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This study was conducted to determine effects of applying cattle slurry and mixed 

sowing with legumes such as hairy vetch or forage pea on productivity, feed 

values and organic stock carrying capacity of whole crop barley and rye as winter 

forage crops, and to obtain organic forages together with higher soil fertility. 

Experimental plots consisted of 7 treatments, which were non-fertilizer, chemical 

fertilizer (containing phosphate and potassium: P+K), chemical fertilizer (containing 

nitrogen, phosphate and potassium: N+P+K), organic fertilizer, cattle slurry, cattle 

slurry application (mixture with hairy vetch), and cattle slurry application (mixture 

with forage pea) plots. Each treatment was triplicates, and seven treatments were 

allocated in a completely randomized block design. For whole crop barley or its 

mixture crops, annual dry matter (DM), crude protein (CP), and total digestible 

nutrients (TDN) yields of N+P+K plots were significantly (P<0.05) higher than 

other plots except for cattle slurry plots. The CP content of barley or its mixture 

crops was significantly higher for N+P+K plot (9.8%) and mixture plots with 

legumes (8.6~9.7%) than those of other treatments. As 450 kg Hanwoo heifers 

were fed diets included 70% whole crop barley or 70% mixture crops with 

legumes, mixture plots are capable of raising average 1.7 to 1.8 heads/ha a year. 

For rye or its mixture crops, annual DM, CP, and TDN yields represented 6.9∼
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7.1, 0.5~0.6 and 4.3~4.4 ton/ha, respectively. The N+P+K plot contained 10.8% 

CP, which was higher (P<0.05) than all other treatments. In case of 450 kg 

Hanwoo heifers fed diets included 70% rye or 70% mixture crops with legumes, 

mixture plots can rear average 1.9 heads/ha a year. When it was considered based 

on crop yields and organic stock carrying capacity, applying cattle slurry to whole 

crop barley or rye had the comparable yields and feed values to chemical fertilizer 

application. Moreover, whole crop barley and rye within cattle slurry plots had a 

greater combination with hairy vetch and forage pea, respectively, and their 

mixture crops with legumes had higher crude protein and TDN yields within cattle 

slurry plots. In conclusion, it would be expected that mixed sowing with legumes 

in the application of cattle slurry to grass crops could be substituted for imported 

organic grains as dietary protein sources in feeding organic livestock.

Key words : cattle slurry, mixed sowing with legumes, productivity, feed value, 

organic stock carrying capacity, whole crop barley, rye
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, Table 1 . 

pH
EC1)

(dS/m)
Available

P2O5 (mg/kg)
T-N2)

(%)
O.M3)

(%)

CEC4) Ca2+ K+ Mg2+

(cmol+/kg)

 6.80 0.56 369.0 0.12 1.85 20.2 4.0 0.60 1.34

Note. 1) Electrical conductivity, 2) Total nitrogen, 3) Organic matter, 4) Cation exchange capacity.

(‘ ’) (‘ ’) 200 kg/ha 

, ( 150kg/ha 150 kg/ha) , (

+ 100kg/ha) , (T-N : 2.3%, P2O5 : 6.2, K2O : 3.4%) 

, (T-N : 0.3%, P2O5 : 0.4, K2O : 1.43%) (100 kg N/ha), 

(‘Hungvillosa’) 

(‘Ruby’) 7 3 . (

) ha 160 kg ( ) ha 20 

kg 2008 10 13 2009 5 25

. . 

5cm 

(2m×2m=4㎡) 500g 65℃ 
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48

. Wiley mill AOAC (1990) , ADF

NDF Georing Van Soest (1970) . ADF NDF 

TDN(total digestible nutrients) RFV(relative feed value) Nahm(1992) Linn

Martin(1989) . 

(TDN) . 

( , 2007) 450kg

400g , 70% 

1 426.3g 3.479kg

( , 2003; , 2006). 

.

SAS package program(Version 8. 01, USA, 2005)

, 5% (LSD test) .

, 

Table 2 .

, , 

ha 7.0, 0.68 4.6 ( 5.8∼6.2, 0.48∼0.60 

4.0∼4.2 /ha) , 

5.4, 0.45 3.7 (5.2, 0.42 3.5 /ha) (3.9, 0.33 

2.7 /ha) (p<0.05). 

, (2008, 2009)

85.2% . 

(Ta Faris, 

1987; , 2009) (Osman Osman, 

1982; Drew , 2005). 
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ha 0.02∼0.17 , 

, 

. 

