commons

O N § D E E D

@creatwe

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HESS SH, HE, 32, 84, &3 5 253 2 2UsLICH

— f=Rr—T0—]

Ch5d 2= =4S Mdor 2Lk

HEZAEA Aot EHSANE EAIGHADE ELICH

H2d. #5t= 0l A%=S 22l 5

Jd
0
it
=]
om
i
I
B
I3
I
!

o Fots, 0 HEEY HOIS0ILIH=EY 22, 01 AEENH HEE
EFEH LFEHHHOE 2hLICH

o REATZSE Y22 5718 PO 0123 ZAS2 MSEA Falil

HEAEH OHE 0IEAS Ad= A2 HWEN Sotl 325 BA S#sLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Coll

ection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

WpALS) 9] = 2

AF e o se

5249583

% 7

FN

20074 84



AL L%
# <
e 4
# e
# 4

AF S e

200743 8¢



Effects of animal manure application on the forage

productivity and chemical properties of soil

Kyung-Jun Hwang

(Supervised by Professor Moon-Chul Kim)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF DOCTOR OF
AGRICULTURE

2007. 8.

DEPARTMENT OF ANIMAL SCIENCE AND
BIOTECHNOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



Vi

Hr

SUMMARY
ME

mr

A AL

o0
Bd

0o

oK

o0

==

il

A
IH
_xrl

<0
<

<
A

Kd

iod

L

od

40 Olxl=

A
o

I

<

=

Al

ol
fu
RT

[
Ife}

il 4]
Hr

of ojxl= =

jild]
Hr

11

—l
1o
s’
|

<L
7ol

il g

14

1
0

oK

14

EYSY0 nxl=

ol
~

I ESNIS I R

FEEH AE0| &

1.

14

70
B
20

oK

4
KO
@

16

i d!



17
17
18

A S AT HYX|

18

4

no

<l

oK

4

<+

H1
<

<l

18
19
19

(1) A=A

19

L

o0

20

I

o

HAMERZO| M
21

&)

EY Sdo nixl= S

~

2. OA=AA M| ==HH]| AEO|
al

21

50
Tl
20

oK

4
KO
@

21

I
0

==

i3
LHd
oK

4

o0

22
22
23
23
23

- HiX|

Al

A A

(2) A=A

23

TS

o0

24

I

o



S2oiH| AB0| SAARIE Y4T U EYSHO| OjRE IF 25

3.

25

50
B
20

oK

4
KO
@

25

I
0

=

i g
LHd
oK

TS

o0

26
26
27
27
27
27
28

- HiX|

(2]
=

-|7;” al Al

(2) A=A

28

I
i d!

o

29
29

A EYSH0 Olx= G

FEEH AE0]|

1.

29

4

o0
<+
i

~

31

ot

0

=

<

<r

34

35

TS

7ol

Kl
L
K

K]
Hr

36

<+

ol
e
_x_._._._
R0

38
38



44

51

ol
~

HAIMER SO M

5}

2. OA=RA M| ==HH]| AEO|

o4

EYSY0 njxl=

54

55

4

o0
<+
i

~

57

4L

nio
7ol

66

=EWH| AE0| SAAEE

3.

70

100
80
Jd
K

70

72

4

nio0
<+
i

~

74

3) AFRZIR]

74

7ol

76

7ol

78

80

83

M
qu
ol
kio

_iv_



87

e

VI.

90

Bl
i
010

VIl

103



Summary

Organic fertilizer such as livestock manure increases soil organic
matter, 1improves soil structure, improves water—holding capacity,
reduces soil— crusting problems, reduces erosion from wind and water,
and improves buffering capacity against fluctuations in pH levels.
Recently, pasture application of livestock manure in
environment—friendly forage production system is an efficient process

that can reduce dependence on chemical fertilizer application.

Experiment 1> This experiment was conducted to investigate the
effect of cattle manure application on forage productivity and soil
characteristics in pasture.

The treatment consisted of T1 : 100% chemical fertilizer (CF
100%), T2: 50% CF +50% cattle manure (CM50%), T3: 25% CF +75%
CM, T4: 100% cattle manure (CM 100%), T5: 100% CM(1st yr.)+
100% CF (2nd yr,) + 100% CM (3rd yr), T6: 100% CM(1st yr.)+
100% CF (2nd yr.)+ 100% CF (3rd yr.). The highest substitution effect
of chemical fertilizer with cattle manure indicated by the highest yield.
record of 11,169 kg/ha was obtained from the application of 100% CM
(1 yr.)+ 100% CF (2 yr.). The forage yield of plots applied with 100%
CM (1 yr)+ 100% CF (2 yr.) was only 4% more than the yield of
plots applied with 100% CM. It was only 3% less than the yield of
plots applied with 100% CF. Changes in physical and chemical properties
of soils applied with 100% CF and 100% CM were comparable.

However, cattle manure application in pasture was superior to chemical
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fertilizer application with respect to organic matter(OM), total
nitrogen(T—N) and calcium contents of the soil. In this present study,
cattle manure application recorded slightly lower forage (DM) vyield than
100% CF application but they were statistically comparable on the third
year of production. The combined use of cattle manure and chemical
fertilizer could attribute to reduce dependence on fertilizer application

while maintaining soil health on long—term basis.

Experiment 2> This study was carried out to determine the effect of
chemical fertilizer and two fermented types of pig slurry on the dry
matter (DM) vyield and quality of three forage crops and soil chemical
properties. The experiment was set up following split plot design with
three replications. Main plots consisted of three crops namely sorghum
hybrid ('SS405"), sorghum Xsudan  grass  hybrid('Jumbo"), and
corn('DK501"). Sub plots consisted of three treatments such as chemical
fertilizer (CF) applied at a rate of N—-200, P—150, K-150kg/ha,
fermented pig slurry (FPS), applied at 200kg N/ha, and fermented pig
slurry treated with probiotics (FPS+P) applied at 200kg N/ha. Among
the three forage crops evaluated, Sorghum XSudan grass hybrid was
the tallest (380.3cm) (p<0.05)and had the significantly highest DM
yield(14,809kg/ha). The DM vyield of plants applied with FPS+P was the
highest among the treatments(p<0.05). The crude protein(CP)
contents (%) of the stems of the three forage crops were statistically
similar which ranged from 2.86—3.44%. Stems of plants applied with CF
and FPS had comparable CP, which was significantly higher than those

applied with FPS+P. Sorghum XSudan grass hybrid and corn had
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statistically similar phosphorus contents in their stems. Stems of plants
applied with CF had the highest Ca, Mg and Na contents while the
stems of forage crops applied with FPS+P recorded the highest mineral
uptake especially the Cu and Fe uptake. The CP and other chemical
composition of the leaves of the three forage crops studied did not
differ significantly. Only the K content of leaves of the three crops
differed significantly. Sorghum hybrid got the highest K content. On the
other hand, leaves of plants fertilized with CF, FPS and FPS+P
significantly differed in terms of CP, K, Mg and Na contents. Leaves of
plants applied with CF had the significantly highest CP and K contents,
while the leaves of plants applied with FPS had the highest Mg (0.45)
and the highest Na (0.07) was noted from the leaves applied with
FPS+P. The leaves of forage crops applied with fermented pig slurry
exhibited higher mineral uptake than those leaves of plants applied with
CF, much better Cu and Na uptake was exemplified by the leaves of
plants applied with FPS+P than FPS application. Fertilizers applied in
corn plants did not have significant effect on the crude protein and
chemical composition of its grain. The mineral contents of corn grain
were comparable except for Cu which was higher in grains harvested
from plants applied with FPS and FPS+P. The soils planted to sorghum
hybrid and sorghum x sudan grass hybrid were significantly more acidic
than the soil planted to corn which registered higher pH (pH=5.5). The
soils applied with fermented pig slurry were significantly more acidic
than the soil applied with complete fertilizer. The soil applied with
FPS+P recorded the lowest average pH of 5.2. The total N, OM, Ca, Mg

and CEC of the soils in the pasture area used, did not differ
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significantly among the treatments in this study. The P3Os of the soils
planted with different forage crops were comparable. The soils applied
with FPS+P registered significantly highest P20s and K contents among
treatments. The highest Na content was recorded in soil planted with
Corn. Fertilization of CF, FPS and FPS+P in three forage crops
improved the level of minerals (i.e. Fe, Zn and Cu) of the soil except

for Mn.

Experiment 3> This study was carried out to determine the effect of
chemical fertilizer and two fermented types of pig slurry on the dry
matter (DM) vyield and quality of two forage grasses and soil chemical
properties. The experiment was arranged in split plot design with four
replications. The main plots consisted of two forage grasses namely
[talian ryegrass(I) and Rye(R), and the sub plots consisted of two
treatments such as fermented pig slurry (stored—for 3month, FPS) applied
at 200kg N/ha, and unfermented pig slurry (stored—for 3day, UFPS)
applied at 200kg N/ha. Among the parameters considered in this study,
only the plant height in the 2nd and 3rd MAP, the manganese and zinc
concentrations in plant tissue and the potassium content of the soil
differed significantly between the two species of forage grass studied.
Rye had taller plants than Italian rye grass. The manganese and zinc
concentrations were higher in plant tissues of Italian rye grass than in
Rye. The potassium content of the soil planted with Rye was higher than
the soil planted with Italian rye grass.

The kind of pig slurry and its time of application did not show

significant effect in almost all parameters measured in this study, except
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in percent crude protein. The fertilization of aerobically FPS at planting
resulted in highest percent crude protein in both forage grass species
among the fertilizer treatments.

No significant interaction effect of forage grass species and the kind
of pig slurry and its time of application was noted in characters
observed in this experiment except in phosphorus content of the soil.

Soil grown with rye fertilized with UFPS registered the highest Ps0Os.
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(C/P Ratio) <& <late] H7|3le] ¢S Fvu H 139 Y (Bromfidld,

1961).

