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Hydroponic Culture of Leaf Lettuce Using Mixtures of Fish
Meal, Bone Meal, Crab Shell and the Pig Slurry Leachate of

Woodchip Trickling Filter
Ryoo, Jong Won

College of Life Science and Natural Resources, Sangji University
Summary

The pig slurry leachate was dark brown-colored solution that leaches out of woodchip trickling
filter. The purpose of this research was to investigate the effect of pig slurry leachate and
byproduct on growth characteristics of leaf lettuce in hydroponics culture. The effects of addition
of fish meal, bone meal and crab shell for the growth of leaf lettuce were investigated. Leaf
lettuce were grown in each of six combination treatment solutions; slurry leachate, slurry leachate
+ fish meal, slurry leachatetbone meal, slurry leachate +crab shell and chemical hydroponic
solution for lettuce based on EC content. The chemical nutrient solution was the solution of
National Horticulture Research Station for the growth of lettuce. The all of nutrient solution was
adjusted 1.5 mS/cm in EC in hydroponics culture.

1. The pH level of leachate of trickling filter was increased and EC decreased gradually during
treatment. Pig slurry leachate was low in suspended solids (SS), phosphorus (P), but rich in
potassium (K).

2. The plot of slurry leachate (SL) was lowest in the growth characteristics of lettuce. The leaf
length and width of lettuce treated with mixture plot of slurry leachate and fish meal (SL + FM)
was higher compared with plot in slurry leachate. The chlorophyll reading was reduced in plot
treated with slurry leachate, but that in plot of SL+FM was similar compared with control plot.

3. The fresh weight of lettuce showed lowest in the plot treated with slurry leachate. The addition of
fish meal increased the yield of comparing plot of slurry leachate, but plots of bone meal and
crab shell addition were not significantly difference. The fresh weight of leaf lettuce in plot of
SL+FM was 87% as 400.0g compared with control. In conclusion, the mixture solution of pig
slurry leachate and fish meal could be used as a nutrition solution of organic lettuce hydroponics.

(Key wonds : Trickling filter, Pig slurry leachate, Wood chip, Leaf lettuce, Growth, Organic hydroponics)
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7= HulE &-83F 4 (organic hydro-
ponics) AWl 7Hg 2 AAA = FAE
71Nl Ffdoltt. Jarecki 5 (2005)2
H| ko] I} M H] (compost leachate)ol] 2|3+ 47
Al 7hsAdE WrreoH, fUlES
&3t FAAN FHe] YR AP FAE
NH], Frobie, o Fol F&Ea UTh(Li
2005).

o]

AE Anje] sjto] @ Eal Qith. dH|E
57 - Ao F8a7] A B
H A 2~E o] wh3lo] A7) %]
stekol AA 70 m AER oEw F7]o]

a7 AE An7E fEleitha
Fh (Y 5, 2003). FH]cho]vpein] o}
ol FAEdHl= Bf-E 2 (Suspended
solid)e] i +8&4 F7|EH o] Fo}

= v
u], FAAfufol] AFe dnE Hrp W
AT} (5, 2009).

Aragd aEE fF714 "o oA
ST e FEd Fo &EAAE A T
T Yo, frlE FatE Wselx kA
Al Fds A Fe AHol U
(Harrison %, 1987; Jank &, 1973). 2=t
Zo] oAl BEHL w95 a9 FA9
At 9ste] wAZe AFFHon &
Ac. 2@ olAE mge] A4gL, 09
=0 AP Fa, mego] AT wl
7] 9%k gAY T, 29 IR &3}
W med Fre o3t gaol e wy
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Table 1. Characteristics of raw pig slurry

Component Content

BOD (mg/ ?) 21,800

CODmn (mg/ ¢) 29,500

SS (mg/ ¢) 8,845

T-N (mg/?¢) 1,850

T-P (mg/ ¢) 490
VoAl AEE JAEAFAAA o,

2R, AGA And olgen AR I

S % 29} P ofES TN, P,0s, K,0 &

o] Z}z} 8.0, 2.2, 1.65%% A 3eFo] 7}

TR FEL 05, 8.5, 0.72%= AAgHo]

