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BTSSR KEEREEANEEEMERLIE

Boeal

= sty (2
51&7\[‘:[@( )

U P c Q1% 4 F] 11 F!; FE0F 13 1 91 7 6 5] 20 [ !

m =

+ R %&?W G B A B RO & B LT SR BT A
FEREET EL(A) FETEEUS-T 6,500 mP/haly 1B (=200 kg N/haly) ~ (B) #&#/EUs-f< 13,000 m*/haly
54 (=400 kg N/haly )~ (C) #&#/EUszf< 19,500 m*/haly B (=600 kg N/haly ) ~ (D) HaErsa i k! i
$2-]< 13,000 m3/ha/y I (=300 kg N/haly) - (E) HsR/ARs 2Rl 917 19,500 m*/haly 15 (=450 kg
N/haly) ®(F) {=229°0R| G (400 kg N/haly) o F,n, RABRGCEFR S FIHE o AT (2000 ~ 2001) R
P FTE TR R G SR E RS J?S“Iif?{bﬁ'ﬁﬁiml——?” SPTRI G By > FELRL P
K PRI BRI o 50k 4 eI pH VREn S~ 35 Wi g R 3 T 197 7.5 ~ 83
] o EC 14 0.1~0.7 dS/m V] » {7 0.75 dS/m fOyifs—f<fE v o 133k-I<f[1 NO3 - N ﬁg =
2.2 ~3.7 mg/L /] ﬁiﬁi’ BIZE BB (P>0.05 )e 2 & EEET i B I hg R G-I E 52! 517 mt/ha
e R A (SR RIS 405 mittha > [P R BASTIRG R T o M =
' = FUES PSR OR] o B Rt g R B S "?”rﬁﬁﬁ 159E% 9.4~10.2% 1/ fH] » =
W5 -SRI 8.9%EL ) - Hu;t:;@auﬁf | T 1Y 69.7~70.5% 1 [ » EZRIf]E BB (P>0.05) © &
i;t‘%ﬁéf,ﬁﬁ 1487, 39.2~39.9% 1[5 ') A% B &i@ﬁf%wﬂ%\“iﬁ? s Flf}ﬂﬁﬁﬁ 1487, 8.6%~9.4%
V] ) ESCE Bl o BRITZP ST T 73.0~73.6% » Il B T A (P>0.05)

SRR+ AP U S IR

w5
%ﬁ% &@ VIS AR (R 5 S S O F TR R - 55
- Jﬂw**w ) ,E. ﬂ@ 44.8%+ T 2.0% [ 2 I T S PUELEGE R PR R
cllﬁ,l‘a‘?ﬁizﬁébﬁ% FIHETE 2034 fiﬂ*’ﬁl o Fﬁ*‘r’\i%i’@'ﬁ WIRSE e =30 ’v['ﬁ“@? PR

[P s B www\%@w R o SRS R )0 (3R 1995) - PR,
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(1) SR T E ﬁgﬁ,@:fe&‘wrm £ 58T 1112 8o
(2) FOETREIT ﬁ’?‘ﬁ,@:&&“* AT

_TTT

PR P P PV E SRR i/[l— PET 500 7 57— wﬁﬁ#ﬁf{ﬁ%ﬁ“ﬁ[l&@r FiEinE | 180 g~ 5k 123

g k&1 258 g El Hléﬂ'r‘jii ‘iF"J T ST EE ij%gﬁrF[}ﬁ%, f' If Jﬁ?ﬁ‘%ﬁ?ﬂ E IF B R 115
SR i 35 ﬂglﬁ’gﬂﬁﬁ% (#%->1988) - [@F,fﬁ%lﬁbﬂlﬁ”ﬁﬁ BURRE L i O 23

