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Effects of plant growth inhibitors on growth and development of cabbage

seedlings

Ma Ling, Gao Yanming, Li Jianshe

(College of Wine and Horticulture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: To cultivate cabbage seedlings suitable for mechanical transplanting, this study used the cabbage variety YR
Zhonggan 21 as the test material. At the one-leaf one-heart stage, foliar sprays of chlorophyll extract(20, 30, 40 mg- L™,
labeled T1, T2, T3), paclobutrazol (150, 300, 450 mg - L', labeled T4, T5, T6), uniconazole (20, 40, 60 mg - L', labeled
T7, T8, T9), and daminozide (1500, 2500, 3500 mg-L", labeled T10, T11, T12) were applied, with water spray as the con-
trol (CKD. The effects of different plant growth inhibitors on cabbage seedling growth and adaptability to mechanical
transplanting were analyzed. The results showed that all plant growth inhibitor treatments alleviated excessive elongation
of cabbage seedlings to varying degrees. Among them, T2 and T6 treatments exhibited higher seedling vigor indices of
0.09 and 0.10, respectively, both higher than that of CK. Their substrate-scattering rates were 11.39% and 10.41%, respec-
tively, which were significantly lower than that of CK, indicating better root ball integrity and adaptability to the trans-
planter. T6 treatment exhibited the strongest inhibitory effect on plant height, hypocotyl length, and spread width, promot-
ing a more compact plant architecture and reducing the risk of seedling jamming during transplanting. T2 treatment
showed higher POD activity, T6 treatment had the highest SPAD value and the strongest root activity. Considering plant
architecture, seedling strength index, substrate-scattering rate and physiological indicators, foliar application of 30 mg- L™
chlorophyll extract or 450 mg- L' paclobutrazol at the one-leaf one-heart stage of cabbage seedlings can effectively inhib-
it excessive elongation and cultivate robust seedlings suitable for mechanical transplanting.
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Table 1 Experiment design

Qb FE Treatment 57 Reagent  p/(mg-L™")
CK 1E7K Water 0
Tl 230k 20
T Chlorophyll 30
T3 40
T4 EZ VL 150
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T6 450
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Fig. 1 Phenotypic characteristics of cabbage seedlings under different treatments
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Table 2 Effects of different treatments on plant height and hypocotyl length of cabbage seedlings

ek hb Qb3 J5 B [B] Post-treatment time/d

Indicator Treatment 4 8 12 16

N CK 4.97+0.29 a 6.13+1.00 a 7.10+£0.70 a 8.77+0.64 a

Plant height/cm T1 4.8340.15 a 5.83+0.68 ab 6.63+0.68 ab 7.73+0.78 ab
T2 4.80+0.10 ab 5.53+0.38 ab 6.23+0.25 abc 7.13£0.45 be
T3 4.63%0.15 abc 5.2040.20 abc 6.03+0.12 abed 6.63+0.12 bed
T4 4.27+0.40 cd 4.40+0.52 cde 5.23£1.69 bede 5.43+0.57 ef
T5 4.17+0.31 cde 4.27+0.40 cde 4.37+1.24 de 4.73+0.15 fg
T6 3.730.12 ¢ 3.80£0.20 ¢ 3.87+0.59 ¢ 4.10+0.20 g
T7 4.100.10 de 4.87+0.49 bed 6.1320.06 abc 6.57+0.86 cde
T8 4.00+0.10 de 4.30+0.61 cde 5.43%0.35 abcde 5.73£1.07 def
T9 3.9320.06 de 4.07£0.46 de 4.57+0.15 cde 5.170.21 fg
T10 4.33+0.32 bed 5.67+0.25 ab 6.67+0.47 ab 7.07£0.06 be
T11 4.23+0.35 cd 4.97+0.65 bed 5.83+1.46 abed 6.53+0.65 cde
TI12 4.10+0.26 de 4.23+0.32 cde 5.73+1.20 abed 5.8320.50 def

RS CK 1.87+0.06 a 1.93+0.06 a 1.97+0.06 a 2.03+0.06 a

Hypocotyl length/cm T1 1.77+0.06 ab 1.83+0.06 ab 1.90+0.00 ab 1.93+0.06 b
T2 1.7320.06 be 1.77+0.06 be 1.87+0.06 ab 1.9020.00 be
T3 1.7020.00 be 1.7320.06 be 1.83£0.06 b 1.87+0.06 be
T4 1.6320.06 cd 1.67+0.06 cd 1.67+0.06 de 1.70£0.00 de
T5 1.530.06 de 1.57+0.06 de 1.60+0.10 de 1.63+0.06 ef
T6 1.43+0.06 e 1.47+0.06 ¢ 1.57+0.06 ¢ 1.60+0.00 £
T7 1.70+0.00 be 1.77+0.06 be 1.83£0.06 b 1.87+0.06 be
T8 1.67+0.06 be 1.73+0.12 be 1.80+0.00 be 1.83+0.06 ¢
T9 1.630.06 cd 1.67+0.06 cd 1.70+0.00 cd 1.73£0.06 d
T10 1.730.06 be 1.83+0.06 ab 1.87+0.06 ab 1.90+0.00 be
T11 1.67+0.06 be 1.80+0.00 b 1.83£0.06 b 1.87+0.06 be
T12 1.630.06 cd 1.77+0.06 be 1.80+0.00 be 1.830.06 ¢

