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Effects of Mixing Ratios of Cow Manure and
Stall Bedding on Physico-Chemical Characteristics and
Earthworm (Eisenia foetida) Survival

Hwangbo, Soon - Jo, Ik-Hwan - Son, Jang-Ho

The present study was conducted to provide basic data for environmentally friendly
treatment of manure using vermicomposting by investigating the influence of
physiochemical property change during the composting period on the survival of
carthworms after mixing cow manure in different levels (0(CSDO0), 10(CSD10),
20(CSD20), 30(CSD30), and 40%(CSD40)) with the sawdust that is used bedding
in livestock pens. As composting proceeds, earthworms were able to survive in all
treatments after 3 weeks. In terms of the C/N ratio by treatment groups, the
sawdust mix treatment was significantly higher than the CSDO treatment (p<0.05).
The C/N ratio in the 3rdweek when earthworms started surviving was 23.26-61.05.
As composting progressed, pH and electrolytic conductivity were highest in the
CSDO treatment and tended to decrease with higher proportion of sawdust in the
mix. It was found that pH and electrolytic conductivity that earthworms starting to
survive are 7.4-7.7 and 0.28-1.17 mS/cm respectively. To summarize, when com-
posing cow manure with various levels of sawdust mix, all physiochemical
property changes turned out to allow the survival of earthworms, but the results
suggest that efficient vermicomposting requires the tests to examine growth and
reproduction according to the sawdust mix ratio.
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14 #71& AHglol Qo] vermicomposting WH-S H7|ES 0|3 ALES AT
A4 JeR s wha 9lon, 1992 FAR-= A HolE “f71A4 HAVIE
A 71€7& AAEIH AL, AFolE o] &3 f714 HIIE HHIE A% st AAE
2R o]-&-HH(Kaushik and Garg, 2004), 3t5-E2]A] ©o]-&-HH (Neuhauser et al.,, 1988), &2
E 27| o] &3 H(Edwards, 1995), 7}5E0]- 8 H(Loh et al., 2005) 5°] E1F T Q E]—

T, SEuvebe 1980 o] % AAARE T IRAS FUHE QT AAE N E &
FaHl S7ke 3 7HE9] AbS e e ST e, Vs e B B3 2011
d 7102 43687 E Ul9lolH, o] FFEEe 97 WA i T oF 341%=

2 S AR 3 (Livestock yearbook, 2012). 7}t QA E ZHE A8
g FQ3 G FEHOE FEH I, HTde EFAIE I D EWIFAE
H7& Bohe Ado=® Q1AHa gk

7t Aste] 7 dubA Q] WS EH|s e AH|E o R VSR e AA

Aol oF 80% ol/do] F=AARS Tl w7 A fﬂ-glﬂ_ﬂ A Th(Livestock yearbook,
2012). SHA Y 7} EMIE AuetA AHEStA HY FAES 239 ES U 9/ A
H EAE 20T & don, A ATA Lo R Bk ?_]/1‘}
FAHAY Atz JAFEH At 2dS ZUstes &7
(Sweeten, 1988). T=3F H-%o] AUZE A o™ o7} A5t
on, EYO R 3 & F&53] FalEo] AR o) F&
A A -] Ut

st R, AESH A Fo sl AFolE o] &3 FHls WYL VS-S 3579
At A7 HA S WSl o WS AAAA HFAE E
Ho] Arth(Lee et al, 1992). T3 A HAH F A== AR o=

©]-§7}2]7} Ea1(Sabine, 1983), A B o] £H-E of &7l dTTEE FHolglo] EF

71438 BEARE o EYY B JMAstd ENEFAR &87sdo] sttt
(Tomati et al., 1985; Jo et al., 2003).

AGol7t A&H & JIERS Agstr] fsixle A" ol Ho vt HHA golrhes &
Aol He 7HEEe] 259 &, Holo| &dE, o384 A d(Stafforn and Tacon, 1984;
Lee, 1995) & o8] 7FA 8Q1E°] &S vIA=H 53], APl 4slr|do] L3R
Zote] Aslbsdo] ot Aol & o] &3t 7HEHES A e8] flaiAE A" el7t kA
Ao HAY F UEF 7I5EY ol3std A4S HsNAFE s o] vieA I
83}t (Curry, 1976; Hartenstein et al., 1979).
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& R&717 Fo| olsista A Wt Aol AEel HMAL FFS 2AFOIA
3} A

vermicomposting= ©]&3 7} A A Mo 7 2ARE o] &staA AA U
M. Wz g
B Ao ALgH FA A Hole Syt A A= S5 Aol (Eisenia foetida)

£ AHgstl o, Aol Hol2 AHRd 7SS Fie] £ ¢2< ol &t ¢
I EFiel £ 7y o R399 HE WHIAIZ 57ER(F-E B9 = 100:0(CSD0), 90:10
(CSD10), 80:20(CSD20), 70:30(CSD30), 60:40(CSD40))Z &5t th