Bl f:"’ﬁ[ﬂﬁﬁ?l > PRI B BT P LR A A J}fFF;;Ej_i'r i s (Y #u[gmm%rﬂ

PITFEFT RIS LRSS g o %%#@b%ﬁﬁﬁ%%w*m%* PRy

B s ‘ﬁﬂ;’?%g'Jﬁé‘f@’lfH [ EECRER R BT E'J??“Eﬁﬁ&* o I A S A TR

EPILFSY R ™ SRk B~ (T BRSSP LT ek S AR SRR oAl

ALY

MR T A

I EREFTR] © BRRRATRIFRE 4 T A" PRI HRUR A R BRS HUE im l o JUE'E ’F}%ﬁfﬁ: i

( Pennisetum purpureum, napiergrass TLRI No. 2 ) -

1. )k
(1) BFERElI b
1558 EUs 7 6,500 m¥/halyear 5 (=200 kg N/haly ) -
2 gy EUS - 13,000 m*/halyear 6 (=400 kg N/haly ) -
35T E LS~ 19,500 m*/halyear (& (=600 kg N/halyear ) -
4 FrgyiERS R R % 57T 13,000 m/halyear B (=300 kg N/haly ) e
5 gy RS R 5 7l 19,500 m3/halyear B (=450 kg N/haly ) -
GfE'J’F’ﬁgI— B 2,000 kg/halyear {28908 15 ( N:P:K=400:100:200 kg/haly ) -
(i) (SRR (W -
(i) ffi"]= 200 cm ~ F 70 cm ~ ¢ 200 cm FYERAT > SR A b R asz%*ﬂ‘fﬁﬁéﬁé
FRAAE ST 8 PRA 8 fﬁ%ﬁﬁ%Z m % EE;EH’%F% 7J<”E'F1 oo B 4 B
(iv) Hyg -y 23— &+ (2000) ﬁﬁ’?ﬁﬁ%‘léﬁi J1RYE 2 2hEE 1 % o 5T F (2001) oFEE R Y
YRl 2 % f“‘%’*ﬁ‘”*‘[ﬁhﬁﬁ“% =5 ﬁ%‘lﬁi JIRY 6N F*%ﬁ‘l[ﬁf%,’ﬂlw TRIE TN o
(v) &5 5| RV 15~20 om v SRS HT pH  EPRSET  SE B 8 55 SR -
(Vi) 7P g e 4 e pH EC -~ BOD - COD SS~NH; -N~NOz -N* TP -
(vii) ﬁﬁ“ Fi R R R B ARSIV 5 ELZE[WFF,J WHZPIER o 5] T’T@Pﬁ‘ﬂlfr'ﬁrﬁ 1T ( Crude
protein, CP ) ~ fl k584 ( Neutral detergent fiber, NDF ) ~ PEjksEaE (Acid detergent fiber, ADF )
Nﬁ[ﬂrﬁf@' 750 e FI?J ( Water soluble carbohydrates, WSC ) ¥t *TH“LZ'PJ?F (== (iin vitro dry matter
digestibility, IVDMD ) -

HI. S5 F7HE

(i) -+ 5k
1. pH : Glass electrode method (1:1) 2587~ -
2. #TT : Modified Walkley-Black method -
3z El © Kjeldahl method ] = % -



IR 189

4.7 ¥%45¢ © Modified Bray’s No.1 method -
5.7 Padeat ~ 5% 5% © 1 N-neutral NH,OAC extraction method -
6. £l © 0.IN HCEHET o R st At
(i) gk 4 R Ak

1. pH : Glass electrode method (1:1) -

2. BOD : Al itit I il 2 [Pk [ E i pls”

3.COD : EiffifRsttiifiik -

4.SS : 103~ 105c iz

5.EC: ”EE‘J IRON model-120 F'J%iiﬁiﬁ” FHHIRE -

6. NH, - N @ AR b=k CRUB S BURGERTT > 1994) -

7.NOs; - N : fL88~ EﬁPE RENE {%ﬁ?ﬁﬁﬁsﬂ% 1994) -

8. TP © st [ F-e1 CRUMSRURGERTT - 1994) -

(i) RS 7353 ik

L ST s SVEHERDR] 1kg ]~ HHZHTB0C ~ 48 T -

2. F'&F 1T (CP) @ Kjeldahl method (AOAC, 1984 ) -

3. fl1 ~ Phik:EaE (NDF, ADF) : l’zf&ﬁﬁ van Soest (1967 ) HyE > & *%:;Fﬁ#[f;[?g: It

4. B B BT B S JF'LQ‘PB%%‘}\‘FTQ;& o

5. FPEZPIET (5 (IVDMD) : R ZHHZI23f] 3 (ANKOM Daisy IT-200 %) » 2 48 ]

Wi PR -

6F%W%FIH%(W%)Eﬁﬁﬁmﬁﬁ’,&%w@ﬁ#%C*ﬁW4 I

* B TOCHATHIA BT Rs - yRaRif il | 2R - JVR AN JVikD] anthrone [ k]
QL—_ ( Morris, 1948 ) -

e o S EY A

RN R E = e G U AN ES I
et [ BT Bl et B IV AT 35 8 0 BT F AV TP 32 % S ST AT 67 [l B A

Lo RURCT R BRGCE R pH TR 7.4 204 0 7.9 £ 0.2 BGESCE! BT il o
% (Electric conductivity, EC ) T ¥ j[[£% 1.2 £ 0.2 dS/m & 0.9 £ 0.1 dS/m » B3 % 517 EC [ |EE
& —ﬁingl ( Biochemical oxygen demand, BOD ) T 555 [f|[£% 462 + 267 mg/L * 190 + 124 mg/L > 'l
F TR PR f‘%’é’?ﬁ"}‘?\%ﬁ' 2.5 [’ﬁ}f, o |"“5—?»PJ 4Bl (Chemical oxygen demand, COD) I {555
Hll%% 2,648 + 1,520 mg/L % 512 + 477 mg/L > FUSE S IEAE PHBRS SR BRI 5 [’ﬁ}f, o BRIF [617
2 (Suspended solid, SS) I ¥ 5 [f||£% 1,778 + 1,134 mg/L * 379 + 290 mg/L > 'FUsE <18 PR
% 3 Jﬂw‘ﬁ. 'Sft' B F‘ SRR (NH, - N) THSTH[IEE 32+ 13 mg/L & 24 + 17 mg/L > USSR =