HEENTE BEY RI\GRFF] BAE En 3] B RaEol

32

ot Studdy 5(1995)2 49 AL Al&FTEe T7HA 2TH N &%

o
o

ZAMet A¥ reed canarygrassollA 7HE £9S ™, Klausener(1994) & Hx
ol N Fgo] mvha F7isiith. a8la AE2] 77285 Mstel disixe

v 5(1992) 9 AlgdeA B N2 2.82~2.98%=A 7159 Q75+

p

2.5~4.0%% % (Fink, 1989 &3t om QAR 0.41~0.45%2A Qxt
o F 7tFo] dast #F 0.4~0.8%H9 (Fleischel, 1973; Fink, 1989) ]
sttt &tk Kol gloldE  2.90~3.35%%4  AAE 2.0~
3.0% (Fink, 1989) ¥t} thA =kthal 30, Vetter (1986) = 0] o A
K o] Wttty Bausholeh S5 %o Ko PEHFe FHER A% 5
7R S7HEAA, Bx0] CafHe FHER AlEEY SUHE FaEddnta B
yAvh(zl T 2003).  Cael  SlejAE 0.70~0.87%=EA  Finks}
Steffens(1989) 7} B33t 3158 A0 ZAR ol 0.7%8 =7 Fhslo
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of stth= Kol dAsHlvta ettt

Mg e 0.26~0.32%%A  Fleischel(1973)9 ®Hudt A9l
0.2~0.25%¢%} vl A¥yE ®okal itk X8k Ca @ P &%H]E Menke
¢} Huss(1980)& 1.8~2.0:10] Agatrtar atl=dl # 5 (1992) Al E ellA
THIAE T7F 1.59~2.10 @ 124 7F& o] Aelglvkal st Ca @ P HI&
< oF A AN E 9 AT 8 F7F HdE] + FU1ANE B
o @A m=gou oF 159 ¥ AlE FolAE FU1E Bl g7 HRT o
AH] AR A8 3Tkl 8kltE Kime (2000) 2 w4 =E Al§ 5
7tE EREEC] AAgEo]l A
o] N&Ho| $ioly B A5 T7H=E S7HE Atk aklth Kim &
(2000)2 423 102 ZAHE H5x9 P, K, Ca, Mg &&o] BHEE AlE

SE F7b g d@e WA ¥ Avkn stk 2 Q200D o]ge ek ol

[
L)
>.
1o
Z
&
)
ojol
9
rr
it
Mo
1%
e
>,
OFO
HN
2
R=}
I
o[\
s,
A,
32
il
%_
_Q
rok
R

=x9 C/(Cat+Mg)

O-Yl
E
N
ad
N
N
_Cl
.K_l
£

Hwl ool #Fol WA o} =

P

o] Aol Axd W olye}l (Fleischel, 1973: Fink, 1989), 7}%9 €% A

% (Grass Tetany) 2A7ls Q<o) HJAv 3% +=d (Fink, 1989), +
HIA] & Al (BF 5 1992) AdoA= 1.18~1.58%4 AAFFS ®Bttust
Atk Ca?t Mgol H+ Kewd Uit #A7E o] dnjg o] g 274 9
K o] #5822 Ca, Mg 557} A @stAl o] Fo|xIt}al Henkens (1985) 7t
Bl stk T3 McDowell(1976) 2 7152 2y, B48 9 fald 52
2 7t S aA AsA 7L ol FUIES F2 Ca, Cl, Mg, P, K,
Na, S, Co, Cu, I, Fe, Mn, Mo, Se ¥ Zn %o°| vtz H 3t 7154

olE e g FlEolr A el wEbd= Cu, F, Mn, Mo &2 Se ©]
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rells el oa A S "ojrmdna it U=l AdE WAl R

Ca—P, Ca—Zn, Cu—Mo, Cu—Fu, Se—As, Se—S, Fe—P, Na—K, Al-P

Mg—K$& #o] 4z 3te] gof Aoy F-9o] A= Blval s3iar =< pH

sko] Al M= pH S7H= Fe, Mn, Cu, Zn ¥ Co¥ radh Hbd,

Mo, Se+ F7Fsttta &Fdtt. (Latter,1962 ; Pfander, 1971). &H-%9] oF&

T 82 2T, AFAY], A 2 @Azl ek zkolrt Stk
aLE 9l

o (Miller & 1970).

e

Studdy 5(1995) & ] Al &FFES T7HAA 25 N FFE A

-

8t A3 reed canarygrassellA AY =gtk shgith. 3k Klausner (1995)
of g Fx7F $ENG Fxo tid N FH|Ho] & AS=FE Hrlekgith
T3 Ca : P &8 E Menke ¢ Huss(1980)+ 1.8~2.0:1¢] A%sitta st
Fed, ¥ 5(1992)2 FHIAEF7F 1.59~2.10 : 124 71 o8 etk
2 NgTH] SETFTE AT
H+571dv 5 B A3 oy o3 15¢ $ AlgFelAe Fr1dv s
Sg TEGY AT A&7 dA S Tk skl

T ST, Ca: PHIRL H AF T714)

i

=
off
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KU

2
0%
Iz

1. PEEH A0l Eut=xe g U EFSYo nx=s G

(Al 1)

2 AFS 20039 8€HE 20059 12€7H4] $&XTH dAsHATA
o 71E &y WEE2AEE 200m) ol AAsEATh Al@7]zt Eqt AFAS
(2538)Y e 25 d32 Fig. 13 20014 vebd viel o] X713k
o A wid 73 84 Alelel AFEUoH 2004dCl= 683 74

20053 = 6293 9€of A-Fo] At

—— 30-yr Avyg —=—2003 —— 2004 2005

500 r
400 1

mm

300 r
200 r
100

Precipitation(

Month

Fig 1. Precipitation over the past 30 years and during the

experimental period from 2003 to 2005 in Jeju.
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Air Temperature
o 2 o B8 B 8

o

—4— 30~yr Avg —— 2003 —&— 2004 2006

Fig 2. Air temperature(C) over the past 30 years and during the

experimental period from 2003 to 2005 in Jeju.
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$AF FHH| A G A 570E o]

A<
d REd SRENE ARESRlen, | B AEE EEVY AuEE

Table 1. Chemical composition(%) of cattle manure.

year T-N P2O5 Ca K Mg Na
2003 0.502 0.201 0.402 0.630 0.187 0.083
2004 0.773 0.308 0.601 0.967 0.192 0.186
2005 0.659 0.212 0.310 0.967 0.223 0.094
AE A "

3

s

EOFAR O Tgple2o|A] Hi= ni9}l Zow EopgRO WWa 1}
A itk WEEAE Aol OM¥ P.0s &% Zx71 &)l f&

°
M
J

Table 2. Chemical properties of the experimental field before the

trial.

Ava. . -1

Treatment" pH EC OM P,O: Ex. cations(cmol kg )
(I5) (dSm') (%) (mgkg) K Ca Mg Na
T1 6.16 0.15 6.2 232.9 038 518 194 0.09
T2 5.96 0.14 6.56 234.6 050 460 2.04 0.08
T3 5.93 0.17 6.62 346.5 0.83 5bb4 240 0.09
T4 5.89 0.17 6.41 272.3 0.73 522 229 0.09
TH 5.95 0.15 6.38 2775 044 560 240 0.08
T6 6.05 0.16 6.40 268.9 037 532 234 008

“T1:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%) T5:CM 100%(1st yr)+CF
100%(2nd yr)+CM 100%(3rd yr), T6:CM 100%(1st yr)+CF 100%(2nd y)+CF
10026(3rd yr)
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AE T 271 77 30m°(5x6m) olRoH 632 3ukE dyjoz u)
AstRek AdAEE T 3eHlE 100%, T2) 38 g 50%+E1 50%,
T3) #8l= 26%+% 4] 75%, T4) 4] 100%, T5) =4 100% (133 —
gshH| s 100% (22— EH] 100%(3'd=b), T6) E|¥] 100% (1'dx}) —3}38}
HE 100% (22— #}8tHl 5 100% (394 & sttt

4) AH[E 2 Ul S

AT v =
120 kg/ha o™ stgv|g 9 EH] 100% 7+ 3teu] 59t SEEHHE A=
Agatrt, et arEn SRA gl SREN Age

AFFE BAse] At 50949 75%F AgHgon TR Huw

rlo
2
B
oft
o
w,
b~
(e}
N

, 4k g ZegE 44 150, 150 9

i

27 50%} 25% %5 AlE35HA T

71EY &3 WExAC "HFReE AAsa AE 7E AW s wd
108 Fwol BuE AAegith. B ex=TekA 10kg/ha, #HY Y
gho] 12t Tkg/ha, S AT Tkg/ha, Slo]E A =24vl 3kg/ha W # = A=En}

3kg/has Hu}slgit).
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AHE 1A 49 179, 23k 69 29, 3% 7€ 8%, 43 8¢ 28%, 53 94¥ 26
d 2 6x 11€ 13UZ 2F 63 FEon, 20043 12 4€ 129, 2
2} 59 219, 32 69 309, 4% 99 1Y, 53 102 154 ¥ 62 11€ 25
A= 63 FFIALE AT A g v dEQl 2005d0= 12 44

d, 32+ 948 69 % 42k 108 24T 43] FHFIAE AA

A7 20039 69 2943 7€ 8YU 23 AAFor, FF2 &4 H]
2 BES Sgltk AEE 15m® U BoAolAE 344 At W
o
=

A9 FlolA e AzFel BB A5 o)X 99 xe] o]z A

Eokol AEZFAEL 20056 7€ 13] ceramic suction tubeS A|EE U

of B4 30cmell AAsto] A § W=HEZE o] Fst] AmAHFH F Asd

252 7] (Flastar 5000, 249 4) & o] £l F24 513t}
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ZF Aol AFHI AxRAEE Willy MillZ2 #2319 20 mesh 54
E3eF £ o] g5t

A 5A 2R TS AXAA FHE ASE AREsE ZuelA S Auto

Kjeltecs ©]g3to] E&3to] (AOAC, 1984) AAxAFEA 7|2 EA %)

ol 2& HNO3;—H:SO oz HF2Fd § 5A ARAE o83t FTHTFE

oJ#e & 50mL FFEekAAe] A thu dAFFF =7 (GBC 908, GBC,

Australia) & o] £3slo] 57| & (P, K, Ca, Mg, Na) ¥} v]&F+7] & (Fe, Mn,

Zn, CuE Z33te] gatatalch

(2) =%

FEXNETH EGSSEAR (1989) o wet il EYAE A ZFs Fst
of pHE EYd S5 159 vl dY A & 443t (tA0= Ao
FHA 40012 At ¥ pH meter (Orion 520 A+, USA) & o] &3l 4383
th T-N % Fa&1H(AVa. P205) & A=A AHS-E Wi sdstA
3tk Walkey—Black W& ol&sto] 44 A5E 250 mL AH2hEehs

o] 21 1N KoCr:07 10mL & Yol z AHolx== 3 t}S 534k 20 mL

= Yo 20~30&% ®AT ¥ FHFF 200mL = bkl 14k 10 mL 9F

_19_



NH,F 0.2g5 ¥ 3 02N 3 A1 8 dryggAoz #gste] ~n9
ko 7 AArE At X3k ko]l &2 1 N—Ammonium acetate N0z H=
3 o2 YAAES YA (GBC 908, GBC, Australia) 2 33 & AAtE )
gl o] LX) 843 (CEC)2 1 N-NH,0AC(pH 7.0) §do7 EFARE
E9AA 28 NH," & Z3A)7)a0 392 A ammonium & 80 % 4=
A3 F NH," 3 E4S Kjeldahl 74X & NH," & A5 HZs}

o] CEC & At=¥3lth. 18l3 v|gFH7]& (Fe, Mn, Zn, Cu)< 0.1HCI 50ml

e

Al

oo

/d?_ﬂ

] SAS %7 package(Ver 8.1)Z o] &3o] EAIEAS A

flo

vy

ofo
Oft
il

Alstgiom AE 7+ 594 #744-S Duncan's Multiple Range Test& ©

o Aot
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2. OJE=AA el =294 AIZ0| stAAN=E =2 datg U

