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ABSTRACT: Objective of this study was to develop an organic fertilizer utilizing domestic livestock horn meal and to investigate
the application effect of rice and eggplant. The possibility of utilization of livestock horn meal as an organic resource to
replace imported expeller cake fertilizer was examined. In order to select domestic organic resources with high nitrogen content,
8 kinds of organic matter such as chicken manure, fish meal, soybean meal, sesame meal, perilla meal, blood meal, livestock
horn meal, and beer sludge were analyzed and organic resources with high nitrogen content were selected. In addition, the
conditions for the production of organic fertilizers that can be used in organic agriculture were established by mixing of
the rice husk biochar and the rice bran as the supplements with the raw materials for mixing ratios. The content of total
nitrogen (T-N) in the livestock horn meal was 12.0 %, which was the next low in 13.5 % blood meal. The content of
total nitrogen was 5.9 ~ 7.9 % in fish meal and oil cakes. Total nitrogen content of non-antibiotic chicken manure for organic
farming was 3 % and nitrogen content in beer sludge was 3.5 %. Organic fertilizer was produced by using biochar, rice
bran as a main ingredient of non-antibiotic chicken manure, livestock horn meal and beer sludge. Compared to nitrogen
content (4.0 to 4.2 %) of imported expeller cake fertilizer (ECF), the nitrogen content of organic fertilizer utilizing domestic
livestock horn meal is as high as 7.5 %. The developed organic fertilizer is met as Zn 400 mg/kg, Cu 120 mg/kg the quality
of organic agricultural materials such as or less. To investigate the effect of fertilizer application on the crops, prototypes
of developed organic fertilizer were used for the experiment under selected conditions. As a result of application the developed
organic livestock horn meal fertilizer (LHMF) for cultivation of the rice and eggplant, the application quantity of the developed
organic LHMF 100 % was decreased by 40 % compared to that of the mixed expeller cake fertilizer (MECF). The application
of LHMF, which refers to the application rate corresponding to the nitrogen fertilization recommended by the soil test, was
reduced by 40% compared to the application rate of MECF, but the same results were obtained in crop growth and yield.
The selection of a new high concentration nitrogen source utilizing domestic organic resources and the development of organic
fertilizer is the starting point of the research for substitution of imported ECF using domestic local resources at the present
time that the spread of eco-friendly agriculture is becoming increasingly important. If it is expanded in the future, it is expected
to contribute to the stable production of eco-friendly agricultural products.
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Fig. 1. Domestic organic resources for organic fertilizer.
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Table 1. The Chemical Properties of Domestic Organic Resources

Materials pH oM T-N P20s K20 Ca0 MgO  NaO Moisture contents

(1:5)  weeveermrensaciiiitii Ofpesseessecssacssocssanssasssansssssscssctantan
Livestock horn meal 7.1 85.2 12.0 1.2 04 23 0.2 0.3 8.7
Fish meal 6.1 80.4 6.3 3.8 1.1 54 0.9 0.6 4.7
Soybean meal 6.5 85.1 7.9 1.7 29 0.6 0.6 0.6 7.7
Sesame meal 5.7 87.8 72 3.5 13 2.0 1.4 0.0 2.5
Perilla meal 6.7 92.8 5.9 2.6 1.0 0.7 0.7 0.0 13
Blood meal 6.6 82.1 13.5 0.2 0.2 0.1 0.0 0.3 16.4
Chicken manure 9.0 37.2 1.6 24 2.5 10.0 1.3 0.4 36.4
Beer sludge 4.5 38.7 34 1.3 0.5 0.5 0.2 0.0 57.8
Rice husk biochar 10.1 53.2 0.4 0.3 1.3 0.3 0.1 0.1 4.9

Table 2. The Chemical Properties of Organic Fertilizer Utilizing Domestic Livestock Horn Meal

