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Effects of three Bacillus-based microbial agents on vigorous seedling of

melon

MAO Yongwei', LIU Jun’, WANG Huilin'

(1. College of Horticulture, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China; 2. College of Life Sciences, Xinjiang Ag-
ricultural University, Urumgqi 830052, Xinjiang, China)

Abstract: The cultivation of vigorous melon seedlings is crucial for plant healthy growth, high yield and high quality.
Clarifying the types of Bacillus-based microbial agents that markedly enhance melon seedling vigor and their optimal dos-
age may serve as a reference for developing green and efficient fertigation strategies in melon nursery production. In this
study, Bacillus licheniformis, B. subtilis and B. amyloliquefaciens were selected to treat the root matrix of two types of
melon seedlings with 4.50, 6.75 and 9.00 kg - hm”, respectively. Water was used as the control. A comparative analysis of
variations in seedling growth indicators (including plant height, stem diameter, and strong seedling index)across different
treatment conditions. The results showed that 6.75 kg - hm™ dosage and more of three microbial agents can significantly
promote the increase of relative chlorophyll content of Zaohuangmi seedlings 21 days after planting. The application of
6.75 kg - hm™ B. licheniformis and B. subtilis significantly decreased the plant height of two types of melon seedling, and
increase the strong seedling index. The dosages of three kinds of microbial agents were positively correlated with strong
seedling index, growth function and relative chlorophyll content, and negatively correlated with plant height. The
comprehensive evaluation of the growth indicators of the two melon varieties' seedlings showed that the treatment of
6.75 kg - hm™ B. subtilis had significant effects on the growth of seedlings and exhibited a robust seedling-strengthening
effect. For melon seedling production, application of B. subtilis at 6.75 kg - hm* is recommended as an environmentally
friendly and efficient cultivation practice.

Key words: Melon seedling; Bacillus; Microbial agent; Vigorous seedling; Dosage
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Table 1 Treatment and dosage of microbial agent

bl Ehs

.% ! . UL Dosage of microbial agent/
Microbial agent Treatment .
(g plant™)

A ZF AT TR CK 0

B. licheniformis(D) DL 0.062 50
DM 0.093 75
DH 0.125 00

R 2 FUAT T CK 0

B. amyloliquefaciens(J)  JL 0.062 50
M 0.093 75
JH 0.125 00

b 2F FAT B CK 0

B. subtilis(K) KL 0.062 50
KM 0.093 75
KH 0.125 00
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Note: Different small letters indicate significant difference between treatments of the same microbial agent at 0.05 level. The same below.
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Effects of three microbial agents on stem diameter of different melon seedlings
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Fig. 2 Effects of three microbial agents on plant height of different melon seedlings
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Fig. 3 Effects of three microbial agents on leaf area of different melon seedlings
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Table 2 Effects of three microbial agents on relative chlorophyll content of different melon seedlings

il hb 4% 25 M) 5 & Relative chlorophyll content/SPAD

Variety Treatment 12d 15d 18d 21d

L CK 35944233 a 41.54+3.39 ¢ 44.56+2.39 ¢ 42484287 b

Zaohuangmi DL 36.03+2.26 a 42.83+2.56 be 4554378 b 4520+3.87a
DM 38.36+1.81 a 44.77£2.36 b 47.09+£3.42 ab 45.69+£2.67 a
DH 37.56+£2.79 a 47.251.55a 49.19+£1.96 a 47.2242.29 a
CK 35.94+2.33 ¢ 41.54+3.39b 44.56+2.39 b 42.48+2.87b
KL 37.3242.95¢ 43.4843.56 ab 44.74+3.53 b 41.3243.53 b
KM 41.3842.77b 45.44+4.20 a 46.88+3.61 ab 48.84+522 a
KH 44.30+1.94 a 45.55£2.70 a 47.96+2.01 a 46.09+3.03 a
CK 35.94+2.33 b 41.54+3.39b 44.56+2.39 b 42.48+2.87b
JL 37.18£591 b 41.92£2.85b 44.69+£3.79 b 43.23+3.39 ab
M 41.58+2.58 a 45.59+2.81 a 47.81+4.08 a 46.95+5.39 a
JH 38.7143.20 ab 44.84+2.29 a 48.08+2.08 a 46.71+4.26 a

