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ABSTRACT: This study was conducted to evaluate effects of microbial fertilizer (MF) containing Bacillus amyloliquefaciens
on the growth in the lettuce by treating MF without and with organic fertilizer (OF), or by its formulation types, and
to investigate its application in the eco-friendly agriculture. B. amyloliquefaciens, active microbe of MF, had activities
of amylase and protease. Applied only MF without OF, MF treatments were not significantly different with non-fertilizer
(NF). As compared to control, dry weight of MOF2 treatment (2,500 kg OF/ha + 50 kg MF/ha) was increased by about
30%. As applied with wettable powder type (WP) and soluble powder type (SP) of MF, the dry weight of WP was
increased by 43% than that of control, but SP not significantly different. In the comparison with two MF formulation, dry
weight of WP was increased by about 37% than that of SP. These results indicated that an application of MF improved the
growth of lettuce by prompting a mineralization of OF, and that the formulation type of MF was better WP than SP.
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Table 1. Soil Chemical Properties Used in This Experiment

pH EC" T-N oM AV-P;05 Ex-K
(1:5) (ds/m) (g/kg) (mglkg) (cmold/kg)
6.9 1.49 0.4 14.7 139 1.28
6.0~7.0? - - 25~30 350~500 0.7-0.8

YEC, OM, T-N, Av-P,0s and Ex-K represent electrical conductivity, organic matter, total nitrogen, available phosphate, and exchangeable

potassium, respectively.
IThe optimum range of the green house soil in Korea.
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Av-P,0s ¥ Ex-KE ZH2} 6.7~6.9, 1.48~1.51 dS/m, 13.4~ MFY| &5 A & 459 A5 A tH(Table
16.0 g/kg, 0.37~0.40 gkg, 131~145 mgkg, 1.28~1.32 3). MAE = A A 4824 A, 94 8% A4
cmol/kg®] HAE YERAL, A A vad o 5 55 9 A2 77t 1.5~1.8 mg/100 ent, 20.5~22.2

AHO R Fo ARl Aol& UERHA] ZUTHTable 2). ea/plant, 12.9~13.8 cm, 8.3~9.0 cm, 32.9~37.5 g/plant,

(@ (b)

Fig. 1. The activity of amylase (a), protease (b) and lipase (c) of B. amyloliquefaciens. The diameter lengths of clear zone
of amylase and protease by B. amyloliquefaciens were 8.3 mm (++++) and 10.5 mm (+++++), respectively. A degree of
enzyme activity such as protease, amylase and lipase, by B. amyloliquefaciens was measured by investigating the diameters of
clear zones; -: 0 mm, +: 1~3mm, ++: 3~5mm, +++: 5~7 mm, ++++: 7~9 mm, +++++ 9 mm above.

Table 2. The Change of Soil Chemical Properties after Applying Microbial Fertilizer without Organic Fertilizer

; pH EC T-N oM Av-P,05 Ex-K
Treatments”
(1:5) (ds/m) (g/ka) (mglkg) (cmolc/kg)
NF 6.9 a2 148 a 038 a 16.0 a 131 a 129 a
MF1 6.8 a 151 a 037 a 134 a 142 a 128 a
MF2 6.7 a 1.50 a 040 a 152 a 145 a 132 a

DTreatments were as follows. NF: non-fertilizer; MF1: 20 kg/ha; MF2: 50 kg/ha. MF was containing B. amyloliquefaciens and its formulation
type wettable powder. MF treatments were implemented on January 6, 13, 20, and 27, respectively.

PMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.

*EC, OM, T-N, Av-P,Os and Ex-K represent electrical conductivity, organic matter, total nitrogen, available phosphate, and exchangeable
potassium, respectively.

Table 3. The Growth of Lettuce after Applying a Microbial Fertilizer without Organic Fertilizer

Treatments! Chlorophyll No of leaves Leaf length Leaf width Fresh weight  Dry weight
(mg/100cm?) (ealplant) (cm) (g9/plant)
NF 1.5 a% 22 a 138 a 9.0 a 375 a 411 a
MF1 18 a 212 a 129 b 83 a 329 a 3.89 a
MF2 1.7 a 20.5 a 13.7 a 87 a 36.5 a 4.11 a
Correlation® 0.2803" -0.5156" 0.0046™ -0.2701™ -0.0524" 0.0588™
(n=8)

DTreatments were as follows. NF: non-fertilizer; MF1: 20 kg/ha; MF2: 50 kg/ha. MF was containing B. amyloliquefaciens and its formulation
type wettable powder. MF treatments were implemented on January 6, 13, 20, and 27, respectively.

PMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.