Treatment
Dry matter 

yield(ton/ha)
Relative 
yield(%)

△Dry matter 
yield(kg)/△ 
nitrogen(kg)

Crude protein 
yield(ton/ha)

Total digestible 
nutrients

 yield(ton/ha)

 Non-fertilizer plot 3.93 100 - 0.33 2.69

 P+K plot1) 5.15 131 - 0.42 3.47

 N+P+K plot2) 7.00 178 18.5 0.68 4.60

 Organic fertilizer plot 5.43 138 15.0 0.45 3.69

 Cattle slurry plot3) 5.97 152 20.4 0.48 3.96

 Hairy vetch mixture4) 6.19 158 22.6 0.60 4.16

 Forage pea mixture5) 5.82 148 18.9 0.50 3.96

 LSD(p<0.05) 1.50 - - 0.12 0.72

Note. 1) Application plot of chemical phosphate and potassium fertilizer, 2) Application plot of chemical 

nitrogen, phosphate and potassium fertilizer, 3) Application plot of cattle slurry 100kg N/ha, 4) 

Cattle slurry plot (whole crop barley 160kg/ha+hairy vetch 20 kg/ha), 5) Cattle slurry plot (whole 

crop barley 160kg/ha+forage pea 20kg/ha).

Table 3 . 

(9.8%)

(8.6∼9.7%)

9.7%

(p<0.05). ADF NDF , 29.3 58.5%

25.8 51.8% TDN RFV

.

, 
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, 

(Nahm, 1992). 

RFV , (Table 2)

(Table 3) (2008)

.

Treatment CP1)(%) ADF2)(%) NDF3)(%) TDN4)(%) RFV5)

 Non-fertilizer plot 8.41 25.76 51.76 68.55 123.75

 P+K plot6) 8.15 27.18 55.20 67.43 114.16

 N+P+K plot7) 9.76 29.32 58.50 65.74 105.05

 Organic fertilizer plot 8.34 26.27 53.41 68.15 119.21

 Cattle slurry plot8) 7.96 28.22 53.69 61.60 116.04

 Hairy vetch mixture9) 9.74 27.52 55.49 67.16 113.15

 Forage pea mixture10) 8.60 26.67 53.36 67.83 118.78

 LSD(p<(0.05) 0.32  2.37  1.97  1.86  6.0

Note. 1) Crude protein, 2) Acid detergent fiber, 3) Neutral detergent fiber, 4) Total digestible nutrients, 5) 

Relative feed value, 6) Application plot of chemical phosphate and potassium fertilizer, 7) Appli-

cation plot of chemical nitrogen, phosphate and potassium fertilizer, 8) Application plot of cattle 

slurry 100kg N/ha, 9) Cattle slurry plot (whole crop barley 160kg/ha+hairy vetch 20kg/ha), 10) 

Cattle slurry plot (whole crop barley 160kg/ha+forage pea 20kg/ha).

, ( , 2009), 

(Seo , 2000). TDN (61.6, 7.9%)

(67.16∼67.83, 8.6∼9.74%)

. 

Table 4

. 
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Treatment
Organic livestock carrying capacity (heads/year/ha)1)

Crude protein TDN Mean

 No fertilizer 0.21 2.11 1.16

 P+K plot2) 0.27 2.73 1.50

 N+P+K plot3) 0.44 3.62 2.03

 Organic fertilizer plot 0.29 2.90 1.60

 Cattle slurry plot4) 0.30 3.11 1.71

 Hairy vetch mixture5) 0.39 3.27 1.83

 Forage pea mixture6) 0.32 3.12 1.72

 L.S.D(p<0.05) 0.10 0.48 0.40

Note. 1) Whole crop barley or its mixture crops were included at the level of 70% in diets of 450㎏ 

Hanwoo heifer with 400g average daily gain, 2) Application plot of chemical phosphate and 

potassium fertilizer, 3) Application plot of chemical nitrogen, phosphate and potassium fertilizer, 4) 

Application plot of cattle slurry 100kg N/ha, 5) Cattle slurry plot (whole crop barley 160kg/ha+ 

hairy vetch 20kg/ha), 6) Cattle slurry plot (whole crop barley 160kg/ha+forage pea 20kg/ha).

450 kg 400 g 

70% 1

426.3 g 3.479 kg( , 2007) , , 

ha 0.4 3.6 ( 2.0 )

(p<0.05) ( 0.3

∼0.4, 3.1∼3.3 1.7∼1.8 ) > ( 0.3, 3.1 1.7 ) >

( 0.3, 2.9 1.6 ) > ( 0.3, 2.7 

1.5 ) > ( 0.2, 2.1 1.2 ) .

, ha 1.2

38∼47% . 

43%

(2008) , 

2 84.7∼90.1%
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.

, 

(TDN) Table 5 .

