF 50 &KL, HA
I B LRI TR A W S SRR A R T
BILR S 5A1EH B RGHE, EYA KR
TR EH K L 4 AR B] 38 56 A = )
FERLIISHa, X S8 R 2 3 [m 48T+ T4 5 A= 7= DA RZ el
PR SOFFRIRESR o TRIET, FHOCHIF F44I5% B - 358 it FH
HA 456 I TH Wit A= K 5 7T B35 e e+ 20
Jii - e N2 e, BRI HA T R
e, 5 ARG P A [ A B O TR E K 7 B
A, HAHRET SR A A AR K R R
HA, Wi 2R RO, SR A KT
5 HA R RS AA{E A BR3P FE A . E5
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HORE DA G R A AL B BB A TG, 2
B HA WK — W R B M, T
EB 4b 2 r= Az e Fh AR 4k 1 )5 PR AT BB & HA 5 BR B}
ETH W& 2 —ok 3 MR & 2 5= A5 pirE R
1M ED AbF A H AR R ISR . Cacco UL H
JEARE R T BE A B S PIEER TR A B,
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Effects of Plant Growth Regulators Combined with Humic
Acid on Stalk Strength, Grain Filling and Yield in Maize

Yan Peiqi', Kong Lingjie!, Chi Shenglong’, Yu Yang', Kong Deyong', Sun Haiyan'-

("College of Agriculture, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China;
2Heilongjiang Provincial Key Laboratory of Modern Agricultural Cultivation
and Germplasm Improvement, Daging 163319, Heilongjiang, China)

Abstract Reasonably increasing the grain weight per plant and the planting density helps improve maize yield,
but excessive density tends to cause problems such as lodging and inhibition of ear development. Using maize
variety Xianyu 335 as the experimental material, under high-density (82 500 plants/ha) planting conditions,
ethephon (ETH, 500 mg/L) + diethyl aminoethyl hexanoate (DA-6, 25 mg/L) (ED) or brassinolide (BR, 100
mg/L) (EB) were sprayed at the jointing stage in combination with humic acid (HA) at concentrations of 0 (1),
200 (2), 400 (3), 600 (4), and 800 mg/L (5). A total of 11 treatments (with commercial regulator Yuhuangjin as
the control, CK) were established to study their regulatory effects on stalk strength, grain filling, and yield. The
results showed that during the growth period, ED3 and EDS5 treatments significantly increased stem diameter,
with an average increase of 2.93%-3.74% compared with CK. Compared with CK, the puncture strength of EB3
and ED3 treatments significantly increased by 9.80% and 14.46%, while the crushing strength significantly
increased by 9.32% and 14.09%, respectively. The 100-grain weight of ED3 and EB4 treatments increased by
3.95% and 2.33% compared with CK, respectively. The 100-grain weight was extremely significantly positively
correlated with grain filling parameters Vmax, Wmax, and Va, and significantly positively correlated with W, and V.
ED3 treatment showed the best promotion effect on grain filling parameters. The yields of ED3 and EB4
treatments increased by 4.69% and 5.40% compared with CK, respectively. In conclusion, ED3 and EB4 treatments
significantly enhanced stalk strength, improved lodging resistance, and optimized the grain filling process, thereby
significantly increasing maize yield. These treatments are recommended for the high-density planting pattern
used in this study.

Key words Maize; Plant growth regulators; Humic acid; Stalk strength; Grain filling; Yield
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