S0 nXE (A 2)

1) AL 9 J[4deE

B AE2 20050 5EHH T 9€7HA s 200 moll #1Aska = A

hm=4

| 255 &A4) ARFAEEAA 3 s AFE 7]

iy
A
r&
—’;J
2
N

>

5 717 A3 Table 3904 Hi= vhel o] ZHE o] AKAFEQ] 5 690

[e) [e) [e)
g He FedFs B

Table 3. Mean air temperature and precipitation over the
past 30 years and during the experimental period in Jeju.

b cx Months
May June July Aug. Sept.
Temperature 30-yr 17.5 21.2 25.7 26.5 22.7
(C) Expt. period 18.0 23.2 26.9 215 25.1
Precipitation 30-yr 88.2 189.8 232.3 258.0 188.2
(mm) Expt. period 17.6 3.8 40.2 72.5 3.0

"Source: Jeju Regional Meteorological Administration, 2005

Algel o] &8 ARt == HS Fotelel AT AdFEdA W
oM 67083 AFE FAY =wdulE AREElon, nAEAA HE =8
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A WAFAATE FAG FEFNA AR vIPEA BEALYGN

A T B AREY FEAS FAse] FAGOor Exu]e)

Ao} QA R Wl e Egich ERu 0 YEAA e EX
=

ol o] Bl EA R v AEAA A

Table 4. Chemical composition of fermented pig slurry.

T—N P205 Kzo Cu /n

Items H
X %) (%) (%)  (ppm) (ppm)
FPS® % 0.60 0.29 0.47 10.64 16.76
FPS+P™ 7.1 0.15 0.05 0.08 7859 12.33

“fermented pig slurry,

“fermented pig slurry with probiotics

AR et R e A Ao ZEl= 4 had 200kgyt 120kgs

dEA et A= 7~8%17] wWl Z2b1/28 LAISELAL, /1A 120kg/has 7]
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150% = #A]

7] o

2 3F A 50%, F=e 7~89

o

200kg/ha 71+

-
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30kg/ha,

Foic.

S

30kg/haol™, EHH > F3% 50cm, A2 2~3cm AMZEE AA

z719 23] <

[e]
E=1

J
3090] AWt 69 30%el 1Ak 24 78 30Ue] 27 2AHE 7 X2l
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oA = 10
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-

Pt 13]e A%
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=
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6) SA=E

o]

78 SAS %A package(Ver 81)&

A1

)

bo A

S

Duncan’s Multiple Range TestE ©]&

A&,
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2 =S40

=HH| A[E0] SHAM=ZEHZ YLt

ojxl= & (AH 3)

1) Aldaa U JasdE
E AP 2005 1125 2006 5€7HA] AFAAE FA4k 12 ALR %
EXgA AAET AlE 713 9] 718 @S> Table 5olA Eewkseh 2
o},
Table 5. Mean air temperature and precipitation during the
experimental period from November 2005 to May 2006
in Jeju.
It 2005 2006
ems Nov. Dec. Jan. Feb. Mar. Apr. May
T t
emf%r)a T LA\ NG s 97 140 180
Precipitation
(um) 925 789 57.0 74.0 43.8 88.0 164.0
mm
2) £ U ERAu| Y&

A EFL A el AFHE =S Table 63 2t

Table 6. Soil characteristics of experimental plots before the trial.
OM Ava. Ex. cations (cmol™kg™") CES 70 Cu
pH %) P05 c \ N (cmol™/ ( ) ( )
m m
7 (mg/ke) : & a kg) PP PP
542 133.9 31.6 0.93 2.91 0.91 0.18 15.06 16.63 7.87
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Aol ol g8 A 39 ERolE AT AAZA g AFele] 9
A% FEFNNN AFEY FFAL FAS] FARAOH AF 348 ER
Al AFE FHAEA AW AGIAA 3N AF A ERANE A}
gtgon, ERaue] AayEe 30 Azt 3719 Agu] mrk of 2

vl =ohTh A 39 W o AF 39 E=EAH] AAFES Table 7 3 U

Table 7. Chemical composition of fermented pig slurry.

It H DM NN P205 Kgo Cu /n
m

S PR @) @) (%) (%) (pm)  (ppm)
UFPS” .2 7.0 0.82 0.33 0.42 45.84 85.32
FPS™ o) 1.8 0.44 0.25 0.36 12.76 20.51

"UFPS : unfermented pig slurry (stored for 3day)
“FPS : half fermented pig slurry (stored for 3month)

3) MEMA U AIHT x|

B Qe AWT AL F72zE ()2 doladts, 58) AT 2
MEAY (A4 32 Aul, A 3L ) RETUAY 4nBoT 59
5 9le.

4) AlH|gF 2 &

A A AR 200kg/has 718]9F FHIE 50%% 4] a3ttt

ojgejqt zho] 1k el o wERF2 2t 40kg/ha, 200kg/hacl3iom, it
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ZUHL F Z 50cm, 78 2~3cm AlETE AAISFTH

HE F ARAAL A% 2700 13 A¥ow AT, YREAE

%

5 30 HAow 7} Aol Ao 1074 AEste] 4t
TFTHZARE 2006 69 1590 A& o FH o] AxFAE ST & A
H OAlZ 1kg WS 70T AZx7]oA 72413 AZXA|Z] & HEEste] had A

grgoz B,

(2) 2= A
7t A FoA AHS AFAEE Willy Mill2 223519 20 mesh 54

E TR F Hx dnbdEy FUIEdE Aol olgEdT SN S

i
=
=)

D

w

=
=3
MN
—_&4
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>
ofo
_O,L'
2
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ERn o] oFF W JFAAE (SO, NO, NOz, NHs, HoS, CO)& FH (4€
79) ¥ 39 Bk 19 13 7FAEAY] (Toxic Gas TG-501, Gray Wolf,
Ireland) & o]&3lo] A NA =438+ T).

6) SAEA

B A" AAL SAS £ package(Ver 8.1)E o] &3}o] FAMREAS A
AlgtF o A 7F A4 AA L Duncan's Multiple Range TestE o]-&3}

o st
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1. PEEH A0 SutxAle] Yotz U EFSHA olxs

1) A=
SEEH Al Lo e HExx Ard AZAATFL Table 8914 HE ul¢}

zr},

(1]

Table 8. Dry matter yield of mixed pasture.
(unit : kg/ha)

Treatment 2003 2004 2005
T1 11,342+167° 12,699+107° 10,416 +55°
T2 10,368 +111% 11,942 +34¢ 9,583+170"
T3 10,790+ 226 12,261+233%  9.449+64°
T4 9,864+179% 11,714 £49¢ 10,303+53%
T5 9,312+167¢ 13,468 t261° 10,451 +81°
T6 10,138 +105"9 12,645+ 77" 10,724 +26°
D 0.035 0.029 0.045

a5 : Means in the same column with different superscripts are

significantly different
"T1:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%) T5:CM 100% (1st
yr)+CF 100%(2nd yr)+CM 100% (3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y) +CF 100% (3rd yr)
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AlE 1dAH(20039) AEFEHFES T1(EENE100%T) A2 +7F T2(3Hem &
50%+-%E 0 50%T), T4($EEHH 100%7), TH5(1d SEEHH+2d 3 g
+3d SREHET) 9 T6(1d SEEu+24d e s+39d g s ) A Kot
A Yehgor EAROR 594 o7t A TH(p<0.05). Estavillo 5(1996)<
Et A A 1dAA s SEHET7E 7SR AlET B AEFEe] %
ow, B AgAdel dAsta qlvk seuise] vg g $a40% s
Al & 2 G ukE A whdE o] AlE 1dAte] gl sel % F4
H7t 3A vebd Aoz F4 "k

291 2004 %= gEH|s ATl T5(1d ¥ ul+2d 3885 +3

—

u

W SEEN ) A7 TL(EEN] 5100% ), T2(38H] 550%+--EH50%T),
T3 (3| 525%+ 2 EH 75%7), T4(S-ZEHH] 100%7) % Te(1d SEEHH|
+2d e E+3d gshla) Al dlE ¥& AEFFS Jehidt

T2 9 T3x
= 100% Al&T-<1

(p<0.05). 3d=}el 20054+ T1, T4, T5 2 T67+A 7}t

Hle AEFFo] sAACRE F34TH(p<0.05). Folgh 22

o

2
= W (T5, T6) % 318 & whg- - iy

9
S5 A8 sens 2] 33E Vg e ¢ 9ls Jlo R Az
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2) MY~ 4E

FER 8L spetHlg Algel wE WERAY] A A& Fig. 3~5

o LhERyt whe} 2o,

Bl Grass O Legumes [0 Weeds

B Grass OlLegumes O Weeds

< 100%
100% X ]
R g0% T 80% | [
oy < % o2
g 2 £ o L A 1%
€ sonlf e 60% |17 P
5 o k] I I
o 2222 = o, 222 222
3 40% [ B © 40% T £ 2
g 5% b e o2
Q ks q [0} V<A <A
s 5550 o 20% e e
g aoup b 3 P v
955 = 0% F5%5 755
0% —* ©
T T2 T3 T4 T5 T6 i T2 T3 T4 T5 T6
Treatment Treatment
<April 17> <July 7>
B Grass O Legumes O Weeds
< 100%
R?
I 80%
o
- 60%
hed
= 40%
©
2 20%
>
0%

T1 T2 T3 T4 T5 T6

Treatment

<November 12>

Fig 3. Periodic botanical composition of mixed pasture in 2003.
T1l:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%) T5:CM 100% (1st
yr)+CF 100%(2nd yr)+CM 100% (3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y) +CF 100% (3rd yr)
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A 12 dx9 200339 A TFAES Fig 3014 B Het &y T g
Hzugo] 747t 52, 21, 2 27%E 49 129 A u 3E3 70% F3 10% 2 F
220%% o1 TA(F-EEH] 100% ) A 2ol A Fx&o] 7HE =3 TS 5100%
TIA A 7HE okt 119 28 2AF Aol FEuES 49 129 2AF 9o} v
st ot st Hlgo] AA FadEa FHEZR v Eo] FUISHGATE T4A ol A

sz Hl&o] 7Y Wol ZAsv(F-# Table 1 331).

