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Effects of three strains of Bacillus and their mixed fermentation broth on

the growth of watermelon seedlings

CHEN Su, DUAN Haiming, LI Shuai, YANG Shengyu, ZHOU Hui, GAO Qinghai

(College of Agriculture, Anhui Science and Technology University, Fengyang 233100, Anhui, China)

Abstract: In order to explore the effect of Bacillus fermentation broth on the growth of watermelon seedlings and
improve the quality of watermelon seedlings, the watermelon variety Zaojia 8424 was used as the material to study the
effects of different concentrations of three Bacillus strains (Bacillus amyloliquefaciens sj1606, Bacillus velezensis sj1616,
Bacillus subtilis sj1701) and their mixed fermentation broth on the growth and physiological characteristics of watermelon
seedlings. The results showed that all the three Bacillus fermentation broths could promote the growth and development
of watermelon seedlings. Among them, the plant height and fresh weight of watermelon seedlings treated with mixed
fermentation broth D4 increased by 23.27% and 21.89%, respectively, compared with the control, and the chlorophyll
content increased by 49.66% . The catalase activity of Bacillus amyloliquefaciens sj1606 A4 treatment reached
243.83 mg - g'' - min’'. Through the comprehensive index analysis of membership function, it was concluded that the
growth advantage of watermelon seedlings treated with mixed fermentation broth D4 was the most obvious.
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Table 1 Effects of different Bacillus fermentation broth on the growth of watermelon seedlings

Qb 351 EVii| i J5i £ Fresh mass/g T it Dry mass/g HHERE
Treatment Height/cm Stem diameter/cm i | Shoot Hi R #5 Root His |3 Shoot Hi R #6 Root Seedling index
CK 19.17+0.31] 0.370+0.003 j 7.306+0.014 h 0.715+0.026 ghi ~ 0.735+0.005 g 0.038+0.003 g 0.055+0.003
Al 19.53+0.59 ij 0.381+0.006 fghi 7.413+0.009 efgh 0.738+0.009 fghi  0.757+0.002 def ~ 0.045+0.002 f 0.063+0.002 ¢
A2 20.87+0.38 def  0.388+0.007 ef ~ 7.562+0.034 defg  0.749+0.020 efgh 0.766+0.003 cde  0.052+0.003 abc ~ 0.070+0.003 be
A3 21.30+0.53 de  0.417+0.006 d 7.876+0.089 ¢ 0.803+0.033 bed  0.783+0.002 ¢ 0.051+0.005 bed ~ 0.071+0.006 bc
A4 22.37+0.55bc  0.440+0.006 ¢ 8.173+0.111 b 0.832+0.029 be 0.805+0.010 b 0.056+0.002 a 0.076+0.002 a
A5 20.43+0.71 efgh 0.379+0.003ghij ~ 7.560+0.143 defg 0.772+0.025 def ~ 0.752+0.005 efg ~ 0.044+0.002 0.061+0.001 e
B1 19.57+0.35 ij 0.376+0.004 hij ~ 7.344+0.054 gh 0.736+0.014 fghi  0.748+0.007 efg  0.046+0.003 ef 0.064+0.003 de
B2 21.10+0.36 de  0.387+0.004 efg ~ 7.733+0.107 cd 0.789+0.020 cde  0.772+0.010 cd 0.050+0.001 bede  0.069+0.002 cd
B3 22.87+0.25b 0.451+0.004 b 8.321+£0.422 b 0.830+0.018 be 0.812+0.007 b 0.054+0.002 ab 0.074+0.002 ab
B4 20.00+0.36 ghij 0.376+0.003 hij ~ 7.648+0.044 cde  0.817+0.019 bc 0.766+0.012 cde  0.046+0.003 f 0.064+0.003 de
BS 19.97+0.12 ghij 0.382+0.001 fgh ~ 7.543+0.023 defgh 0.758+0.028 defg  0.759+0.008 def ~ 0.044+0.003 f 0.062+0.003 e
Cl 19.60+0.20 hij  0.377+0.002 hij  7.320+0.016 gh 0.702+0.015 1 0.743+0.004 fg 0.045+0.003 f 0.063+0.004
C2 20.20+0.26 fghi 0.381+0.004 fghi 7.377+0.058 fgh ~ 0.723+0.027 ghi ~ 0.736+0.002 g 0.045+0.002 f 0.062+0.002 e
C3 21.17+£0.40 de  0.384+0.003 fgh ~ 7.620+0.031 def ~ 0.755+0.009 efg ~ 0.760+0.007 def ~ 0.043+0.002 0.060+0.002 e
C4 21.60+£0.26 cd  0.384+0.005 fgh ~ 7.715+0.083 cd 0.761+0.018 defg  0.761+0.003 de 0.047+0.004 def ~ 0.064+0.005 de
Cs 19.47+0.31 ij 0.373+0.004 ij 7.498+0.082 defgh 0.709+0.014 hi 0.750+0.008 efg ~ 0.044+0.001 f 0.062+0.001 e
Dl 19.50+0.35 ij 0.376+0.003 hij  7.522+0.015 defgh 0.733+0.019 fghi  0.757+0.008 def ~ 0.045+0.001 f 0.063+0.001 e
D2 20.73+0.67 efg  0.383+0.003 fgh ~ 7.740+0.158 cd 0.792+0.010 cde ~ 0.779+0.012 ¢ 0.048+0.001 cdef  0.066+0.001 cde
D3 22.30+0.53 bc  0.394+0.009 e 8.167+£0.172 b 0.837+0.034 b 0.820+0.021 b 0.052+0.003 abc ~ 0.071+0.003 bc
D4 23.63+£0.61 a 0.467+0.006 a 8.854+0.218 a 0.923+0.052 a 0.879+0.022 a 0.055+0.001 ab 0.077£0.001 a
D5 20.50+0.87 efg  0.380+0.003 fghi 7.412+0.007 efgh  0.801+0.012 bcd  0.755+0.003 def ~ 0.045+0.002 f 0.062+0.002 e

