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SUMMARY

I. Title

Development of the technique for environmentally friendly utilization of animal

manure for the production of self-sufficient forage

II. Aim and scope of research development

Domestic animals of our country is worthy of notice to produce approximately
350 million tons of animal manure (AM) each year which is known to pollute our
living environment. This study, as a part of environmental preservation recycling
system for the production of self-sufficient forage, was consisted of two subjects;

First, animal manure is very stability in aspect to environmental preservation
recycling system (animal—soil—plant), because animal manure acts like a natural
fertilizer by returning into the soil for crops and feed production. Especially, most
of crop lands of our country are very sloping except paddy field and a lot of
precipitation during summer season lead to leaching and runoff of nutriments from
the soil. Lots of nutriments in leaching and runoff water is subject to
environmental pollution. Therefore, this study was conducted to indicate a basic
data to increase the utilization of AM for environmental preservation under
application of AM.

Second, forage productivity is very difference between utilization form and
application rate of AM and forage cultivation system. To prevent the
environmental pollution by AM, this study conducted to examine the effect on the
kinds of AM and forage cropping system on the productivity of forage and the

environmental preservation



Third, aims of this study were to formulate a plan decreasing nutriment runoff
by forage cropping system and utilization form of AM and preserving the
environment related with forage production, because most of mountain land of our

country slopes.

. Contents and scope of research development

{Effect of utilization form of AM on moving system of nutriments)

o Analysis of productivity of forage crops by utilization form and application rate
of AM

o Change of soil properties by utilization form and application rate of AM

o Investigation of nutriment runoff by utilization form and application rate of AM
O Development of optimum application levels of AM and cropping system in
various slopes to improve utilization of AM for ecosystem preservation on the
basis of the production of forage crops, change of the soil properties and

nutriment runoff

{Study on cropping system related with utilization form of AM to improve

utilization of AM for ecosystem preservation>

O Analysis of productivity of forage crops by utilization form and application rate
of AM
o Effect of improvement of soil fertility by utilization form of AM and cropping
system
o Investigation of leaching of nutriments by utilization form of AM and cropping

system



0 Development of optimum application rates of AM and cropping system to

improve utilization of AM for ecosystem preservation

IV. Results of research development and expected

outcome and utilization

1. Results of research development

To increase the utilization of AM for ecosystem preservation by self-sufficient
forage production, this study was carried out to investigate forage production and
nutriment leaching by application of AM, and to select usage of AM for
environmental preservation under cropping system related with utilization form of

AM in various slopes. This studies were conformed in lysimeter for 3 years.

The results obtained were summarized as follows :

- DM and N yield reveal that there is an increase in order; chemical fertilizer >

slurry > compost

- Forage productivity was the highest in 200N kg ha' of AM with urea 100

kgf1 hafl, when AM was applied to the land for forage production.

- PO4s—P content in the leaching water was hardly influenced by the kinds, the

application rates and the seasons of fertilizers and the rainfall.

- Forage productivity decreased significantly as the slope increased.



- Forage productivity was the highest in a corn-rye rotation than that in a single

corn cropping system.

- NOs-N, NH4;~N and POs-P contents in the runoff water of grassland were the

lowest. Those, also, increased significantly as the degree of the slope increased.

- NOs-N and NH4s-N contents in the runoff water of slurry were higher than that

in compost, whereas POs—P content was higher in compost than that in slurry.

2. Expected outcome and utilization

The natural recycling process can be completed by application of manure to
the crop land on which forage plants are produced, because it allows an
optimum productivity of forage plants while conserving natural resources and
decreasing mineral fertilizer. However, the utilization efficiency of AM is
largely affected by the kinds of animals, ages, sex, feeds, feeding methods and
utilization form, many countries support the idea of considering environmental
effects for the use of AM with the research program and strict regulation.
Furthermore, AM is stocked into the soils for long period when AM is applied in
the land. Utilization of AM increased by the plants gradually, year by vear
compared with chemical fertilizer.

