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The Effect of Continuous Use of Cow Manure on Productivity of
Organic Rice and Feed Value, Stock Carrying Capacity of
Organic Rice Straw in Central Region of Korea

Park, Sang-Soo + Noh, Jin-Hwan - Lee, Hee-Choong -
Kim, Yoon-Joong - Lee, Ju-Sam

This experiments was conducted to investigate the influence on organic rice cultiva-
tion by continuous use of cow manure in the central region of Korea and investigated
productivity of organic rice and feed value, stock carrying capacity of organic rice
straw. In the results, application of chemical fertilizer showed higher one of 1st and
2nd year in fresh matter yield (15.77, 30.30ton/ha), dry matter yield (9.90, 13.89
ton/ha), dry matter yield of rice straw (4.88, 7.15ton/ha), dry matter weight of kernel
per plant (29.81, 39.99g) and number of kernel per plant (1212.58, 1701units), but
there were not significantly differences with each experimental plots in 3rd year. And
harvest index showed higher one in application of chemical fertilizer (0.52, 0.48, 0.43)
until 3 years. But their quantitative difference between application of chemical fertilizer
and cow manure was gradually decreased each year. And the average value of Kcp
and Krpn showed higher one in application of chemical fertilizer (2.01, 2.94, 1.95
head/ha/yr) until 3 years. However, quantitative difference between chemical fertilizer
and cow manure was gradually decreased each year. Especially, application of cow
manure showed higher value of 3rd year in Kwg, but there was not significantly
difference with each experimental plots. According to the results, continuous use of
cow manure will be reduced their quantitative differences between chemical fertilizer
as the year progress in the central region of Korea in terms of productivity of organic
rice and feed value, stock carrying capacity of organic rice straw.
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AT FeivEe AAgY AFEE ] =9 1909 2] AnlFe A A A3t
Fo g <3l 1997\ 1024104 20120 % ol = 69.8kg7FA] ZHAE QL Al HZA -2 841 9
Hha2012) 2 FA4E 0] & AF-&2 83%°l B33 AAOJTHMAFR, 2012). 53] 3]|2]9
A AT FEFAES Sk sk AR, =] F B AAS 95t X%
7 FEs 5% A L& fUlE AS Adete FaE7PE Vst e 54 o tHKim
and Lee, 2004).

EF FUNE A AFH o4 M 3] Bk AAT ULANE Yk WFo
Hl=

= A 53] AR EY A8 EYY &
E SHWE ofYe}, B357] o5 f7lE] Aao AEHHR] st 2§ Eoko| ¢
e gurl 7tedtths A7 2ol I HATKDIlz et al, 1980; Lund et al.,
1980; Wolf et al., 1989). @A HAG 7] 7I5ES A& FOoEN IdATTEY EHIEE
SHE B3 Ao AAsF Sojol B B APAFE0] o] FoHTh(Lee et al., 1999; Cho
et al., 2002; Park et al., 2008).
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oA AAEROH, FAZFL 200820090 F4, 20108 AHE
W71 2008 59 309, 20099 59 279, 20101 59 240l Z+2; A EG o A4
594cm’(33cmx18cm) = A A &1 Tk
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olglety 48 ARE AMESINT EYEA S EYSESEAM(EENTA, 2010)°]
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(EC)= conductivity meter(Fisher Scientific AB30, USA)Z =439 th. F71& §

]L— 550C 2] A71ZelA 3A7F Ble & G z3RTFoa 393, AAL FEHTN)