E Grass Olegumes OO Weeds E Grass OlLegumes OO Weeds

< 100% < 100%
® R?
° 80% ° 80%
o o
c 60% = 60%
2 )
= 40% T 40%
© ©
o 20% o 20%
o ()
> >

0% 0%

Il T2 T3 T4 ir'ss T6 T T2 T3 T4 T5 T6
Treatment Treatment
<April 12> <June 30>
B Grass OLegumes OO Weeds

9 100%
K] 80%
o
c 60%
hed
= 40%
©
= 20%
o
>

0%

T1 T2 T3 T4 T5 T6
Treatment

<QOctober 15>

Fig 4. Periodic botanical composition of mixed pasture in 2004.
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AE2dAl 20049 49 129 AR E9EE0) AT & (Fig. 4)& sH
9, 3 9@ FxzA|go] 247 31%, 30% 2 39%= At ARFAAE o)t A
A okokth 109 1590l skt a nigo] A TasEe 20% Wzt Hda Tt
L
Bl 550%+-wE W 50%7) A2l o} T4($-2EH 100%7) A M Fx v&o] =

P

Hlgo] Zb2b 40% A2 WSt vE A3t Blugls o T2(3¢

Xtk Hlw A R A FrxEo] Wolx]a UHF-F Table 1 Far).

E Grass OLegumes O Weeds B Grass OLegumes O Weeds
100% 100%
80% [ 80%
60% 60%

40% W 40%

Vegetation rate(%)
Vegetation rate(%)

20% I 20%

oA
9222
oA
oA
9222
oA
oA
oA
9222
9222
9222
9222
oA
oA
oA
oA
oA
oA
A
oA
I
I
e

0% 0%

T 12 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6

Treatment Treatment

<April 27> <July 30>

Fig 5. Periodic botanical composition of mixed pasture in 2005.

Fig. 5914 HiEnkel o] AJ&d3aF dxel 2005 4921Y0= 323
50%, T3 30% 2 Fx 20%9% ow TI1(3EH=100%7) A2l A 3t
By vgo] 7bg =tk 79 30Y 2AME AATAES 3FEF 50%, T3
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setul s+ 3d g E ) A elA st Hxe] Blgo] otk Fxe] v
F& A7 Bt 9 s AASoH AgHE B SREHE] 100%2)
2003, 2004 ¥ 20059 FHx&ol ZZt 33.9%( ‘03), 255%(C 04) ¥

23.2%(C 05)% vlu3 %2 T2 FASHATHI-E Table 1 7H11).
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Table 9. Intake of mixed pasture applied with chemical fertilizer and
solid cattle manure in 2003.

(unit : %)

Treatment” June 2 July 8

T1 62.4+4.7 79.8+2.1

T2 70.8+3.3 73.2+¥1.4

T3 75.5+1.5 75.9+1.0

T4 65.0+3.3 76.9+1.0

TH 71.4+1.7 75.8+0.9

T6 74.0+1.5 74.3+2.1

D 0319 0.493

"Tl:chemical fertilizerl00% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100% (2nd yr)+CM 100%(3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y)+CF 100% (3rd yr).

Al dxEel 20039 6¢ 2, 79 8Yo A &S 23] FALEH AT Ao
g A4 g 6240~79.8% % SEEH] Al go] w2 FEale xolE wolx ¢

dkow T3(FeH 5 25%+F-E 8] 5% A )7 Fode giAN

ES QLS HYth UWEEA Y tSERE AEeA HHE BEadAE Qs
x99 AaEe] AAE of7|AIZ 4 d+=dH Lows ¥ Pain(2002)2 <HH]<] 7
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Table 10. Crude protein contents of mixed pasture.

(unit : %)

Treatment 2003 2004 2005

T1 17.0£0.10 18.6x£0.19 18.0£0.14

T2 15.6=£0.08 17.5£0.36 16.5+0.18

T3 15.9%£0.27 17.9£0.19 16.9£0.22

T4 17.0£0.05 18.8£0.06 17.9+0.09

TH 15.9£0.34 TT7/Z0.15 16.8£0.13

T6 17.1£0.42 18.5£0.34 17.8£0.27

D 0.148 0.082 0.112

*T1:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF

25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100%(2nd yr)+CM 100%(3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y)+CF 100% (3rd yr).

oA e

2003375 2005 7bA] =AME H X9
5w

T1(3}8HH] £100%

A, TAC 100%-) A=, 3 Te(1d = n+2d shefnj s+ 34

= )

FAHm Qi ot WES AYSE

2003 H.th 2004 =1 20054

Hxol Zuhwlz dlefo] o AL EgAol v gyl $EHET AAESES
o]7] WjE o7 HOITH(HFE Table 2 #al)
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Table 11. Chemical properties of leached water in mixed pasture in

2005.
Treatments 1(}]“(%)/% fl\)I <mgI§ kg) (mlg\I/EI{g) (mg/a kg) (mlg/%{g)
T1 0.076 2.763 4787 15.338 3.033
T2 0.032 1.306 3.707 16.159 3.680
T3 0.062 2.330 5.994 38.139 11.799
T4 0.068 3.004 4.759 11.900 2.842
T5 0.060 2.653 5.017 18.159 4.084
T6 0.078 2.529 5.645 32.694 7.323

"Tl:chemical fertilizerl00% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100%(2nd yr)+CM 100% (3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y)+CF 100% (3rd yr).
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Table 12. Macro—mineral contents of mixed pasture in 2003.
(unit : %)
Treatment” P K Ca Mg Na
T1 0.30 3.27 0.45 0.29 0.08
T2 0.31 3.24 0.46 0.34 0.08
0.30 3.11 0.45 0.34 0.09
0.32 3.24 0.55 0.34 0.10
3.08 0.45 0.38 0.09
3.14 0.48 0.33 0.08
02~14 0.1~05 0.01~0.2

T3
0.29

1=F

T4
0.30

safe level™

0.25~

100% (2nd y)+CF 100% (3rd yr).

“Sources
et al(1979).

=]
RLe

SEHNE A
0.35%°] "AAeH, T4+
oJxt= glAiTh o=

and NRC(1984)0] ®.a1gt

"T1: chemical fertilizerl00% (CF 100%), T2:CF 50%+CM 50%, T3:CF

TS5
T6
0.2~0.5
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100% (2nd yr)+CM 100% (3rd yr), T6:CM 100% (1st yr)+CF

Herbage data are from the author's files, Gough
5x9 &

EH100% ) A gl A Hi 0.32% =

<3
Gough ©(1979), Grace(1983), Grace and Clark(1991),
7 A e B2 oA

3ol
o #

[e]
9o p
=%

of
o
M

o}
Al 9 0.2~

=]
RLe
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Table 13. Macro—mineral contents of mixed pasture in 2004.

(unit : %)
Treatment” P K Ca Mg Na
T1 0.27 3.49 0.42° 0.22 0.13
T2 0.26 3.55 0.42° 0.23 0.14
T3 0.31 8ol 0.43" 0.22 0.14
T4 0.28 3.58 0.47° 0.22 0.13
T5 0.29 3.44 0.43" 0.22 0.15
T6 0.29 3.52 0.45 0.21 0.14
D 0.36 0.91 0.04 0.67 0.62
a5 : Means in the same column with different superscripts are

significantly different
*Tl:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, Té4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100% (2nd yr)+CM 100%(3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y) +CF 100% (3rd yr).

Al Apol7b FElE A= gou T379 Pee] B A2 Bo x%u
T5(1d FEEH+2, 3 stetula)x 8¢ Ketdol B Aejuth wsith. T4
(F-EHH100% 1) A 21 9] Cagte T1(3heH] = 100%7") R T2(3}3HH] £50%+

wEHHB0% A B mgkon, FAA SR FoArt AATHP<0.05).

[e)
o
A7 EHxo BU)E e 20039 e 20049 EollE & WIS HolA

&
22

CH(#+3% Table 4 1), 2004 <3 Hx6 Mgdd= 01~05% o=
[e3]

Mg-tetany 9] @& &= o3}
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Table 14. Macro—mineral contents of mixed pasture in 2005.

(unit @ %)
Treatment” P K Ca Mg Na
Tl 0.30 3.53 0.43" 0.30 0.13"
T2 0.30 3.66 0.43" 0.26 0.13"
T3 0.32 3.59 0.45% 0.25 0.14*
T4 0.31 371 0.48" 0.27 0.12°
T5 0.32 359 0.46™ 0.26 0.15"
T6 0.32 3.68 0.46" 0.27 0.13*
D 0.28 0.42 0.04 0.41 0.02
a5 : Means in the same column with different superscripts are

significantly different
" Tl:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100% (2nd yr)+CM 100% (3rd yr), T6:CM 100%(1st yr)+CF
100% (2nd y) +CF 100% (3rd yr).

529 PEHFS TI(EEH] 5100%7)A 2 oF  T2(3} 8] 5.50+-5- & H]50%
T)AE7E B AT Bok e FAolY Foxb gl Hxo KIES
T2, T4A-EEH 100%1)A g 2 Te(1d $-EER+2d stshn]5+3d 3}sh]
g AN B A Boh =tk T4x ol glojA $EEue] A& A Y]
Ke o] 371%2 AW 01~37%Z dolrar Qo] N&H A7)

7

Q3 Bk T4x 89 Cadtse 20033 #&

- 41 -



T4 vl =

ol
=

Hul+2d sheknla+3d ) A7 T, T2

),

Table 5

N
ik

S 27E AT (p<0.05)(

o] P, K, Ca, Mg ¥ Na 3%

0

N

2006 = &

vl
=

Fig. 6-& 20034, 20041

e AT

s

H]

2003 E2004 02005
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Treatment

2003 E2004 O 2005

2003 E2004 002005

Treatment

Tretment

2003 E2004 O2005

Treatment

in from 200 to 2005.

