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A THREEZR Y (HRELY ) GTEl RN g (RRAT ) CHH BN KRR EHEM M
MEEETE R » g DI HE B 2 458 /K O] 2 FH EM B UK - B3 KIEFY) A8 2 HIEES - fan « BEKd
SE B WEEYERMRENEEER - THERE T EE2RE (ERET © 2009) » FEEMEYIZERERA (Kriska
et al., 2018) » /K Air & A T E TR R 4 TR A ) R T FRHYE 2 57 (Rusan et al., 2007) » FHE—f#
BEK > PUE R Kbt R st A v (R - SRARRE B 1 > TR AT TR E - St IR oK ~ Sl TRIE (pH
{E) ~ EC{H ~ AR « R - AR SHR RS #ET (Biswas et al., 2017) ©

PANE Bt BE /K BRI R - AoRAE 25 B R B B m] RE S BRI A AR VRS A b - Bt i v
FEE B HIRE S BRI BN BN AR D R K T AVE R R ISR BRI K 14 Lk
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ARG A IR 7 m] B 27 Y P T PR (R BRI 2 )5 4% (Yamrot et al., 2015) ©
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BUR - At R IR R A SR B R AV B AR R/ K S| - BTy T8 R sth N KOK'E > S8 L8 EC
{6~ S8gE > DU T /KEE (NH,'-N) K4 BEEE S (NOL-N) R T RN » T M s B /K S iR Rt
TIKKERGTHIHRE > FEELMER BTG R - MR ~ A BIE R ERIERZ 25 -
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1 ([ 1) Rl Rt~ S Ry + - B EEE AR 13.63 ~ 15.11 k2 6.15 N - SRRAREHR 28
PR KENE BB AT AL AR - DU SRS 2 BER4Y 5.5 m' - MEH SRR EASEE
PINEHE T (1T S Z R G RAEE > 2005 ) ZHERE R (320 — 480 kg/halyr) » M RIEEERINIEEEKZ
PHREREIRA R -

A The monitoring well of upstream 1
W 1he monitoring well of upstream 2
. The monitoring well of downstream
<= Groundwater flow direction
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F2 615 /3 -
Fig. 1. The map of three irrigation areas (A10, A13 and A14) and groundwater monitoring wells.
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ARG o N ZKRIFE F057H: 1 (upstream 1) [ 2015 £E3754 - G 2L 2015 FEAG7KHH (2015D) 1E AR S{E 1
IR 2 (upstream 2) J2 i (downstream) 55 3 CIREHIH: ([@ 1) ~ ZEEST AR 112~ 51 K 78 m iR 2 # T
7K & 73 AE 7K EA (dry period, D) Je'S7KHH (wet period, W) « &A4-FE/KRIIE A BREE AT 1 K -
(i) TEE(LEEMESTE
pH & 2L pH meter JHI7E pH (& ( £7KEL =11 1) 5 DIEEZEEHHE ECfE (LKL =1:5) 5 4aE250
JLH (2008) 572 > DA S00°C KIBER PR DASHES AMIE » 28 K 2 RS 5 8k (2003) 504 » DURME S K K
{EIEMAE -
(i) FEAREAK R AKKE 307 772
M7 A BB TE ORI fRE B A5 2K E RO 777%  pH {EDL NIEA W424.52A ({TTEERIRIRES
HRIARERFT > 2008 ) ~ EC {E2L NIEA W203.51B JI7E ({TEPe R IR Z IR AR R T > 2000 ) ~ 48RELL NIEA
W427.53B HIE (TTEFERRIREZRIERERT - 2010 ) ~ NOy-N LA NIEA W419.51A HI%E (1TEERE RE
FIREEARERFT 0 2006 ) ~ NH,-N [\ NIEA W448.51B ( {TEPeIRIRIReEZIREMERFT > 2005 ) ~ 445 DL NIEA
W423.52C HIE (TTEBe R IR Z R R 5T - 2004 ) ~ i S #¥ DL NIEA W306.54A JIE (17EEERE IReE
BRI 0 2014) -
GEtort
DL Excel 2016 st B EaE Rk - HE(LEME Rt T KKE 2 I E B - FIF SAS fist e
ARG — RS MERE AP (General linear model procedure) T8 7734 » DASN [ HT 2 8880 E 7% (Duncan’s
New Multiple Range Test) > f@E 7= B EM: (P <0.05) -