%Nﬁﬁmﬁfﬁ pH@%v<Nm-N>3%wwmﬂ7+3mw;&uwﬁmWL~a%¢%@E;

iR T TR F%%‘ﬁ 2 FFH E ST R &gﬁ T = BRI R ﬁd/%@%[‘ﬁjﬁ?% ’
- JFF[ (57 NH; - N W:PF[ mi=al): A EII[T';T, EAEAUNO; - N o ?le@% ( Total phosphorus, TP) F%E-‘ﬂ‘ =Ry
K597 mg/L W 6+ 1 mg/L USSR R« R r;glg?vg Ea g RO
R IR TS B RTRERT M AT A ﬁl%‘i El S R e 1
TRy ETRa g -
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Table 1. The characteristics of cattle wastewater for experiment
Wastewater pH EC BOD COD SS NH, -N NO; -N TP
dS/m mg/L

Untreated 74+04 12+0.2 462+267 2,648+1520 1,778+1,134 32+13 716 9x7

Anaerobic treated 7.9+0.2 0.9+0.1 190+124 512 +477 379 +290 24 +17 13+5 6+2

ﬁ%ﬁ%ﬁaﬁ?ﬁ&%ﬁﬁwﬁ (1999) ~ k&% ST~ F (2000) WEEREITT F (2001) 55 6 £+

BROVERTT S A TGO 2 5l 4 B8 pH e SRR RL 7.7-9.7 V] » A ke i R
KD 7.7~8.1 [ ELp[1 E SR/ pH 9.7 [ £ pH 8.0 [HE it - » ¥ s Elye ¥ [UEEAR = o F 487 Organic
matter, OM fﬁg A~B~C-D~E ™ FECRIEE - 7 EERIFIER 2T 5 1.0% ~ 1.3% ~ 1.1% ~ 1.1% -
1.0%~ 1.0% » 522 & ZRER T AT 1.3% ~ 1.7% ~ 2.2% ~ 1.4% ~ 1.4% % 1.2% » A e #] ly » E ([ 1k
JEUSL7 13,000 m*/hadyear 52! (B) gl EUS-) 19,500 m*/halyear 5iZE! (C) TeTapE=dik P& - S
%. (Total nitrogen, TN) F“jiﬁ% Fﬁ%ﬁb?}%@&?féér F 5T 0.01~0.04% V] - R ST F T
0.02-0.06%.1 fi] » A [ |- I& - [ 3I%iE (AP) S5 A~B~C~ D~ E ™ FECEGE - T2 kRl
[T lIEs 15~8~8~12~15 v 11 mg/kg > A= oF FRER 5 I EG 56 ~ 53 885252 & 15 mg/kg >

TE PRTHTREG FlTRSE BE o HSPAREERE R (SRR Ly o LS TRAL ik 600 kg N/haly R
BB (C) BRIy o F SIS (eK) BN A B~ C D E W FECRIEE: o T R
JiIEE 8~22~10~8~8 % 6 mg/kg > A% F ERER e T [[IIeTUpEL 48 ~ 41~ 36 ~ 37 ~ 42 % 33 mg/kg >
T [RGB Ay o IS (eCa) B BN BRI T KD 1,864~2,150 mglkg
L] BRER LAY I 19K 3,540~3,600 m/kg V] F LTS o + IR SR (eMg) (BT
T FR ST T AT RS gL ASB-C-D ¥ E Uk 51T 86 mglkg A5 | [ SRR IY F k£ 58 mglkg>
2|57 Fh#EE<pY B~ C~ D % E B 15EL 60~86 mg/kg Vi » A = A s R EHE D EIY A
SR (PR BRI BT HUEE B T IE] 152 mg/kg 0 151 malkg » TR T
FUREN TSR o 58+ Bpl 1SR B ELS > = 298G 0.02~0.14 VRA] » a0 M TBPopL by L
&%= 200 mg/kg (BRI > 2001 ) « AN~ GRERRGUAE > FTE b B AR R AR

BRSO 2N (RSP TUR Sy - R EURL P KOS RUR L RT - ISR (1997)
ﬂ%iﬁ‘ﬁ'{f‘ﬁ%ﬁ@?lﬁ%ﬂﬁﬁﬁiﬁrj BRIP -~ KRRy R TR SR (2000) A 5 3SR
A rRs R RAE YR BRELD P KRR AT o iy BREE IS S R AR SR
2 KT LR DR A IR R B BESET PORTIRE DR 1STRR KLy -
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# 2. [ HCEIRBRIVIIS i
Table 2. Changes in soil characteristics during the experimental period