"Tl:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st

yr)+CF 100% (2nd yr)+CM 100%(3rd yr), T6:CM 100% (1st yr)+CF

Fig 6. Macro—mineral contents of mixed pasture
100% (2nd y)+CF 100% (3rd yr).
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Fig 7. Micro—mineral uptake of mixed pasture
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25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st

yr)+CF 100% (2nd yr)+CM 100%(3rd yr), T6:CM 100% (1st yr)+CF

100% (2nd y)+CF 100% (3rd yr).
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Fig 9. Micro—mineral uptake of mixed pasture
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Fig 10. Micro—mineral uptake of mixed pasture in from 2003

to 2005.
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100%(2nd yr)+CM 100%(3rd yr), T6:CM 100%(1st yr)+CF 100%(2nd y)+CF

100%6(3rd yr).
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’

T4:cattle manure 100%(CM 100%)

25%+CM 75%,

_49_



Fedl F%S Hed Aoz £92 erokar ohwk 2003 A 20069 =&
s 7 Atk Zno FFES TAS-EEHHE 100%) 904 7HE v 4
ol B AglolME H=d AES B, dxrt AYPLDFE Zno] Fo)
S7tehe A EAth Cud F5%2 2005 oA vk T1(sFsHH| 5 100%),
T2(3} 80 850%+9- % 5 H]50%) 771 T4, T5(1d $EHn+2d 381 5+3d

FE=EH) B Te(1d - Eu+2d 3shH] 5434 3heti]g) BT wiekth o]

o

of A3z = v mFFTIEY AEWEe AdEdEts FaExe] HEd

o8] &F Aot = AS = F JATEE Table 3~5 Fan).

_50_



7) EYYE Yl

uuu 9 setus Algel o
s i,

ESdE Wt Table 15014 & vt

i

Table 15. Soil chemical properties of the pasture from 2003 to 2005.

Treatmentx (If%) (Oql(\)/)[ 1;;2})\1 Iéjgl Ca‘gzgnc(hcar?l%le%(lg D)
(mg/kg) K Ca Mg Na
T1 6.04* 6.58 0.29 2905 0.65" 538 221 0.13
T2 5.72°. 656" 0.29 267.1 0.62® 505 232 0.14*®
T3 593" 6.56 0.29 2989 0.75° 5.47 2.31 0.14®
T4 5.71° 7.00 0.31 2814 0.84* 550 252 0.16®
T5 591* 6.54 0.29 291.6 0.64® 6.03 269 0.17°
T6 6.14° 6.52 0.29 271.8 0.46° 6.30 2.76 0.14®
D 0.00 0.23 0.18 0.13 0.04 053 0.06 0.00
Py : Means in the same column with different superscripts are

significantly different
“T1l:chemical fertilizerl00% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, Té4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF 100% (2nd yr)+CM 100%(3rd yr), T6:CM 100% (1st yr)+CF
100% (2nd y) +CF 100% (3rd yr).

pHE T1(83H£100%7) 2 T6(1d -EEH]+2d 88hn] 5+3d -2 5 1)
T)7F T2(8h8hn] 250+ -2 E HI50%7) B2 T4(S-&5 1] 100%7) A 2] -l - ] 3]
AN EATHP<0.05). EF W 7712 FFS TAFZEHH 100% )= 2 -0l A
Bt 7.0%% " Aol vl&] Hud A veutied SR EE s 5hek]
ok &2 frlEo] v o] 7] wiEol Aldo] gl wel B W

5718 FPol 3718 Ao AZEY EF W F A2FFES BE AT
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2| okt ol

T4($-2E 1] 100%)A 2 770 T6(1d -2 E1]100%+2, 31 348Ha] 21009 7)

A F KAFS T3(8hu] 22506+ H W 75%7) 4L

A Boh =4 YERs o™ (p<0.05), Cagr ol A= To(1d -5 H|100%+2,
3 3FshH] 5100% 7)) A 2l 7-7F TS = 100%), T2(3FSHR] £50%+F- &

H] 50%1), T3(3F8HH] 5225%+-9- & B 75%7"), T4(-F-ZHH100%71) 2 T5(1d
S EH100%+2'd 3F8FH] 5100%+3 -2 F B1100% 1) A 2] ol Hls] =2 7
Fol At Nagell A= T5(1d 25 H100%+2'd 3FekH] 5100%+3'd F- 5
H]100% ) A 21 7F T1(3etH 8 100%H) = 2] el Hla] 35 Alv ek eH(p<0.05).
SEEH Al&Fo] SUMEFE ol AL FE A FUksle BFS BEA

CHH-3% Table 6 #a1).
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Fig 11. Micro—mineral content of the soil from 2003 to 2005.
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Table 16. Dry matter yield of three forage crops.

ltems Dry matter yield(kg/ha)
Main Sub
CF 10,103*+1,718
sorghum FPS 15,476%+1,147
hybrid FPS+P 17,769+1,103
""" Mean | 14449
sorghum X CF 10,324 1+2,453
FPS 16,328+1,345
sudangrass | ppgyp 17,774+987
hybl”ld .............................................................................
Mean 14,809
CF 9,829+3,756
FPS 10,481*1,616
M " L /A e Sy 11,3282693 ...
Mean 10,546
Main 0.002
p sub 0.000
Main X Sub 0.165

CF : chemical fertilizer,
FPS : fermented pig slurry,
FPS+P : fermented pig slurry with probiotics

A EAAA ] =], ANt =2 AlgRdE ALRS] Herde v

BB W SSuE Aol T ER ERdung 2o £ nid
(p<0.05). A F(1995)& sLs HAAaAH] 28 oA FFXFaaet sy
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40

AEA 9 7] AEL Table 1794 HE=nle} 2o},

Table 17. Crude protein and macro—mineral content in stem of three
forage crops.

(unit : %)
Items
) CP = K Ca Mg Na
Main ub

CF 3.74 0.05 1.70 0.13 W18 0.03

sorghum FPS 3.89 0.06 Il {13 0.19 0.21 0.02
hybrid | FPS#P_ | 268 004 127 009 010 003

Mean 3.44 0.04 1.37 0.13 0.14 0.03

sorghum X s| CF R Do LA 021" @22 0.02

udangrass FPS 2.99 0.06 0.88 0.10 0.09 0.03
| FPS#P_ | 287 006 106 008 011 00l

hybrid Mean 3.02 0.07 1.02 013 0.14 0.02

CF 328 0.08 1.12 0.17 0.18 0.03

corn FPS Shilyl. 0.07 1.49 0.12 0.11 0.03
FPS+P | 286 010 138 008 010 001

Mean 2.86 0.08 1.33 0.12 0.13 0.02
safe level™ - 0.2~0.5 1~3.7 0.2~1.4 0.1~0.5 0.01~0.2

Main 0.07 0.03 0.07 0.89 0.73 0.29

P sub 0.01 0.85 0.60 0.00 0.02 0.04

Main XSub| 0.16 0.54 0.17 0.07 0.03 0.13

CF : chemical fertilizer,

FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics

“Sources : Herbage data are from the author's files, Gough et al(1979).
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FFILFE, FexFdigtiufts 9 555719 CP(Crude Protein)
SheFe 7b7y 3.74, 3.02, 2.86% S FAHEQA HEAMYHEE FYHEA
2 =RAH T A EAA Ay =wHlyt ®o Zbzp 3.39, 3.33 %
B80%= Al WERR T (p<0.05). PIABEAA AP =Zangrh 7R s

A2FFS wgom 8409 et A MER Rtk ABA PYRS 2

\&)

W 2FEEE S5 9 FexaaagangtFe] 47 0.08, 0.07%E T
}E 0.04% Bt A Uebdom (p<0.05), nEFFE Aedrs /4
o] §lAth. AurhelAl ERolu] Algo] setus Al g Bk K o]l sk
b= Lorain¥} Buckley (2001) 9] ¥ w9} #3413 k0] Eulx Ao Hyhat
& ERg AEE A7 Ex o K @] FeHlETEng ¥dtE I 5
(2003)¢] Hiaskes & daixE KRS 2Folv vlEA oA Fdo] 1
EhutA] gttt Ca@tFelli = 2FEEE a7 (AR v EF /78
e g7t ERdan G A uAEAA A ERdu|ge] v)s)
THEE FoAz7t vebbA okokARl, NS E R
Aol HE el gTrl ERAT g m QgL A =R Tela nrl

=A Y4eEb T (p<0.05). FEXFE It AnAE =2 dH Aol Mg

A

"
3

Zo] 0.09%% stol b+ 0.1~0.5%HAAE X VA &7 3RS A

=

ol Mg—tetany® $1@7Fs7dol glof Eelth speujaelld Mgeao]
A vebd o= JAbE vER AEE Sl 11E MgO)dEel e

of glo] YFE AW Ao AnTh Na@@ 8 44 23S woh
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FPS
Treatment

sorghum hybrid E sorghumXsudangrass hybrid 0 Com sorchumhybxid B sorghumXsudangrass hytid 0 Com
25

Treatment

Fig 13. Micro—mineral uptake of stem of three forage crops.
CF : chemical fertilizer,

FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics

Feo &30 Qo] 2EWMaE £5:57} 28.7kg/ha® 7} =gtow =

o] 22.5kg/ha®l +Oo= e
AT 32.2, =wn] AT 225
gl spehl - 20.2kg/ha =0 YERRTE Mnel F5el Slolds 2FEE

e = PPN PPN
T FEXFHISANRE, SIS, 57 22 47 63.6, 36.9 4
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36.1kg/ha® E} ZFo] wld] FukagliolA Fodtl HlEAEHEE vAE
AA A EEANF7F 51.3kg/haz EF A2+ =0T 51.2 U 3}8
Hl 57" 38.8kg/ha Xt} =2 ZH3S Yt

Znel FFoX e ST,

FrExeaagtangE:e] £o2 747t 5.6, 3.5 9 3.4kg/had]

= Bt ¥ EFF JAME uBEAAA Y =EAH T, =]
7, 3.5 W 2.4kg/ha® E AHTHT} uAYE

AA A EZRAu FeA Eokth o2t A= B AR n A EAAA

2] =EA87F v g Eel Yol A%l BY] Mo AR ETH(FE Table 7
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Table 18. Crude protein and macro—mineral content of leaves of three
forage crops.

(unit:%)
Items
) Cp P K Ca Mg Na
Main Sub

CF 123 021 1.43 046 044 002

sorghum FPS 121 020 1.10 054 049 001
hybrid FPS+P 100 0.17 1.20 053 035 008
Mean 115 019 1.24 051 043  0.04

sorghumx | CF 115 018 1.35 053 044 002
FPS 105 0.19 072 054 046  0.02

sudangrass | ppq.p 101 024 108 053 036  0.06
hybrid Mean 10.7 020 105 053 042  0.03
CF 123 0.8 1.18 047 035 002

corn FPS 103 0.9 086 050 041 004
FPS+P 10.2 018 1.17 045 033 007

Mean 109 018 1.07 047 036 004

Main 0.204 0.661 0.039 0101 0095 0.291

D sub 0.003 0.946 0.003 0.349 0.008 0.001
MainXSub | 0.370 0.268 0.277 0.535 0.765 0.167

CF : chemical fertilizer,
FPS : fermented pig slurry,
FPS+P : fermented pig slurry with probiotics

g AmRFEoe] Zhz 11.5, 10.9 9 10.7%<C. 2 vEseH, A
SR 7 12.0%%2 =F9 W uAEA A g =& du]
10.4%R} =4 et (p<0.05). K&k Qo= 5

9 FEx g AwE B ZhzF 1.24, 1.07 9 1.05%% =4 e
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™ (p<0.05), HIEFREEE e 2 PAEAAAGE 744 1.32,
1.15%% =&dq8]7- 0.89% Bt E34tH(p<0.05). Mge| &2 FFusts
AN Ak ERoY #9 1
0.45%% B AT Bt} E4H(p<0.05). Uolxe Mgdrae 0.33~0.49%

e

L ONEERE ALl EReu T

o,
flo
3@

2 Mg—tetany? ¢rd4F2 0.1~0.5%°)W o|=& ¢3o] §lo] Helth Na
< 2FHIE 0] AAT v g A oA nAEAA A2 EEHu] T

A 0.07%= EF ATl vl8)] =34tH(p<0.05).