£ Kkjeldahl S(J.P SELECT s.a. Model PRO-NITRO II, Espana)®. 2 T3ttt & 8473

(TC)2 (UEZF-Z3)EF)/1.89 #oZ 733, FEEON)S F &2 T4 d da
Fol &= F3ATE FEAAH(Avail. P,0s), Fol- X85 (CEC) © X184 o]
SFF(Ex. cation) Lancasterf o] &3}o] EFE-24] B3333 % A (Hanson UV/Visible spectropho-
tometer Model KA-P, Korea)E Al&3le] ZAHsIHT Alg = Bkl o)3std EAL
Table 137 2t} pHE= 193} 5239014 3@3F 5.812 F7189a, 718 5L 193F 7.00
%, 2\32F 3.42%, 3\ A 4.32%F EATH A FAATEFS 1, 23R 0.22%, 3} 021%E B
Qom, FaElA e 1132} 280.20mg/kg, 2132} 218.07mg/kg, 3'AX}F 254.73mg/kg] Tt
WS cation exchange capacity(CEC)E 132} 10.62cmol(+)/kgoll A 3'd 2} 11.86cmol(+)/kg S 2
Z7VsksTt.

o)

Table 1. Chemical properties of paddy soil before the experiment

Avail. Ex.cation
Treatment| H OM EC N C/N P,0s CEC (cmol(+)/kg)
(1:5) (%) | (ds/m) | (%) ratio (cmol(+)/kg)
(mg/kg) Ca™ Mg K
2008 5.23 7.00 | 0.011 | 0.22 | 10.15 | 289.20 10.62 3.62 0.16 0.23
2009 5.79 342 | 0.018 | 0.22 7.76 | 218.07 11.10 5.13 0.51 0.24
2010 5.81 4.32 0.015 0.21 9.59 | 254.73 11.86 4.38 0.29 0.28

pH: potential of hydrogen, OM: organic matter, EC: electrolytic conductivity, T-N: total nitrogen, C/N:
carbon-nitrogen ratio, P,Os: available phosphorus, CEC: cation exchange capacity and Ex.cations: ex-

changeable cations

>

3N e AYE 4 24 FI9s ST SR E HHlAIA 6/ U3t
BEAIZ AE AMESATh 29 E44 AlE & AEAV bR o] 88 F e dae
55% A Zo|=Z(Joop and Steenvoorden, 1989), ©|& 7|E2o 2 1@ & 7]& 1

NhaE A#Fe 7R 2 A3, 2, 3t 1datel Al&dd & F 11d el £35

7] o} AaTo] BalHo] o] &% £ 9l AL 9gdt] 100kg NhaE AF 7]v] 2

o

Nt x=TF2A 3|3 Al&7= 24 100kg/ha, 214F 50kg/ha, 28] 70kg/has v
3 A 7HE ASSk T A 2] 315h2 542 Table 294 2t pHE= 8.50~8.95 H

o) dZe oI, A AATTES 1.04%~1.82%] WS VAT FEQAM e
321.73mg/kg~1290.35mg/kg 2] 3L, CECE= 34.78~42.40cmol(+)kge] M E HEFH AT,



274 g A3 0|5 % A e T o FAt

Table 2. Chemical properties of cow manure

Avail. Ex.cation
Treatment | P1L OM EC N CN P,0s CEC (cmol(+)/kg)
(1:5) (%) | (ds/m) | (%) ratio (cmol(+)/kg)
(mg/ kg) Ca++ Mg++ K+

2008 8.50 75.6 0.44 1.73 | 25.35 | 1290.35 34.78 10.15 | 3.30 3.76

2009 8.95 81.7 0.83 1.04 | 51.84 321.73 42.40 423 | 233 3.02

2010 8.83 79.4 1.76 1.82 | 2528 79791 41.12 1033 | 2.60 5.66

pH: potential of hydrogen, OM: organic matter, EC: electrolytic conductivity, T-N: total nitrogen, C/N:
carbon-nitrogen ratio, P»Os: available phosphorus, CEC: cation exchange capacity and Ex..cations: ex-

changeable cations

o F Al7]= 2008 9€ 27, 2009 10€ 5Y, 2010 9€ 27l Z+7 AAISHS T A
AHE o] 27 9 AxFHs ZARIAL, AETHFS 70C 32 3027144 72
A Az & FAE A48 2
7] mixerZ #4)3l] 2mm &
A G A 2 AE & 2AEATH