Treatment™ Year pH OM TN AP eK eCa eMg eCu
% mg/kg
1999 7.7 1.0 - 15 8 - - -
Wst.w/05 (A) 2000 8.3 1.0 0.03 60 51 2,102 86 0.11
2001 8.0 1.3 0.02 56 48 3,690 152 0.20
1999 7.8 1.3 - 8 22 - -
Wst.w/10 (B) 2000 8.1 1.6 0.04 81 63 2,150 86 0.14
2001 7.9 1.7 0.03 53 41 3,590 60 0.14
1999 7.8 1.1 - 8 10 - - -
Wst.w/15 (C) 2000 8.0 1.3 0.03 420 44 1,864 86 0.06
2001 7.7 2.2 0.05 88 36 3,540 90 0.13
1999 8.0 1.1 - 12 8 - - -
Anaw/10(D) 2000 8.3 1.4 0.03 63 33 2,102 86 0.02
2001 8.0 1.4 0.06 52 37 3,740 60 n.d
1999 9.7 1.0 - 15 8 - - -
Ana.w/15 (E) 2000 8.2 1.3 0.01 64 30 2,150 86 0.02
2001 8.0 1.4 0.02 52 42 3,590 60 0.10
CE 1999 8.0 1.0 - 11 6 - - -
(F) 2000 8.3 0.9 0.03 27 23 2,102 58 0.07
2001 8.1 1.2 0.02 15 33 3,590 151 n.d

Wst.w/05 (A ) =Applied equivalent to 200 kg N/ha/year of untreated wastewater;
Wst.w/10 (B) =Applied equivalent to 400 kg N/ha/year of untreated wastewater;
Wst.w/15 (C) =Applied equivalent to 600 kg N/ha/year of untreated wastewater;
Ana.w/10 (D) =Applied equivalent to 300 kg N/ha/year of anaerobic treated wastewater;
Ana.w/15 (E) = Applied equivalent to 450 kg N/ha/year of anaerobic treated wastewater;
CF (F) =Applied chemical fertilizer (N:P:K=400:100:200 kg/haly).

I Fﬁ S BT ER S EHLD  ES

I+ By e
R T I i R Gl 10°5 8
| IR 2 "*Ei?%é’ﬁ"@”ﬁﬁ BT BRI NS T R

&Aﬁﬂ 'EHFIFXF | B R RR P B <q%a' 1) (%8 2000 & 6~8 F (i~ FJ S A O
) 2001 5 5-10 F| {57 HISE AR 12 7% 0 534 pH  EC ~ NO - N % TP f,g, "

%%}Jﬂpi :

u m;g
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600

500 B Accum. precip.
400 }
300 }

200

Accumulated precipitartion (mm)

100 p

TS SR IR O R &Q\/ S D S Y o R
SRR RPN R

AR N
Date of sampling

[ 1. 2000 ~ 2001 = R 5 5 W RAFIRE [ BT -

Fig. 1. The accumulated precipitation in each rainfall event during experiment period.

1. pH Vg~

7t 2000 & K ECEIEE 6 F] 12+10 [V Y 18 MR R AR IR 0 B AEED C AR pH
15T 7.8~8.0 V] E PYEZEIES 7.3~7.5 VRS T 7 F] 3 FIARISYE o< ﬁﬁ <UD PH B 7.8-84 THL-
MR BIRCS » 7 5[] E 2000 F g TR 8 5] 2 [LiF S SRR AR LY T 44 pH
5 7.6-8.3 VI » S ECEHE PRASEL Feo 7 2001 F 6 2] 4 F1 A HCEREL D pH [T 915 7.8-8.2
VI 6 F] 20 1LV 5T R Z O £ 25 [V 2000 £ r i B AR T 15 pH ek
205 SR F AR pH IGRSAER T 8.0 % o 1 PIRRMBEIEIR G, pH 147 75 ~ 8.3
> R PR 3 ([ 2) -

9.0
88 k- 4+V\$IWOS —O— Wtw10 —O— Wstwl5 — Ml Aawi0 —@— Anawls +CF‘, o
86 p
84
82 p
L 8o}
7.8
76 p

Dete of sampling

il 2. ﬁ%ﬁ'%ﬁh& 2m A gl pH A& (™ o
Fig. 2. The changes of pH of effluent at 2-meter depth of soil profile.

2. FEELG VA
2000 * R EC VR[> 1 6 7] 12 [ 1V T LB RS I TR SR EC T
0.1~0.2 dS/m VIt » F16 5] 14 [1% 7 5| 10 VI S ey 5 - Bl FUR 9 B R C R EC

i1 0.2~1.0 dS/m /] » XL PyREEIEY 0.1~0.5 dS/m E@E{J o7 EJ 17 F1= 8 ] 2 E';'/Féﬂf‘,fﬁ,% EC [& %
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0.2~0.4 dS/m V] » & PREGEIAIE - 2% o T 2001 F 6 F] 4 [ 1V BY 1S AT BB > 4
TRV Y B ECE » ClH g (TSR F 2Rl EC 7 0.9 ~1.2 dS/m V] o T i 2RIt
$9.0.6 dS/m ELfy < F16 ] 20 FIEVRY SR » f40RL EC M ST 0.5 ~ 0.6 dS/m V] - i
10 F] 2 [ 119 2001 & A 5 - B A AT E SRR - f KR EC 147 0.1~0.7 dS/m R (i
3) o A FEERH N o TS E PO T BB CE m 0  | NS IR B EC T