A=A e mPFRT|E S5 Fig. 14914 Benkel @

sorghum hybrid B sorghumxsudangrass hybrid £ Corn sorghum hybrid B sorghumXsudangrass hybrid O Corn

£ 150
(o}

X
© 100
w

sorghum hybrid E sorghumX sudangrass hybrid O Comn sorghum hybrid E sorghumXsudangrass hybrid O Corn

CF FPS FPS+P CF FPS FPS+P
Treatment Treatment

Fig 14. Micro—mineral uptake of leaves of three forage crops
CF : chemical fertilizer,

FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics
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7} 175kg/ha® 7 =%

AEAl el Fedl Fdd 2TERs &5
o, FFUFE FExFEaetrawdEol 27 158 9 155kg/had] wO®
ekttt vE FRelAE vAE AA A sEdu, =Rgn) A
stehul 77k 742F 201, 184 9 101kg/ha =02 UERETE Mnel F5 9l

e FLfE, sexsdilsiads 9 e sor 7
B 2ol vle) eruiFeld =9tk vEA
SR

oAM= =FHE

b 244, 218 9 194kg/ha®
EEE A EAA Ay =wdH]+7F 330kg/haz EF AT &)

313 @ E=FAH X 196kg/ha Bt} =4 YEFST
2 FEXFEagtAa
&

Foll M= 259
37.5, 33.0 9 31.3kg/ha? &5

Me ERAR T, v BEAAAY S2A8 T 9 39
32.5 9 27.8kg/ha® B} AFHT =8| A

4
A3t
FEFIME FRLAE, $FxFHIRAL
! 10.9kg/ha® B} =F X
o ME v YEAA A2

IR

LHEFSE T
TR =9k ¥ Table 8 #1).
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Table 19. Crude protein and macro—mineral content of corn grain

(unit: %)
Items

CP P K Ca Mg Na

treatments
CF 10.1 0.34 3.35 0.26 0.02 1.10
FPS 9.4 0.33 3.01 0.15 0.01 1.16
FPS+P 11.8 0.32 3.97 Odlsh 0.01 1.17
Mean 10.4 B33 3.44 0.19 0.01 1.14

CF : chemical fertilizer,
FPS : fermented pig slurry,
FPS+P : fermented pig slurry with probiotics

CPEFS AZAA Ag EXAT , BT 2 ERquTAA 242
11.8, 10.1 ¥ 9.4% +2& Yehgtal, PARL vd §5S Btk K &
Fo AEAA AelT, deaT W ERQuTAN 27 397, 3.35 2
3.0l 2 Yetth Cagt@ol = sten|s+7F 0.26%% B AT Hu =
At Mg &2 0.02%% 3pstH| 277 BF A7 8u 530 NaddFolA
o AEAA A EReuE, ERANT w sshulaiels 2z 117,

1.16 ¥ 1.10%9] &= BT
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Fig 15. Micro—mineral content of corn grain

A0 n ety E ek Fig, 1594 BE=nkel 2}

4>

CF : chemical fertilizer,
FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics

z} 33.6, 27.6 @ 17.0ppmO.& YEFsTE Mn¥ & =, |5
2w =AA A = A6 7 242 10.79, 9.51 ¥ 8.51ppm O F UFERRE
th Zn¥EE VAR ER 9, stet st 9 n A EAA] AE =i
Hl oAM= Z+2F 21.0, 19.9 % 18.4ppm O 2 YEFSTH Cud s v A EA A
A EEquT, ERdElt 9 gstH s elAE 47 6.11, 3.93 4
0.46ppm O & W AEAAXE =RAu] 77 € AT Brh F9THA R Table

9 ).
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Alel & EoFdE W sl= Table 202 #t}.

Table 20. Soil characteristics before and after the experiment.

Ava.  Exchangeable Cation CEC
Items - . P20s5 (cmol'/kg) (cmo
. pH o (g/ '
Main Su (%) ke) (mg ca M N 1/
/kg) a4 & ko)
Before 5.3 0.275 61.1 158.5 0.57 3.28 1.55 0.10 12.6
After
CF 5.3 0.257 59.0 231.1 048 2.42 1.03 0.05 12.0
sorghum FPS 5.2 0.265 61.2 180.3 0.46 1.84 0.80 0.06 11.1
hybrid FPS+P 5.1 0.275 63.9 199.0 0.64 2.29 1.01 0.06 12.7
Mean 5.2 0.265 61.4 203.4 0.53 2.19 0.94 0.06 11.9
CF 5.2 0.287 63.5 211.2 0.40 2.18 0.92 0.11 12.5
sorghum X
FPS 5.3 0.260 61.4 180.2 0.33 2.18 0.94 0.10 12.3
sudangrass
hvbrid FPS+P 5.2 0.269 59.7 215.6 055 2.47 1.10 0.12 12.1
ybri
Mean 5.2 0.272 61.5 202.3 0.43 2.28 0.11 0.11 12.3
CF 5.6 0.266 62.1 186.2 0.73 2.74 1.08 0.14 12.8
corn FPS 5.5 0.269 51.9 180.9 0.68 2.51 1.03 0.14 124
FPS+P 5.3 0.282 59.1 206.0 1.03 2.59 1.07 0.15 13.2
Mean 5.5 0.273 57.7 191.0 0.82 2.61 0.14 0.14 12.8
Main 00 0524 04 08 0.00 0.21 054 000 0.2
p sub 00 0328 06 03 001 0.45 0.41 0.45 03
Main XSub| 0.2 0.174 05 08 0.88 0.84 0.84 0.96 06

CF : chemical fertilizer,

FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics
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A AE Bl glolA pHe &5 Al EokelA] 53904 55%
zobslom (p<0.05), FFrushFoly, s xFaidtiustFS Qs B
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Treatment Treatment

Fig 16. Micro—mineral content of soil after the experimental.
CF : chemical fertilizer,

FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics

Al AL Eoko] uwls FI7|AE W3li= Fig 1694 HiE niel 7o) FeA

oo Al ARG Al AT BFE ostou #oAk= st MnidE S 23]

)

A A Ecko]l AN § EYET o 555 Hola Utk ZndEe Al
g 7 1.32mg/kgollA 0| g, BT 9 nAEAA g SEAn)T
7} zbzh 4.23, 4.12 9 4.00mg/kgl ® Eolx ot Ay 7F f9xkE
T (CwA TS A1 A 0.59mg/kgollA 3Fshu| g, =ou] 9l v 5|
A A EEgu] Ag o R 7hzE 0.821, 0.854 4 1.027mg/kg S ® o}

A AF= Bt CudEol 53] vAEAA A =aulgels 7 o
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3. ExdH] A[S0| SAAM=ZEA= 4T U EFSHol

nxle g
1) 4s4H
SAAEAE (g ol agta, ) AFT]|Tke] e EEduE

(Fig. 17). 12k ZAF A 232 &
of B3] ZAo] FoHeRE E=J}tH(p<0.05). ol TS olgyt o]zt

ol vls) FAZE AM FA W FEEZOl wob 7] AR ¥ Ao

o] tha Eou oA UEREA] gkt olgbERl gto]aekae] e 1
A 2Z2AF A 24 219e= AR 3Y Anlgk A% 370E An] 3F Az 4.7
7 5.0cm EA] 48:52%(th whA s 2ZZAF AIQ] 6€ 15Yel= A 347
A% 3Y Au] 2 115.49 74.6cmZA H &S 60.7:39.30%7 A% 3
Hujo] et 24 A fFEgs Eonh ddH sue 29 219 AR 3¢
I A 3 =R e 23] ZHZF 8.3% 7.6cm EA 52.2 1 47.89] H]
&5 Btk a2y 7 Al ZAbelA s 4393 A 374 =]
e ZAo] zhzt 122.3 9 94.2cm A 56.5 ¢ 43.59 H[ES Kol Qi)
ojgrelql gholaetArt el HlE) A 3Y =RAuCA &3t o =
Boli QTR F Table 10 #a1).
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Plant lenght(cm)

140
120
100
80
60
40
20

21-Feb B O07-Apr O12-May

IUFPS IFPS RUFPS RFPS
Treatment

Fig 17. Plant length of Italian ryegrass and Rye.

[ : Italian ryegrass, R : Rye

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)
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Ag7Ikel g =EAHY] Alfe] mWE SAARAEY dEFES

Table 213 2t}

Table 21. Dry matter yield of Italian ryegrass and Rye.

Items 3
‘ . Dry matter Yield(kg/ha)
Main ub
UFPS 8,281+t124
[talian
FPS 3,824£558
ryegrass
Mean 6,052
UFPS 8,791%£612
Rye RS 7 2,516+47
Mean 5,653
Main 0.473
p Sub 0.000
Main X Sub 0.130

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)

olgglet  golaepaet el dAegEol A7 6,052kg/hag)
5,653kg/haZ A olge|t gro]l 1t A7t tha A yEwth =R A%
717k wEbd e A 39 A8 (DM 7.0%) 7} 8,536kg/ha® A% 370€ (DM
1.8%) 3,170kg/ha Bt} E9kom FAAoZ {227 A th(p<0.05).