wm R

TR E L 2 B AR AKOKE K =

sRERHAR (2015 — 2017 4F ) B4R /K HHUE AT » F253H7 36 X » HOKEWFE 1 Fios - sEHARE 4R
K35 pHABE £ 7.7 » 4858y 721 mg/L » Horp 2016 F &4 FE /K BZ AR » fiRE 35 £ 2.35 mg/L » 2015 484
2017 FFEABE R - FOREFER 3.07 mg/L » Hrr 2017 FEE TR - A 2R EN S ST KE
MBS REKEEERTER > 2015 2 2017 FetBRAR 2 ¥ E 2008 2 Fix - A10 DL 2016 4Jji ¥ & i =49 336.9
ton/ha/yr » ELZ R 2017 A4 225.4 ton/ha/yr » 2015 FEZ{K4Y 153.6 ton/ha/yr 5 A13 &AL 2016 i & i =4y 226
ton/ha/yr » ELZX R 2017 i LY 147 ton/ha/yr » T PA 2015 i & 57 {545 100 ton/ha/yr 5 A14 [&LL 2015 i
HE IS4 455 ton/ha/yr » HZUR 2017 4 301 ton/ha/yr » 2016 FEFZ{K4Y 173 ton/ha/yr - s EaHART 20 B8 H A
EERKEANE - PRREEEMAR - SRR EGH E TH R EhE -

* 1 sl =FIEEFEKZKEDT (n=12 K/ )

Table 1. Characteristics of irrigation water during three-year experimental period (n = 12/year)

Items 2015 2016 2017 Average SEM
n 12 12 12 36 12
pH 7.5 7.8 7.6 7.7 0.1
EC', mS/cm 472" 3.86° 3.78° 4.1 0.23
mg/L

Total-N, mg/L 881° 480° 868" 721 65
NH, -N, mg/L 489° 282° 238° 339 63
NO,-N, mg/L 146 122 151 141 23
Total-P, mg/L 105 74 126 103 14
Cu, mg/L 3.48° 242" 2.19° 2.35 0.40
Zn, mg/L 247 2.34° 3.76° 3.07 0.34

" EC: electrical conductivity.

“* Means in the same row with different superscripts are significantly different (P < 0.05).
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Fig. 2. Irrigation amount in three irrigation areas (A10, A13 and A14) during the irrigation period (2015 to 2017).

Wete s B EE i BT A B B T L R R S — E R T R B EUIE &R - DIgAE 5 2 10 A BEU/KHEH -
11 HZEFRBE 4 HRA/KIE - ETRERESET (8 3) - BUKEAZ R EHES KR - XELS — 9 B
Fyarh o GBR AR Z FERERE > DL 2016 4F57 547 3,059 mm > 2015 G281 2017 SEFEFR EAHE » 435 5 1,622 mm
K 1,629 mm -
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Fig. 3. Monthly rainfall during the irrigation period (2015 to 2017) (Source: Central Weather Bureau, Ministry of
Transportation and Communications - Hutoupi Observatory).
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AR DL 2014 345 RAF Ry SHEBH R =4 2 GEFUETERE: - SBRINIRT AL0 & 15 pH (7495
5.2 Hrfr 2017 SEREEEN 2014 427 B ERHA - EC {f BUAREE & SEREE (L - T4 51 135 pS/em J 267 me/
kg o THESETE > ISR 2016 fFEEE S 2014 F 2 5 5H - 55 6.86 mg/kg » 2016 Bl 2017 F4:5%
EREE LI (F2)-
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2. BABOKE A0 @R ER S TR PR (n=12 K/ 5)

Table 2. Effects of irrigation water on the soil of Pangolagrass pasture in the A10 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn*
puS/cm mg/kg
2014° 5.4 152 302 6.16° 25.0°
2015 5.4° 133 322 6.38" 27.5°
2016 5.3° 120 304 7.92° 44.0"
2017 5.1° 146 218 6.27" 425"
Average’ 5.2 135 267 6.86 38.1
SEM 0.1 17 39 0.55 1.1

" EC: electrical conductivity; > TP: total phosphorus; > TCu: total copper; * TZn: total zinc; ° Background value; ® Average:
from 2015 to 2017.