F {145 (007 0,75 dS/m [ogis | [ fgns -

——— Wstw/05 |~~~ —
—L—Wst.w/10
—O——Wst.w/15
——Anaw/10 |~~~ "~
——®—— Ana.w/15

Electric conductivity (dS/m)

0 A& & . .5 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
Q . N N AN NN . " . SN AN A . . . . N
< ¢ A A W QQ) Q& ™ A W QQ) R KX KN K Q
& WY oY 07 67 .00 A R AV & Y AY 00 9 60 P WD DD

Qy\,v@&@@»“ftb@ Q@@«@Cbm"ﬂg@@@@@&

Date of sampling

%' 3. ﬁﬁa el 2m %S Fgﬁ%ﬁi*j/%;g@;@ -
Fig. 3. The changes of electric conductivity of effluent at 2-meter depth of soil

profile.
PR
FPRIR A BRI - [0S~ PRV BRI BT S B - 2 SR ] i

F%ﬁ IR - ,é[x[_“}%? VPR R B BRSPS e N S R IR o R AR
B ST (R (™ (=] Ceutrophication ) » Y% I BLHL BT rgl B A TR R
%@ 10 mg/L Eﬁ » S R E] TN I BE R ﬁ bR & FEEEE 5 ( Blue baby syndrome ) (USEPA, 1975) -

Jokela (1992) ?FHW i N FF Elffk??[ 7y 77 f ?+4 e RS 60 cm U ~ 4 b 90 om I 3R ﬁﬁi
fik o HgH Ry 2t 112 kg 2V E wfﬂj CEPPR B T F 168 kg BPIELVFI > 7 0.6~0.9 m
VEE TSI NOg - N IR ST T 5 it 10 mg/L oS B [ (AUt - 75 0.9 m I i
4 BN NOs - NR [ 10 mg/L (Rotz and Muck, 1994 ) » < [EPA 2 B[ 152 a2

S AR IASTOR] o [N jiHlFU*WF?EWVF“ﬂI@‘ S PNFA IR g (NHg) Ul > By
FE R R R (NOs ) WfEMsd 4 Tt > IS 32 #9™ 7)< ( Beauchamp, 1983 : Klausner and Gest,
1981 ) - 7+ 2000 & 6 ~8 F| % 2001 & 5 ~10 &} [*iF‘\#‘ﬂEa[J i EH%%@Z ”UJE%HI RE

2T NO; - N VEA - v[lq%ﬂl » 7 2000 F 6 F] 12 | = 7 F| 5 TR rJ 4 B RAF[RE R BT Jéfﬁr 80
mm/lI]™ > 3%3%&7#}[[ NO;z; -N F“j%% JFGHEN > A~B~C~D~E M FEZESTHEY 15.0 ~ 12.7 ~ 12.0
10.6 ~ 9.3 » 10.0 mg/L » * 2E3{11 10.0 mo/L A5¥E o 73 7 F] 10 | TS B RAAA[REFL RS 200 mm > e



194 BT R AR 6 S BT 4 T R

JEEBIY NOg - N A BIFIR > SRl SR 5] 3.0 mg/L J™ = 7 2] 17 |12 8 1] 2 [Ijiusd
% 3 R BT Jé'ér 50 mm ‘J ’ ijf*%i‘ﬁiﬁi < NOs - NIR [5%F & 3.0 mg/L I') ™
i1 2001 F 6 F| 4~20 & 27 FIpUBT 12 B 57 3 ﬁiﬁw%ﬁ?ﬁ}ﬁ £ 77 HIES 150 mm~520 mm » 100 mm>
A& 33~ NOs - N ﬁﬁ% Fﬁ&*ﬁiﬁ TEE %F[h‘qt 30mg/L '™ = FI7E[6FIZ=9F]10 [I/R5H
™ 9 By - S B R & T 15 EE 100~280 mm VR o i AR fﬁﬁ“liiﬁlg 4+ 300 kg/haly
R e BB (D D) WA (2 q%rﬂf» BRI 400 kg/ha/y Bh (F Rzl 577 gl s
EBI1NO; - FA'E" ﬁﬁjuw 2 W10 mo/L AR o R DR TR 12.0 mg/L == 12.9
mg/L - |ii F BT IR 12.1 mg/L % 12.0 mg/L - {1 2000~2001 = BXFJEE?%;;?E@ I<f[1NO3 - N 7 {11l
VUL~ A R R S o 1R (1000) W S VTRRE R T U SRR
By SRR IR E'ﬁ&“ﬁ?ﬂ YU ST R DS R R D SN N 8
=R BB NOs - [_:A'IEI'«J/F’TJI/I ' e o FrE ﬁ‘E}%l* % (R?=0.023)
'“%F[ 2000~2001 = =~ = E‘rﬂﬁﬁéﬁiﬁ ’ ﬁ&%ﬁ_@ NO;3 - Fﬁ%’ﬁ:ﬂf wEUT[J%JLI'j‘\B«I%T 7)< 10 mg/L