T ANFRVNG FREROR R — YA R AR BEAE 0.05 K72 57 53

Note: Different small letters indicate significant difference among different treatments at 0.05 level at the same stage.
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Note: Different small letters indicate significant difference among different treatments at 0.05 level . The same below.
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Fig. 2 Effects of different treatments on the spread of cabbage seedlings
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Table 3 Effects of different treatments on dry mass, fresh mass and root-shoot ratio of cabbage seedlings

o - R 5T

bR A R

fif P AR L

R BT B

ﬁftment Shoot fresh Underground Fretsh root-shoot gicitﬁgdrjg Jifs /o Underground dry ]fr?ritif}ii ratio
mass/g fresh mass/g ratio mass/g
CK 2.46+0.15 a 0.203+0.006 a 0.08+0.01 ¢ 0.207+0.012 a 0.020+0.000 a 0.08+0.01 be
Tl 1.94+0.11 b 0.197+0.006 ab 0.10+0.01 be 0.193+0.006 a 0.013+0.006 ab 0.07+0.03 be
T2 1.78+0.09 be 0.167+0.035 abed 0.09+0.02 ¢ 0.190+0.020 a 0.017+0.006 ab 0.09+0.02 be
T3 1.26+0.11 ¢ 0.127+0.015 d 0.10+0.01 be 0.143+0.006 be 0.010+0.000 b 0.10£0.01 b
T4 1.25+0.16 ¢ 0.157+0.012 abed 0.13+0.02 ab 0.127+0.015 ¢ 0.020+0.000 a 0.13£0.01 a
TS 1.15£0.31 ¢ 0.173+0.047 abed 0.15+0.03 a 0.11740.025 ¢ 0.017+0.006 ab 0.12+0.01 a
T6 1.2940.15 ¢ 0.197+0.006 ab 0.15+0.02 a 0.143+0.012 be 0.020+0.000 a 0.12+0.01 a
T7 1.73£0.21 bed 0.163+0.015 abed 0.09+0.02 ¢ 0.173£0.015 ab 0.017+0.006 ab 0.09+0.01 be
T8 1.3840.18 cde 0.153+0.015 bed 0.11£0.00 be 0.120+0.010 ¢ 0.010+0.000 b 0.10+0.01 b
T9 1.33+024 ¢ 0.187+0.015 abc 0.14+0.02 a 0.123+£0.015 ¢ 0.010+0.000 b 0.09+0.01 be
T10 1.93+£0.09 b 0.190+0.017 abc 0.10+0.01 be 0.207+0.055 a 0.013+0.006 ab 0.07+0.02 ¢
T11 1.90+0.20 b 0.170+0.030 abed 0.09+0.01 ¢ 0.177+0.025 ab 0.013+0.006 ab 0.08+0.01 be
TI12 1.34+0.35 de 0.147+0.040 cd 0.1140.01 be 0.137+0.031 be 0.010+0.000 b 0.09+0.01 be

AN FREFROR A F A ERAE 0.05 KT EREE. TR

Note: Different small letters indicate significant difference among different treatments at 0.05 level. The same below.
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Table 4 Effects of different treatments on seedling vigor
index and substrate-scattering rate of cabbage seedlings

Ib 3 AR %L e
Treatment Seedling vigor index Substréte-
scattering rate/%
CK 0.08+0.01 ab 16.52+1.56 ab
T1 0.08+0.02 ab 13.14+2.69 abc
T2 0.09+0.02 ab 11.39+0.42 ¢
T3 0.07+0.01 ab 11.57+1.24 ¢
T4 0.07+0.00 b 13.36+3.98 abc
TS5 0.08+0.02 ab 11.85+0.48 ¢
T6 0.10+0.00 a 10.41+0.53 ¢
T7 0.08+0.02 ab 13.98+0.98 abc
T8 0.06+0.01 b 16.79+2.65 a
T9 0.07+£0.01 b 12.07+3.52 ¢
T10 0.08+0.02 ab 11.11+0.96 ¢
T11 0.08+0.01 ab 12.63+1.02 be
T12 0.06+0.02 b 12.10£0.92 ¢

