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This study aimed to develop organic fertilizers that are more effective than existing ones via
mixing plant growth-promoting microorganisms with them. The TB BI1-B5 (Bacillus
licheniformis) strain was isolated from the livestock composting process. Lettuce seed
germination experiments and lettuce growth promotion tests were conducted with other plant
growth-promoting microorganisms. The TB B1-B5 strain showed a superior germination
promotion effect compared to other growth-promoting microorganisms and promoted lettuce
growth in pot experiments. To mix organic fertilizers and the selected TB B1-B5 strains,
experiments were conducted for each ratio of lettuce and organic fertilizers. Growth was excellent
in the treatment with 1% organic fertilizers. In addition, the mixing ratio of 1% organic fertilizers
and 5% TB B1-B5 strains promoted lettuce growth. Based on the results of this experiment, the
optimal ratio of organic fertilizer and TB B1-B5 strains was confirmed; adding a mixture of 1%
organic fertilizers and 5% TB B1-B5 strains was found to be more effective on plant growth than
the input. The results of this study suggest the possibility of developing organic fertilizers that are
superior to existing organic fertilizers and are believed to be an indicator for sustainable and
eco-friendly agriculture practices in the future.
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Table 1. List of microorganisms isolated from livestock compost processing

Strain Name Identified bacterial isolates Similarity (%) Isolated Location
TB B1-B5 Bacillus licheniformis 99 Wonju
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Table 2. List of plant-growth-promoting microorganism strains

Strain Name Bacterial identification name
PAI2 Bacillus amyloliquefaciens
MR19 Bacillus subtilis

BI8 Bacillus siamensis
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Table 3. Mixing ratio of livestock compost and soil

Treatment Soil (ml/pot) Livestock compost (ml/pot)
Control 3,000
1% 2,970 30
5% 2,850 150
10% 2,700 300

Table 4. Mixing ratio of livestock compost and plant-growth-promoting microorganisms

Treatment Soil (ml/pot) Livestock compost (ml/pot) TB B1-B5 (ml/pot)
Control 3,000
Positive control 3,000
Negative control 2,970 30
TB B1-B5 1% 2,940 30 30
TB B1-B5 5% 2,820 30 150

TB B1-B5 10% 2,670 30 300
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Fig. 1. Lettuce seed germination experiment using plant growth promoting microorganisms. (A): Lettuce seed
germination at 25°C for seven days. C: control, P.C: positive control 1: PA12,2: MR19, 3: B18, 4: TB B1-B5. (B) Germination
rate of lettuce seeds after seven days. Each value is represented as mean + standard deviation. Superscripts
represented in alphabetical order indicates the difference between the group at P < 0.05 with one-way ANOVA and
Duncan’s multiple range test.

Table 5. Growth evaluation of fresh weight, dry weight, and number of leaves in lettuce using Bacillus licheniformisTB
B1-B5 culture

Fresh weight (g) Dry weight (g) Number
Treatment
Shoot Root Shoot Root of leaves
Control 73.36 + 13.90° 7.06+1.71° 461+1.76° 0.30 +0.06° 9.10+2.61%
Positive control 87.65 + 12.10® 8.15+127° 6.97 +3.45° 0.35 +0.05% 11.70 + 3.34®
Negative control 77.15+9.50™ 6.91+1.30° 4.75+1.39° 0.24 +0.03¢ 8.80 £ 2.96°
TB B1-B5 93.14 + 15.60° 9.91 +2.28* 9.72 + 1.74* 0.38 = 0.02° 13.20 £3.12°

Values are presented as mean =+ standard deviation. *Alphabetical order means difference between the group in the same column
at P <0.05 with one-way ANOVA and Duncan’s multiple range test.



u7] )/ G714 BIEok AR AP 0] £3 e 450] %ol Al 9% - 353

Fig. 2. Lettuce growth promotion experiment results using TB B1-B5 strains. C: control, TB B1-B5 (B. /icheniformis), P.C:
positive control, N.C: negative control.

Table 6. Growth investigation results of lettuce by livestock compost ratio

Treatment Fresh weight (g) Dry weight (g) Leaf area (cm?) Number of leaves
Control 46.81 £4.69° 2.74 £ 0.40™ 59.50 +7.14° 5.80+0.96°
1% Mix 66.65+ 1.07* 3.28+0.15° 75.82 +3.90° 6.80 + 0.96°
5% Mix 42.63+9.71° 2.25+0.29° 55.94 +10.10® 5.50 = 1.00°
10% Mix 39.50 + 4.90° 2.11+£0.07° 53.05 + 3.44%® 430 +0.50°

Values are presented as mean =+ standard deviation. *Alphabetical order means difference between the group in the same column
at P <0.05 with one-way ANOVA and Duncan’s multiple range test.
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Table 7. Lettuce growth investigation results according to the mixing ratio of livestock compost and Bacillus
licheniformis TB B1-B5 strains

Treatment Fresh weight (g) Dry weight (g) Leaf area (cm?) Number of leaves
Control 78.70 + 6.64° 4.32+0.59 124.60 + 0.55° 9.30 + 0.47%
Positive control 109.70 + 4.40° 443+031° 160.20 + 0.35% 11.00 + 0.82"
Negative control 104.30 + 6.00° 435+041° 152.30 + 0.56° 10.70 + 0.47°
TB B1-B5 1% 139.60 + 3.35° 5.22+0.19® 163.80 +0.12® 12.70 £ 0.47°
TB B1-B5 5% 140.30 + 3.42° 6.03+0.21° 165.40 +0.19* 14.00 + 0.82°
TB B1-B5 10% 136.80 + 3.34° 4.96+021° 162.80 + 0.22% 12.30 £ 0.47°

Values are presented as mean + standard deviation. *Alphabetical order means difference between the group in the same column
at P <0.05 with one-way ANOVA and Duncan’s multiple range test.

