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Establishment of Cropping System for Organic Forage
Production in Middle Region of Korea

Park, Jun-Hyuk - Yoon, Ki-Yong - Park, Sang-Soo - Noh, Jin-Hwan - Lee, Ju-Sam

This experiment was conducted to investigate the selection of regional double
cropping system for production of organic forage in middle part of Korea and
investigated their productivity, feed values and stock carrying capacity. The test
results proved the SorghumxSudangrass hybrid was 10.9 ton-ha”, the one of Rye
+ Red clover and Rye + Hairy vetch were the highest one as 3.3 ton-ha™ and the
relative yield about a Rye is higher in the dry matter yield in the field soil. And
as for the relative forage values (RFV), Corn is the most excellent ones as 96.6
but there were no the significant difference between the SorghumxSudangrass
hybrid of 84.4 and it. The total digestible nutrient (TDN) content in Rye + Hairy
vetch is higher than others as 59.7%. As for the relative feed value, Rye + Red
clover is the highest one as 83.8 but there was no significant differences between
them. As for the ability to raise livestock in the field soil, the average values of
Kcp and Kppy are shown as 4.27 head/ha/yr in SorghumxSudangrass hybrid. As for
the same crops, the average values of Kcp and Krpy showed the highest ones as
1.74 head/ha/yr, in Rye + Red clover but there were no the significant differences.
As for the dry matter yield of the rice field soil, organic rice straw was 3.3 ton
-ha' and Rye + Red clover significantly showed the highest values as 4.1 ton -
ha'. In the rice filed soil, the crude protein content of organic rice straw was
3.1% and the TDN content of organic rice straw was 55%. The TDN content in
Rye + Red clover was higher than others as 59.7%. As for the relative forage
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values, Rye + Red clover showed the highest one as 83.8 but there were no
significant differences between them. As for the ability to raise livestock in the
rice field, the average values of K¢p and Krpy in the organic rice straw was 1.04
head/ha/yr and the average values of Kcp and Krpy in Rye + Red clover is the
highest one as 1.84 head/ha/yr, but there were no significant differences in all of
them.

Key words : organic forage, cattle manure, cropping system, Kcp, Krpy
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2 AP TAEFTE A AARAERE SFF(P-3394), TFULFF(SS-405), FrxTHE
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Table 1. Chemical properties of soil before the experiment

pH OM EC ™N ON z?)vzcl)ll. CEC Ex.cation(cmol(+)/kg)

. o .m" D) i 25 ko' ++ ++ +

(1:5) (%) |(ds-m")| (%) ratio (mg - k') (cmol(+) - kg™) Ca Mg K

Upland field| 5.87 5.0 0.010 | 021 | 13.81 46.87 7.54 1.67 | 0.15 | 0.34
Paddy field | 5.23 7.0 0.011 | 022 | 10.15 | 289.2 10.62 3.62 | 0.16 | 0.23

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

exchangeable cations
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SES AR, TR 0]3 e RS Table 29 2t A HS A4S V|FO
2 SAZES 150kg N-ha'o]® SAZEL 100kg N-ha'ES A 7)H]ete] A7F 79
AeHFe AR FOF 250kg N-ha' & 3}tk
Table 2. Chemical properties of cow manure
pH oM EC ™™ N z?)vzcl)ll. CEC Ex.cation(cmol(+)/kg)
. () ! ) : 2Us o]
(1:10) | (%) |(ds-m™)| (%) ratio (ng- ke (emol(+) kg™ Mg" | K
Summer | 8.5 756 | 044 1.73 | 2535 | 1290.35 34.78 10.15| 33 | 376
Winter 9.5 81.3 032 | 231 | 2043 960 46.46 75 | 28 4.6

EC: electrolytic conductivity, OM: organic matter, TN: total nitrogen C/N: carbon/nitrogen ratio, P,Os:
available phosphorus, CEC: cation exchange capacity and Ex.cation: exchangeable cations, cow manure

input yield: 14.5ton

A FHEHCP)S A.0.A.C (1990)° &7
ato] A5 TDNS &2 88.9-[ADF(%)x0.79]°1 &Jated T8 tHAnon, 1973). Neutral
detergent fiber(NDF)2} acid detergent fiber(ADF)© Goering®} Van soest(1970) o2 &4
39T oY A|(GE)E E(bomb)ZE2] 241 (parr-6200) 0.2 T8tk w9 AT 7}