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

3. BABOKE A3 @B ER S TR P (n=12 K/ )

Table 3. Effects of irrigation water on the soil of Pangolagrass pasture in the A13 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn'
puS/cm mg/kg
2014° 52 171° 310° 5.59 24.0°
2015 4.9 160° 321° 5.53 17.1°
2016 5.0 115° 257 6.99 30.7°
2017 5.1 114° 197° 5.24 29.9°
Average’ 5.1 117 243 5.92 25.4
SEM 0.1 10 25 0.69 2.6

" EC: electrical conductivity; > TP: total phosphorus; * TCu: total copper; * TZn: total zinc; ° Background value; ® Average:
from 2015 to 2017.

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

A14 EAERIAR - 138 pH {E 395 6.6 > 72 2015 K2 2016 L8 S E 5E » 2017 R T FE 2Bl S E i
FE . o BEC {H 55 5 206 pS/em » > 2015 K 2017 EFE SR 5 1E - 481519 5 344 mg/kg » 2016 2 2017
FEHEFERNSRE TEESETH - 2fE 895 8.25 mgkg » 1A 2015 & 2016 FFHE SN EFHE 5 2§
a8k 38.8 mg/kg A 2015 FEHEEBEE SN ERE (F4) -

T4 BABOKE Al4 @R ER S PR P (n=12 K/ 5)

Table 4. Effects of irrigation water on the soil of Pangolagrass pasture in the A14 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn*
puS/cm mg/kg
2014° 5.9° 192 399° 5.11¢ 21.9¢
2015 6.7 229° 380® 8.33%® 32.9°
2016 6.5 166° 337" 9.85° 48.7"
2017 6.0° 214° 322° 7.11% 41.6°
Average’ 6.6 206 344 8.25 38.8
SEM 0.2 16 17 0.61 1.7

" EC: electrical conductivity; *TP: total phosphorus; *“TCu: total copper; “TZn: total zinc; *Background value; ‘Average: from
2015 to 2017.

“*¢4 Means in the same column with different superscripts are significantly different (P < 0.05).
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VU RiE: b EAESEANE Rl A N o S k-2

2015 2 2017 BRI - HEERE 3 DI FKEDREEITRON > oY Bk B 1~ R 2 BURIR - &IH
WA S 7 - SAGAIEIELZ pH {8+ B35 | MR 7.4 - FoebbL201S WIRGES ~ 2017 W IR » S8
S o B 2 ROV RENI BB (L > PRI R 7.0 F 7.8 - EC{EJTH > b 1 B SR ] e
S 7 3 2 K TR HIEE 2015 W B i BHE - EURRETE - RIS NH, -N JEREE 5 0.61
mg/L - NO;-N R ER AR T BRI B i (b > ¥39 5 0.12 mg/L - 48REJTH » 395 0.18 mg/L > H
$12016 — 2017 D B =B 5= {H (2014 D) » ERBEAHT > N IFRENT R K S RIE 559 73 71l 7 0.02 mg/L K 0.02
mg/L - SABRIIH S B L -

& &

R KR A BB (% - K AVE S DU EIP AR (NH,-N K2 NO;-N) f74E » Horp U NH,-N (Y RIRE i
% (B REF > 2009 ) » AGEREE /K NH,-N B FHRAELY 370 mg/L - Ji 2 L3%84% - [ NH,-N f7 1R - LR &
EEAYRH G > BT NH,-N B L3 prm by - #3488 (L 1F I (nitrification) 72§ #5p% NO,-N $2 bt E(EVI R - 570
NH,-N GHEHEK - 28R NO-N#F &8 » RHEIRATIHT - 2 NO,-N R L b NH,-N B 5 B8 Foths (4
F 2011 ) > AfE—ERFEING T B Z R > BESEYE BRSNS - TRa] RENS AT KA & 2 iR M5 24
R IK (BERET > 2009 )  NOy-N HOZJiE E rlsENEACHI & ~ FER R ~ T - HERIFEHE - (YRS
PEEFERNRMAER Bolan et al.,, 1991) - AEERHE 3 FEEREUR - #tt MK T2 NOS-N IR - W RBURE G
RS A B LT s