Organic fertilizer pH oM TN P20s K20 Ca0 MgO Na;O  Moisture contents
(1 5) ............................................... Ofpseeeseesssscrscessesssacrscessesssasesscssans
LHMF " 6.3 75.5 7.5 2.7 1.9 5.7 0.9 0.3 7.8
MECF " 6.4 77.1 42 2.5 1.5 2.1 1.1 0.1 112
TLHMF, livestock horn meal fertilizer.
TMECF, mixed expeller cake fertilizer.
Table 3. Heavy Metal Contents of Organic Fertilizer Utilizing Domestic Livestock Horn Meal
Organic fertilizer Fe Zn Mn Cu Cd As Pb Ni Cr Hg
............................................... mg/kg........................................
LHMF " 1,883 255 186 26 0.0 32 2.0 2.4 3.6 0.0
TLHMF, livestock horn meal fertilizer.
F71EA-d 3, 27(2), 2019
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Table 4. Chemical Properties of Soil by Organic Fertilizer Utilizing Domestic Livestock Horm Meal Application in Rice Cultivation
Ex.cation
Treatments pH oM Av.P205 SiO, NH;-N
Ca Mg
(1 5) g/kg ............... mg/kg ......................... Cmolc/kg ............
No treatment 6.3 23 31 120 3.0 0.36 8.8 1.6
MECF " 100% 6.3 27 35 126 35 0.35 9.5 1.8
LHMF '50% 6.5 25 32 112 33 0.38 94 1.7
LHMF 100% 6.5 26 35 118 3.8 0.40 9.5 1.8
LHMF 150% 6.7 26 37 117 3.8 0.38 9.4 1.8
TLHMF, livestock horn meal fertilizer.
TMECF, mixed expeller cake fertilizer.
Table 5. Chemical Properties of Soil by Organic Fertilizer Utilizing Domestic Livestock Hom Meal Application in Eggplant Cultivation
Treatments pH EC oM Av.P20s NO3-N Ex.cation
K Ca Mg
(1 5) ds/m g/kg .......... mg/kg ....................... cmolc/kg .........
No treatment 6.9 0.7 124 158 11.8 0.20 8.5 3.0
MECF "100% 6.2 33 133 195 23.0 0.24 9.4 3.7
LHMF '50% 6.4 1.4 12.7 164 7.9 0.22 8.9 32
LHMF 100% 6.3 1.8 14.0 181 27.0 0.24 9.0 3.1
LHMF 150% 6.5 1.4 14.8 191 243 0.25 8.8 3.1
*LHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.
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Table 6. Physical Properties of Soil after Application of Organic Fertilizer Utilizing Domestic Livestock Horn Meal

Treatments Bulk density Porosity Aggregate
Mg/ms ............................ Qfperrronransnsansansnsansanes

No treatment 1.16a¥F 56.2a 17.5b
MECF F100% 1.14a 57.1a 25.5ab
Rice LHMF 150% 1.14a 57.0a 23.5ab
LHMF 100% 1.15a 56.6a 26.2ab
LHMF 150% 1.14a 57.1a 30.1a
No treatment 1.47a 44.7a 20.3a
MECF F100% 1.43a 45.9a 20.7a
Eggplant ~ LHMF 1T50% 1.44a 45.6a 21.0a
LHMF 100% 1.43a 46.2a 23.0a
LHMF 150% 1.43a 46.1a 23.0a

TLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.
¥ Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

Table 7. The Change of Microorganism in Soil by Organic Fertilizer Utilizing Domestic Livestock Horn Meal Application
in Eggplant Cultivation

Treatments Aerobic bacteria(x10°) Fungi(x10%) Actinomycetes(x10°)
............................................... ClU/gesreerrenrreessssssasnnnnnieininnnannns