T RPN T bR R L RISV E 5 AN R TR RAE 0.05 K P 2R RS .

Note: The data in the table are mean =+ standard error, and the different letters after the same column data indicate significant difference ( p <

0.05 ). The same below.
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Fig. 1 Effects of different Bacillus fermentation broth on chlorophyll content of watermelon seedlings
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Fig. 2 Effects of different Bacillus fermentation broth on root activity of watermelon seedlings
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Table 2 Effects of different Bacillus fermentation broth on physiological characteristics of watermelon seedlings

Kb T S b S wCr AT E ED T R 5 e 1 bCN )
Treatment Catalase activity/(mg-g'-min') Soluble protein content/(mg-g') Nitrate reductase activity/(pg-g'-h') MDA content/(mmol-g")
CK 217.74+4.09 i 24.13+£0.25 k 26.70+0.50 f 3.15£0.03 a
Al 236.0141.50 defg 25.23+0.60 ij 27.30+0.16 ef 3.05£0.06 b
A2 239.39+2.83 bed 26.17+0.68 fgh 28.49+0.16 cdef 3.00+0.07 be
A3 242 .89+0.89 ab 27.03+0.32 cde 28.91+0.71 bedef 2.79+0.03 fgh
A4 243.83+0.68 a 27.97+0.31 b 29.74+0.28 abed 2.97+0.04 ¢
AS 239.36+0.67 bed 25.63+0.45 ghi 30.76+0.45 abc 2.8240.01 ef
B1 234.90+0.71efgh 25.80+0.40 ghi 28.47+0.40 cdef 2.87+0.03 de
B2 236.65+0.78 def 26.83+0.61 cdef 28.78+0.14 bedef 2.894+0.10 d
B3 241.7942.32 abc 28.10+£0.20 b 30.13+0.43 abed 2.78+0.02 fghi
B4 235.74+1.08 defg 26.30+0.36 efgh 29.30+0.29 bede 2.76+0.02 fghi
B5 231.55+1.23 h 25.47+0.15 hij 28.06+0.29 def 2.74+0.04 ghi
Cl 231.68+2.29 h 24.80+0.44 jk 27.29+0.36 ef 2.81+0.02 fg
C2 238.39+5.89 cde 25.80+0.40 ghi 28.79+0.37 bedef 2.90+0.02 d
C3 237.2340.95 def 26.70+0.36 cdef 28.81+0.48 bedef 2.79+0.01 fgh
C4 239.50+1.57 bed 27.17+0.42 cd 29.97+0.17 abed 2.74+0.04 ghi
C5 232.6942.22 gh 25.23+0.60 ij 30.68+0.48 abc 2.74+0.03 ghi
DI 231.50+0.68 h 26.73+£0.51 cdef 28.51+0.19 cdef 2.75+0.00 ghi
D2 234.20+0.32 fgh 27.43+0.45 be 29.70+0.38 abede 2.724+0.01 hi
D3 236.82+1.41 def 29.40+0.80 a 30.42+0.30 abed 2.64+0.03 j
D4 242.83+1.19 ab 28.17£0.42 b 31.03+0.71 ab 2.71+0.00 i
D5 239.34+0.89 bed 26.37+0.25 defg 31.82+5.40 a 2.74+0.01 ghi