=34 A= O] Hols TS 65+5% FASHAA 85 Bt IFLl 3~43] kS AH
o 15 :—l A0S ARAH el E4l A islc

pHE &% &% + FHTY HIE 1:52 3t 3083t 2Eg & EFSIsHEAY
(RDA, 1988)°l =3l pH MeterZ =43} 0™, 7] AZZ(EC, Electrolytic conductivity)=
EC MeterS ©]-83}+99 31, ZZ2(TN, total nitrogen) $FH2 Kjeldahl'H(A.0.A.C. 1995), =&k
4(TC, total carbon) &2 (100-ash%)/1.82] F2o| 2% California Univ., Berkeley method
(1953)9] WHE ARE-3FAT

AGolo] A AP 17Y WA Behay g0 BUHLS £EUE EQG 8
200g7 A7ol 107Hel8 3B O T Flol BYF b 1F AW F Aolo] YEH} GF

o5 FAsHATh

Table 1. The physico-chemical characteristics of cow manure and sawdust

Cow manure Sawdust
Moisture (%) 68.40 14.00
Total solides (TS, %) 31.60 86.00
Volatile solid (VS, %) 63.70 96.00
Fixed solid (FS, %) 36.21 4.00
Total Nitrogen (TN, %) 1.31 0.14
C/N ratio 27.10 380.9
pH 8.14 4.88
Electrolytic conductivity (mS/cm) 0.83 -
Bulk density (kg/L) 0.71 0.26
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B A¥o] A= SAS package programS ©]-&StH I, A7 H
Duncan’s multiple range test(5% <)o &SI T

Aol o] &d & 2 Fuel o8t A4S Table 13 2.

1 34 Aol e Agole) AE

EH &Y 0 U2 98-S 1F HHoE AHo] AE ARE #ET A AP 4
I}= Table 28 2T

Table 2. Survival rate of earthworm (Eisenia foetida) by feeding cow manure during aging

period
Weeks of aging period(%)
Treatments'

1 2 3 4 5 6 7 8
CSDO 0 0 100 100 100 100 100 100
CSD10 0 0 100 100 100 100 100 100
CSD20 0 0 100 100 100 100 100 100
CSD30 0 0 100 100 100 100 100 100
CSD40 0 0 100 100 100 100 100 100

' CSDO : Cow manure 100%
CSDI10 : Cow manure 90%+sawdust 10%, CSD20 : Cow manure 80%tsawdust 20%
CSD30 : Cow manure 70%tsawdust 30%, CSD40 : Cow manure 60%+sawdust 40%

2. %4 Aol W WM (C/N)e] Wshol AGolo] Aol u]X L 3

) B4 AT 02 H IA(TN) Bl Hat

U (p<0.05), 53] ol2T FEFE T £ FEol =&TF IN &l wolst
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Al ERXTHp<0.05). A, Fso0] P ol Wt TN TS e FollA Hat S7kste 85
2o A= CSDOT-9F B5F T TN 42 1.637 0.94~1.25%=2 Z7F8l9 T B9 £l
A R gol7F &S] A2 35EAFe] TN 2 0.72~1.16%Z CSDOT-2] 1.48%R.th=
OJatAl A THp<0.05).

—@— Cow manure 100%
1.8 94 —O— Cow manure 90%+sawdust 10%
—w— Cow manure 80%+sawdust 20%
—v— Cow manure 70%+sawdust 30%
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Fig. 1. Total nitrogen according to mixture ratios of cow manure and sawdust

W EYgTelAE %E‘J —E‘Q FEol l;%#i TC EF'D'*Ol EoF TN

Ferol ol wet TC e BE FollA Ak 24
st} CSDOT-2F =5 U7 0573 Wl ZH2} 35449} 41.02~45.16%°1 4 852l 244
33.83% 37.97~42.82%% ZFAsto] Fro] ol whel TN o] Srlste A=
He S BRAth AGert &S] AR 37k TC e B 4771 3
43.95%%Z CSDOT-2| 34.38% Htb= 728 =3 thp<0.05).
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Fig. 2. Total carbon according to mixture ratios of cow manure and sawdust

3) 7= duof thE EHEH|(C/N)2| Hatet X|Zo] =0l 0jxl= I

SEo| B Ay wpE eEH|(C/N)Q] WEl= Table 33 2t}
AN&71ZF F CSDOT-9] EHERl= 0F2FY o) 27.10 )oY} 8FatY wj&= 207602 H

o] el Wt FoJsAl WolbH oM (p<0.05), B EUTE B £9 4l wet o
T2k} 872+ wll Zh7) 38.35~75.815F 30.38~45.562] W E HHF £ £Fo] WSS4E
AR7} oAl E=3ka(p<0.05), CSDOT-¢F Zo| F-<ro] A 33to] whet & R|7F {2 6H
SOl TH(p<0.05). A ol7F &S] Al2HEE 35:219] &2 B]= CSDOT-oll A= 23.260]1 1S
U B9 EYdFdAE B £ e wel CSDI0TE 33.95, CSD40T-+ 61.05% UHEL
fre=g