ZAH5%58 H7bo) A KE Loomis and Connor(1998)2] 3-2] ol ¢]&te] T3} 31 KCP, KTDN
< FFAEREE(EFATETY, 2007) A T A FAF 450kg, DY FA 0.4kg F3E

b

e CPRT-2H(609¢/Y), TDNL T #(4.97kg/ ) & ZALERE 70% 5o A BR=E 3=
%%E—S: T8t Alekdk(©l, 2006). FAIA 2= SAS 9.1& ©]-&-38te] #24
o, ATt FdZt Hlae 5% T A A (LSD)CE ST
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Table 3. Meteorological data at Won-ju area(2008~2009)

Temperature (C) Precipitation (mm) Radiation (MJ/m’)
Month
Normal” | 2008~2009 Normal | 2008~2009 Normal | 2008~2009

April 11.7 13.1 73.48 429 17.57 16.57
May 17.14 17.5 94.08 78.1 19.19 18.13
June 21.68 21.1 149.69 100 18.1 17.37
July 24.45 26 366.14 383.5 14.71 10.90
August 24.65 24.6 288.36 160.5 15.60 15.86
September 19.33 21 154.69 86.6 14.89 13.84
October 12.63 17.5 48.87 0.1 12.85 10.92
November 4.92 6 4122 15 8.62 8.53
December -1.65 0.2 25.03 29.3 7.42 7.45
January 42 -3.7 21.58 9.3 8.56 8.87
February -141 2.5 24.37 27.8 11.48 8.53
March 4.64 6.2 50.81 57.5 14.10 14.04
Mean 11.16 12.66 Sum 1,338.64 990.6 | Mean 13.59 12.58

" Normal: mean data for 30 years (Korea meteorological administration)
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Table 4. Agronomical characteristics of summer and winter crops in upland field

Treatment PL (cm) FW (t- ha'l) DW (t- ha'l) RY
Corn 194.0° 30.2° 9.1 -
Summer } a b
Sorghum hybrid 194.3 374 9.1 -
crops
Sorghum x Sudangrass hybrid" 116.6" 55.6" 10.9 -
LSD (p<0.05) 7.15 17.0° NS -
Rye 79.3 13.2 2.9 1
Winter Rye+Winer pea 79.7 13.7 32 1.10
Crops Rye+Red clover 85.7 14.8 33 1.14
Rye+Hairy vetch 83.3 16.1 33 1.14
LSD (p<0.05) NS NS NS

PL: Plant length, FW: Fresh weight, DW: Dry weight, RY: Relative yield, vetch, ®Values with different
superscript in the same column significantly differ by LSD test. 5% level, RY: Relative yield, NS: Not
significant difference, " 2 times cut

Table 5. Agronomical characteristics of summer and winter crops in paddy field

Treatment PL(cm) | FW (t-ha') | DW (t-ha") HI RY
Summer crops | Organic rice straw 73.9 6.5 33 047 -
Rye 97.7 15.6° 3.9% - 1
Rye+Winer pea 98.3 15.9° 4.0® - 1.03
Winter crops
Rye+Red clover 98.7 18.1° 4.1° - 1.05
Rye+Hairy vetch 94.0 14.9° 3.5° - 0.90
LSD(0.05) NS 2.65 0.59

PL: Plant length, FW: Fresh weight, DM: Dry weight, RY: Relative yield, HI: Harvest index, ®Values with
different superscript in the same column significantly differ by LSD test. 5% level, NS: not significant
difference

FAAES] AxerFe sdE|olR A7t 161 ton-ha ' 2 M
13.2 ton-ha' 2 71§ Aoy 93 Zole QATHp<0.05). AEFHE TL+
QP i“‘+oﬂ°1?43ﬂxl7} 33 ton-ha' 2 7M% Bgom 3 uur -?Oﬂ A

§
Y_
4
IS
_?L
N
o
r
20
32
o
=
4
8
o
I
b
o
O
HU
FI
?01
L
uy
_ﬂ
I
B
K
o
ot
i)
1:0{1
_ﬂ