Therefore, we can suggest that longer term experiments covering several
kinds of applied AM and weather conditions, and investigating runoff or
leaching water is necessary and would give more quantitative information on

environmentally friendly utilization of AM.
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N
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4 5.72 4.87 5.25 5.28
_ B ] 541 8.15 771 7.09

49
g1 6.33 7.94 7.49 7.25
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S
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TR+8
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&}t 26.57 2761 31.21 28.46
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2-5. =k A me dAE S gEbe] A e (ton/ha)

# g 2003 2004 2005 Bt
1] 11.95 17.86 11.53 13.78
4 H] 17.45 2091 26.46 2161
Rl 17.24 2042 20.64 1943
3hetn & 16.42 19.92 22.33 19.56

SEnd HERH 55 NAEEFHd= F7/8 N ke o) o
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Az gl 29 AlRARE(%/AE
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2004

i |
2k

IME oMz 3HE A [HE OWE 39z g7 1Mz oME 3Mx g@ @
Fulo| 132 105 122 11.8 125 133 125 125 112 138 136 125 122
ofu] | 160 104 119 13.2 134 145 115 137 142 137 126 13.8 135

e
Hu] | 137 113 118 125 133 134 116 13.0 136 131 118 132 129
gt g | 150 113 124 13.1 137 152 138 14.0 147 152 129 146 139
u) | 503 575 554 544 589 586 60.1 59.2 595 597 579 59.0 57.5
olu] | 492 554 536 527 584 59.0 605 59.3 588 57.3 592 58.4 56.8

NDF
HH] | 482 564 551 532 59.0 57.3 59.7 58.6 58.1 564 59.7 58.0 56.6
st 5| 488 545 546 52.6 569 57.7 59.1 579 551 586 589 575 56.0
Fu) | 270 315 288 29.1 303 290 320 304 283 296 281 28.6 29.3
ofu] | 264 31.6 265 28.1 27.4 273 294 280 298 236 293 292 28.4

ADF
Hu] | 265 311 285 28.7 281 280 292 28.4 286 27.7 255 271.2 28.1
st g | 241 300 277 27.2 273 295 290 286 270 260 278 269 275
Hu) | 675 640 661 65.8 649 659 636 64.8 665 655 66.7 66.2 65.6
ofu] | 680 63.9 679 666 67.2 67.3 656 66.7 653 663 657 65.7 66.3

TDN
Hu] | 679 643 663 66.1 667 667 658 66.4 663 67.0 687 67.3 66.6
3t 2| 69.8 652 670 67.3 67.3 655 659 66.2 67.5 633 669 675 67.0

_73_



fol

(i)
i
Jo
¥
-
lo
[N]
kg
»
2
¥0
2
>
i
ML
=
lo
_>J‘_tl
)
ol
=
2
=
i
rL
Y
(B
>
il
ox
ML
flo
[

+r
ot
ki
=
M
e
o
o
lo
it
i
=
-
i)
o

o
=
i
-
N
=
s
ol
)
e

o7k 99wk A%

Al M= Al

=
Ak
i
z
)
g
d
>
)
g
ot
ot
flo
"
s
-
N
N
o
i
!
£
s
e
i)

o
rot
)
Jo
¥
-
lo
Nz
e
=
ftix
it
ot
flo
J—‘
[N]
)
(6]
>4
rV
kg
4
-
=
-
A
A
o
piv
SO
£
=
i