HIEWE”&& g ?F:kﬁl‘ﬁﬂ TH R 21 > B R T ) A E 1% (5% ) ~ B ! 1

(5% )~ CHEZEN 1% (5% )~ D ECE! 3% (15%) ~ ESFl 1% (5%) & Figfl 3% (15%) « [fijI']
:Ei\ﬁﬁim,h A-B-C-D-E® FEFLT NO; - NFETIEIHIE, 2225353727 %
3.2mg/L - R BT R (P>0.05) PV IS PR S SR BRI VR AR o SRR
B (2001) B - TLAR BSYBEAHLYE T T ¢ SV RERDAR AV R
R BT iﬁgltw = JEIgtpuR A Eﬂﬁ'ﬂﬁlfﬁbw lHIJ’E'b5m9/L 25 mg/L - %H%*«uj%%F ipehit 5
A TR i sd B P 3t A vy > s B RO bl R I Bl (Kimball et aI
1972 ; Beauchamp, 1983 ; Xie and Mackenzie, 1986 ; Comford et al., 1987 ) o fl17 Zhkee 5 150 = hgH | [~
SEICR 2R, > E3 7 NO; - f‘,ﬁi A AR EeR - SRR RS =g [ ﬂ%lﬁ‘f
R i -

16.0
’ ¢ Wstwi0s O wWstwio 0  Wstwis
- 140 p B Aawi0 ® Anawis A CF
= O A B
§j 100 ¥ A
S [
= gokO [ ) 0)
= O (0]
% 60 p 0 ¢ (0] [ |
S o]
= O - [
S L *u 03, "
20k ! ‘ o N é ! . n o] 2 A A
R s heda, E g
0.0 & el o C o —a
P & & D O O DS © Q& D DD YRR LS KD
R S S S o ST aY & ¢ B P F T T
g g v &
Date of sampling

A 4. 5 EUER R 2 m G I AR e R
Fig. 4. The changes of NO3; - N of effluent at 2-meter depth of soil profile.

4. RN [~ PTG VB[
FEHYC E (2001) F 6 5] 27 [1Z 10 F] 2 [IHF) 8 4F T ES AR B
YT R (TP) 78

£% 100~300 mm J/ [H] >
’F‘ il ﬁ"é[ =5 6 F ) ’F? i El TP R T 154 0.6~0.8 mg/L
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A J[ﬁf‘ﬁz“ui' TP ES U:Er:s‘zﬁ'j 5955 1.3~3.3 mg/L R 8 LT v F R TP R BT F'
e 357 0.7 mg/L )™ (IR S) o plig REE R L~ Jr ™ | (= S PR R U ¥ =l ?F“ f; » DR |y
TG RGN B (S PR BRSO R R . TP A,E%?ﬁﬁ_)ﬁ”@r}iﬁ TRB L - 27T F (2001)
F8E|29FI= 10k 2 FIHE | 6 Y JF:JEJ%B’“ % 100~300 mm V[t » 55 A%~ COD FA
B >A-B~C-~D-~EW® FEZETHESHE 132~ 125+155+149~12.1 ¥ 15.7 mg/L > F‘,E{;ﬁi‘ SR
EIP B (P>0.05) - fg@paﬁyﬁ—»ﬁu@ﬁrﬁ% %50, COD ER 5T HIEh 2,648 + 1,520 mg/L * 512
+ 477 mg/L > A5 2 22 N4 Tehg A B i<l COD ﬁ%% |EI’EJ 12.1~15.7 mg/L [/ [f] > B + i#fin
% PuSF COD V53 B Al <

T

3.5
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Fig. 5. The changes of total phosphorus of effluent at 2-meter depth of soil profile.
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Df;zﬁil I/r | B (P<0.05) - B‘ISﬁ'qﬁr%{uﬁ?ﬁﬁﬁ%}wm 182.8 ~ 182.8 - 185.8 ~ 167.3 ~ 1915
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k176.8 cm > Ef[TEEER C fg{@ﬁﬁ@’? D s Bl RTE | B 2 (P<0.05) © fi% 15757 6 _?»’L['Sféiéﬂ
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= ﬁ"Llﬂéu 6% A-~B-C-D~E® FFHEZEHFT IHTEE 144.2 ~ 1485 ~ 152.5 ~ 141.2 ~ 158.7 ¥ 150.3
cm> &l H l |”3J‘}ﬁ%¥%ﬁ'§u’,’ﬁ? 450 kg N/haly Brse g ZE i 55 1< Bk ( E B2 ):EELE,'J é’?ﬁ%ﬁ%frﬁﬁw? 200 kg N/haly
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Table 3. The changes in plant height of napiergrass in different treatments
Time of cutting

1% cut 2" cut 3" cut 4" cut 51 cut 6" cut

cm
Wst.w/05 (A) *  127.8° 99.5° 137.2° 177.7% 182.8% 138.3%  144.2°
Wst.w/10 (B) 130.7%  101.5* 147.2%  187.0® 182.8% 142.7° 1485
Wst.w/15 (C) 139.8° 114.0% 141.2° 185.8% 185.8° 147.3°  152.5®
Ana.w/10 (D) 122.4° 102.8"° 143.7° 172.0° 167.3° 137.0°  141.2°
Ana.w/15 (E) 139.8° 117.3° 160.5° 194.3 191.5° 1495  158.7°
CF (F) 1248 110.0°°  148.8%®  193.7° 176.8% 147.3*  150.3®

abe  Means in the same column with the different superscripts are different significantly (P < 0.05).