ZE 3 FEHCP)2 A.0.A.C(1990) A3t #2493F% 9™, total digestible nutrients
(TDN) -2 788.9-[acid detergent fiber(ADF, %)x0.79]sl &3l T3+ TH(Anon, 1973). §F
#H dojzl CP} TDNS AESFH Fato] S HHT CP yield?} TDN yieldE 73159t
ADF2} neutral detergent fiber(NDF)= Goering and Van soest(1970) *iol 2]3te] B33
11, ADFS} NDF &3S ©]-83}a] dry matter digestibility(DMD) %! dry matter intake(DMI)&
Linn and Martin(1989)2] A4+H2] 88.9-[ADF(%)x0.779]s, T120/NDF(%);< ©]&3t] 319
31, RFVE Holland 5(1990)2] Al4F2] TDMD(%)xDMI(%)/1.2959 &J3ke] 3kt Folly
Z(GE)< bomb calorimeter(parr-6200)2 73+, DES®} MEE &4 "GEXxDMD(%)]s, "DE
x0.82; 5 o|&3te] T3 THMeng et al,, 2005). & WA T 71=AS5E FHIlolA KE
Loomis and Connor(1998)2] &2]ell o3t 3+ 3l Kep, Kipn, KnpE H9-AFSEF(NIAS,
2007)°ll A - GA ST 350kg, €Y FA 0.4kg HEE Sh= AT CPRTH(540g/
&), TDNL& T3 (4.12kg/¥) D MEL T (14.9Mcal/¥) T ZALRE 70% Fo9T Ao 2o
2 3= CP, TDN, MET#S T3t ALbstAth(E#H 4, 2006; Park, 2012).

BAAE = SAS 9.1 o] &3t Fod AA S HAABIAoH, AT HdIt HlAE 5%
T HAFYA AP (LSD)CE st

A7 T FAYL H#7]2 Table 33 2} FHF2S+ oAddEt 247} 1.3, 0.8,
1.5C =%, e 20082 2742mm7F A A.0.™, 2009, 2010882 22+ 23.7, 77.7mm
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7F Bk, dEAIREE 742 32, 183, 49.141%Fe] AUt
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Table 3. Meteological data at won-ju area (2008~2010)

Temperature Precipitation Duration of sunshine

Month () (mm) (Hour)
NY | 08 09 10 N 08 09 10 N 08 | 09 10
May 172 | 17.5 | 184 | 17.8 93.8 | 78.1 | 111.1| 78.0 225.1(194.4|211.4|189.8
June 21.7 | 21.1 | 224 | 234 147.7100.0| 95.0 | 86.6 197.9138.5]166.0 | 173.8
July 2451260 | 24 | 26.1 360.2 |383.5|602.8 | 174.8 154.1| 81.2 | 102.0| 93.2
August | 24.7 | 24.6 | 25.1 | 27.1 287.81160.5 | 208.8 | 269.9 175.4]181.1|160.9 | 93.9
September| 19.4 | 21.0 | 20.6 | 21.1 167.1| 86.6 | 50 |550.2 180.2|165.5|186.4 | 138.1
October | 12.6 | 17.5 | 142 | 13.7 499 | 23.6 | 625 | 247 193.0 | 173.1|189.0 | 142.0
Mean | 20.0 | 21.3 | 20.8 | 21.5 | Sum |1106.5| 832.3 |1130.2|1184.2| Mean | 187.6 | 155.6| 169.3 | 138.5

YN ': mean data for 30 years.