=0, ARAELE HA QA gl Z4FE R

o} AjE o s =9k}
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Table 2. Chemical composition of byproduct

used in this experiment

Content (%)
Items
T-N P»0s K>,O
Fish meal 8.0 2.2 1.65
Bone meal 0.5 8.5 0.72
Crab shell 3.7 3.0 0.63

Hlxzlolyollom ehwufx]/e] uhetel 0.05

mm 79 PEZEE &Skt FAAm] gl
2}

2 0L &% FeAFel FFF 40L/min°]
Am gee) o, B, AWLL Aus $F Wze Agske] FoRk v 143k v
7] 9kl Hx selge] I@AEAA 158 F HEE Itk A4S 20em 7
o1&, =&, AAdZ) 5kgs EFste] 79 Aoz 1574 Aol AAAYZF 20x20cm7}
Jend ¥ 8 AR FFS RS HEs sk AdTE deluA 3unEo
2 WAk haT Fale PelaTid
5. Al M= A3 gl AE WFAe THAAL |
d FAFRFE FF 12202 STk
Az AMIAEL 20090 FYE AT Gl AVAHAEE (EC)+= 1.5 mS/eme =2 =
WR b wlds el Sasgt. 3 Astad
A FEY EFS AA 35S AEHA
o 4% s 59 259el AAsgor 6 Helug
A2 FEAA ulAl 2000d 7€ 18
Aol AAsHATE AlEL 2009 69 209 2 AR APueS # 33 2ok 4 A
A 20099 8¢9 299 7HA] skt gl Agrold AEAv e I sAAE
FolAu) wAe TRAMAG Gl A Bgelel Agais xdANS T A
o2 S3lar A 800x70x15em (Aolxd = FAEAH] dEA e HEH| e of
Table 3. Treatments of experiment
Treatment Content
T1 (SL) Slurry leachate
T2 (SL+FM) Slurry leachate + Fish meal
T3 (SL+BM) Slurry leachate + Bone meal
T4 (SL+CS) Slurry leachate + Crab shell
T5 (SL+FM+BM+CS) Slurry leachate + Fish meal + Bone meal + Crab shell
T6 (control) Nutrient solution for leaf luttuce

SL : Slurry leachate, FM : Fish meal, BM: Bone meal, CS: Crab shell,
NS : Nutrient solution for tomato of National Horticultural Research Institute
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Fig. 3. Changes of pH and conductivity in
woodchip trickling filter system.
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geAl ECO F& 891 H'9F OH,
HCO; . NH,", NO; , 7]E} o]& So= 1nol
A i o] 5] A Aol zhy] debA] o]
259 x4 o ECY kol AAEYE
B3 (Jeong 5, 1997)9} o] HuW] ECe A
st 9lS F48E + Atk

w—fi‘}or

Q4= 21.800 mg/ 2 oA =
3

% 4mmg£ELﬁhw1“*ﬂ“%7%
A% ¢ At

dedel f1gE dEAuE g

Aol A etA s 22 CO¢F H,0= E3f
o] Ael¥ = zdgi Azt o,

Aol A2l CODmnE  29,500mg/ ¢ ©] S
), FAdradE A =29 CODmn
6,750mg/ ¢ 2 Yol oy AHIAHAEE
Hop A gt 21 d9de 531 oA}
F7lEs U FRFOEA AFRgo= F
2 (huumic substance) A%l 2|3t COD
7F A% FEI AoFE HAHT (F, 2002).

%27 (T-N ; Total Nitrogen)©= O‘—’F—Oﬂf\ﬂ
1,850 mg/ £ o] o™, Aol A F 895
g/ ¢ = stolth. olelg Aats Aot A

5
_/’:
2
AWA FA7} ol
E3
2}

fo lo

AN HNESFS NHy o] 486 mg/ /
oz gl oz w o} NH; 323 2
Abst Fxlo] &A4st ¥ Flo® B,

T AEA mgE *M HEE LSRN
A ool BRIV oA HAY A=
Al F-2pato] fols mlAES] AR

474
A 52 (biosorption)2H8 -l

1—0

_ll-U\:I

&3 EHFo

o8 7= da -9l 59 F714 L9 =
Aol AHert @ Aew wAT (AFA,
2002).