THALANA 712 A R S A% ARAA g9 379

= adgge] vlE] BE AY oA >1.09 #E yEhe] Eaamrl A1gH A o
(2006)= W EQfoll A T TR Td-gojg|u x| AREFo] AulgF 1.80S YER
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o] ExtaHy} AFHATL A TE =R SFAANEAES FIHA] AR FHFS
33 ton-ha'o|QUth EEGNA EAZEL sU+dolgwx] Tt 2 A9 nE E3
Toll A gratol] tigk Agako] Eobx Eub AR} AAHUL, 53] sU+HE=EFEH &
3} ol A 4.1 ton-ha' 2 23l ABFHo] BUTHP<0.05). & ESH =EF FE] A
& Fedo] 50% olstolA|ut, IwtE oz Wt AWl AW EO FFES oF 50%
Wel2 FH319S w 33d7ke] S8 A8 d49 IFES oF 4%z T/ H U= B

= AEZQ Y A& ZAE S P AIE Aok AAbeta AThA T
2005). Lund®} Doss(1980), Wolfe} van Keulen(1989) & Dilz 5(1980)2 7] A ufel o]k =
AtE ARk A A EA Q] 729 AlE2 EYL R {UE FH A ¥k oy, s
7] o5 fF718 Ao A&H Fr|gte] 3 EXY T d S E Y=
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Table 6. Feed values and nutrient yields of summer and winter crops in upland field

CP TDN

CP . TDN | . NDF | ADF | DMD | DMI GE
Treatment @ | 299 e | P o | | oo | e | N kg
t-ha t-ha
Corn 6.2 | 0.56" | 69.8" | 6.30° | 67.7 | 24.2° | 70.0° | 1.78 | 96.6° 16.06

Summer| Sorghum hybrid | 4.4 | 041° | 50.1° | 4.57° | 762 | 49.1° | 50.6° | 1.58 | 61.9° | 16.06
crops

Sorghumx

a b ab a b a
Sudangrass hybridl) 6.2 | 0.60° | 53.9° |5.997| 63.4 | 43.1" | 55.3° | 1.97 | 844 15.78

LSD (0.05) NS | 015|491 | 1.68 | NS | 7.77 | 6.10 | NS | 14.64

Rye 82 | 024 | 583 | 1.71 | 659" | 38.7 | 58.7 | 1.82a| 82.9 16.7

Winter | Ryet+Winer pea 9.5 | 030 | 592 | 1.89 | 69.7 | 37.6 | 59.6 | 1.72b| 79.6 16.2

crops | Rye+Red clover | 8.0 | 0.26 | 59.7 | 1.99 | 66.8| 37.0 | 60.1 | 1.80"| 83.8 | 16.6

Rye+Hairy vetch | 84 | 0.28 | 56.0 | 1.87 | 66.4° | 41.7 | 56.5 | 1.81* | 79.1 16.4

LSD (0.05) NS | NS | NS | NS | 317 | NS | NS | 008 | NS

CP: crude protein, TDN: total digestible nutrients, NDF: neutral detergent fiber, ADF: acid detergent fiber,
RFV: relative feed value and GE: gross energy, ** Values with different superscript in the same column
significantly differ by LSD test. 5% level, NS: Not significant difference, "2 times cut
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Toll Hls] e &3 FollA el ko] ol dhujol] Hls) xduld gheFo] =& A
EANFS 48 F U ERE AT} JAFHJATHOsman and Osman, 1982). SU+H ==

Ho| Al TDN 32 59.7% 2 TDN 43 1.99 ton-ha'Z 7} =gko ) g 7he 93 =
o7} AR AhALEFA] EE 83.88 A M EL S YERA A TH(p<0.05).