No treatment 7.3¢ 4.8b 8.8a

MECF 100% 7.5¢ 11.5a 6.2a

Rice LHMF 50% 10.7ab 4.4b 4.1a
LHMF 100% 10.7ab 2.2b 3.2a

LHMF 150% 11.4a 4.9b 8.2a

No treatment 8.3c 4.1a 1.1a

MECF 100% 16.4ab 3.0a 1.8a

Egeplant  LHMF 50% 14.2be 29a .52
LHMF 100% 20.5a 6.9a 4.5a

LHMF 150% 20.7a 5.2a 4.5a

fLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.
¥ Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
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Table 8. The Application Effect of Organic Fertilizer Utilizing Domestic Livestock Horn Meal in Rice Cultivation
Days after transplanting Treatments Plant height Tiller Leaf color
.......... CIMseeeesresee no./plant SPAD value
No treatment 21.6b 5.7¢c -
MECF 100% 22.4b 9.2a -
14 LHMF 50% 22.3b 8.1b -
LHMF 100% 22.1b 9.7a -
LHMF 150% 23.5a 9.6a -
No treatment 27.6¢ 8.4b 34.0c
MECF 100% 32.5ab 17.5a 40.7b
28 LHMF 50% 30.6b 14.7a 39.7b
LHMF 100% 32.1ab 17.9a 422a
LHMF 150% 33.3a 19.0a 41.1a
No treatment 62.7d 16.6¢c 33.1b
MECF 100% 76.5ab 25.8ab 36.9a
60 LHMF 50% 71.0c 22.6b 35.9ab
LHMF 100% 75.1b 25.7ab 36.0ab
LHMF 150% 79.2a 27.8a 38.5a
No treatment 89.2d 15.1c
MECF 100% 106.5ab 22.7a
LHMF 50% 96.6¢ 19.9b
103.2b 21.2ab
108.8a 23.1a

90
LHMF 100%
LHMF 150%

Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05)

fLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer

J. of KORRA, 27(2), 2019



I BRI 22Ag 28

ot 77|2H|I=9| 2= dF

27

Ng
4>
o
2
o
ﬁ
rr
08
el

o4 YA disstaen A f71dHE 150 %
NEA W B e ERIRo BAM o R

HoAdL STk A 1A HE AL w2
ghan] $EFE BAA o7 JeERAE w R gre]
0.9998 % o AUAAZS Uehfo] Ea-5ut thn)
M 71408 AEFE 40 % A= sl
T &Eskgaky sl fr1ANgs 5Ys
AEEIE YR AT o) 7t
SA] 3 dib] 40 % H2 AlE
ke o] mEe A s|eid Zloz W
= ATHFig. 2).

THIE R 1AskEA gt 714
BIE 2R AR HE A A 59) rhA

I~Z 0

4
M

o

[e)
714885
Zog

El 7ﬂm F1ANE A gl FNBFE B4 F
2Apo] F7890m, A 71N R B
Xé 75:_]5\_/\]‘3‘]‘%‘” 712 100 % Al8A] S3-4F 100 %

2879} Aol th5aA UERITHTable 11). 714

= 449 219 A5k 7€ 30L7HA] AwpstEA -
7+e B33 A f71En R AlEaIE ZASE
AN v {F71AE A2 FLSHA 100 % Al-8A] &

y = -0.0047x% + 2.111x + 404.55

850 R = (.9998

- MECF 100%
(=1
=
Y Eassans
g 550 H
3 P LHMF 99%
] .
=3 i
L] -
£ 450 H
(-4 .
e :
¥ 1
H
;
350 =
] 50 100 150 200

Application ratio of LHMF(3%)

Fig. 2. The yield of milled rice by organic fertilizer utilizing
domestic livestock horn meal application ratio.

TLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.

Table 9. Comparison of Yield Components and Milled Rice Yield by Organic Fertilizer Utilizing Domestic Livestock Horn Meal Application

Treatments Clum length  Panicle length Panicles/hill Spikelets/panicle Grain filling ratio Brown/rough rice ratio
............ Cmeseseree" essesecsacss [Jeeesacsices essssssecsee %...........
No treatment 65.8d 17.7¢ 15.0d 108a 89.8a 81.5a
MECF 100% 77.3ab 18.2ab 24.7ab 103a 83.1a 8l.4a
LHMF 50% 71.6¢c 17.6¢c 20.7¢ 95a 88.1a 81.9a
LHMF 100% 76.7b 18.8a 23.6ab 102a 87.8a 81.6a
LHMF 150% 80.0a 18.6a 25.6a 108a 82.3a 81.5a

*LHMF, Livestock horn meal fertilizer.
*MECF, Mixed expeller cake fertilizer.

T Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

Table 10. The Rice Yield and Edible Quality by Organic Fertilizer Utilizing Domestic Livestock Horn Meal Application

Yield
Treatments Wt. of 1,000 grains Amylose content Protein content  Taste : - -
Unhulled rice Milled rice
......... grorerneeres ceeersaeseee Ofusassncnnns Satake +*+*++* kg 10a’+s++s+  Yield index
No treatment 21.1b 16.6a 4.7d 87.4a 458b 404d 73
MECF 100% 21.7a 16.2c 5.5b 86.0ab 632a 557b 100
LHMF 50% 21.7a 16.4b 5.0c 85.4b 573a 500c 90
LHMF 100% 21.6ab 16.1¢c 5.5b 84.7b 641a 567ab 102
LHMF 150% 21.7a 16.2¢ 6.0a 76.7d 662a 616a 111
fLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.
"Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).
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Table 11. The Growth of Eggplant by Organic Fertilizer Utilizing Domestic Livestock Horn Meal Application
Treatments plant height leaf length leaf width
............................................... CIlvevrseserosnsassrsosasnsnsarsassrasnsasnraes
No treatment 108.3¢c 34.1a 21.0a
MECF 100% 117.7ab 36.0a 22.2a
LHMF 50% 115.1b 35.1a 224a
LHMF 100% 117.2ab 35.8a 21.5a
LHMF 150% 119.9a 34.6a 23.0a
fLHMF, livestock horn meal fertilizer.
"MECF, mixed expeller cake fertilizer.
Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05)
Table 12. The Fresh Yield of Eggplant by Organic Fertilizer Utilizing Domestic Livestock Horn Meal Application
Treatments Average fruit height Average fruit width Average fruit weight No. of fruits Fresh yield Sugar content
............ 14719 CARRELELETS seereeres groseseees no/plant kg/loa Brix
No treatment 18.5a 5.3a 183.5a 12.6¢ 4,316¢ 4.6a
MECF 100% 19.3a 5.4a 188.4a 15.9ab 5,277ab 4.6a
LHMF 50% 19.4a 5.3a 185.6a 15.0b 4,983b 4.7a
LHMF 100% 19.1a 5.3a 187.8a 16.4a 5,224ab 4.6a
LHMF 150% 19.2a 5.4a 184.8a 17.1a 5,569a 4.6a
TLHMF, livestock horn meal fertilizer.
*MECF, mixed expeller cake fertilizer.
"Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05)
S el AlEE 40 % AT Aol Er tiAlske f7lEded 28 e iRk es
100 % A8 thH] o] ThESGOm, AR A $2ke] BEIRsAS THskA AASC
Lgo] FTNEFE Fgo] F718l] NWUE 150 % ool F& Tt Al ez e A
A& HlrdE YERRIH: #7180 & A]J‘lﬂkol WAL o]of] B gAY AR, WFUE FARE
Z7VrE ATt ksl Syl ZUkekEe. EUSA wloled, WY & BEAR Aol
U S7IRAIE 100 % A8TS 150 % AFE M, TG EEE RS HEE BAs §
SAACEE ool UehA Sstem i 7 ZlesdAA FEAVIECl A9 ARl Al
AR B AR 71 100 % AGA AL FYSATh AE AR e SR
5 224kg/10ai S 100 % Al-8-A1 5,277kg/10a%} A23eH4.0~42 %) U] DAL 75 %2 Fa
Zol skl ekttt 34, 317, 35, Tl TEELE] FIEAAA FL7I= Akl
= %131% zko]7F YA Table 12). th e F71AHI RS ARESE] Wk TR A
WiSHAA A GENE 2N ), B DA
HIEE 715 100 % Al8A &3t thivl Al 8
4. 3 2 40 % ZAFASAE W AL 9 Fao] g5
om. 7HA] A= FL AHE eI
B A3E £9] fuke giAE {149 THHEANA 1P EHe TAE A 98l
D8 S4B el B dnss S ) AANS U B c8e8 150 A
Aarete] AEW AGENE 2ABL £ farg FH NEe] et A fdeadd e