B A ke v=e Agkoldvt. TDN &ake dxbd 9 370d Fdxd ol Faj4

7F P whal 9] Aeate AR v a0y

_74_



¥ 2-7. =5xe A" 2 dx g8 9 S olw e Al A E(%/7)
ArEAE = €] 2003 2004 2005 3 3t
1] 8.6 7.0 9.1 8.2
P of ] 10.6 115 9.0 10.3
A=) 114 105 10.1 10.6
g5 R 14.1 11.1 14.1 13.1
1] 56.8 614 59.7 59.3
[SIRE
NDF ol 1] 54.3 59.5 BR.7 575
A=) 5.7 579 58.0 57.2
3 g5 R 53.6 56.2 56.4 55.4
- =4 337 32.4 349 336
[SIRE
ADF ol 1] 32.0 33.0 35.0 33.3
A=) 33.3 29.8 34.7 32.6
g5 R 312 319 304 31.1
1] 62.2 63.3 61.3 62.3
[SIRE
TDN ol 1] 63.6 62.8 61.2 62.5
A=) 62.5 65.3 614 63.1
g5 R 64.2 63.6 64.8 64.2
1] 4.6 5.0 5.8 5.13
2oy A of ] 7.1 6.5 6.7 6.77
A=) 6.1 5.8 8.0 6.63
g5 R 8.6 7.0 7.8 7.80
1] 66.7 69.6 70.2 68.8
[SIRE
NDF ol 1] 61.9 68.4 68.6 66.3
A=) 64.5 68.7 66.5 66.5
o g5 R 63.0 68.5 65.4 65.6
= T T =
1] 46.4 445 45.6 455
[SIRE
ADE o 1] 43.4 40.2 445 42.7
] 447 42.0 403 423
g5 R 41.1 40.6 41.8 41.1
1] 522 b3.7 52.8 52.9
of ] 54.6 57.1 b3.7 55.1
TDN
A=) 535 5.7 57.0 55.4
g5 R 56.4 56.8 b55.8 56.3
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S G2t ol ERxe AHEFHY wE dxd AARAdE S % 83 Bk
Lpge) oMz e |2 W 3xd BE |t M @3 EhEgrr B
o =L Agolglon d ATFHE v Fgon Fulteh ghshn] g7k
zhol7F A Y dxE A7t NDF 2 ADF &%& ¥u)47F 71 %3 &
AP HE vt o R Fa|pRy e Aol d HirsExs n)Sdk ok
Aol =y Fujtel gau)m 7k 2ol rt AAE YT TDN 3o Fu| 7 744
vhol 12bd 2 37ld Hardl oA gt RE el zhel st 1A H A
¥ 2-8 =ik AYFHd wE dxd S5 grte] AR (%/1E)

ALEA e 2003 2004 2005 1t

4] 5.6 5.1 55 5.40

2o ) 8.0 6.9 6.7 7.20

=] 4] 7.0 5.6 7.2 6.60
s}én] 5 9.3 6.5 75 7.77
4] 69.7 70.8 71.8 70.77
ofl
NDF o) 1] 63.9 66.1 70.1 66.70
=] 4] 60.6 69.2 67.2 65.67
s}én] 5 57.2 65.6 68.3 63.70
4] 466 43.4 445 44.83
ADF ) 39.3 40.0 43.9 41.07
=] 4] 38.0 40.9 40.4 39.77
3}e] 5 35.0 375 425 38.33
4] 52.0 54.6 53.7 53.43
) 57.8 57.3 54.2 56.43
TDN =] 4] 53.8 56.5 56.9 57.40
s}e] 5 61.2 59.2 55.3 58.57