Vm9-62 CK 40.34+4.94 b 45.67+4.25 a 49.20+£2.60 a 44.96+4.26 a
DL 36.11£3.42 ¢ 45.99+£3.30a 47.33£2.29a 46.52+3.23 a
DM 44224228 a 47.37£1.86 a 49.05+2.47 a 46.95+2.95 a
DH 40.74+2.35b 47.10£2.17 a 47.59+£3.28 a 46.37+4.11 a
CK 40.34+4.94 b 45.67+4.25 a 49.20+£2.60 a 44.96+4.26 a
KL 39.62+1.74 b 45.26+£3.21 a 46.13£3.26 b 46.39+3.91 a
KM 42.814+4.06 ab 47.56+1.66 a 49.44+1.66 a 47.03+£3.64 a
KH 46.44+2.36 a 47.13£2.37 a 47.98+1.86 ab 44.64+4.90 a
CK 40.3444.94 ab 45.67+4.25a 49.20+2.60 a 44.96+4.26 a
JL 36.20+2.61 b 43.60+£3.23 a 48.65+3.17 a 44.86+2.36 a
M 42.16+£3.42 a 45.83+£3.22 a 49.15£2.70 a 45.53+£3.64 a
JH 41.62+5.22 a 45.04+3.02 a 50.68+2.40 a 45274441 a

T FFUAN NS R FROR ] — A AR B AE 0.05 KV ER 8%, T,

Note: Different small letters in the same column indicate significant difference between different treatments of the same microbial agent at 0.05

level . The same below.
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Table 3 Effects of three microbial agents on root growth of different melon seedlings