.49.
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Table 3 Comprehensive evaluation of watermelon seedling growth by different Bacillus fermentation solution

B R iR AU

Membership function values of various indicators of malondialdehyde

Ab B

AR RIS 5

. L OEE WRE CTRE MERE teEaR Lol agm g e TR gy
reatment e . it 1 . W E
Height SFem Shoot  Root Seedlmg Chlorophyll Catalase Soluk?le Nitrate Root MDA Average
diameter mass ~ mass index content L. protein reductase . value
activity content  activity activity ~ content

CK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.08 0.11 0.07 0.17 0.36 0.22 0.70 0.21 0.12 0.08 0.19 0.21
A2 0.38 0.19 0.17 0.28 0.68 0.42 0.83 0.39 0.35 0.41 0.30 0.40
A3 0.48 0.48 0.37 0.38 0.73 0.58 0.96 0.55 0.43 0.42 0.71 0.55
A4 0.72 0.72 0.56 0.55 0.95 0.69 1.00 0.73 0.59 0.57 0.36 0.68
AS 0.28 0.09 0.18 0.14 0.27 0.50 0.83 0.28 0.79 0.82 0.65 0.44
Bl 0.09 0.06 0.03 0.13 0.41 0.38 0.66 0.89 0.35 0.08 0.54 0.33
B2 0.43 0.18 0.29 0.30 0.64 0.54 0.72 0.51 0.41 0.52 0.51 0.46
B3 0.83 0.84 0.64 0.58 0.86 0.79 0.92 0.75 0.67 0.81 0.72 0.76
B4 0.19 0.06 0.25 0.24 0.41 0.67 0.69 0.41 0.51 0.52 0.77 0.43
B5 0.18 0.12 0.16 0.18 0.32 0.56 0.53 0.25 0.27 0.30 0.79 0.33
C1 0.10 0.07 0.00 0.09 0.36 0.05 0.53 0.13 0.11 0.05 0.67 0.20
C2 0.23 0.11 0.04 0.05 0.32 0.23 0.79 0.32 0.41 0.34 0.49 0.30
C3 0.45 0.14 0.20 0.19 0.23 0.33 0.75 0.49 0.41 0.49 0.70 0.40
C4 0.54 0.14 0.26 0.22 0.41 0.54 0.83 0.58 0.64 0.60 0.79 0.50
C5 0.07 0.03 0.11 0.13 0.32 0.32 0.57 0.21 0.78 0.21 0.81 0.32
D1 0.07 0.06 0.13 0.18 0.36 0.40 0.53 0.49 0.35 0.21 0.79 0.32
D2 0.35 0.13 0.29 0.34 0.50 0.56 0.63 0.63 0.59 0.44 0.84 0.48
D3 0.70 0.25 0.56 0.61 0.73 0.67 0.73 1.00 0.73 0.73 1.00 0.70
D4 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.77 0.85 1.00 0.85 0.95
D5 0.30 0.10 0.11 0.17 0.32 0.52 0.83 0.42 1.00 0.57 0.80 0.47
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