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Effect of Plant Growth Regulators on Growth and Yield of Spring Foxtail Millet
CHANG Le', WANG Lixia’ , GUO Erthu’, ZHANG Aiying’
(1. Changzhi Professional Technique Academy, Changzhi, Shanxi 046000, China; 2. Shanxi Agricultural University/Shanxi
Academy of agricultural Sciences. Millet Research Institute, Changzhi 046000, Shanxi, China)
Abstract: [ Objective]l Various plant growth regulators (PGRs) capable of reducing plant height and improve lodging
resistance without affecting crop yield were tested on the spring foxtail millet. Optimal spraying time of the selected agents
were determined based on the effects on growth, development, and yield of the plants after the treatments. [Method]l On the
spring foxtail millet, Changsheng 07, at the seedling or jointing stage, 5 PGRs for the treatment, as well as water as control,
were sprayed separately. At booting and maturity stages, chlorophyll, photosynthetic rate, dry matters accumulation, major
agronomic traits, and yield of the plants were measured for comparison. [ Result] Among PGRs applied, chlormequat,
paclobutrazol, and mepiquat chloride were found to dwarf the plants in varying degrees. The treatments increased the stem
diameter, altered the secondary root number and weight, improved the lodging resistance, and increased the chlorophyll content
and photosynthetic rate of the plants over control. Even the crop yield rose under the treatments as the plant tissues continued to
propagate and accumulate at the booting stage. Spraying of the PGRs at seedling stage produced greater effects than at jointing
stage, and the chlormequat application was more effective than the other PGRs. Compared to control, the treated plants were

significantly shorter on height (decreased by 8.16%), larger in stem diameter (increased by 6.67%), more secondary roots with
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count increased (rose by 18.18%), greater net photosynthetic efficiency (higher by 16.07%) (P<0.05), and higher yield with

5.58% increase in 2016 and 5.67% in 2017. Less effective than chlormequat, paclobutrazol sprayed at seedling stage caused a

plant height reduction of 4.19%, a stem girth enlargement of 5.00%, and a root weight increase of 34.3%, while at the jointing

stages, those of 2.24%, 3.21%, and 30.4%, respectively, in comparison to those of control. Among the three agents, mepiquat

chloride was least effective in dwarfing the plant. After spraying at the seedling and jointing stages, the plant height decreased

merely by 2.31% and 0.79%, respectively, while the stem thickness increased by 4.1% and 1.67%, respectively, over control.

The application of ethephon at jointing stage also significantly dwarfed the plant with a 5.38% increase on stem thickness,

21.21% increase on secondary root count, 39.6% increase on root weight, 8.54% increases on dry matters and aboveground

plant weights, but significant decreases on chlorophyll content and net photosynthetic rate, over control. [ Conclusion] The

plant height and stem girth of the existing mid-and-late-maturing spring foxtail millet cultivars could be altered by spraying

chlormequat or paclobutrazol at seedling stage or ethephon at jointing stage to facilitate mechanical cultivation, increase

lodging resistance, and improve yield of the hay stock.

Key words: plant growth regulator; spring foxtail millet; growth and development; dry matters; yield
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Table 1 PGRs used in experimentation
hb3 2 ARy & B R HFETTRK
Treat-ment Plant Growth Regulator Component Manufacturer
A A 98%# 711 LI ARHAL == A B T AT FR 2 )
Mepiquat chloride 98% Powder Shandong Liaocheng Yifeng Agricultural Chemical Co., Ltd.
B 2V 15% AT P 711 TLIF S RRARAG B AT PR A )
Paclobutrazol 15% Wettable powder Jiangsu Jianpai Agrochemical Co., Ltd.
c IR T5%5 dmk R AR R A
Gibberellic acid 75% Crystalline powder Shanghai Tongrui Biotechnology Co., Ltd.
b B F 50%7K 71 ZHAEF LR BARAF
Chlormequat chloride 50% Water Aqua Anyang Quanfeng Biotechnology Co., Ltd.
E LR 30%7K 71 TR TRRBEARAIRAR
Ethephon 30% Water Aqua Fujian Haolun Bioengineering Technology Co., Ltd.
T KR
CK K

Water control

2 ZRE5pH

21 EYEKFDHRNESEERZERBEN
Xf Bk B SEIE : ER 2 AT L, BR C Ab PR AE A

R W 1 TR v A, At Ak B B A [ AR R A AR AR R

oo Hob: BREARERAL, HAth 2550 Ak B 0 25

Yo AR R 0 AL B8ORS TAE SR T W 2 . D Ak BE
PR 5 B 3, 7R V0 RN B 9T 0t o R g Ak
R BIFRAR 8.16% F1 5.34%, ¥JH CK &4
% (P<0.05).