R /Kt 7] AE & 2408 12 5% pH {H - Schipper et al. (1996) SRR E /K Efes 1% pH H - Hulpei
JEE/K TS R R Z P BT A8 5 R SR TR EL > TR T REBLEE /K T/ fiEER (nutrient cycle) FYUE AR o 1L
EREKT > LRHIBEAFE A (denitrification) S IEE - A EZEE (nitrate) HYJEFH AT BEEL 5 1A (EP) UL (Bolan et al.,
1991) - E TS T B B B Bl NH,-N I - &2 AR T DU R 7P > SR IREE T ST SUB IR P
4 (Bolan et al., 1991) » LR EHE B & (5 8% pH B L7} - 2000 I BE /K i 2850 3% pH {EHY BT T > {H3 3% pH {E 1y
PR A ErScE IRV A PITIAE (biological functioning) (Schipper et al., 1996) = AWFEEEHL » i F FE/KIZHY
1% pH (EA TS - ATREAREA YIS R NH, N P LS f2 2 2 Gk T2 (Mohammad and Mazahreh,
2003) - A5G AL0 E:fL 2017 4 pH EHBE T > A13 &L 2015 SR8 T - B3 EmBerEaiE - i Ald ERl
1% 2015 SRR BT - (BAEMIRIEEE -

Ry T ARG ERR E L S i 2 IR Y RAAEE - DUNIE T 3Rag A iRy EC E¥RoR » LB ECHS#H > Fon
FA AR > a0 - §5 -~ 8 SEFRE T2 ES > B HIEEI ) S - Mohammad and Mazahreh (2003) $5 t i 5
K& & i 1% EC ERE I - 138 EC EAVEIIARNEEK P AT S SR HRIS HEE BEY) (total dissolved solids) FTEL
Steinich e al. (1998) ZH7E/Rf5H EC {EEHL+-3RE /88 (EARH - Am8a 3 & 1% EC (EAE B BKIIEN T - #EAH
IR RIS - B 3 5ERE L EC H L 2016 £ (K - HELIEBLE FRE MR E M IIFTEL - AR HEEH
f] > TRy RIS - HBERNTEBREZ B (2020) BHEER/KHEERE(E R HE A R o] s Ha
Bl ( Pt E 2P A FIEF AT ) 2 = RE 800 uS/em -

Tt 3 At 2 BN 2016 4E 5 2017 SR N ZHE3Y - H#EM 2016 £ 27 [RE AT RER 2 EFERIEES (3,059
mm) BRI E A RUKRURFTEL > 2017 R4 NIEFRIEPRERSN  TRA]RE 2 & R B 58 A R U AT el -
B (1995) slBafath - FEEEPR gkl Ry KO5 2 HHE > ARIEEE R MIARISN - BAIHAE LR E 2 E IR
REK > BUGHM K ZE AN G o BERET (2009) (5 €48 Rk S S5 I 54 F PR B /K R AR FE it - &t SR e
ZFEEROK G RRE 2B o (B AIRP BRI mEE R - B ESERN R RRUERDKR - S0ER | m REREZR
M ERERRTREREE » B0 BB FT REREE PR /KRR 2K -

Al4 MR TRl S B ETHEE - B ENRTTERIREZ A G (2020) {EZEFHH FHET AT AR #ATET 2%
FEREAERIE (102 mg/kg) MATBRENRIRER (2011) L5 ALEDNREE (B HEYEH ) BUE (120 ppm) § £FEE
Y 2015 SFREA RIS - A BRI B B RN TE R Z B G (2020) (EZEFEH FET o] SELATE] (SR
BUE (221 mglkg) RATEEEREIRER (2011) L3R5 LB MIERE (R RIIEYIRM ) BiE (260 mg/ke) - FEBE KT RT&
RIS BRI IS PR 2 8 (Cestonaro do Amaral et al., 2014) » 2 F§E/5 A T HIFRE A MR IR S A .
S o T LSRR R F ] SBEA B)AY S ##RE T (Tobor-Kaplon er al., 2006) » b [N - SEIPIR (E FH 02 FH Y
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| L IETHRERY S MR BN R28 (Stefanowicz et al., 2008) - iSthIE HATE R KR LFAAMHBIA S > BAR
TEESAEH IR s S BAY N o ASUERIHRE - MR S E B RS -