7] Mo AdxE ASAF = Table 49 2T}

242 39 BT 335y /\l %%(91 1, 90.58, 92.33cm)7t frol8HA =™ (p<0.05), A
2%, AESF%E 2 v AL |, 23dAdE 388 Al-87515.77, 30.30ton/ha /
9.90, 13.89ton/ha / 4.88, 7. 15t0n/ha)7]' FrolEHAl Tk O (p<0.05), 332t = 2 AT 7 H
o) at= Yl 53] 3datol A SEAIETY HFe AEFTHFS 495ton/halE 38| 5
AN&To AEFZFHE Fo3 Aol7t gldth &3 /A & B¢ A& F L g 94
1, 2z}l = el s /‘]E—:rl(29.81 39.99g / 1212.58, 17017H)7} o8l Tk 01 H(p<0.05),
3dzatoll &= 2 AT 2 frelabe /it A 25 slehl s A8 fols)
Al E=ATHp<0.05).
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Table 4. Agronomical characteristics of rice in 3 years
1) 2) 3) 4) 5)
PL FW DM DMRW | *DWK/PI | 7
Treatment (cm) (tonha) | (ton/ha) | (tonvha) (@ NK/PI HI
CF 91.17° 15.77° 9.90° 488" 29.81° 1212.58" 0.52°
2008
CM 73.92° 10.04° 6.16° 3.26° 17.24° 692.08" 0.47°
LSD(p<0.05) 2.83 3.82 1.88 0.84 238 132.64 0.02
CF 90.58" 30.30° 13.89" 7.15° 39.99* | 1,701° 0.48°
2009
CM 81.08" 24.13° 10.06 5.75° 25.60° | 1,150 0.43°
LSD(p<0.05) 3.39 5.04 223 0.78 7.04 315.8 0.03
CF 92.33" 20.48 8.41 4.84 21.27 904.92 0.43°
2010
CM 78.33" 18.66 8.14 4.95 18.92 788.67 0.39°
LSD(p<0.05) 10.83 NS NS NS NS NS 0.03

UpL: plant length, Y FW: fresh weight, ' DM: dry matter yield, Y DMRW: dry matter yield of rice straw,
> DWK/PI: dry matter weight of kernel / Plant, 9 NK/PI: number of kernel / Plant and ” HI: harvest index

CF: chemical fertilizer and CM: cow manure

™" Values with different superscripts in the same column significantly differ by LSD test. 5% level, NS:

not significant difference
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Table 5. Feed values of rice straw in 3 years

cp | ?IDN | 'NDF | YADF | °DMD | DMI | YGE ME
Treatment o RFV
(%) (%) (%) (%) (%) (%) (MJ/kg) | (Mcal/ton)

CF 4.11 50.22 76.70 42.93 55.45 1.57 67.38 15.18" | 1651.13°

2008
M 3.12 54.98 74.83 48.97 50.75 1.60 63.10 14.99° | 1492.04°

LSD(p<0.05) NS NS NS NS NS NS NS 0.15 65.48

CF 4.20 54.48 68.00 43.57 54.96 1.77 7520° | 16.30° | 1748.66"

2009
CM 4.78 56.43 67.83 41.10 56.88 1.77 78.01° | 16.54" | 1836.68"

LSD(p<0.05) NS NS NS NS NS NS 1.08 0.16 41.84

CF 4.08 53.94 73.39 44.26 54.42 1.64 68.98° | 15.05° | 1607.42

2010

M 3.27 55.63 72.12 42.11 56.10 1.66 72.36" | 14.67° | 1598.53

LSD(p<0.05) NS NS NS NS NS NS 2.39 0.30 NS

Y CP: crude protein, ? TDN: total digestible nutrients, * NDF: neutral detergent fiber, ? ADF: acid deter-
gent fiber, > DMD: dry matter digestibility, ® DMI: dry matter intake, ” RFV: relative feed value, ¥ GE:
gross energy and 9)ME: metabolizable energy
CF: chemical fertilizer and CM: cow manure
*® Values with different superscripts in the same column significantly differ by LSD test. 5% level, NS:

not significant difference

Zohd e 1, 3dabdle S8R AlETH4.11, 4.08%)7F 2Rt - A8
(4.78%)2F T A= AT 7 Al ET9 TDN &F2 1, 2, 3d=toll A Z7F 54.98, 56.43,
55.63%5 WEIH o] 3EH g A&7k frolab= It NDF 32 1, 3dxtol= 318}
HI S AlET7F Z42) 4.11, 4.08%% -3 Al&7oke oAbt gldla, 2datels & A&
T7F 478% = M8 Al&T9= frolxb7t }IUth ADF @2 1dxke] - A&7
48.97%% SRS A&7} FA7F gl 2, 3datel A= FshulE Al8F7F Zh)
43.57%%} 44.26%5 YERH O] & Al &Foes FoArt §lith. DMD= 1d kol = 45t
T A&7 55.45% 5 YERAAA T -1 A8k oA I, 2, 3dAt A= -
2 AIET7T 56.88%2 56.10%5 UERH O] 38R Al&Fohe vﬂi}% AATE DMI=
1, 3dzatoll= 8 A7 1.60%2F 1.66% A AT sF3hul 5 A9 Frolart fldla,
2dztoll = S EA Tt S AT BT L7T%E 22 @4 HLEMJ AT AT AR
ZFA(RFV)E 1320l A 38hulE A&7} 67.38S YERAATE S8 A&7k Fo3
7F fIla, 2, 3dAtell= 91 AlST7F 2H2178.01%2F 72.36%F uremm sishul g Al 8T
Bt} folstA =4 thp<0.05). GE= 1, 3\dA}ol| = 3Fshnl 5 Al &7(15.18, 15.05MJ/kg)7}
o)Al =3O W (p<0.05), 2 @Al = - Al-E-T(16.54M/kg) 7} 2l 3HAl =% THp<0.05). ME
= 1, 233l 38 Al &T74(1651.13, 1748.66Mcal/ton)7} 2] 3HAl E3k0.M(p<0.05), 3
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Table 6. Nutrient yields of rice straw in 3 year

Treatment CP" yield TDN” yield ME” yield
(ton/ha) (ton/ha) (Mcal/ha)
CF 0.20° 2.69° 8.06"
2008 - " b
M 0.10 1.63 4.86
LSD(p<0.05) 0.03 0.41 1.30
CF 0.30 3.90° 12.51°
2009 - -
CcM 0.28 3.25 10.56
LSD(p<0.05) NS 0.45 1.50
CF 0.20" 2.61 7.74
2010 -
M 0.16 2.75 7.95
LSD(p<0.05) 0.03 NS NS

Y CP: crude protein, > TDN: total digestible nutrients and ¥ ME: metabolizable energy
CF: chemical fertilizer and CM: cow manure
™" Values with different superscripts in the same column significantly differ by LSD test. 5% level, NS:

not significant difference

CP &2 1, 3datoll& &8hulE Al-§740.20, 0.20ton/ha)7} 2] 3HAl =%k 1 K(p<0.05),
2dzatolls Z AET 2 FrAts gtk £3 TDN 32 1, 2 dxjol = 3Fen| g A&
(2.69, 3.90ton/ha)7} F-2l3HAl =3k oW (p<0.05), 3@l 2 AIFF 1 Fxk= AATH
ME <2 9] 1, 2dxtol= 33HH| 8 A 8748.06, 12.51ton/ha)7} F+o8HAl =3O H(p<
0.05), 3\ dxtell= 2 AlET F F9 2= lISlTh

47 HZo AxW J1E:AS5E L Table 77 2T
o

L.
b 2ARO| AUA ST FEFFS 7

AT E e gAY A |0z A
NMEASTFTE TS WHoE FE -S| dAE fUIASFES s dodAN EEes
£ 8% 7]1Fo] HtkLee, 2009). FANUA(GE)E 7|F2o2 g 7MEAMS

7
1, 2 3% o= 3FshnlE A|-87(0.53, 1.52head/ha/yr)7} 2l 8HA E9%0.H(p<0.05),

H(K)&
3 ARl = - AET7F 102head/ha/yr AARE 2F AT 3 FrofAbes /IAH Ko 38
HIE AGT7E 1, 3dAb A -2 AlSTEE oSt = THp<0.05). Kipn 1, 233t

e
Kot
o

as)

15 Al8745.17, 7.19%head/ha/yr)7} ol 8tAl 3k 0™ (p<0.05), 3 AN A= AT
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3}8H| 8 Al8-1(2.12, 3.2%9head/halyr)7} F-2]3HA|