B phg R AKSE SR FHEAT AR HRRHL ¥
Variety Treatment Total length of Total suzrface A.verage Root 3 Numbfer of Forks number
root/cm area/cm diameter/mm  volume/cm root trips
W CK 1015.27£76.71 a 128.86+12.92 a 0.33+£0.04 a 1.41£0.45ab  1287.254233.82a 5542.254392.06 a
Zaohuangmi DL 803.81+105.50 b 105.38+11.56 b 0.32+0.01 a 1.27+0.20 b 989.00+52.40 ab 5 196.75+522.29 ab
DM 841.08+156.45 b 107.54+7.87 b 0.35+0.03 a 1.80+0.24 a 844.00+258.61 b 5581.50+652.84 a
DH 938.31+67.20 ab 108.21+£7.56 b 0.34+0.02 a 1.33+£0.15b 886.00+123.31 b 4 556.50+435.58 b
CK 1015.27+76.71 a 128.86+12.92 a 0.33+0.04 b 1.41+£0.45 a 1287.254233.82 ab 5 542.254+392.06 a
KL 778.52+41.51b 93.64+7.66 ¢ 0.35+0.02 ab 1.41£0.19 a 911.75+205.53 b 4 350.75+311.27 b
KM 800.60+121.70 b 109.29+14.29bc  0.38+0.01 a 1.76+0.26 a 1 137.50£240.02b 5 584.75+440.40 a
KH 954.28+73.21 a 116.64+7.23 ab 0.35+0.04 ab 1.53+£0.29 a 1639.75+402.13a 4 678.50+350.48 b
CK 1015.27£76.71 a 128.86+12.92 a 0.33+0.04 a 1.41£0.45 a 1287.254233.82 a 5542.254392.06 a
JL 861.92+83.36 b 118.28+14.09 a 0.37+0.02 a 1.54+0.27 a 1366.25£209.05a 3 973.25+542.71 ¢
M 1077.66+86.33 a 117.80+16.19 a 0.37+0.02 a 1.51£0.39 a 1 508.50+407.88a  5039.00+527.13 ab
JH 659.93+67.44 ¢ 79.26+2.07 b 0.36+0.02 a 1.35£0.32 a 757.00+£196.13 b 4 487.50+830.75 be
Vm9-62 CK 1141.31+80.38 ab 130.01+17.60 b 0.33+£0.02 a 1.51£0.41 b 1 838.50+323.42a 6214.00+829.91 b
DL 1003.46+183.94 b 128.54+19.46 b 0.34+0.01 a 1.77£0.25ab 1 153.754240.66 b 6 525.50+1 220.8 ab
DM 1169.94+70.11 ab 151.81+12.38 ab  0.34+0.02 a 2.10+0.18 a 1755.25+346.04a 7 367.00+659.77 ab
DH 1310.47£74.94 a 163.73+12.95 a 0.33+£0.01 a 2.01+£0.29 a 1 899.50+130.88a 7 943.50+293.92 a
CK 1141.31+80.38 ab 130.01+17.60 a 0.33+0.02 a 1.51+£0.41 a 1 838.504323.42a 6214.00+829.91 a
KL 1026.794+239.85 b 121.35+31.79 a 0.34+0.02 a 1.94+0.69 a 1500.50+429.94a 5 872.75+1 267.64 a
KM 1360.02+123.44 a 154.97+14.87 a 0.37+0.02 a 2.26+0.32 a 1 717.254536.72a 7 043.254205.93 a
KH 1 100.39+80.94 b 121.83+10.92 a 0.32+0.06 a 1.65+0.61 a 1 464.00£158.54a 6 624.00+232.20 a
CK 1141.31+80.38 ab 130.01+17.60 ab  0.33+0.02 b 1.51£0.41 ¢ 1 838.50+£323.42a 6214.00+829.91 bc
JL 1057.21444.63 ab 144.84+14.93ab  0.39+0.03 a 2.13+0.37 a 1787.75£181.29a 5381.00+472.82 ¢
M 1028.69+108.65 b 123.49+12.56 b 0.33+0.01 b 1.65+£0.15bc  1697.50£297.03a 6 665.50+431.89 ab
JH 1169.94£70.11 a 151.81+12.38 a 0.34+0.02 b 2.10+0.18 ab 1 755.25£346.04a 7 367.00+659.77 a
R4 3 IREYEF A EEH LS S i A E KRBT
Table 4 Effects of three microbial agents on strong seedling index and growth function of different melon seedlings
S M3 FJfi & Dry mass/(g-plant™) H T Fe % Kb
Variety Treatment 1~ # Underground 1 _E# Aboveground Strong seedling index ~ Growth function/(g-d")
LI CK 0.055+0.009 a 0.362+0.059 a 0.512 4+0.057 8 b 0.019 8+0.003 2 a
Zaohuangmi DL 0.051+0.018 a 0.336+0.063 a 0.427 4£0.1056 b 0.018 4+0.003 8 a
DM 0.060+0.011 a 0.406+0.065 a 0.748 9+0.089 8 a 0.022 240.003 6 a
DH 0.066+0.011 a 0.350+0.101 a 0.700 5£0.196 6 a 0.019 8+0.0053 a
CK 0.055+0.009 ab 0.362+0.059 a 0.512 4+0.057 8 b 0.019 8+0.003 2 a
KL 0.047+0.011 b 0.339+0.059 a 0.476 7£0.099 3 b 0.018 4+£0.003 3 a
KM 0.063+0.006 a 0.358+0.062 a 0.767 9+£0.071 0 a 0.020 0+£0.003 2 a
KH 0.046+0.010 b 0.395+0.039 a 0.830 0+£0.094 3 a 0.021 0+0.002 3 a
CK 0.055+0.009 ab 0.362+0.059 ab 0.5124+0.057 8 b 0.019 8+0.003 2 ab
JL 0.047+0.016 b 0.307+0.094 b 0.343 6+£0.1158 ¢ 0.016 8+0.0052 b
M 0.058+0.016 ab 0.409+0.068 a 0.5819+0.089 5 b 0.022 240.003 9 ab
JH 0.071+0.014 a 0.419+0.063 a 0.912 1£0.119 7 a 0.023 3+£0.003 2 a
Vm9-62 CK 0.051+0.008 b 0.340+0.049 be 0.684 3£0.0539 b 0.018 6+0.002 7 b
DL 0.063+0.015 ab 0.329+0.082 ¢ 0.644 3£0.1243 b 0.018 7£0.004 6 b
DM 0.068+0.007 a 0.416+0.027 ab 0.707 1£0.027 4 b 0.023 0+0.001 5 a
DH 0.074+0.010 a 0.443+0.056 a 1.044 3+0.066 8 a 0.024 6+0.002 5 a
CK 0.051+0.008 b 0.340+0.049 b 0.684 3£0.0539 b 0.018 6+0.002 7 b
KL 0.049+0.021 b 0.284+0.089 b 0.579 0£0.1849 b 0.0159+£0.0053 b
KM 0.072+0.010 a 0.437+0.053 a 1.008 6+0.1369 a 0.024 2+0.003 0 a
KH 0.067+0.014 ab 0.433+0.067 a 1.157 5+0.147 4 a 0.023 8+0.003 7 a
CK 0.051+0.008 b 0.340+0.049 a 0.684 3£0.0539 b 0.018 6+0.002 7 ab
JL 0.050+0.008 b 0.305+0.063 a 0.442 5+0.083 9 ¢ 0.016 9£0.003 4 b
M 0.057+0.010 ab 0.338+0.063 a 0.660 7£0.127 1 b 0.018 8+0.003 5 ab
JH 0.071+0.014 a 0.402+0.094 a 0.887 3+£0.1954 a 0.022 5+£0.005 0 a
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Fig. 4 Correlation analysis between the application amount of three microbial agents and the growth indexes of two kinds
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Table 5 Membership function value and comprehensive ranking of three microbial agents on main traits of Zaochuangmi