A gole] Holo] oS Holo] T/, TEFEH H vFES AL Sl o ZeA
o], gael Aol ngl vdny B A ddr
(Fostage and Babb, 1972). 7}=+9] EHIg} #A F vAEL &5 B8 U ds

22D o] g, damre Y% wd F4 Sl BT JFUL FEITHGarcia
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Table 3. C/N ratio according to mixture ratios of cow manure and sawdust

Aging period Treatments1

(weeks) CSDO CSD10 CSD20 CSD30 CSD40
0 2710 cA 3835 cA 6226 bA 6053 b A 7581 aA
1 2514 cAB | 3550 cAB | 5639 bAB |5947 b A 7324 aA
2 2377 dBC | 3461 c¢BC | 5548 bAB |57.85 abA 6504 aAB
3 2326 dBCD | 3395 ¢BCD | 5022 bBC |5022 b B 61.05 aBC
4 2248 dCD | 3283 cBCD | 4667 bCD |4922 b BC | 56.83 aBCD
5 2201 dCD | 3242 c¢BCD | 4513 bCD |4590 b BCD | 5389 aBCD
6 2150 dCD | 3181 c¢BCD | 41.84 bD 4534 b BCD | 50.14 aCD
7 2114 eCD | 3122 dCD |3975 ¢D 4446 b CD | 4776 aD
8 2076 dD 3038 ¢D 39.66 bD 4396 a D 4556 aD

' CSDO : Cow manure 100%
CSDI10 : Cow manure 90%+sawdust 10%, CSD20 : Cow manure 80%tsawdust 20%
CSD30 : Cow manure 70%tsawdust 30%, CSD40 : Cow manure 60%tsawdust 40%
" Mean in the same rows with different superscripts differ(p<0.05)
® Mean in the same columns with different superscripts differ(p<0.05).

TEOE(Table 1, 3) F=%7] S8l Ag3t &2
ZAH|Ql 15~302] M9 o] RS LHEPA. 1980), F-<
z7] 1, 257 el AR o|7F AESHA] EsHATHTable 2). A& o] A&l 71 Fa3F a9l
A7 Gt UEgEdE ETstal A Folrt Fa 2ol AESA XY ol
E Aol s Bulst A T EHSIE ZAREA ZUAA T HRsrE 7S ol whet
& z7lole Tado] 60T o] Aol Frkal K1t (Poincelot, 1975), & =59}
| WA E = Th2o) osf A Fo] AEo] APt XYW AR AtmdTh

i, FE5AA Fo| 7HEEY] V52 AR T8-S B3l t7] S COE HjZEo| F
o] F BV A&EH R franT, 7t5ESLY] dAv e dEYol taE A4 HT
% SHAIRE B R mA =l o3 FE AU NOs-NOE o] o 7t &40
2 Hxo] gl wet ednls A HAS . Bk (Garcia et al., 1993) £ A3
AN E o]} FARGE AT e o™, B A@oA A Fo] AEo] 73 ©dulE 23~
612 7)ol LHZ A Ho] HolZ 233k ehan] 25 HZF Hh(Lee, 1995), FH3] =& &
F7HA AE0] Thed ACE YETH
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3. ¥ Azl WE pHel Walel Aol Az wAE I

S-Fo| Rar Astol| wE pHO W3l Fig 33 2

pHE 052 =) CSDOT 8.14, B YT 7.53~7.69%2 F Y7} CSDOT-ol| M3t
o fFosiAl W3kth(p<0.05). ©]F F-<o] P He we} pHE ¥4 27| 1253 )
EoAT 3FANE vobx] 87 W CSDOT B EdTY pHYb A7 7.73%
7.42~7.65% A3} FHJTh CSDOT-9F B EYTFAA A o|7t AEST] A& 373
pHE= 242} 7749} 7.42~7.68% UENSTH
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Fig. 3. pH value according to mixture ratios of cow manure and sawdust