o]’4e] AzlollA NDF, ADF % TDN &2 FH|+5 Aot gn| EHn] 2 35}s}

Hl S5 7ke] Apol 7 x| ¥skdl, 9 e Feid 2 NDF, ADF 2 TDN &30

rlu

Lehmann(1982) %
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=

2-9. =& Aol wE dxd FdxA

S
i
o2
oX.
A

Wx

T i 2003 2004 2006 B
1) 6.9 6.6 6.4 6.63
o] 6.3 6.4 6.5 6.57
pH
1] 6.8 6.4 6.4 6.53
5} 8] 5 65 6.3 6.1 6.30
1) 132 17.8 30.2 20.40
oM o 16.4 22.2 339 24.17
(g/ke) 1] 166 23.2 336 24.47
5} 8] 5 14.8 22.3 33.1 2357
1) 05 0.2 0.1 0.27
T-N N H] 0.5 04 0.1 0.33
(%) 1] 0.6 0.4 0.4 0.47
5} 8] 5 05 0.4 0.3 0.40
1) 1853 95.6 81.6 120.83
P205 o 221.3 225.6 142.0 196.30
(ppm) 1] 306.3 1453 100.6 184.07
5} 8] 5 184.0 169.6 79.0 144.20
1) 48 40 40 427
Ca o) 6.1 5.2 54 557
(cmol/ke) 1] 5.2 5.1 47 5.00
5} 8] 5 5.0 46 37 443
1) 24 24 25 2.43
Mg i 2.1 2.1 2.0 2.07
(cmol/ke) 1] 2.1 22 22 2.17
5} 8] 5 17 2.1 2.0 1.93
1) 0.2 0.1 0.1 0.13
Na N H] 0.1 0.1 0.1 0.10
(cmol/ke) 1] 0.2 0.2 0.1 0.17
5} 8] 5 0.1 0.1 0.1 0.10
1) 04 0.4 0.3 0.37
K | 05 05 0.2 0.40
(cmol/ke) 1] 05 0.4 0.3 0.40
518l 8 05 05 0.6 0.53
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E 2-10. B2k AFelel B2 dAd 5 B S55 o|my B ey
gz °F b Bt
2003 2004 2005
] 6.4 6.4 6.1 6.30
o 1] 6.3 6.1 5.8 6.07
pH
= v 59 6.0 6.1 6.00
5} 81| 5. 6.1 6.1 6.1 6.10
] 145 20.9 324 22.60
OM o 1] 188 23.0 30.7 24.17
(g/ke) EH| 30.2 27.7 28.7 28.87
5} 81| 5. 162 21,57 314 23.06
] 0.7 05 0.1 0.43
T-N o v 0.9 0.6 0.2 0.57
(%) = v 1.0 0.8 0.1 0.63
5} 81| 5. 0.7 0.6 0.2 0.50
] 77.0 9.6 1076 94.40
P205 o 1] 3813 4186 4636 421.17
(ppm) = ] 320.6 316.3 287.3 308.07
5} 81| 5. 257.0 231.0 221.3 236.43
] 39 3.8 3.8 3.83
Ca o 1] 37 43 35 3.83
(cmol/kg) = v 45 47 5.2 4.80
5} 81| 5. 40 42 3.8 4,00
] 2.0 17 17 1.80
Mg ol 1] 15 2.1 2.0 1.87
(cmol/kg) = v 17 18 2.0 1.83
5} 81| 5. 16 19 2.1 1.87
] 0.1 0.1 0.1 0.10
Na o v 0.1 0.1 0.1 0.10
(cmol/kg) = v 0.1 0.1 0.1 0.10
5} 81| 5. 0.1 0.1 0.1 0.10
] 0.4 0.4 0.3 0.37
K v 04 04 0.2 0.33
(cmol/kg) = v 05 05 0.3 0.43
5} 810 5. 0.6 0.8 0.8 0.73
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o AP Peol W WA ShrU B

Q_ A

=2

fr

14 =
B E A 2] Ss Bt
2003 2004 2005
] 6.0 6.0 56 5.87
- ol 1] 59 5.9 56 5.80
b ) 6.0 5.9 55 5.80
shatv) 2 59 5.8 5.4 570
] 199 944 32.1 95.47
OM o] 21.9 24.9 305 95.77
(2/ke) 1] 24,1 2.1 929.7 94.63
shatv) 2 24.0 20.1 325 95.53
] 0.3 0.6 0.1 0.50
T-N ol ) 0.8 0.8 0.1 0.57
(%) =] 0.8 0.8 0.3 0.63
shatv) 2 0.9 0.7 0.1 057
] 179.0 130.3 182.0 163.77
P205 ol 1] 950.0 324.0 390.3 321.43
(ppm) =] 204.6 937.0 3156 952,40
shatv) 2 9376 2456 215.0 932,73
] 39 3.0 32 337
Ca o] 35 3.4 23 307
(emol/ke) 1] 40 5.0 41 437
shatv) 2 36 2.9 2.1 2,87
] 1.0 11 11 1.07
Mg ol ) 0.8 11 11 1.00
(emol/kg) =] 0.8 1.2 1.2 1.07
shatv) 2 0.7 0.7 0.7 0.70
] 0.1 0.1 0.1 0.10
Na o] 0.1 0.1 0.1 0.10
(emol/ke) =] 0.1 0.1 0.1 0.10
shatv) 2 0.1 0.1 0.1 0.10
] 0.1 0.1 0.1 0.10
K o] 02 0.2 0.1 0.17
(emol/ke) 1] 0.2 0.2 0.1 0.17
slatv) 2 0.2 0.3 0.2 0.23
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