melon seedlings

LD AbFE Treatment

Index CK DL DM DH KL KM KH JL M JH
Z5H1 Stem diameter 0.79  0.38 0.66 0.90 0.26 0.80 0.86 0.01 0.00 1.00
¥k Plant height 023  0.13 0.78 0.83 0.47 1.00 0.95 0.00 0.59 0.92
T AR Leaf area 0.53  0.90 0.00 0.96 0.54 1.00 0.36 0.71 0.54 0.84
43 K AN 5/ Relative chlorophyll content  0.15  0.52 0.58 0.78 0.00 1.00 0.63 0.25 0.75 0.72
IR Root length 0.15  0.66 0.57 0.33 0.72 0.66 0.30 0.52 0.00 1.00
HREEL ML Root surface area 0.00 047 0.43 0.42 0.71 0.39 0.25 0.21 0.22 1.00
M T¥J B 4% Average root diameter 0.17  0.00 0.50 0.33 0.50 1.00 0.50 0.83 0.83 0.67
HRAAF Root volume 0.26  0.00 1.00 0.11 0.26 0.92 0.49 0.51 0.45 0.15
HR 2%, Number of root tips 0.60 026 0.10 0.15 0.18 0.43 1.00 0.69 0.85 0.00
#2432 # Number of root branches 0.03 0.24 0.00 0.64 0.77 0.00 0.56 1.00 0.34 0.68
M & Total dry mass 0.46 024 0.82 0.46 0.24 0.49 0.64 0.00 0.83 1.00
M Ha 5L Strong seedling index 030  0.15 0.71 0.63 0.23 0.75 0.86 0.00 0.42 1.00
K BB EL Growth function 0.46 025 0.83 0.46 0.25 0.49 0.65 0.00 0.83 1.00
B Average value 0318 0322 0538 0539 0393  0.688  0.619 0365 0513  0.767
HE/F Rank 10 9 5 4 7 2 3 8 6 1

Fz 6 =MREMETX Vm9-62 F M HFEHREREZIMYRNRERHERESHF

Table 6 Membership function value and comprehensive ranking of three microbial agents on the main traits of Vm9-62

melon seedlings

Ei=27n Ab# Treatment

Index CK DL DM DH KL KM KH JL M JH
25 Stem diameter 0.41 0.23 0.65 100 0.01 0.54 0.78 0.00 0.20 0.56
¥k Plant height 0.52 0.30 0.76 055 077 078 1.00 0.00 0.57 0.71
H1H X Leaf area 0.00 0.74 0.42 100 024 026 0.09 0.64 0.65 0.07
4 Z AN & & Relative chlorophyll content 0.13 0.79 0.97 072 073  1.00 0.00 0.09 0.37 0.26
R4 Root length 0.39 0.00 0.47 086 007 1.00 0.27 0.15 0.07 0.47
HRZ1HF Root surface area 0.20 0.17 0.72 1.00  0.00 0.79 0.01 0.55 0.05 0.72
HRF44 B 4% Average root diameter 0.14 0.29 0.29 0.14 029 0.71 0.00 1.00 0.14 0.29
AR Root volume 0.00 0.35 0.79 0.67 057  1.00 0.19 0.83 0.19 0.79
2% Number of root tips 0.92 0.00 0.81 1.00 046 0.76 0.42 0.85 0.73 0.81
#2433 %1 Number of root branches 0.33 0.45 0.78 1.00 0.19  0.65 0.49 0.00 0.50 0.78
ST 5 & Total dry mass 0.32 0.32 0.82 100 0.00 096 0.91 0.12 0.34 0.76
LT Ha %L Strong seedling index 0.34 0.28 0.37 084 019 0.79 1.00 0.00 031 0.62
A B3 Growth function 031 0.32 0.82 100  0.00 095 0.91 0.11 0.33 0.76
FH4{Y Average value 0307 0324 0.665 0.830 0271 0.784 0466 0335 0343  0.584
HE/F Rank 9 8 3 1 10 2 5 7 6 4
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