7 5(2006)2 A= o]g3o DM 1.7%9 DM 7.0%5 HH| 2 A]-&3}o]
Aer%S vwd 23 DM 1.7%Kt DM 7.0% 9nlelA okt H& 7%

S AYAT FAX Aol A4 Eychy Sk,
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% 5(2006)& BAMEAE olPe<l golaets, U L Al thel
DM 2.7%$ 5.9%¢] B2 A§3 AFIA 22 o|2e<l 1,840kg/ha
4 7,391kg, & 8,250kg % 10,356kg 7l¥] 826kg % 3,098kg °.& A&
Fo] e BRI} 2o £FS UL Bol B AYW vk dnE »

it
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Table 22. Crude protein content and crude protein yield of Italian

ryegrass and Rye.

trems CP(%) CP Yield(kg/ha)
Main Sub 2 2 e
UFPS 10.1£0.3 883.34£31.1
Italian
FPS 10.3£0.1 260.3£8.2
ryegrass = __#
Mean 10.2 571.8
UFPS 10.8+£0.2 895.3£30.1
Rye FPS 10.1£0.3 390.1+68.3
Mean 10.5 542.7
Main 0.330 0.259
P Sub 0.405 0.000
MainxSub 0.204 0.346

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)

oy ojggql gpol ekl xuwmid ek 2t 1059 10.2%% %
& 3 e S ko]l Witk A% 34 AF 3/ME =2 dH] AlEol

AbRe] e gl vXs &¥E B A3 o|get o Lekii



Ztzb 10.13% 10.3, 3ol 247} 10.8% 10.1%%A AuRF e b 2bolm ¢l

T sWol 642.7kg/ha® olgeet Eho]aEhs
=7 vEson anjAg Z|zbEE = A 34
Au] -7k 889.3kg/ha® A% 3709 u]+ 325.2kg/ha Kt} Aakako] worth
(p<0.05). olgfst A= wE i gFo] FRlo] £ Aypolw A7)
Zhefl M2 2P L w7k e B,

571.8kg/ha® °f vl&j th
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(2) A=A Fol= &F

A7kl v =2 du o] Algo] FAFE olgEt ol 1ekagt 7Y

o] YFAE I Table 23 HERASITH

Table 23. Macro—mineral content of Italian ryegrass and Rye

(unit : %)
ltems p K Ga M Na
Main~_ Su s
UFPS 0.18 1.44 0.29 0.40 0.03
Italian rye
FPS 0.13 1.62 0.14 0.22 0.03
grass
Mean 0.15 1.53 On 28l 0.31 0.03
UFPS 0.16 i 137 0.23 0.28 0.02
Rye FPS 0.17 1.28 0.21 0.28 0.02
Mean 0.16 1.53 0.22 0.31 0.03

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)

ALEFES P> 0.13~0.18%9] RS on d&gFirls el nx=
e 2Fo|Y =w1d8] AAZ7|Zte] mE Aol wHE A Xl ot
ojgkg|jt gho]1et A9 o] Casl Mg %ol A% 3714 Hup A% 39
Hlel Al A veEbE s, Mgdel s 0.22~0.40%% Mg—tetany®] <t H

911 0.1~0.5%°1H =2 f1ge] fle S22 HERTh
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Fig 18. Micro—mineral uptake of Italian ryegrass and Rye

I : Italian ryegrass, R : Rye

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)
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Fig. 19914 2 uhel o] 20061 49 7o) Ful2 A$8 ¥ 3
Fol Thn e 2ARSHA T,
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g % &
g2 [ : || // 3
T % / % L 3
L e MW
IUFPS IFPS RUFPS RFPS IUFPS IFPS RUFPS RFPS
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(i i O:O
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Fig 19. Amount of toxic gases during the first three days after
planting in pasture

I : Italian ryegrass, R : Rye

UFPS : unfermented pig slurry (stored for 3day)

FPS : half fermented pig slurry (stored for 3month)
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¥ E9k9 o] 8837 542 Table 249 2t}

Table 24. The pH, total N , organic matter, and major mineral contents

in soil
= N
Main “Sub (%) (mg/kg) (ppm) & b T —

before 5.42 0.765 133.9 31.6 093 2.91 0.91 0.18

) UFPS 5.55 §10.7 35\ il 3d =dwg= 355 [0.69% .65 1.14 0.19
Italian rye

srass FPS 558 0.778 1356 50.8 081 257 1.40 021

Mean  5.58 0.7567 135.0 43.0 0.75 2.60 1.27  0.20

UFPS 550 0.781 134.8 45.9 0.90 2.62 1.28  0.20

Rye FPS 5.07 0.802 131.9 48.9 091 2.90 2.90  0.20

Mean  5.04 0.792 133.35 47.40 0.91 2.76 2.09  0.20

UFPS : unfermented pig slurry (stored for 3day)
FPS : half fermented pig slurry (stored for 3month)
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Fig 20. Micro—mineral contents of the soil with Italian ryegrass and
Rye

[ @ Italian ryegrass, R : Rye

UFPS : unfermented pig slurry (stored for 3day)

FPS : half fermented pig slurry (stored for 3month)
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Table 1. Periodic botanical composition of mixed pasture in
2003—-2005

(unit:%)

Treat—

ment*

Date

2003

Date

2004

G

L

W

Date

2005

G

L

W

T1

4/17
/7
11/12

70.8
86.8
35.4

LO%3
12.2
39.9

19.0
1.0
24.7

4/12
6/30
10/15

30.2
43.3
17.2

33.4
o04.4
45.5

36.4
2.3
37.3

4/27
7/6

57.5
58%9

29.9
37.0

12.6
9.1

T2

4/17
/7
11/12

62.4
88.8
35.0

11.0
b
38.3

26.6
1.7
26.7

4/12
6/30
10/15

28 g
45.9
8.1

34.6
52.0
50.1

36.7
2.1
41.8

4/27
7/6

41.7
46.4

40.3
42.9

18.0
10.7

T3

4/17
/7
11/12

67.5
88.1
34.4

10.5
10.6
44.6

22.0
1.3
21.0

4/12
6/30
10/15

27.4
46.0
15.6

42.0
D24
23.0

30.6
1.9
31.4

4/27
7/6

35.1
43.9

16.7
48.9

18.2
7.2

T4

4/17
/7
11/12

58.3
79.2
25.1

12.2
17.0
45.0

34.5
3.8
29.9

4/12
6/30
10/15

AR
47.7
18.7

37.2
49.2
8IS

36 41
3.1
43.8

4/27
7/6

37.4
47.7

44.3
44.9

18.3
7.4

TS5

4/17
/7
11/12

62.3
83.5
28.8

15.56
13.6
48.5

242 2
2.9
22.6

4/12
6/30
10/15

31.7
45.0
12.7

32.6
B 199
99,7

30,7
Fpdl
27.6

4/27
7/6

46.4
41.8

36.2
ol.1

17.4
7.1

T6

4/17
/7
11/12

66.0
85.8
40.3

11.2
12.2
35.8

22.8
2.0
23.9

412
6/30

322
44.2

SiH5
54.9

10/15 6.8 58.2

36.3
0.9
35.0

4/27
7/6

44.2
49.3

38.3
44.3

17.5
6.4

"Tl:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
100%(1st

yr) +CF

100% (2nd  yr)+CM(3rd yr),
100%(2nd y)+CF 100%(3rd yr).
“G : Grass, L : Legume, W : Weed
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Table 2. Crude protein content of mixed pasture from 2003 to 2005.
(unit : %)

Treat— 2003 2004 2005

ment* | 1st 3rd 5th mean Ist 3rd 5th mean 1st 2nd 4th mean

T1 |15.2 15.6 20.2 17.0 15.5 19.9 20.5 18.6 15.4 18.1 20.4 18.0
T2 124 16.7 17.5 15.6 15.6 18.3 18.5 17.5 14.0 17.5 18.0 16.5

T3 |13.3 16.0 18.4 15.9 15.3 19.4 19.0 17.9 14.3 17.7 18.7 16.9
T4 |13.3 16.6 21.0 17.0 15.7 19.8 20.9 18.8 14.5 18.2 20.9 17.9

T6 128 16.9 17.9 15.9?15.5 20.3 17.2 17.7 14.2 18.6 17.5 16.8

T6 |14.4 16.7 20.2 17.1 15.3 19.6 20.6 18.5;14.9 18.1 20.4 17.8

"T1l:chemical fertilizer100% (CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100% (1st
yr)+CF  100% (2nd yr)+CM(3rd yr), T6:CM 100%(1st yr)+CF
100%(2nd y)+CF 100%(3rd yr).
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Table 3. Mineral content and uptake of mixed pasture in 2003.

Treatments*

Date

P K

Ca Mg

Na

Fe

Mn

/n

Cu

kg/ha

T1

4/17
/7

Mean

0.28 3.75
031 294

030 312

029 335

037 0.21
034 022

065943 .

035 0.22

0.12
0.04

097

0.08

77.5
81.2

19.2
26.0

14.0
16.1

T2

4/17
/7
11/12

0.28 348
036 3.24
0.29 3.00

038 0.21
036 0.26
Vet | 35

0.11
0.06
0.07

Mean

031 3.36

0.36 0.23

0.08

T3

4/17
/7
11/12

0.27 3.08
0.34 3.00
029 3.26

Mean

031 315

043 0.22
0.30 023
062 057

0.14
0.07

0.07

036 0.23

0.10

T4

4/17
/7
11/12

0.28 349
0.33 3.00

034 323

0.45 0.24
0.40 0.23
0.79 0.55

0.16
0.06
0.09

7.9
8.7
10.0

Mean

031 3.21

0.40 0.23

0.11

8.9

T5

4/17
/7
11/12

0.25 3.28
0.30 3.01

032 295

042 020
0.40 0.26
0.52 0.67

0.10
0.07
0.09

9.6
8.4
10.1

Mean

o0 “347

041 0.23

0.09

9.4

T6

4/17
/7
11/12

0.28 3.38
031 299
031 3.06

0.44 0.22
048 0.28
0.53 050

0.12
0.05
0.07

15.5
8.6
9.4

Mean

0.29 318

044 0.24

0.09

11.2

“T1l:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100%/(1st
yr)+CF 100%(2nd yr)+CM(3rd yr), T6:CM 100%(1st yr)+CF 100%(2nd

v)+CF 100%(3rd yr).
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Table 4. Mineral content and uptake of mixed pasture in 2004.