5. BAROKES N AOKE 2

Table 5. Effects of irrigation water on the quality of the underground water

Items pH EC' NH,-N NO,-N TP? Cu Zn
puS/cm mg/L

Upstream 1°

2015* (n = 4) D’ 72" 553 0.08" 0.08 0.09 0.02 0.02
2015 (n=6) we 7.8 596 0.08° 0.08 0.11* 0.02 0.01
2015 — 2016 (n=6) D  7.6% 623 0.12* 0.13 0.06° 0.02 0.03
2016 (n = 6) W 7.3% 653 0.12* 0.10 0.21° 0.01 0.02
2016 — 2017 (n=6) D  7.4™ 587 0.20° 0.12 0.20° 0.02 0.02
2017 (n=6) W 7.0° 629 0.11* 0.08 0.15% 0.01 0.03
2017 (n=2) D 7.6 571 0.21° 0.11 0.09° 0.02 0.03
Average’ (n = 32) 7.4 612 0.13 0.10 0.14 0.02 0.02
SEM 0.1 22 0.02 0.01 0.02 0.00 0.00
Upstream 2

2014* (n=4) D 72 394¢ 0.07* 0.12*¢ 0.08° 0.03 0.05
2014 (n=6) w73 421° 0.12" 0.19* 0.14"™ 0.03 0.01
2014 —2015(n=6) D 69 439% 0.04° 0.10™ 0.08" 0.02 0.02
2015 (n=6) w72 577" 0.15% 0.17* 0.12" 0.02 0.01
2015 — 2016 (n=6) D 7.0 594° 0.17* 0.15™ 0.10" 0.01 0.01
2016 (n = 6) w71 554 0.14* 0.13"™ 0.26° 0.01 0.02
2016 — 2017 (n=6) D 7.0 499 0.10™ 0.09° 0.18" 0.02 0.02
2017 (n=6) W 69 499 0.07* 0.09° 0.22% 0.01 0.03
2017 (n=2) D 71 515" 0.09" 0.16"™ 0.10" 0.02 0.02
Average® (n = 38) 7.0 533 0.11 0.12 0.15 0.02 0.02
SEM 0.1 16 0.02 0.01 0.03 0.00 0.00
Downstream

2014’ (n=4) D 75 461° 0.68™ 0.14 0.11° 0.06 0.04
2014 (n=6) w78 481° 0.67* 0.15 0.14* 0.04 0.01
2014 —2015(n=6) D 75 496° 0.60° 0.12 0.14* 0.03 0.02
2015 (n=6) w79 568" 0.50° 0.16 0.20° 0.03 0.02
2015 — 2016 (n=6) D 7.9 555" 0.72* 0.14 0.17% 0.02 0.02
2016 (n = 6) W 76 570° 0.52° 0.10 0.19% 0.01 0.02
2016 — 2017 (n=6) D 7.9 581° 0.81° 0.09 0.22° 0.02 0.02
2017(n = 6) W 76 573 0.52* 0.09 0.18% 0.01 0.03
2017 (n=2) D 79 556" 0.46° 0.12 0.11° 0.03 0.02
Average® (n = 38) 7.8 564 0.61 0.12 0.18 0.02 0.02
SEM 0.1 8 0.06 0.02 0.02 0.01 0.00

" EC: electrical conductivity *TP: total phosphorus; *Upstream 1: 2015 added; ‘Background value; °D: dry period, November
- April (next year); W: wet period, May - October; 'Average: from 2015W to 2017D; *Average: from 2014 - 2015D to
2017D.