V=8 Hn3 34 F 27] pH W3keE gdryol @Al wet pH7t 715 (Lee et al.,
2005), 0|3} H& Aol whe} vl E Ao o) thekd pH ¥syF YEhdEd, o2
H3l= f7)4k Yol WAl o] o gFo| i (Cardenas and Wang, 1989), ¥-<0] 7435 ™H pH
7} 7-8 &0 2 A3yt Akal Bl 3 Chnbar et al., 1990). E A @)% SuF <)
T ARl AFol7t AESEY] AAeE 3FAE pH ghol M8 E = AFE HAoh

ghH, A Folo] ASS A% pH 22 AHo] T3 AFA el whet thFst AFZA A7}
RuEa e AFEo] 7153 pHE 4.0~7.00]H(Edwards, 1988), A #ol2] 4% pH
7.0~8.0°] A4 4=Fo] 1 (Rivero-Hernandez, 1991), 7F4 A5 3l= W9 = pH 5.5-6.58k1 X
J5Fd(Na et al,, 2000) 2F7ke] =}e]7} Qo) Aukz o2 FA o] pHE Fofst= Zo2
B} B A FAAE A Bt AEo] 7hed 3FAe] pHE 7.42~7.742 UERY o] 2%
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4 B4 Aol WE A7) AEE(EC) W3hsh Aol AEol WAL g

&9 Fa Aol e A7) WEEC] ¥IE= Fig 49 Zth

&9 ECE= 073w CSDOT 0.83mS/cmZ E5 U2 0.27~0.78mS/cm XU} 2]
SHAl =Sk oM (p<0.05), olHF A FHY A FEol =275 FYsA okt
(p<0.05). F-<0] ol we} ECx F< 271?10 354 w| CSDoT-¢F B9 77 44
1.173% 0.28~1.00mS/cm o2 FobH 7} o] % 857+ W= 242} 0.63% 0.20~0.64mS/cm =
Az g3} Atk CSDOT-¢F B EYTlA A F o7t A& A& 3319 ECE
ZyZy 1.173% 0.28~1.00mS/cm®] i Th.
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Fig. 4. Electrolytic conductivity value according to mixture ratios of cow
manure and sawdust

BHst 3 F AVHERE G AV o] 23k wet Frhek 1 gk o] =9
o oJ&) #FH$-Hed 7FEEY B4 CI, NOy, Ca™', Mg™, P 52 7k A7)
5 s AeATE 8110 %E}(Inbar et al, 1993). 7}5-o] EH|SI} Xfo] HH H<=
7] 257 o) 7H Ee AVHAES e HolAl HH o]F M} 1HAske b3l "ty B
15} =Tl(Huang et al., 2001), & Aol A= FARRE Z &) Uetwtom, 2g 73 zjo]of

A 8 BT BHEYSC] ¥255 e # Bl ol Bifol R4yl w
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= A < olcd 9283 3FAEES fsiMe AxEddd AET FEo]
lofof st Holo EHo] B& A ATl &7 P"E?}EP w2k 7] 7 = 5 (Electrolytic

conductivity)®] ZHo] A o]ef H d7|EY AEE o] fHI YT
(Choi, 1992). A Folol| T3t A7 A= A, 5L AYole B¢ 1.95-4.9mS/
cm®]™(Choi, 1992), Z=o] X 7ol 0.75~15mS/em il Hsle] B Aol z|Ho] ¥
O|Z AHEH 2 &EHY =Tt A Ho] AU AHEet 2™ YFS HAE £ o

d Rew et

o] As T B ol td 9 Fiol TUH a5 AFHES A5 ol
shsta A Wt B AH O] AEo| 7Hedt olEtet Aoz yEhgoy, &89 &
&2 %] vermicompostings A= B £ HIEo WE Aol HEH T2 ZALE

9% Agol Bastin Ardel A

V. A <]

2 AFE 71E9 A 2R o= olgxHE FHe £FE(0(CSDOT), 10(CSD10T),
20(CSD20-7), 30(CSD30T) & 40%(CSD40T)E -3 T3 ths H&7|3F F9 o]slst
2 A2 ATt A Po] AEof v = FTFE ZAIF S ZH vermicompostingS ©]-&-3+ 7}
9] 18AH Aol 7|2AER o]&stua AAEHJT I AFAE QoFstH o
2t} Fo] Aol whe) 3FRE BE FlA A Folo] AFEo] sHEstath AeE
gAv = 5 E47F CSDOT Boh fF3hA] =3k thH(p<0.05). A" ol7t BES7] A2
3FA] B@EHlE 2326~61.052 UEST F<so] AAghe] mel pHE HUAEEE
CSDOT-l A 7H =9kar, Fite] &9 vl &0 555 pHet A7 A EEE W2 Aol
o} A|Fol7} &S] AZSE pHe}H 797] Aes+= 242 7.4~7.73 0.28~1.17mS/cm .2 4
Ebsth o] o] ARE TS HH o gt £ B9E £@e FsAFHE 7
5 ols}etd A Wske BT A Fo] AEo] 7Hed MR Uegi o, 979 841l
A Go] HusE A B Y vl WE APl A S ZAE AT AE

o] a3t AtgE o] Xt}

[=EHTY 2014, 1. 5. =EFAY 2014, 1. 17. FAFE=EHS5Y 2014, 1. 19]
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