*The same as Table 2.
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VT~ 7%5?(@005) 575 VU B - CbEfzzail 1 $457% B £, 94.0~95.8 mt/ha
VR 2 AD W F BRI E R 3 B (p<0.05)- 5‘36 USSR $97% B4 103.3~18.2 mifha
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IR ’F‘ﬁ&—g@ BT ETE (p>0.05) @qs-r?e,'ucsﬁ'A\B~C\D\EBF§§;§:’§E‘%@E@EH
£ BT H5D 368.2 ~ 462.3 ~ 484.9 ~ 412.7 ~ 516.9 ¥ 404.7 mt/ha » | IJ‘JW@WEW 450 kg N/haly Bx
rECE R (B ) & By ~E@ﬁ@frﬂﬁf’# 200 kg N/haly RUsE <l (A BETED) ~ Jid [~ 200
] 400 kg N/haty B ( FEZEl) bﬁ‘{%ﬁ"é o 300 kg N/haly B Fl s 5B (D fl) VR “ﬁ_li{fw
£l (P<0.05) o pli= & fEd ik Bk i 2. iﬂ%ﬁ'g 7 450 kg N/haly Brsa sz -l BE g 7
R [ 5P PR] 400 kg Nihady Bh o [N 22T SRR s VGl > T 2 AV ES l’iﬁ“l%'ﬁ'ﬁﬁ%E'J ;f/
(“S PR > T 100%A] 605 4 % VIS A Pﬂﬁ*@ﬁ G S EL E R Ra [ = = >
RN S f S o
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Table 4. The fresh yield of napiergrass in different treatments

Treatment Time of cutting Tptal
1tcut 2" cut 3" cut 4" cut 5™ cut 6" cut yield
mt/ha/cut mt/ha/year
Wstw/05 (A) * 29.3¢ 256" 39.9° 97.6° 72.6° 103.3% 368.2°
Wstw/10 (B) 43.8%  38.9% 62.5° 117.5% 95.8° 103.9° 462.3%
Wstw/15 (C) 48.0%  44.9% 66.6" 112.5° 95.2° 117.8° 484.9®
Anaw/10 (D) 34.3%  345® 57.1% 102.3° 73.8° 110.7° 412.7"
Anaw/15 (E) 50.6°  51.9° 86.3" 116.0° 94.0° 118.2° 516.9%
CF (F) 39.6°  32.8% 50.0 116.0° 72.0° 109.4° 404.7

ab¢  Means in the same column with the different superscripts are different significantly (P < 0.05).
*The same as Table 2.
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A-B-C-D- EEFH%[/jjfd*—ﬁj-flﬁfﬁb}lﬂﬂﬁ 5% 10.0% ~ 10.2% ~ 9.4% ~ 9.5% ~ 8.9% -
EF[TF R R e R I“jf“*‘%'/ IR (P<0.05) @ AH{NERT ~ BEE PR g i I U )
RERIFL oA S VBT RIS [ SR B G -

(i)l (-
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417, 69.8~70.6% 1/ [if]- 577 3 hqﬂﬂﬁﬂjﬂ t4E7, 70.8~71.6% .1 [t BT ﬁ*il’ﬂéuEﬁﬂ‘ 1517, 70.4~70.7% .1 5] -
5‘35»&%“& T 1557 69.9~70. 9% VI e BT 6 LL[SFQEUE 45, 70.3~71. 1% i e ;:“Ei,Lq'sr%,’uaﬁ'A
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AR T T HE L Bl (P>0.05)

# 5. ECE BRI o T R
Table 5. The changes in crude protein of napiergrass in different treatments

Time of cutting

Treatment 1%t cut 2%cut 39 cut 4" cut 5™ cut 6™ cut Average
%

Wst.w/05 (A) * 9.7%  10.8%° 10.5° 9.2 8.1° 8.6% 9.5%

Wst.w/10 (B) 11.2*  11.9° 10.42 9.6° 8.7° 8.8 10.0°

Wst.w/15 (C) 12.3° 11.3% 9.8 9.7 10.1° 8.5% 10.2°

Ana.w/10 (D) 10.1%*  10.5%¢ 9.2% 9.7 8.9" 8.6 9.4%

Ana.w/15 (E) 12.18 10.1% 8.2 9.5° 8.4° 8.6% 9.5%
CF (F) 8.8 9.2° 8.5 9.6° 8.9° 8.8 8.9

a,b,c

Means in the same column with the different superscripts are different significantly (P <0.05).
*The same as Table 2.
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ZEN(p<0.05) > 574 RYsHHT 1917 7.3 ~ 8.3%.V ] - 4V 5 KR #4914 102-11.7% V] - 27 6
UK 91 8.6~0.2% V] - = 46 K A~ B~ C- D> Ebm;ﬂ,zglg WSC 2 Bl 1455