J. of KORRA, 27(2), 2019



U Rt P22 BEE RIIWHIRY| B M U 40| OINE YY 29
TYE hAsk= 2ol mi- T8sit wEtA =4t (2016).
1AL S 0] 83 2L 1es Ay A 2 8. Liang, F, Li, G. T, Lin, Q. M., Zhao, X. R., “Crop
o] o] &3 F7IAMY A AN E AL 7] yield and soil properties in the first 3 years after
= 7Y g diA " X8 sARES] HE biochar application to a calcareous soil”, J. Integr.
Ak 71 & & Ao =E Tther Agr., 13(3), pp. 525~532. (2014).
9. Ahmad, M., Ok, Y. S., Rajapaksha, A. U., Lim,
J. E, Kim, B. Y, Ahn, J. H, Lee, Y. H., Al-Wabel,
References M. I, Lee, S. E., Lee, S. S., “Lead and copper
immobilization in a shooting range soil using soybean
1. Lee, S. J. and Kim, N. C., “Status & Suggestions stover- and pine needle-derived biochars: Chemical,
on Regulation of Livestock-fat Residues”, Journal microbial and spectroscopic assessments”, J. Hazard.
of the Korea Organic Waste Recycling Council. Mater. 301, pp. 179~186. (2016).
1(2), pp. 209~219. (1993). 10. Chen, J., Li, S., Liang, C., Xu, Q., Li, Y., Qin, H,,
2. Kim, N. C, Lee, S. J., Shin, H. S, Song, Y. C,, Fuhrmann., J. J., “Response of microbial community
“Management and Recycling of the Animal Fat structure  and  function to  short-term biochar
Residue”, Journal of the Korea Organic Resources amendment in an intensively managed bamboo
Recycling Association, 1(2), pp. 287~298. (1993). (Phyllostachys praecox) plantation soil: Effect of
3. Lee, J. H. and Phae, C. G., “Investigation of the particle size and addition rate”, Sci. Total Environ.,
Current Status on Generation Route and Recycling 574, pp. 24~33. (2017).
of Residue derived Animals”, Journal of the Korea 11. Woo, S. H., “Biochar for soil carbon sequestration”,
Organic Resources Recycling Association, 17(2), Clean Technology, 19(3), pp. 201~211. (2013).
pp. 81~92. (2009). 12. Jang, J. E., Lim, G. J., Park, J. S., Shim, J. M,,
4. Seo, Y. H,, Kim, S. W., Choi, S. C., Kim, L J., Kang, C. S., Hong, S. S., “Application Effects of
Kim, K. H.,, Kim, G. Y., “Effects of green manure Biochar Derived from Pruned Stems of Pear Tree
crop and biochar on nitrous oxide emission from on Growth of Crops and Soil Physico-chemical
red pepper field”, Korean J. Soil Sci. Fer., 45(4), Properties”, Journal of the Korea Organic Resources
pp. 540~543. (2012). Recycling Association, 26(4), pp. 11~19. (2018).
5. Kim, M. H, Kim, G. H., “Analysis of Environmental 13. Jang, J. E,, Lim, G. J., Lee, J. G., Hwang, J. E,,
Impacts for the Biochar Production and Soil Yoon, S. H. Kang, C. S, Park, I. T., Kim, S. J,,
Application”, J. Kor. Soc. Environ. Eng., 36(7), pp. “Organic Fertilizer Including Oxhorn and Preparing
461~468. (2014). Method There of”, Patent Registration(10-1895524),
6. Choi, Y. S., Shin, J. D., Lee, S. L, Kim, S. C., Korean Intellectual Property Office(KIPO). (2018).
“Adsorption Characteristics of Aqueous Ammonium 14. National Institute of Agricultural Science and
Using Rice hull-Derived Biochar”, Korean J Environ Technology(NIAST), “Investigation and standard
Agric., 34(3), pp. 155~160. (2015). for agriculture experiment”, Rural Development
7. Shin, J. D., Choi, Y. S. Lee, S. L., “Estimation of Administration(RDA), Korea. (2003).
15. National Institute of Agricultural Science and

Carbon Sequestration and Its Profit Analysis with
Different Application Rates of Biochar during Corn
Cultivation Periods”, Journal of the Korea Organic

Resources Recycling Association, 24(3), pp. 83~90.

Technology(NIAST), “Analytical methods of soil and
plant”, Rural Development Administration(RDA),
Korea. (2000).

7128 27(9), 2019



E

30 dAME, Lz, 0127, B&T, B2, A6, 43, g
16. Kim. L. Y., Cho H. J., Han K. H., “Changes of H., “Characterization of Phosphate Solubilizing
Yeasts from Korean Traditional Fermented Foods”,
The Korean journal of mycology, 41(4), pp. 218~224.
(2013).

Physical Properties of Soils by Organic Material
application”, Korean J. Soil Sci. Fer., 37(5), pp.

304-314. (2004).
17. Park, I. C., Kim, J. S., Jung, J. A. and Yoo, J.

J. of KORRA, 27(2), 2019