9 47.33, % CK 1k 40.03%.
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Table 5 Effects of different treatments on physiological indexes of cabbage seedlings
g pUIK =R e =Nl 2R A REE T EEAC AR YE  wCRTTEVERED bOH S SPAD {f
Treatment CAT é_ictiv.it?// POD »actiﬁt_y/ SOD _acti.vity/ Soluble sugar MDA co?tent/ SPAD value
(U-g' min") (U-g' min™") (U-g'-h"H content/% (nmol-g")
CK 875.62+24.86 ¢ 2447.76+29.85 d 722.99+17.79 a 2.19+0.09 de 2.26+0.08 a 33.80+3.24 d
Tl 748.26+13.79 f 2 825.87+17.23 a 715.33£26.41 ab 2.03+0.09 ef 1.90+0.00 be 41.47+1.85 be
T2 851.74+18.24 ¢ 2 716.42+59.70 b 715.33£13.58 ab 2.46+0.09 ¢ 1.65+£0.02 ¢ 41.13£1.19 be
T3 847.76£31.59 ¢ 2736.32445.60 b 707.04+9.05 ab 3.14+0.07 ab 1.99+0.02 b 41.23+0.57 be
T4 851.74+£24.86 ¢ 2577.11£17.23 ¢ 709.59+5.85 ab 2.17+0.08 de 1.86+0.02 ¢ 43.50+1.56 ab
TS 740.30+£11.94 £ 2 417.91£59.70 def 708.95+11.70 ab 2.28+0.13 cd 1.67+£0.03 e 41.47£3.04 be
T6 744.28+13.79 £ 2 417.91429.85 def 717.25+16.28 ab 1.89+0.11 f 1.90+0.02 be 47.33+1.74 a
T7 867.66+£18.24 ¢ 2457.71£17.23 d 678.96+5.85 b 2.34+0.08 cd 1.71£0.06 e 41.07+1.63 be
T8 967.16+11.94 d 2358.214+29.85 ef 704.48+11.49 ab 2.27+0.09 d 1.82+0.02 cd 36.03+£2.66 cd
T9 1 058.714+30.05 ¢ 2248.76+45.60 g 720.44+3.98 a 1.93+£0.03 2.18+0.03 a 39.10+2.26 bed
T10 1162.19424.86 a 2228.86+34.47 g 691.72+38.73 ab 2.99+0.06 b 1.90+0.05 be 35.07+4.26 d
T11 1110.45+23.88 b 2 348.26+45.60 f 687.89+22.35 ab 3.30+0.07 a 1.72+0.12 de 35.20+1.05d
T12 927.36+6.89 d 2 427.86+34.47 de 691.08+15.32 ab 3.16+0.18 ab 1.25+£0.04 38.80+6.06 bed
Fz 6 TRAAEMHENEMZERRNASENE
Table 6 Effects of different treatments on chlorophyll fluorescence parameters of cabbage seedlings

AbFE Treatment WIIRTCSH F, RRFCSH Fn BRI FUF, JeA K R HL gP
CK 349.67+14.57 g 1426.00+324.56 0.79+0.01 ab 0.40+0.07 a

Tl 410.33+12.66 ef 1970.67+37.22 de 0.79+0.01 ab 0.26+0.03 cd

T2 370.67+6.51 fg 1779.33440.82 ¢ 0.79+0.01 ab 0.30+0.03 bed

T3 499.33420.21 b 2 486.67+198.03 ab 0.79+0.01 ab 0.26+0.05 cd

T4 517.67+30.86 b 2 324.67+26.76 be 0.80+0.01 ab 0.30+0.06 bed

TS 494.00+8.89 be 1931.67+78.93 de 0.79+£0.01 ab 0.33+0.05 abc

T6 403.33+7.57 efg 2 038.67+£57.13 d 0.80+0.01 a 0.34+0.05 abc

T7 361.00+11.53 fg 1972.334£70.53 de 0.79+0.01 ab 0.33+0.03 abc

T8 582.00+£10.15a 2 625.00£51.03 a 0.79+0.01 ab 0.24+0.01d

T9 431.33422.14 de 1 975.334£57.46 de 0.80+0.01 ab 0.34+0.02 abc

T10 440.00+2.65 cde 2 090.00+42.14 cd 0.79+0.01 ab 0.30+0.04 bed

T11 514.33£7.51 b 2 479.67+60.71 ab 0.79+0.00 ab 0.36+0.03 ab

T12 477.33+82.08 bed 1967.33+68.81 de 0.78+0.00 b 0.35+0.05 ab

geb AL EEY T R AN, DA R A
R AR AHFFEH T6 AbHE A B 5 A = A
JE I, 5 B LE B 2520, 05 5 2 2 ] o] 1 ) 22
GERCIRNUETIEE Sk S G N A E A K
TREE R B R PR A PR A e A 5, T2
AR FR T RN i (X3 AR T 55 T To, (HBUE
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Fig. 3 Effects of different treatments on root vitality of
cabbage seedlings
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