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Effect of Liquid Fertilizer Application using Fish-meal, Bone-meal and
Sesame oil-cake on Seed Germination and Growth of Tomato
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ABSTRACT: This study aimed to investigate the physicochemical characteristics of fish meal, bone meal, and sesame
oil cake, which are readily available by-products from agriculture and fisheries, during the process of liquid fertilizer
fermentation, and to examine the effects of liquid fertilizer application on seed germination and growth of tomatoes.
During processing the fermentation for liquid fertilizers by using fish meal, bone meal, and sesame oil cake liquid fertilizers,
the pH of the fertilizer increased in the order of bone meal > fish meal > sesame oil cake, and the concentration increased
rapidly up to 30 days in all types of liquid fertilizer. The nitrogen content of the liquid fertilizers increased as fermentation
progressed in the order of fish meal > bone meal > sesame oil cake. The phosphorus content increased as fermentation
progressed and the highest was 1.0 % in the liquid fertilizer of sesame oil cake. The germination rate and its index
of radish seeds were compared for different dilutions of each of the liquid fertilizers. Excluding the 10-fold dilution
of the fish meal and oil cake liquid fertilizer, all the treatment groups showed a germination rate = 95 % and the
germination index tended to increase with dilution rate of liquid fertilizers. For responses of tomato growth, there were
no significant differences among the liquid fertilizer treatment groups; however, the organic content, microbial density,
and microbial biomass C in the soil were higher than chemical fertilizer treatment. These results demonstrated that there
were differences in the characteristics of liquid fertilizers depending on the materials used, and that liquid fertilizer can

be used for nutrition management for the organic crop cultivation.
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Table 1. Nutrient Contents of Raw Materials Used for Preparation of Liquid Fertilizer
' T-N P20s K.0 Ca0 MgO CIN
Material
(%)
Sesame oil cake 7.0 2.8 1.4 3.0 1.3 6.7
Bone meal 35 22.6 0.2 28.2 1.1 6.0
Fish meal 9.4 6.2 1.1 7.5 0.4 43
E 3709 B2 0Y, 10¥, 30%, 60, 90 x}ol] HH] 2.2 22 Z{H U ML RA}
& IF AL T AEE AHASH 9489 pH, EC, oy AlLol WE FE ME AHE ZYwn)
Zé.v/;\—, ?.lﬂ' 3;—:}%]:% E‘ﬁs}%q— O_Hil:]]‘g] le- 601'%9] T']f]_‘ 5]._%—]_}1 H] ]_ _/_\_oﬂ/\i _'_336—]_93\‘9_111 /\]3‘:.]' x_}.%_g_
[e) o) 2=0 =]
AP TP gl 2 ER] E49 EntEy =ghE oo skt A2
& o i 35 8) = 9
ot ot ol E43TE. pHeF ECE ¥ =22 150 om x 20 cm 2 Alo] F = 9ol5lgom
°

pH meter(Star A211, Orion, USA)$} EC meter (HI
9932, Hanna, Korea)& ©]-83}a] Z23}3 ) ]2
12 2x(Total nitrogen)w= H¥] 1 mlE FH3td CNE
237](Varimax CN, Elementar, Germany)Z “J &3}%]
Y QAR ofH] 10 mLE A7t Eekade] Ya
H,SOs 5 mLE A7} o &2 B3)sk o2 No. 2
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Table 2. Experimental Design and N Application Rate in this Study

N application rate

Treatment Basal fertilization Top dressing Total
Green manure Urea Liquid fertilizer Urea
N kg/10a

FML " 12 0 20.6 32.6
BML 12 0 10.3 22.3
OKL 12 0 52 17.2
CF 0 11.6 0 8.8 20.4

NF 0 0 0 0

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer, CF: Chemical fertilizer, NF: No fertilizer
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Fig. 1. Change of pH, EC, total N and P,Os contents on liquid fertilizers. FML: fish meal liquid fertilizer, BML:

bone meal liquid fertilizer, OKL: sesame oil cake liquid fertilizer. each data indicates an average of three replicates.
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Table 3. Effect of Seed Germination Rate and Germination Index by Liquid Fertilization Dilution Ratio

10 dilution 50 dilution 100 dilution
Treatment
GR(%) Gl GR(%) Gl GR(%) Gl
FML" 61.5+10.1¢c 12.5+£7.2b 99.6+0.6a 61.8+7.6a 100+0.0a 71.5+0.4a
BML 100.0+0.0a 51.0+£22.3a 100.0+0.0a 78.8.£14.0a 98.5+2.6a 75.6+4.9a
OKL 78.9+9.6b 8.0+3.9b 99.6+0.6a 71.2+19.2a 99.3+1.3a 69.2+9.1a

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer.