ZF frolAbs /It Kwee 1, 23 ol
0 oA AT Koot Kmndtd Hdo=z &2

=30 H(p<0.05), 3P E AT 3
&

ZFEAbeE e 3d 3}t 8 A-&TH2.01, 2.94, 1.95head/ha/yr)7} =SEA R, 2+ A1 E
TE A%E BT 2ARY] FEFFS 71 FOoF g TeuA

NS W AR TG BE AY ASbeTES 2R e
glof ZAE ] A 5 4 3

g 11':@ 3 FRFA ] Bt 7

Ho] Uth(Lee, 2009). Park(2012)° &J3tH Kupak< Kep®t Koy B akd 9] o
(0.885)5 Zt=thal 3o, o] AUA|FiFol ot HrPHE Gl ot Frhy
Hy} Zo] GHA T 7SASTE S 7Y ¢ U e o R o] 88  ta
st T
Table 7. Stock carrying capacity of rice straw in 3 years
K" Kep” Kron K" Mean
Treatment
(head/ha/yr) (head/ha/yr) (head/ha/yr) (head/ha/yr) (KeptKrpn)
CF 0.53° 1.46° 2.55° 2.12° 2.00
2008 - - - .
CM 0.37 0.73 1.55 1.28 1.14
LSD(p<0.05) 0.09 0.19 0.39 0.34
CF 1.52° 2.18 3.70° 3.29° 2.94
2009 . - .
CM 1.36 1.99 3.08 277 2.54
LSD(p<0.05) 0.09 NS 1.02 0.39
CF 1.00 1.42° 2.48 2.03 1.95
2010 -
CM 1.02 1.17 261 2.09 1.89
LSD(p<0.05) NS 0.25 NS NS
oo Ke-Ki-GE-P .
K ""DE or DE. DE, (Loomis and Connor, 1998)

Kc: fraction consumed
Kq: fraction digested
GE: gross energy content of the feed(MJ/kg)
P: net production(kg/ha)
DE or DEy: daily or annual requirements(MJ/head)
299 Korean cattle (Female) 350kg, ADG 0.4kg, Requirement of TDN (4.12kg), CP (540g) and ME
(14.90MCal) per day, supplied to 70% by forage crops
CP: crude protein, TDN: total digestible nutrients and ME: metabolizable energy
CF: chemical fertilizer and CM: cow manure
*® Values with different superscripts in the same column significantly differ by LSD test. 5% level, NS:
not significant difference
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TR KA Ker, Kon 2 Ky @l Blal A Z &2 Ads] @2 3 YepidEd o
= UE AT 2HA A Gl 45t HrP)Eel7] Wi o2 AeE tLoomis and
Connor, 1998). @A ¢-2jubetet 22 F kA ZRAA FejolM AR Yie FHoz
3t7] wjZoll 7F=oll gk 8 7 S(animal demand)oll &A% ©RIHA T JIEASTH
< W7k Zlo] niEA st SSETHMAF, 2006).

V. (<]

2 49
A4, BAe) AR 8 ASAS T WAL JFe 2R, A4S aoksE o
23} 2t

71 Mol Az, deErd, d' VA 3 €del A= 7 B lae 1, 2d3Aede

o

SR AET7F frolhA Eeko Lk p<0.05), 3Tl 7t ABT 7 Fel R ik =
& FEA 5 3d BE SR STt folah Bkom(p<0.05), 7t ARESRE
7t AQT 7ke] Aolr} okt FolEE ATS BT EF BIUAT AE4sEYL
AL, 2 A

5

A Al SRS A8 P A A1, 2d
< B E A EFE W BHohes FiFo] WA 3EAE = S EE A EAS W
ote] At FAE7] AIFBIG oM, 5 S A8ITA I AR B FE B
2 AoEg

I

FHSY 2013, 5. 12, =EFAY 12013, 6. 1. HFT=EHSY 12013, 6. 13.]
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