Table 7. Feed values and nutrient yields of summer and winter crops in paddy field

Treatment CP ifl’d TDN T.IZE NDF | ADF | DMD| DMI | oo | GE
@) | TG @) | TG @) | ) | %) | () (MJ - kg')
t-ha t-ha
Summer Organic 31 | 01 | 55 | 1.82 | 74.8 | 489 | 30.6 | 247 | 546 | 149
crop rice straw
Rye 6.7 | 025 |542°| 2.09 | 66.7 | 43.9° | 54.7°| 1.80 | 764 | 1581

Winter | RyetWiner pea | 6.7 | 0.27 | 56.8° | 2.27 | 66.9 | 40.6° | 57.3" | 1.79 | 79.7 | 15.77

crops Ryet+Red clover | 6.7 | 0.28 |58.8"| 2.43 | 682 |38.1™| 59.3* | 1.76 | 80.8 15.86

Rye+Hairy vetch | 6.9 | 0.24 | 59.1° | 2.05 | 68.1 | 37.7° | 59.5" | 1.76 | 81.4 16.33

LSD (0.05) NS | NS [ 199 | NS | NS | 252|193 | NS | NS

CP: crude protein, TDN: total digestible nutrients, NDF: neutral detergent fiber, ADF: acid detergent fiber,
RFV: relative feed value and GE: gross energy, ® Values with different superscript in the same column
significantly differ by LSD test. 5% level, NS: not significant difference

wEG AR Agoz WAL AX¥ THBA HHA% 919 H¥o] Fo} e
AaAEo v 7154 2 Ashgo] Wolx)y] Wge] £ud P @ Fo] Wi TDN
o Ed W et BeEn. SAW guol Ae S HHL A% 0
AETAAE FUAA 750l Fol A 2318 ¥ 5 Jt PHe) 977} Baschn B
STkl 5, 1985). SANEE sRAsEEe B3 Pol 2EuA S 9 TDN 5
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Table 8. The values of stock carrying capacity of organic roughages in upland field

I(1 ) KCPZ) KTDNS) Mean
Treatment
(head/ha/yr) (head/ha/yr) (head/ha/yr) (KcptKrpn)
Corn 0.74° 359 4.96 4.28
Summer . b b b
Sorghum hybrid 0.53 2.62 3.60 3.11
crops
SorghumxSudangrass hybrid 0.80" 3.84° 4.71° 427
LSD (0.05) 0.36 0.98 1.32
Rye 0.02 1.55 1.35 1.45
Winter Rye+Winer pea 0.02 1.96 1.49 1.73
Crops Rye+Red clover 0.02 1.90 1.58 1.74
Rye+Hairy vetch 0.02 1.80 1.47 1.64
LSD (0.05) NS NS NS

® Values with different superscript in the same column significantly differ by LSD test. 5% level, NS: not
significnt difference
Kc-Kd-GE-P
DE or DEy
* Korean cattle 450kg, daily gain 0.4kg CP, TDN demand yield roughage feed intake 70%, CP 609g/day,
TDN 4.97kg/day(National Insititue of Animal science, 2007)

" K(head/ha/yr) = (Loomis and connor, 1998)

W Bk A SHAIAE S THEAMSTE L FexFaagtulgE o]l Kk 0.65 head/halyr,
Kcp#k 3.84 headha/yr2 71 o 3HAl =% KipndhS 4.96 head/ha/yr=2 557} 714 =
k=d o]9f e A= TDN 33 TDN F=#0] £ Aol o&) sria At &
AZES] 7tEASTE S BE AE FolA K Zk 0.02 head/ha/yrZ %3l Kep 34 T8+
A oA 1.96 headha/yrZ 7} Eded], ol 2owd 33 o] & Ao
st Axel ddEY Ko &2 1.58 head/ha/yrixﬂ SA+g=Z 2N 7 =g
KeptKmpn 368 B o2 7HEAMS 58S 37 ol9 s o s9+8 =82 &3 7} 714
2 s YT
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Table 9. Stock-carrying capacity of organic roughage in paddy field

I(1 ) KCPZ) KTDNS) Mean
Treatment
(head/ha/yr) (head/ha/yr) (head/ha/yr) (KcptKrpn)
Summer crop Organic rice straw 0.05 0.64 1.43 1.04
Rye 0.02 1.62 1.64 1.63
Rye+Winer pea 0.02 1.72 1.79 1.76
Winter crops
RyetRed clover 0.02 1.77 1.91 1.84
Rye+Hairy vetch 0.02 1.72 1.66 1.69
LSD(0.05) NS NS NS

NS: not significant difference
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ha/yr2 YEPST SAIZEN A= Ker #F Kmpn 36e Hiro] U+ =F2ZW7) 1.74
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