R2 TRAERAFESERRZHKILER
Table2 Agronomic characteristics of plants sprayed by PGRs

P EYitl RAMRE RFE
LhE Plant height/cm stem diameter/cm Secondary roots Dry weight of root/g
Treatment B A B A B A i oA
Seedling stage  Jointing stage Seedling stage  Jointing stage Seedling stage  Jointing stage Seedling stage  Jointing stage
A 1353 b 137.4b 8.12 ab 7.93b 34 be 30d 2.77b 2.60 be
B 132.7 be 135.4 be 8.19 ab 8.05 ab 40 a 32cd 3.36a 3.26a
C 140.0 a 142.6 a 7.55 be 7.52¢ 35b 32cd 327a 3.13b
D 1272 ¢ 131.1¢ 832a 8.16 ab 39a 36b 2.86b 249¢
E 138.2 ab 134.7 be 8.02 ab 822a 34 be 40a 2.68 be 349a
CK 138.5 ab 138.5 ab 7.80b 7.80 be 33 be 33¢ 2.50¢ 2.50¢

pasE

(1) R [EZEHE & TARRNG PR R 7 ik B2 K (P<0.05), #3-5[);

(2) THPHHE N20165FEF201 7AEFIEETIMH, K3[H.

Note: (1) The absence of the same lowercase letter after data in the same column indicates significant differences at P<<0.05 level. The same as Table 3-5.(2) The

data in the table is the two-year average of 2016 and 2017. The same as Table 3.
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Table 3 Effect of spraying PGRs on dry matter accumulation in millet plants

i - L E b b
P Plant height/g Thick stem/g Secondary roots/g dry weight of root/g over ground part/g
Treat-ment gy A i ISiY L A i KA i KA
Seedling stage Jointing stage Seedling stage Jointing stage Seedling stage Jointing stage Seedling stage Jointing stage Seedling stage Jointing stage
A 28.50 a 28.29a 8.01b 7.12 be 3.96b 4.06 ab 12.10 ab 11.90 b 52.57a 51.37 ab
B 2821a 27.66 ab 9.47 a 793 b 451a 4.07 ab 10.65 ab 1295a 52.84a 52.61 ab
C 27.40 ab 2420¢ 7.85 be 7.06 be 4.16 ab 3.83 be 11.17 ab 11.33b 50.58 b 46.42 ¢
D 26.98 ab 26.38b 7.72 be 8.02b 4.09 ab 398b 11.85 ab 11.19b 50.63 b 49.57 be
E 2443 ¢ 28.61a 7.48 be 8.73a 3.81 be 425a 11.95 ab 1291 a 47.67 ¢ 54.50 a
CK 26.36 b 26.36 be 7.76 be 7.76 be 3950 395b 12.14a 12.14 ab 50.21 be 50.21b