;
A2 Ag) wab ) rErks ATFE EEe|9th Ee /1R RE| S B B o] vheA] B 4714 AAeA,
P& BER] 54 oA 0] TB BI-BSTF AelAl 54 S, QPmjol 7k whler St 2he 27140l A7}
QT 02 PLhEc B AT A 7|20 715 R 7] 8| T4 7ME R 57 Ae) 2 A TR A
Sfo, 45 A47Hs s 13 5 SIet shto] 2137} d Zlolet ket

AFA}

This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture,
Forestry and Fisheries (IPET) through Industrialization technology development to respond to crop viruses and

pests Project, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (No. 121052-2).

o223 (References)

Akhtar, S. S., Amby, D. B., Hegelund, J. N., Fimognari, L., GroBkinsky, D. K., Westergaard, J. C., Roitsch, T. (2020)
Bacillus licheniformis FMCHOO1 increases water use efficiency via growth stimulation in both normal and
drought conditions. FIPS 11:297.

An, N. H,, Lee, S. M., Hwang, H. Y., Park, S. G., Lee, C. R. (2021) Effects of Fermented Mixed Organic Fertilizer
Utilizing By-Products on Soil Properties and the Yield of Organic Lettuce. JKORRA 29:41-48.

Beaudet, R., Gagnon, C., Bisaillon, J. G., Ishaque, M. (1990) Microbiological aspects of aerobic thermophilic
treatment of swine waste. AEM 56:971-976.

Cho, N. S., Oh, B. I, Kim, D. S., Min, D. S. (1999) Manufacturing of Organic Composts from Shiitake Bedlogs.



2717 9]/ 712 Blae A S nPdEe] 23t Bled 45 gl miXle 9% - 355

JKWST 27:62-609.

Jang, J. E., Lim, G.J,, Lee, J. G., Yoon, S. H., Hong, S. E., Shin, K. H., Kang, C. S., Hong, S. S. (2019) Application
effects of organic fertilizer utilizing livestock horn meal as domestic organic resource on the growth and crop
yields. JKORRA 27:19-30.

Jeong, H. K., Im, Y. A., Kang, K. S. (2020) Analysis of the integrated crop livestock farming system and
improvement ways. KREI.

Jeong, J. H., Kim, S. W., Kim, Y. S., Ramsal, G., Lee, Y. S. (2013) Effect of inhibiting plant hospital mold and
promoting plant growth using useful microorganisms. JKS 41:118-126.

Kim, H. G., Seo, B. S., Chung, S. J. (1997) Effects of compost mixed with microorganism compost fermented on the
seedlings growth of tamato and red pepper. Korean J Orga Agric 5:129-140.

Kim, M. S., Kim, S. C., Park, S. J., Lee, C. H. (2017) Replacement Amount of Mineral Fertilizer and Soil Chemical
Property by Organic Fertilizer in Plastic Film House Soils for Watermelon. Korean society of soil science and
fertilizer, autumn academic presentation. 140-140.

Kwon, S. I., Hong, S. G., Oh, S. Y., Jang, Y. A., Kim, K. R., Shin, J. D., Park, W. K. (2010) Suppress on Seed
Germination by Ammonia Gas from Unmatured Compost. spring academic presentation. 312-312.

Lee, C.R., Ok, J. H., An, M. S., Lee, S. B., Park, K. L., Hong, S. G., Kim, M. G., Park, C. B. (2017) Soil chemical
properties of long-term organic cultivation upland. Korean J Org Agric 25:161-170.

Lim, J. H., Kim, S. D. (2013) Induction of drought stress resistance by multi-functional PGPR Bacillus licheniformis
K11 in pepper. PPJ 29:201.

Ministry of Agriculture, Food, and Rural Affairs (MAFRA) (2019) “Practice guideline of project of organic
fertilizer”, Ministry of Agriculture, Food, and Rural Affairs.

Ministry of Environment (ME) (2023) Prior information announcement. http://www.me.go.kr/ (Accessed June 20,
2023).

Nawaz, H. H., Rajaofera, M. N., He, Q., Anam, U., Lin, C., Miao, W. (2018) Evaluation of antifungal metabolites
activity from Bacillus licheniformis OE-04 against Colletotrichum gossypii. PBP 146:33-42.

Prashanth, S., Mathivanan, N. (2010) Growth promotion of groundnut by IAA producing rhizobacteria Bacillus
licheniformis MML2501. Archives of Phytopathology and Plant Protection 43:191-208.

Yoon, B. S., Choi, S. Y., Lim, S. J.,, Heo, S. J., Park, Y. H., Hong, D. K. (2017) “Chemical Properties of Cultivating
Green Onion Soils in Gangwon Province.” Korean society of soil science and fertilizer, autumn academic
presentation. 106-106.

Zheng, F., Zhu, D., Giles, M., Daniell, T., Neilson, R., Zhu, Y. G., Yang, X. R. (2019). Mineral and organic
fertilization alters the microbiome of a soil nematode Dorylaimus stagnalis and its resistome. STE 680:70-78.



