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Change in Fertilizer Characteristics during Fermenting Process of
Organic Fertilizer and Effect on Lettuce Growth
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ABSTRACT: This study investigates the changes in inorganic composition and the microbial counts during the process
of fermentation of mixed domestic organic resources for the development of alternatives for imported oil cake, and examines
the characteristics of mixed fermentation organic fertilizer (MFOF). The effect of the MFOF on the lettuce growth is
investigated in order to evaluate the possibility of replacing the existing mixed oil cake with the MFOF. Six kinds of
domestic by-product resources, which are rice bran, distiller's dried grains, sesame meal, fish meal, and spent mushroom
substrate, are mixed by mixing ratio and the composition was analyzed during the fermentation process for 90 days under
moisture content 30% and sealed condition. During the 90 days of fermentation, the pH change of the MFOF was little,
and the moisture content was maintained at 34-35% until the 60" day of fermentation, and then decreased to 30-31%
on the 90" day. Total nitrogen content remained unchanged during the fermentation period, but total carbon content
showed a significant difference on the 21" day of fermentation. It was confirmed that the content of fertilizer composition
(nitrogen, phosphate, and potash) of the MFOF was 8.7% or more, which is suitable for the minimum amount standard
of the main nutrients to be contained in the organic fertilizer. During the fermentation process of organic fertilizer, the
density of bacteria and actinomycetes increased until 60 days and 30 days, respectively, and thereafter little changes
were shown, and fungal population showed an increasing trend. As a result of lettuce cultivation test in the greenhouse
by applying the MFOF, the growth and yield were comparable to that of using the existing mixed oil cake fertilizer
when 100% was applied based on crop standard nitrogen fertilizer level. The use of mixed fermentation organic fertilizer
made with domestic by-product resources can be used for use in farms in the future and is expected to contribute to

the stable production of environment friendly agricultural products.
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Table 1. Mixing Ratio of Fermented Organic Fertilizer by Weight per Weight

Rice bran Distillers dried grains Sesame oil meal Fish meal Spent mushroom media
(%) (%) (%) (%) (%)
F1 20 20 20 20 20
F2 20 20 20 40 -
F3 20 40 20 20 -

Table 2. Chemical Properties of Materials Used for Producing Fermented Organic Fertilizer

Material T-N P20s5 K20 CIN ratio Moisture content
% %
Rice bran 19 3.6 1.56 24.0 9.3
Distillers dried grains 5.0 1.9 1.38 9.4 10.3
Sesame oil meal 6.7 2.6 1.08 7.3 6.5
Fish meal 9.5 6.4 0.91 43 10.8
Spent mushroom media 24 1.9 1.34 18.3 52
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Table 3. Soil Chemical Properties Used for This Experiment

Ex. cation
pH EC oM Av. P,0s
K Ca Mg
(1:5) dS m" g kg' mg kg e cmol; kg ---m--memmeeee-
6.8 0.23 124 142.7 0.53 8.56 1.88
Optimum range 6.5~7.0 <2 20~30 250~400 0.4~0.6 6.0~7.0 2.0-2.5
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Fig. 1. Changes in pH and moist content during fermenting process. The vertical bars are standard deviation. Different

letters indicate significant differences at p < 0.05. F1: 20% rice bran + 20% distillers dried grains + 20% sesame oil meal
+ 20% fish meal + 20% spent mushroom spent; F2: 20% rice bran + 20% distillers dried grains + 20% sesame oil meal
+ 40% fish meal; F3: 20% rice bran + 40% distillers dried grains + 20% sesame oil meal + 40% fish meal.
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Fig. 2. Changes in total nitrogen and total carbon content during fermenting process. The vertical bars are standard deviation.

Different letters indicate significant differences at p < 0.05. F1: 20% rice bran + 20% distillers dried grains + 20% sesame
oil meal + 20% fish meal + 20% spent mushroom spent; F2: 20% rice bran + 20% distillers dried grains + 20% sesame
oil meal + 40% fish meal; F3: 20% rice bran + 40% distillers dried grains + 20% sesame oil meal + 40% fish meal.
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Fig. 3. Changes in C/N ratio during fermenting process.
The vertical bars are standard deviation. Different letters
indicate significant differences at p < 0.05. F1: 20% rice
bran + 20% distillers dried grains + 20% sesame oil meal
+ 20% fish meal + 20% spent mushroom spent; F2: 20%
rice bran + 20% distillers dried grains + 20% sesame oil
meal + 40% fish meal; F3: 20% rice bran + 40% distillers
dried grains + 20% sesame oil meal + 40% fish meal.
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Fig. 4. Changes in total phosphate and total potash content during fermenting process. The vertical bars are standard deviation.
Different letters indicate significant differences at p < 0.05. F1: 20% rice bran + 20% distillers dried grains + 20% sesame
oil meal + 20% fish meal + 20% spent mushroom spent; F2: 20% rice bran + 20% distillers dried grains + 20% sesame
oil meal + 40% fish meal; F3: 20% rice bran + 40% distillers dried grains + 20% sesame oil meal + 40% fish meal.
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Fig. 5. Changes in microbial population during fermenting process. (a)bacteria, (b)actinomycetes and (c)fungi. Different

letters indicate significant differences at p < 0.05. F1: 20% rice bran + 20% distillers dried grains + 20% sesame oil meal
+ 20% fish meal + 20% spent mushroom spent; F2: 20% rice bran + 20% distillers dried grains + 20% sesame oil meal
+ 40% fish meal; F3: 20% rice bran + 40% distillers dried grains + 20% sesame oil meal + 40% fish meal.
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Table 4. Growth of Characteristics of Lettuce after Applying Organic Fertilizers

Treatment Leaf color No of leaves Leaf length Fresh weight Dry weight
SPAD value ea/plant cm g/plant
MFOF " 30.9a" 26.7a 22.6a 107.7b 11.0a
MOF 31.6a 28.3a 22.7a 115.1ab 9.7a
NPK 29.1a 28.3a 22.7a 124.2a 10.1a
NF 22.1b 13.0b 18.2b 31.2¢ 3.5b

"MFOF: Mixed fermented organic fertilizer, MOF: Mixed oil cake fertilizer; NPK: chemical fertilizer; NF: no fertilizer.
TNumbers with the same letter within a column are not significantly differed (Duncan’s test, P < 0.05).

Table 5. Chemical of Characteristics of Soil after Lettuce Cultivation Applying Organic Fertilizers

Ex. cation
Treatment pH EC (0]l%] Av. P05
K Ca Mg
(1:5) dS m” g kg'I mg kg'I -------------- cmol. kg'I ---------------
MFOF ' 6.1b" 0.28b 12.6b 186.2a 0.17b 10.01a 3.23a
MOF 5.9¢ 0.35ab 13.6a 174.6b 0.18b 9.85a 3.17a
NPK 6.0c 0.39a 11.0c 147.7¢ 0.17b 9.63a 3.02a
NF 6.3a 0.18dc 10.8¢ 145.9¢ 0.21a 9.96a 3.17a

"MFOF: Mixed fermented organic fertilizer;, MOF: Mixed oil cake fertilizer; NPK: chemical fertilizer; NF: no fertilizer.
"Numbers with the same letter within a column are not significantly differed (Duncan’s test, P < 0.05)
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