A& ] 2] l?‘ &4 (suspended solids) &+
Fe 480mg/ ¢ 2 Golhrh HAZAnie] A
2, Qb ZHE SRS 2,520, 895, 92 mg/ /4 =
ZE ol =i AoiFoR 4k 3]
sk, o= Qlite] diRE FrE Al
grEo] 7] Wi Ao g AlgET

Bz sLol WA FAAQ] AR, FE
AFAE skg S8t 794 F o]y A
S A At # 59 B AR EFE
M TN, P05, KO 3¥&Fo] Z+ZF 2,600,
2,650, 2,100 mg/ ¢/ & THE AEn &S e
WAtk =S b o] 3320mg/ 4 =
b Eska ARELE A FEFo]l Adld e
2 g3 Q1AL Abshel vl kol =t

Table 4. Nutrient composition of pig slurry leachate

Treatments Raw pig slurry Pig slurry leachate
BODs (mg/4) 21.800 3,480
CODmn (mg/ ) 29,500 6,750
SS (mg/ Z) 8,845 480
T-N (mg/4) 1,850 895
NH;-N (mg/ ¢ 1,299 486
NOs; -N (mg/¥¢) 88 243
T-P (mg/ 4) 490 92
T-K (mg/) 4,189 2,520
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Table 5. Chemical properties of mixture of fish meal, bone meal and crab shell
(Unit: mg/ 2)

Items T-N P20s K,O CaO MgO
Fish meal 2,600 2,450 2,100 1,125 342
Bone meal 1,520 3,320 1,020 1,780 520
Crab shell 820 1,720 1,120 3,130 425
4. FA % 3020 MSY NG eyt AE @EAYTE
A0} Qo] REF G HFFom A%
Frlqule] ol Felaulel b T o Aol 4SS vehid 2% Ao A
W] sl PelAThe 45 FAe o Rtk Guls o EFAYTE Ax, <
2R S Ageld AEAue] RaAES A e #@o] AMEel ol® A7 Fi)
=3 AYTE Fol AuIE ZAFe A4 7F ved JEd8] dEAg S By Aol
T 30¥°] AEEPL % 63 Ak AT Folxl Ao sAEn
9%, 9FL Ao AE08] dEAET AE2SFGA= AEA 24 JEYHE
oA 7Hg Askar FeiAFelA 7B A vEhe A sl (¢ B 2007; Shaob-
T3k 94, 9EFS Ao AEAMel ing, 1995). 954 SAAE JAEFAH] ©EA|

ot A3 vtk AEON) GEAET GHa
G5, B4, AWFS 4F, GER T FAAL de RS FEOMe] Ak, AN
e AFOE FE 4ol SLEM) el JEFEs BFS) M Ao nan
Tl Az AT wrk FEF YRS AEAIREFASTY GRLSYAE
eIt HEOH ¢ R SL4BM) A ETF FAH TG gEE £AE 1
FE AEA G T Nk AR5 FEG dh JPIAE I (Westeott

Table. 6. Growth of lettuce by different nutrient mixtures after 30 days ransplanting

T Leaf L;af Leaf .Stem Stem Chlorophyll
reatments length width number diameter length ;
@ | m) | () | (om) | (em) | "0
SL 14.9¢ 17.3¢c 14.0c 23.1c 5.8¢c 14.1c
SL+FM 16.5b 18.9b 16.5b 24.2b 6.3b 17.0a
SL+BM 15.2¢ 17.1c 14.9¢ 23.3c¢ 5.8¢c 14.8b
SL+CS 15.5¢ 17.3¢c 15.8bc 23.4c 5.5¢ 15.2b
SL+FM+BM+CS 15.9¢ 18.2bc 16.7b 24.1b 6.1b 15.8b
NS 17.3a 20.8a 17.9a 25.3a 9.1a 17.4a

SL : Slurry leachate, FM : Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.
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Table 7. Fresh and dry weight of leaf lettuce by different nutrient mixtures in 30 days
Treatments F(rge/sphlar\ﬁf)t. Index ]()gr/};/)l;gtt) Index