Treatments*

Date

P

K

Ca

Mg

Na

Fe

Mn

/n

Cu

%

kg/ha

T1

4/12
6/30
10/15
Mean

0.28
0.24
0.29
0.27

3.9
3.45
3.46
3.49

0.36
0.45
0.45
0.42

0.22
0.24
0.21
0.22

0.13
0.13
0.14
0.13

230.6
2187
141.3
2169

70.5
1194
137.0
109.0

26.4
28.6
31.0
28.7

7.1
10.0
10.8

9.3

T2

4/12
6/30
10/15
Mean

0.27
0.25
0.26
0.26

3.70
3.64
32
3.9

0.36
0.45
0.44
0.42

0.23
0.22
0.23
0.23

0.13
0.17
0.12
0.14

205.3
267.2
153.1
208.5

71.3
102.5
112.9

95.6

21.5
26.2
33.0
26.9

6.5
9.2
10.4
8.7

T3

4/12
6/30
10/15
Mean

Q.28
0.33
0.31
3

3.94
3.44
3.95
3.01

0.42
0.42
0.44
0.43

0.21
0.23
0.22
0.22

0.13
0.14
0.15
0.14

226.7
334.1
165.1
2419

J R
104.9
103.2
93.7

24.8
29.4
39.7
31.3

6.9
9.7
11.8
9.4

T4

4/12
6/30
10/15
Mean

0.33
0.25
0.26
0.28

o593
3%
3.69
3.98

0.43
0.48
0.49
0.47

0.22
0.22
0.23
=%

0.13
0.14
0.13
0.13

222.2
293.9
170.9
229.0

68.5
89.0
109.5
89.0

26.9
274
32.3
28.9

7.3
8.8
9.8
8.6

T5

4/12
6/30
10/15
Mean

0.27
0.29
0.32
0.29

B, 3
3.61
3.34
3.44

0.42
0.40
0.47
0.43

0.22
0.23
0.21
0.22

0.15
0.14
0.15
0.15

211.6
3775
125.9
238.3

63.9
e 0
95.7
85.1

26.8
28.6
30.9
28.8

6.5
8.5
10.0
8.4

T6

4/12
6/30
10/15
Mean

0.29
0.27
0.30
0.29

L=
3.62
3.98
3.52

0.43
0.45
0.46
0.45

0.21
0.21
0.22
0.21

0.12
0.18
0.13
0.14

198.6
331.3
177.8
235.9

66.8
107.5
112.2

95.5

271
30.7
35.2
31.0

7.5
8.6
11.8
9.3

“T1l:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF
25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100%/(1st
yr)+CF 100%(2nd yr)+CM(3rd yr), T6:CM 100%(1st yr)+CF 100%(2nd
v)+CF 100%(3rd yr).

- 106 -



Table 5. Mineral content and uptake of mixed pasture in 2005.

P K Ca Mg Na Fe Mn Zn Cu
Treatment* | Date
content (%) uptake(kg/ha)
4/27 031 362 038 026 0.13 211.2 806 278 79
T1 76 028 356 047 028 012 2114 1147 304 96
96 031 341 045 035 0.14 2009 1372 319 112
Mean 029 359 042 0.27 0.13 2078 110.8 30.0 96
4/27 030 378 039 025 0.14 2226 737 264 7.3
T2 7/6 030 370 046 0.27 013 244.0 1074 282 97
96 030 351 044 025 012 2561 1159 327 106
Mean 030 3.69 042 0.26 0.13 2409 990 29.1 92
4/27 030 363 045 024 0.13 2561 786 264 7.3
T3 7/6 034 355 045 0.28 013 2972 106.7 305 99
96 033 359 044 023 015 2781 1150 36.0 120
Mean 031 362 044 0.26 0.13 277.1 1001 309 97
4/27 032 358 046 025 0.12 2274 721 273 273
T4 76 029 375 048 029 0.12 2826 1054 284 284
96 031 381 049 026 013 2781 109.3 331 331
Mean 031 365 046 027 012 2771 956 296 296
4/27 030 351 045 025 0.16 231.1 679 278 278
T5 7/6 031 369 045 030 0.14 279.0 91.1 291 291
96 036 356 047 0.24 0.15 2859 1004 32.0 320
Mean 031 3.62 045 0.27 0.14 2653 864 296 296
4/27 030 358 045 026 0.13 2056 71.7 281 281
T6 76 032 375 047 027 014 316.7 1114 357 357
96 034 371 046 027 013 2782 1137 36.4 364
Mean 031 365 046 0.27 0.14 2669 989 281 334
"Tl:chemical fertilizerl00%(CF 100%), T2:CF 50%+CM 50%, T3:CF

25%+CM 75%, T4:cattle manure 100%(CM 100%), T5:CM 100%(1st yr)+CF
100%(2nd yr)+CM(3rd yr), T6:CM 100%(1st yr)+CF 100%(2nd y)+CF 100%%

(3rd yr).
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Table 6. Soil

chemical properties of the pasture from 2003 to 2005

OM Available Exchangeable
Treatment* | Date b P05 cation(cmol /kg ")
15 (%) (%)

(mg/kg) K Ca Mg

03. 12 583 575 026 291.2 0.75 3.67 1.82

T1 04. 11 616 627 0.26 232.9 0.38 5.18 1.94
05.10 612 771 035 3474 0.81 7.29 2.87

Mean 6.04 658  0.29 290.5 0.65 5.38 2.21

03.12 536 564 0.27 272.9 0.71 541 2.67

T2 04. 11 596 656 0.27 234.6 0.50 4.60 2.04
05.10 58 749 034 293.7 0.64 5.14 2.26

Mean 572 656 0.29 267.1 0.62 5.05 2.32

03.47 B 5.3 a5 247.7 0.63 3.84 1.76

T3 OfF 1. 9593 P 0l=="U8 346.5 0.83 5.54 2.40
05.10 612 772 0.35 302.6 0.80 7.03 2.78

Mean 593 656  0.29 2989 0.75 5.47 2.31

03.12 531 617 0.27 234.3 0.82 481 2.46

T4 04. 11 589 641 0.28 272.3 0.73 5.22 2.29
05. & EoP4 (843 —0.37 353D 0.96 6.48 2.81

Mean 571 7.00 0.31 281.4 0.84 5.50 2.52

03l?™ G688 SHUINEEHZE 249.5 0.83 5.76 2.69

T5 04.11 595 638 0.26 2775 0.44 5.60 2.40
05. 10 6.09 792 036 347.7 0.66 6.73 2.98

Mean 591 654 0.29 291.6 0.64 6.03 2.69

03.12 6.03 537 025 234.8 0.61 5.00 2.55

T6 04. 11 6.05 640 0.26 268.9 0.37 5.32 2.34
05. 10 634 778 035 3l 1e 0.41 8.58 3.40

Mean 6.4 652 0.29 271.8 0.46 6.30 2.76

*T1:chemical

100%,

),

fertilizer100% (CF  100%),
T3:CF 50%+CM 50%,
100% (1st yr.)+CF 100%(2nd vyr,)+CM(3rd yr),

yr.)+CF 100% (2nd yr.)+CF 100% (3rd vyr.)
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Table 7. Micro—mineral uptake of stem of three forage crops
(unit : kg/ha)

Items P M b C
Main Stﬂo\ . . ! 3
CF 14.4 28.0 7.7 1.7

sorghum FPS 2% 54.0 9.8 3.3
hybrid FPS+P 34.5 28.8 8.4 5.6
Mean 23.8 36.9 8.6 3.5

sorghum X CF 18.3 55.5 9.3 2.4
FPS 17.7 40.0 9.1 3.7

sudan grass | ppqip 315 955  16.1 41
hybrid Mean 225 63.7 11.5 3.4
CF 27.9 33.8 10.0 3.3
FPS 27.4 45.2 11.8 3.5
corg FPS+P 30.7 29.5  20.9 7.6
Mean Ry 36.2 14.2 4.8

CF : chemical fertilizer,
FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics
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Table 8. Micro—mineral uptake of leaves of three forage crops
(unit : kg/ha)

Items

. Fe Mn Zn Cu

Main Sub
CF 91.6 1255 27.7 6.2
sorghum FPS 189.2 191.5 38.1 9.5
hybrid FPS+P 192.6  413.6  33.3 21.8
Mean 157.8 2435  33.0 12.5
sorghum X CF 110.0 1488  29.9 6.5
FPS 183.2  203.0  44.3 9.8
sudan grass | ppg.p 1734 3039 384  19.9
hybrid Mean 1555 218.6 375 12.1
CF 102.1 1145  26.0 6.5
corn FPS 181.1  194.9 420 9.4
FPS+P 241.6 2715  26.0 16.8
Mean 1749 1936 31.3 10.9

CF : chemical fertilizer,
FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics

Table 9. Micro—mineral content of corn grain.

(unit : ppm)
Treatment Fe Mn ) Cu
CF 27.6 9.5 19.9 0.5
FPS 33.6 10.8 21.0 3.9
FPS+P 17.0 8.5 18.4 6.1
Mean 26.1 9.6 19.8 3.5

CF : chemical fertilizer,
FPS : fermented pig slurry,

FPS+P : fermented pig slurry with probiotics
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TablelQ. Periodic plant length of Italian ryegrass and Rye.

(unit : cm)
Dates
) 1st(21/Feb) 2nd(07/Apr) 3rd(12/May) 4th(15/Jun)
Main Su _
UFPS 4 ¥ 1483 52.5 115.4
Itali
A TYE T ppg 5.0 5.8 93.8 74.6
grass
mean 4.9 8.6 38.2 95.0
UFPS 8.3 29.2 120.4 122.3
Rye FPS 7.6 14.2 72.6 94.2
mean 8.0 2= 96.5 108.3

UFPS : unfermented pig slurry (stored for 3day)

FPS : half fermented pig slurry (stored for 3month)

Table 11. Micro—mineral uptake of Italian ryegrass and Rye

(unit : kg/ha)

Items

— F M 4 C

Main Sub—_ = & " "
UFPS 103.5 32.3 32.2 5.3

Italian rye
FPS 56.0 22.4 24.9 1.1

grass

mean 79.75 27.35 28.55 3.20
UFPS 84.6 29.1 27.9 3.1
Rye FPS 25.6 9.7 8.5 1.3
mean 55.10 19.40 18.20 2.20

UFPS : unfermented pig slurry (stored for 3day)

FPS : half fermented pig slurry (stored for 3month)
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Table 12. Amount of toxic gases during the first three days after
planting in pasture area.
« Tamp
Treatment SOq9 NO NO; NH; H.S CO ()
7/May
IUFPS 1.58 0.56 - 6.15 2.18 12.47
IFPS 1.24 0.62 0.01 6.41 1.74 8.30
24.30
RUFPS 1.84 0.73 & 1 8.07 3.25  20.43
RFPS 1.55 0.55 - 4.60 2.14 13.09
8/May
IUFPS 0.98 0.42 = 3.22 1.05 6.35
IFPS 0.82 0.47 = 4.15 0.77 5.74
24.15
RUFPS 0.99 0.56 - D353 1.65 7.63
RFPS 0.85 0.36 = 3.03 1.06 6.88
9/May
IUFPS 0.22 0.24 - 0.36 0.03 3.61
IFPS 0.24 0.20 = 0.26 0.05 3.45
23.70
RUFPS 0.19 0.27 . Q%7 0.02 3.64
RFPS 0.13 0.25 = 0.65 0.06 3.43
I : Italian ryegrass, R : Rye

UFPS : unfermented pig slurry (stored for 3day)

FPS : half fermented pig slurry (stored for 3month)
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