“*¢ Means in the same column with different superscripts are significantly different (P < 0.05).
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T /KRR NH,-N BB 1 | R b 2 » RBCEF SRR i b 2 IR - BT JE Rk
P o SR » TR B S BRI - SRR TR ST A (2003) A LERERKOKERBERE 0.2
mg/L J% 2.0 mg/L + R (2009) HIstERE RET + i LR R (4 FUOLR B K IR ESHY » # 1 m 0 £
BRI pH {2 EC (EF AR (UM FIMRERTRE SERIE K ) SEIRLL (RMEH ) MBRE2 5 - Kriska ef al
(2018) FERTHEM 55 KNS AR B M 30 (Bt ~ b~ STRD -+ ) » SRBR-E AN, 2 m AR S - 2
BRfs BEET » NH,-N ARBITELT 174 1 mg/L » AR 1.1 m GRS 2.0 my/L  RIL{EE R a5
IKHEFHERE 0 T /KR RREMERY 1.5 m - ARG AL0 @R A13 BEME - Al4 BRI+ > 3 F/KTE Som
BIE » BTSRRI S At T K2 BER. « TR T /KT SRBRIT - HL 8 I s S KA /K - B
Bl BTATEA SRR K 2 5080 3 48 + EABRM - HORIH T/ KAt AR SRR -

w W

HERE WK PR i S AR 2 > Wy REREE - EATERIGEREUR - AR B S
SRR AR E R 2B P ROK 3 1% MIRITAE TR TS - 178 EFFEHUERVE BASEE - SR RS
HELT I8 Rt N ACE IS -

SENRK

THRFEEET RS 22003 » ANESEBHK/KERAE - HHERE 92 4 11 H 7 HAE - https:/law.coa.gov.tw/glrsnewsout/
LawContent.aspx?id=GL000066 °

THEEEZEE - 2013 - EESEEREYEARERE - PERE 102 4 6 H 3 H{ZIE - https:/law.coa.gov.tw/
glrsnewsout/LawContentHistory.aspx?hid=1484 -

THIREEZ B G - 2020 » FHEPR/KHLE R (F(E 2 FA FHET ol R EE BE R0 - TPEEERCEY 109 4 12 A - https:/www.
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Abstract

Livestock wastewater after anaerobic treatment still contains some nutrients needed for plants and can be used as a
source of fertilizers. However, this nutrients containing copper, zinc, and nitrogen, while the substances unabsorbed by
the plants could pollute the soil and groundwater. Therefore, the purpose of this study aimed to explore the impact of cow
wastewater after anaerobic treatment (irrigation water) on the soil properties and groundwater quality after irrigation on
the Pangolagrass pasture. The present study was carried out between 2015 and 2017. The dairy wastewater was irrigated
on the Pangolagrass pasture in the arca of 34.88 hectares. The irrigation areas were divided into three areas (A10, A13,
and A14) by the type of topography, and each of the areas was irrigated once by the irrigation tank truck monthly in turn,
namely each area was irrigated once every three months. The irrigation volume was determined by the nitrogen requirement
of Pangolagrass and the concentration of total nitrogen in irrigation water. During the experimental period, the change
of composition in irrigation water was analyzed with the collection of soils in each area and groundwater in upstream
and downstream collected monthly. The data of soil and groundwater in 2014 were adopted as the background values to
comprehend the changes in all compositions. The results showed that the total nitrogen of the irrigation water was about
721 mg/L during the irrigation period. In soil, the electrical conductivity (EC) in A10, A13, and A14 during the irrigation
period were about 135, 117, and 206 uS/cm, respectively (background values were 152, 171, and 192 uS/cm, respectively).
The contents of total copper in three areas were 6.86, 5.92, and 8.25 mg/kg, respectively (background values were 6.16,
5.59, and 5.11 mg/kg, respectively). The contents of total zinc in three areas were 38.1, 25.4, and 38.8 mg/kg, respectively
(background values were 25.0, 24.0, and 21.9 mg/kg, respectively). With regards to groundwater, the concentrations of
ammonium nitrogen (NH,'-N) and nitrate nitrogen (NO;-N) were 0.61 mg/L (background value was 0.68 mg/L) and 0.12
mg/L (background value was 0.14 mg/L), respectively. In summary, the results showed thatafter three years of monitoring,
the irrigation of cow wastewater after anaerobic treatment in this study did not significantly change the soil properties and
groundwater quality on Pangolagrass pasture. However, the impact by long-term irrigation merits further monitoring and

evaluation.
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