WA ZG, AR 35T R B
&7 H: E. B, A, CK, D, C, Hr, EAbHH
Hi BT T RN 54.50 g, B CK B9 8.54%, 2%
SR (P<0.05)., EACFRF A B KR AT,
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Table 4 Effects of spraying PGRs on millet yield and yield factors in 2016
T Tl FrE RIESES
g Ear weight/g Ear grain weight/g Yield/ (kg-hm ) Milled milletpercentage/%
Treat-ment i S i RATH i AT i A
Seedling stage  Jointing stage Seedling stage ~ Jointing stage Seedling stage  Jointing stage Seedling stage  Jointing stage
A 2740 a 25.28 ab 23.18a 21.64 ab 521550 a 4869.00 ab 84.60 ab 85.60 a
B 26.04 a 25.31 ab 22.55a 21.57 ab 5073.75a 4853.25 ab 86.60 a 8522 a
C 24.82b 21.69 ¢ 21.32 ab 18.80 be 4797.00 b 4230.00 ¢ 85.90 ab 86.68 a
D 2531 ab 23.26 be 21.57 ab 19.59 be 4853.25b 4407.75 be 85.22 ab 84.22 ab
E 23.45 be 26.16 a 20.20b 2222 a 4545.00 be 4999.50 a 86.14 a 84.94 ab
CK 24.29b 24.29b 20.43 b 20.43 b 4596.75 be 4596.75b 84.11b 84.11 ab
RS5 200171 FRARAAENER=ER=EM N E RN
Table 5 Effects of spraying PGRs on millet yield and yield factors in 2017
TR FeRL FrE RIESES
e Ear weight/g Ear grain weight/g Yield/ (kg‘hmfz) Milled milletpercentage/%
Treat-ment i) A i) A i B i T
Seedling stage  Jointing stage Seedling stage  Jointing stage Seedling stage  Jointing stage Seedling stage  Jointing stage
A 28.83 ab 27.72b 20.37 ab 19.41 ab 4583.25b 4367.25b 70.66 ab 70.02 ab
B 29.95a 27.89b 21.29a 19.46 ab 4790.25 a 4378.50 b 71.09 ab 69.77 ab
C 27.60 b 24.89 ¢ 19.78 b 18.04 be 4450.50 be 4059.00 ¢ 71.67 ab 7248 a
D 29.15a 26.76 bc 20.32 ab 18.69 be 4572.00 b 4205.25 be 69.71 ab 69.84 ab
E 26.51 be 29.02 a 19.66 b 20.69 a 4423.50 be 4655.25a 74.16 a 71.30 ab
CK 26.93 be 26.93 be 19.23b 19.23b 4326.75 ¢ 4326.75b 71.41 ab 71.41 ab

Gb, HR#AREPMAE  BORESA RN, B R, SBitHERZAX.

e A LR FRFN B A B Y B R 3 0 CK BN 12.8%
M 7.82%, 2730 E (P<0.05); Bk 5% CK
I 13.46% F1110.38%, 25+E% (P<<0.05). 2017 4F
Wiz, B EAbFREORE A CK RSN, Haxzhsat
PMEE . MAEANM, Kb BAMKHE
H L OBERLE A CK I 11.21%. 10.71%, %5
2 (P<0.05); DAb¥ A HE 5% CK 3N 8.24%,
5B (P<0.05).

P Wt 2 % fl . AR E AR . PR C Ab PR
A D ACFRGREEE | FOR EE A FTRRARAL, HAR 2G5 Ak
PR, Hodb. 20164, EACBRMGFEE | BOKL
S CK B8 7.7% ., 8.76%, B E (P<0.05);
2017 4, EAbMREE | BB E 4 B CK ¥
7.76%. 7.59%, ZFRE (P<0.05).

XA 2R A5 - AN [ BT I it AN [+ 245 550 )
BRMEA WE, HIARE B K. 2016 4R H 4
R (84.11%~86.68% ) 52017 4F (69.71%~74.16% )
2K . X5 2017 4 #E 5K I 11w 7K B £ 5 i
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JITRRARR A, At 24 5] Ah 3 %) 2 2 R 2R OR [R) RE
FEiE R . H. Wiz, BACHLAY SPAD fHik M,
643, B CK ¥ 5.76%, ZHE#E (P<0.05); D
AbER (62.7) FI A KEFE (62.1) 43 5)% CK #4401 3.13%
2.14%, ZRARE, HIIEZ), D ALK SPAD
fHfcrm, M 632, XTI 3.95%, EREHE (P
<0.05); AbFE (62.0) Fl BALFE (61.3) 43 il %
CK I 1.97%F1 0.82%, 2SR #FH . 28 L4
B, TCIR R B R R W 2R (B) L I
£ (D). ke (A), #AMIMEST SR
FRMER
25 FARILEMSESXEIERNEN

M2 AT0L, 5 CKAHLE, BR C AEEF E Lb3ET Rt
FECE A (Pn) FEIRAL, HABZ 50 4b BEAS [F) A2 2
P, Hob, WWMEZE, DACFRFD A A ERAYEOLS
AR 18.20 pmol-m_z-s_1 F117.46 ;Lmol-m_z-s_] , o
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Fig. 1 Effects of spraying PGRs on chlorophyll SPAD of millet
leaves
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Fig.2 Effects of spraying PGRs on net photosynthetic rate of
millet plants
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