fl
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k) g [ SHPE 400 kg N/ha/ylEt& (F mlpl) el ~ 22 B > D gl VT R 2 £ (p<0.05)
- R ’”‘iﬁﬁ"f'lw i B BRI Ng[iﬁﬁﬂ ,‘#JF[E J85% R EUR B T B A
[5[ JEE o ] ﬁ%'?’lﬂﬁhﬁlfﬁﬁ Sl F[?Jrﬁgr FUFRE T A E AU luﬂsz (P> 2000) -
= (2000) ?FIL[')E[LF_‘UIfI Pp[! R J\jfk[ﬁ:ﬁﬁ 7l [?JF[E FF[! S ECI-PF[{ =gl crﬂﬁ?ﬁlrﬁ
(R2 0.97) » B S B 7 HF\[*—EPF[ F'?F B RLEY 2 ﬂ%'?lﬁﬁiﬁgﬁrug%l%ﬁ °

6. SIS R B

Table 6. The changes in water soluble carbohydrate of napiergrass in different treatments

Treatment Date of cutting Average
1% cut 2" cut 3" cut A" cut 5™ cut 6™ cut
%
Wstw/05 (A) * 9.7 8.2 5.9 8.3 11.78 9.2 8.9%
Wst.w/10 (B) 8.4 8.0° 6.8%° 8.3 11.3 9.2% 8.6
Wst.w/15 (C) 9.7% 8.8% 7.5% 7.6° 10.2° 8.9% 8.8%
Ana.w/10 (D) 8.8° 7.8 7.6%® 7.3 10.2% 8.6° 8.3"
Ana.w/15 (E) 9.8% 9.2 8.7 8.2 11.0°? 8.9% 9.3
CF (F) 10.7° 8.9° 8.4° 8.3 11.0° 9.1 9.4

%P Means in the same column with the different superscripts are different significantly (P < 0.05).
*The same as Table 2.
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Fig.6. The changes of crude protein and Fig.7. The changes of NDF, ADF and IVDMD
water soluble carbohydrate contents in different harvesting season.

in different harvesting season.
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Abstract

This experiment was conducted to investigate the yield of Napiergrass and the soil characteristics of
the field irrigated with wastewater of cattle farm during the years of 2000~2001. Napiergrass TLRI No. 2
was planted on a culture pot ( 200 x 70 x 200 cm) with an infiltration tube attached at the bottom to collect
the effluents at 2-meter depth of the soil profile. Six treatments were designed as follows according to the
category and quantity of wastewater applied : (A) untreated wastewater, 6,500 m*/ha/year (=200 kg -
N/haly) , (B) untreated wastewater, 13,000 m®hal/year (=400 kg - N/haly) , (C) untreated wastewater,
19,500 m*/ha/year (=600 kg N/ha/yr), (D) anaerobic treated wastewater, 13,000 m®/hal/year (=300 kg
N/ha/yr), (E) anaerobic wastewater, 19,500 m®/ha/year (=450 kg N/ha/yr )and (F) chemical fertilizer, 2,000
kg/halyear (N : P : K =400 kg : 100 kg: 200 kg) serving as control. The results showed that the content of
organic matter tended to increase, while the contents of the available phosphorus and exchangeable
potassium were significantly higher in the soil of the field applied with wastewater than that applied with
chemical fertilizer. The pH value of the soil effluents varied among wastewater treatments with the range
of 7.5~8.3. The electric conductivity of the soil effluents in all wastewater treatments ranged 0.1~0.7 dS/m,
which was under the maximum level of 0.75 dS/m required in irrigation water. The annual average
concentration of nitrate-nitrogen of the effluents in the all treatments ranged 2.2 ~ 3.7 mg/L without any
significant difference among the treatments being observed. The average yield of fresh Napiergrass in the
treatments of A, B, C, D, E and F were 368, 462, 485, 413, 517 and 408 mt/ha/year respectively. Irrigation
of 19,500 m®halyear (=450 kg N/ha/yr) of anaerobic treated wastewater significantly yield more fresh
grass weight than application of chemical fertilizer. The crude protein contents of grass in the treatments of
A, B, C, D, E and F were 9.5%, 10.0%, 10.2%, 9.4%, 9.5% and 8.9% respectively, with the values in
treatments B and C were significantly higher than that in treatment F. The NDF and ADF contents of
grass were not significantly different among the treatments. The WSC content and IVDMD of grass ranged
8.6%~9.4% and 73.0%~73.6% respectively.

Key words: Cattle farm wastewater, Napiergrass ( Pennisetum purpureum, Napiergrass TLRI No.2 ),

Characteristics of soil and effluent.
(1) Contribution No. 1112 from Taiwan Livestock Research Institute, Council of Agriculture.
(2) Heng Chun Branch Institute, COA-TLRI, Ping-Tung, Taiwan, R.O.C.