Table 4. Effect of Fertigation of Organic Liquid Fertilizer on Growth Parameters of Tomato

Treatment Plant height(cm) Stem diameter(cm) Fresh weight(g)
FML" 189.7a" 17.0a 826.2a
BML 183.6a 17.2a 748.0a
OKL 190.3a 17.6a 847.6a

CF 191.7a 16.9b 754.7a
NF 183.1a 17.7a 765.0a

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer, CF: 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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Table 5. Effect of Fertigation of Organic Liquid Fertilizer on Yield of Tomato

Marketable yield

Unmarketable yield

Treatment .
ea./plant kg/plant kg/plant ratio(%)
FML " 9.6a" 1.53a 0.47a 31
BML 9.9a 1.54a 0.63a 41
OKL 10.0a 1.54a 0.55a 36
CF 8.2ab 1.29ab 0.57a 44
NF 7.7b 1.16b 0.57a 49

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer, CF: Chemical fertilizer, NF: No fertilizer
Numbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

Table 6. Chemical Properties of Soil in Field Experiment Before and After

e pH EC oM Av. P,0s Ex. Cations (cmolc/kg)

(1:5) (dS/m) (9kg) (mg/kg) K Ca Mg
Before treatment 6.8 0.7 19.4 142.7 0.6 8.6 1.7
Experiment after
FML 6.9a" 0.8bc 22a 253ab 0.56b 10.1a 2.5a
BML 7.1a 0.9bc 22a 226bc 0.52b 9.3ab 2.2ab
OKL 7.1a 1.0b 23a 286a 0.90a 9.3ab 2.3a
CF 6.0b 1.3a 19b 208bc 0.67ab 8.3b 2.0b
NF 6.9a 0.7c 20b 177¢ 0.49b 8.7b 2.0b
Desired level 6.0~6.5 <3 20~30 400~500 0.70~0.80 5.0~6.0 1.5~2.0

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer, CF: Chemical fertilizer, NF: No fertilizer
TNumbers with the same letter within a column are not significantly differed (Duncan’s test, p < 0.05).

3.4 F7|%H] X2lof e EY S Hgt

Au] gl sk g Ao mE B¢ SEsdS &
2% A= Table 67 2ok Al EYS] pHe
6.8, OM< 19.4 g/kg, FFEAJAHS 142.7 mgke, X3
A K &L 0.6 cmol/kg O-Z F71E, FEA%FE A
g K o] Erte Al ARG gttt
AN ¥ B pHE 3B A 2l=71 dn], F-4e
Tl Blsl SA Yebgtow ofn] F AEjr)3t St
A4 Fao] B2 o AH|Y B tha v A

F Btk Qo], Aol A= SCBH] ¢} 5}
SR Ae ¥ pH7} 3SHlR A2 TR T SCBY
H] X 2] ol A EA UeRgom! " Eok E%}
Ao FE7 SV E B pHe Ahast
Tud dio] st AgoR I
37} wiEolgtal Rush o). Al
A3} mlalste] FRlTE A2’k

rr

ook

d
B o
o

>
r}g rlr
of 2

T
ee

Ce= Al
A 2] -l

e borlo

[y

A ks om st ATl v o A
77} e S vehsinh, oM fEIA FF

S AE F BE AN STFeeH AE $

224 Cadt Mg TS &
obxlom K &S It
cmol/kg®E 7Hg =) Wt

Hu] Aol M =

Hu] 22 F7F 0.9

A B nAEY EEE
Table 73} 2t} 714 AldS 1.3~2.1x107 CFU/g
o= on] Al e el Aelet BAA] &
oz YER o AHl MRt {3k Aol=
AATE WAFE 4.1~10.5%10° CFU/g 22 T2 A
g]roll mls) 3}stulw A2t BA YEbgTh AL

A& 23~7.6x10° CFU/g .2 38| 5

ZAPR A=

A2

of Hlsl An] A7} =A UElEt o 9n] A
27719 F-oJ2= 11T Microbial biomass= E
ol EASHE A=Y TEFS oulsiy B

F71EA4-9s), 27(4), 2019



68 ohts], oyl =

Table 7. Soil Microbial Distribution of the Soil After Finishing this Field Trial

Aerobic bacteria Actinomycetes Fungi Microbial biomass C
Treatment

(CFUIg) (ng/g)

FML T 1.8x107a" 10.5x10% 7.6x10%a 200.3a
BML 1.7x107ab 6.4x10%bc 6.3x10%ab 179.2a
OKL 2.1x10"a 7.8x10%b 5.5x10°ab 207.3a
CF 1.3x10'b 4.1x10% 2.3%x10°%¢ 117.6b
NF 1.8x10"a 6.1x10%bc¢ 4.2x10°be 165.1ab

TFML: Fish meal liquid fertilizer, BML: Bone meal liquid fertilizer, OKL: Sesame oil cake liquid fertilizer, CF: 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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