ICorrelation between applying amount of MF and each investigated growth factor lettuce. NS was not significantly different.
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Table 4. The Change of Soil Chemical Properties after Applying a Microbial Fertilizer with Organic fertilizer

‘ pH EC oM Av-P,05 Ex-K
Treatments”
(1:5) (ds/m) (9/ka) (mglkg) (cmolc/kg)
Control 6.9 a? 153 a 16.8 a 157 a 134 a
MOF1 6.8 a 1.51 a 038 a 16.5 a 142 a 131 a
MOF2 6.6 a 1.51 a 14.6 a 155 a 132 a

DTreatments were as follows. Control: OF 2,500 kg/ha; MOF1: OF 2,500 kg/ha + MF 20 kg/ha; MOF2: OF 2,500 kg/ha + MF 50 kg/ha.
These organic fertilizer was applied 2,500 kg/ha before 15 days planting lettuce and MF implemented on January 6, 13, 20, and 27,

respectively.

YMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.
*EC, OM, T-N, Av-P,Os and Ex-K represent electrical conductivity, organic matter, total nitrogen, available phosphate, and exchangeable

potassium, respectively.

Table 5. The Growth of Lettuce after Applying a Microbial Fertilizer with Organic Fertilizer

. Chlorophyll No of leaves Leaf length Leaf width Fresh weight Dry weight
Treatments” >
(mg/100cm?) (ealplant) (cm) (g/plant)
Control 23 a? 23.0 ab 14.1 a 9.0 a 40.1 b 448 b
MOF1 23 a 21.0 b 13.8 a 94 a 49.0 a 5.06 ab
MOF2 23 a 243 a 145 a 98 a 519 a 584 a
Correlation” 0.1360™ 0.3658™ 0.3818™ 0.5931™ 0.6522" 0.7979"

(n=8)

DTreatments were as follows. Control: OF 2,500 kg/ha; MOF1: OF 2,500 kg/ha + MF 20 kg/ha; MOF2: OF 2,500 kg/ha + MF 50 kg/ha.
These organic fertilizer was applied 2,500 kg/ha before 15 days planting lettuce and MF implemented on January 6, 13, 20, and 27,

respectively.

YMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.
ICorrelation between applying amount of MF and each investigated growth factor lettuce (n=8).
NS, * and ** represents not significant, significant at the 0.05 and 0.01 probability level by correlation coefficient, respectively.
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Table 6. The Change of Soil Chemical Properties after Applying a Microbial Fertilizer with Organic Fertilizer

: pH EC oM Av-P,05 Ex-K
Treatments”
(1:5) (ds/m) (g9/kg) (mg/kg) (cmolc/kg)
NF 6.9 a? 1.49 a 037 a 132 a 129 a 130 a
Control 6.7 a 1.55 a 042 a 165 a 146 a 131 a
WP 6.8 a 1.53 a 042 a 168 a 132 a 133 a
SP 6.6 a 1.53 a 040 a 152 a 143 a 129 a

UTreatments were as follows. NF: non-fertilizer; Control: OF 2,500 kg/ha; WP: OF 2,500 kg/ha + MF-WP 20 kg/ha; SP: OF 2,500 kg/ha +
ME-SP 20 kg/ha. These organic fertilizer was applied 250 kg/10a before 15 days planting lettuce and MFs implemented on June 23, June

30, July 6 and July 13, respectively.

YMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.
*EC, OM, T-N, Av-P,Os and Ex-K represent electrical conductivity, organic matter, total nitrogen, available phosphate, and exchangeable

potassium, respectively.
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Table 7. The Growth of Lettuce after Applying a Two Formulation Types of Microbial Fertilizer with Organic Fertilizer

. Chlorophyll No of leaves Leaf length Leaf width Fresh weight Dry weight
Treatments” .
(mg/100cm?) (ealplant) (cm) (g/plant)
NF 2.7 a? 8.8 a 233 a 99 a 299 b 0.70 ¢
Control 2.7 a 88 a 249 a 10.7 a 35.1 ab 085 b
WP 2.7 a 92 a 252 a 10.8 a 37.1 ab 121 a
SP 2.7 a 92 a 229 a 93 a 384 a 0.89 b
T-test”
ControlxWP NS NS NS NS NS ko
ControlxSP NS NS NS NS NS NS
WPxSP NS NS NS NS NS koK

UTreatments were as follows. NF: non-fertilizer; Control: OF 2,500 kg/ha; WP: OF 2,500 kg/ha + MF-WP 20 kg/ha; SP: OF 2,500 kg/ha +
ME-SP 20 kg/ha. These organic fertilizer was applied 250 kg/10a before 15 days planting lettuce and MFs implemented on June 23, June

30, July 6 and July 13, respectively.

YMeans with same letters within column are not significantly different by Duncan’s multiple range test p <0.05 level.
NS and ** represent not significant and a significance at the 0.01 probability level by T-test between control and WP, control and SP, and

WP and SP, respectively.
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