SL 137.2d 77 6.72¢ 78

SL+FM 155.3b 87 7.58b 88

SL+BM 140.8c 79 6.72c 78

SL+CS 143.2¢ 80 6.80c 79
SL+FM+BM+CS 147.1c 83 7.06¢ 82

NS 178.5a 100 8.61a 100

SL : Slurry leachate, FM: Fish meal, BM: Bone meal, CS : Crab shell, NS : Nutrient solution
* abed : Same letters are not significantly different with DMRT at 5% level.
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Table 8. Growth of lettuce by different nutrient mixtures after 45 days transplanting

Leaf Leaf Leaf Stem Chloroohvll
Treatments length width number diameter phy
reading
(cm) (cm) (ea) (mm)

SL 14.1d 18.3¢ 13.6¢ 14.3¢c 18.9¢c
SL+FM 15.6b 20.1b 14.9a 16.4b 23.1a
SL+BM 14.3d 18.6bc 13.6¢ 14.7¢ 19.5bc
SL+CS 14.7¢ 19.1b 14.1b 16.1b 20.2b

SL+FM+BM+CS 14.7¢ 20.7b 14.6ab 16.3b 20.9a

NS 16.5a 22.4a 15.0a 20.3a 22.6a

SL : Slurry leachate, FM : Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution
* abcd : Same letters are not significantly different with DMRT at 5% level.

Table 9. Fresh and dry weight of leaf lettuce by different nutrient mixtures in 45 days

Fresh Dry
Treatments Wt. Index Wt. Index
(g/plant) (g/plant)

SL 86.5d 75 3.32d 76
SL+FM 99.2b 86 3.85b 88
SL+BM 93.3¢c 81 3.4lc 78
SL+CS 92.2¢ 80 3.54¢ 81

SL+FM+BM+CS 95.7¢ 83 3.58¢c 82

NS 115.3a 100 4.37a 100

SL : Slurry leachate, FM : Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution
* abed : Same letters are not significantly different with DMRT at 5% level.
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Table 10. Growth characteristics by different nutrient mixtures of lettue in 60 days

Treatments Leaf length Leaf width Leaf number Stem diameter
(cm) (cm) (ca) (mm)

SL 10.2d 14.8¢c 53.2d 63.2¢c
SL+FM 12.1b 15.8b 69.5b 75.2b
SL+BM 10.9¢ 15.1b 62.9cd 65.9bc
SL+CS 11.9bc 15.7b 62.7¢c 70.2b

SL+FM+BM+CS 11.7bc 15.9b 64.4bc 67.4bc

NS 13.5a 16.9a 76.5a 85.4a

SL : Slurry leachate, FM

: Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution
* abed : Same letters are not significantly different with DMRT at 5% level.

Table 11. Fresh and dry weight of leaf lettuce by different nutrient mixtures in 60 days

Treatments Leaf fresh Wt. Leaf dry Wt. Stem fresh Wt. Stem dry Wt.
(g/plant) (g/plant) (g/plant) (g/plant)
SL 126.3d 10.2¢ 124.3¢c 9.7¢
SL+FM 141.2b 11.9b 160.2b 11.4b
SL+BM 132.9¢ 10.9bc 148.2bc 10.7bc
SL+CS 135.5¢ 11.3b 154.3b 10.9b
SL+FM+BM+CS 135.8¢ 11.5b 152.0b 10.6b
NS 172.2a 13.6a 180.8a 13.7a

SL : Slurry leachate, FM

. Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution
* abed : Same letters are not significantly different with DMRT at 5% level.

Table 12. Total fresh weightand leaf number of leaf lettuce by different nutrient mixtures

Treatments Total fresh weight (g/plant) Total leaf number (g/plant)
SL 350.5d(75%) 80.8d
SL+FM 395.7b(85) 100.9b
SL+BM 367.0c(79) 91.4c
SL+CS 370.9¢(80) 92.9¢
SL+FM+BM+CS 379.6¢(81) 95.7¢
NS 466.0a(100) 109.4a

SL : Slurry leachate, FM : Fish meal, BM: Bone meal, CS: Crab shell, NS : Nutrient solution

* abcd : Same letters are not significantly different with DMRT at 5% level.
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