Treatment
Dry matter 

yield(ton/ha)
Relative 
yield(%)

△Dry matter 
yield(kg)/△ 
nitrogen(kg)

Crude protein 
yield(ton/ha)

Total digestible 
nutrients

 yield(ton/ha)

 Non-fertilizer plot 4.93 100 - 0.37 3.06

 P+K plot1) 6.38 129 - 0.49 4.09

 N+P+K plot2) 7.39 150 10.1 0.80 4.66

 Organic fertilizer plot 7.29 148 23.6 0.57 4.59

 Cattle slurry plot3) 7.04 143 21.1 0.63 4.46

 Hairy vetch mixture4) 6.85 139 19.2 0.49 4.28

 Forage pea mixture5) 7.06 143 21.3 0.59 4.44

 LSD(p<0.05) 2.05 - 0.16 1.29

Note. 1) Application plot of chemical phosphate and potassium fertilizer, 2) Application plot of chemical 

nitrogen, phosphate and potassium fertilizer, 3) Application plot of cattle slurry 100kg N/ha, 4) 

Cattle slurry plot (rye 160kg/ha+hairy vetch 20kg/ha), 5) Cattle slurry plot(rye 160kg/ha+forage pea 

20 kg/ha).

, , ha

7.4, 0.8 4.7 7.0∼7.3, 0.6 4.5

∼4.6 (ha 6.9∼7.1, 0.5∼0.6 

4.3∼4.4 ) > ( 6.4, 0.5 4.1 /ha) > ( 4.9, 0.4 3.1

/ha) . 

, (2009)

93.6% , (2005)
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85.1% . 

85.2%(Table 2) 95.2% 

. 

(Reid Jung, 1965; Ta Faris, 1987), 

. (2002)

.

Table 6 .

Treatment CP1)(%) ADF2)(%) NDF3)(%) TDN4)(%) RFV5)

 Non-fertilizer plot  7.58 33.88 64.18 62.13 90.61

 P+K plot6)  7.82 31.36 62.85 64.12 95.42

 N+P+K plot7) 10.81 32.69 64.35 63.08 91.70

 Organic fertilizer plot  7.80 32.81 64.88 62.99 90.85

 Cattle slurry plot8)  7.22 33.56 65.21 62.99 89.52

 Hairy vetch mixture9)  8.95 32.35 63.85 63.35 92.81

 Forage pea mixture10)  8.41 32.77 63.60 63.01 92.69

 LSD(p<0.05)  0.51  1.50  1.28  1.18  2.34

Note. 1) Crude protein, 2) Acid detergent fiber, 3) Neutral detergent fiber, 4) Total digestible nutrients, 5) 

Relative feed value, 6) Application plot of chemical phosphate and potassium fertilizer, 7) Appli-

cation plot of chemical nitrogen, phosphate and potassium fertilizer, 8) Application plot of cattle 

slurry 100kg N/ha, 9) Cattle slurry plot (whole crop barley 160kg/ha+hairy vetch 20kg/ha), 10) 

Cattle slurry plot (whole crop barley 160kg/ha+forage pea 20kg/ha).

, 10.8%

, + 8.4∼9.0%



․ ․428

, ADF NDF 

, TDN RFV (p<0.05). 

, (2005)

, NDF TDN 

. 

. 

, 

( , 2006a; 

, 2008b), (89.52)

(92.81, 92.69) , 

. 

Table 7 . 

450 kg 400 g 

70% 1

426.3 g 3.479 kg( , 2007) , , 

ha 0.5 3.7 ( 2.1 ) , 

( 0.4, 3.6 2.0 ) > ( 0.4, 3.5 

2.0 ) > ( 0.3∼0.4, 

3.4∼3.5 1.9 ) > ( 0.3, 3.2 1.8 ) > (

0.2, 2.4 1.3 ) .

Treatment
Organic livestock carrying capacity (heads/year/ha)1)

Crude protein TDN Mean

 No fertilizer 0.24 2.41 1.33

 P+K plot2) 0.32 3.22 1.77
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Treatment
Organic livestock carrying capacity (heads/year/ha)1)

Crude protein TDN Mean

 N+P+K plot3) 0.51 3.67 2.09

 Organic fertilizer plot 0.37 3.60 1.99

 Cattle slurry plot4) 0.40 3.51 1.96

 Hairy vetch mixture5) 0.31 3.37 1.85

 Forage pea mixture6) 0.38 3.50 1.94

 L.S.D(p<0.05) 0.10 1.28 0.56

Note. 1) Rye or its mixture crops were included at the level of 70% in diets of 450㎏ Hanwoo heifer with 

400g average daily gain, 2) Application plot of chemical phosphate and potassium fertilizer, 3) 

Application plot of chemical nitrogen, phosphate and potassium fertilizer, 4) Application plot of 

cattle slurry 100kg N/ha, 5) Cattle slurry plot (rye 160kg/ha+hairy vetch 20kg/ha), 6) Cattle slurry 

plot (rye 160kg/ha+forage pea 20kg/ha).

, ha 1.3

47∼50% . 

44% (2008b)

, 

88.5∼92.8%

.

. 

, 

. , 

. 

.

, 
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, , , 

, , 

7 3 . 

, 

(p<0.05). 

(9.8%) (8.6∼9.7%)

(p<0.05). 

ha 1.7∼1.8 . , 

ha 6.9

∼7.1, 0.5∼0.6 4.3∼4.4 . 

10.8% (p<0.05). 

ha 1.9 . 

. 

, . , 

. 

.
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