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A BOK BRI ERYE - BB B WEMEVMRIAERSE > FREgHIBEIKEEE S B
(Bradford et al., 2008) > [£4| > Kunhikrishnan et al. (2012) 5t - i S 8¢5 90NN EHPIEERE » AR (2R K PRim TH
PrBUERE » SEEHNEOK P RS E B TR RS - ABKEARE - TR ERESESE - REANERSE M
REFWAR B2 2 HY - Hu er al. (2021) f5H - BREVH bR E R A RUa B HIRH AL — » BOKEBBREHNE
PRI O TR E R RS /K AT A PR R o7 > BRI 80 — 90% » NE R EBRIGAY) » [FINF ol A AR (H
Be) s AN o REIBR R R SR TSR RE A - mERITRELRD » IAE R A YIRS S A EEK
(Bella and Rao, 2023)

KB E 2015 FHE - B REH BRI B PR/K MR EHRE I MR SUETT TR Bt T AOKE Z Bt
B o AIHHR SR 8T 2015 4R 2017 SR Z BB REEIT 0T (555 > 2021 ) » AW @R A S bazrs > HE—
A 5341 2018 F 2 2025 ] Z RIATOMEER - DU RIHE R T EPRKE TR N AOKE Z L5 - 5lERaS
SEE RBUNBURE AR - WA AREST e REEIRAESH K -

MFERTTE

L Jiti s AL 7 7 =

() JFEEHAL A 2 rE T B R S 0 e s B B 2 SR [E i B > 3L 34.80 VB RIS 93 By A10 ~ A3 B
Al4 FE =18 FEEM R R - 8 ROARD 1= > ERESY A A 13.63 ~ 15.11 K 6.15 AHH - &REREUVHIE
%2 FHEPRKE A B AR AL A B » DI E S - R 5.5 m’ A - AL3 [EE i ER
R AL A 5B5 5 2 BE /K R B S » 1A 2021 SR I 35 AR A E B A o (R AR TSR - A6 H 2022 FELEEE
GECEHETHE - BER EETFKESEEYHAET-M (EEIEAEE > 2005 ) ZHE#E & (320 — 480 kg/
ha/yr) - AR EEHAT IR K 2 RS SR EER -

(i) AEERTY 2018 42 2025 FERAETT - A LABEEE (2021) 2 2017 FFHY HIEEDHIE - LUK 2017 — 2018 hi7KEARY
R KEEHIME AETTEREL - sEBRTTREEZES (2013) BEEEREY A HEHIANE - IS EZEFFIH
] 0 DURAARIRERES (2017) A5 24P 8 i R Ag i R i BRI A > AU B A8 A o3 s &3 T »
SRS A RF T R B R AAE T o] NG O e A T ST T 6% R A B R -

IL 3 HrE E K TT7E
(i) EHITH B B
SAEREDHIE 2018 4L % 2025 4 1 > BARIASER KR 485 3 (| A EREE M7 1 2 o3 32 k> #i
KEE 2B BEREEIAT 1 R > 4347 48 K - =@t i @ 2 s = 5 — 8 R RIERL > DAREEER 1L 0 — 20
em HETT HIRERERAR & o # N /KHEL B 1 (upstream 1) ~ 0 2 (upstream 2) 52 7 (downstream)
3 ESHIE (B 1) ~ 3 CESHIHEE SRR 112 ~ 51 K 78 m > & 53 k/KHA (dry period, D) Kz '8 /KHH (wet
period, W) ©

(i) A-ZEPRIK R N KKE 73

NEFRFERTRIB R A S 2 K EMH T A T/KE 5347 - pH DL NIEA W424.52A (3REEEREI 23
1EWFZEEE 0 2008 ) ~ EC {E 2L NIEA W203.51B JHIE (BRI B IR 7 » 2000 ) ~ 4855 DL NIEA W427.53B
HIE RIEE B ZRIRRENTZERTE > 2010 ) ~ NO;-N DL NIEA W419.51A E (BREH B R IRRE5ET - 2006 ) -
NH,'-N [ NIEA W448.51B ( B25E 3B S BE BEhT 220t > 2005 ) ~ 4840 NIEA W423.52C 318 ( Bk E 5
BERSERT > 2004 ) ~ $FR 8L NIEA W306.55A SHITE (BB B etz > 2016 ) -

(i) TIEEREEELSAT

D 1m-~ A 54 cm ~ /ML 6 em B9 188 » 2EHEEREE S5 — S {EEE ~ Z£E 0 — 20 cm Y1388 » 9 5RE
BHEE & 3 ETE - FTIEE LT E - pH {E DL pH meter HIE pH {E ( F/KEE =11 1) 5 DIBEE I E
EC{E (£/KEb=1:5): #au USRI TEIRIER DL IN BRFRZE B ZEHL - R LA YT HNE (B3 HTF
fitt > 1995 ) 5 i ;e $¥ & & DA NIEA S321.65B (ERIRESEIZZIRIEWTSEME » 2018 ) D (L1t E &8s - FFLL NIEA
MI111.01C ( BRIEE B R IRENTFERT > 2012 ) HIE -

L &7
DL Excel 2016 5T &4 FEPR/K ~ T BAREMEE Rt T /KE 2 SE 3 E EAEAE 7 o F|H GraphPad Prism 9 #L#S
(GraphPad Software, USA) iy —[R T8 8/ HT (two-way ANOVA) #EITEEET57HT @ DL Tukey's test f# & 7= FLEAZE M
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(P<0.05) -

A The monitoring well of upstream 1
W 1 monitoring well of upstream 2
@ The monitoring well of downstream
&= Groundwater flow direction

1. =& (A10~ A13 J Al4) Jii 8 Kot F/KBE L BB » (A10 ~ A13 K Al4 =& EE 57 5 A 13.63

15.11 2 6.15 )

Fig. 1. Locations of irrigation areas (A10, A13, and A14) and groundwater monitoring wells (with respective areas of 13.63,

L

15.11, and 6.15 ha).
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FEIRKKE KRR

o Mo G0 It E A PR OK T B - 8 oy R B B B B A A7 4R B PR /KK B /2 0 BEHY (Angin ef all,
2005) « sAEREARIA-SER/KKE405% 1 Fiow » SF39 pH{E £ 7.8 » EC {H £ 3.78 mS/cm » #8E & &K 669 mg/L > 4
BEERR 76 mg/L > FIE RS 155 mg/l o SFERNY 318 m/L - SRERNEE R (AR 55 FRAR K R R A SR K
SEETE SRR > HiE S E 2 Frr 0 A10 BT 59.9 ton/halyr DL 2020 4F i & e =4y 138 ton/ha/yr
2024 4 i EE B B (R4 14.9 ton/ha/yr 5 A13 [ 250 ton/halyr » [ 2022 4 i % & B 47 402 ton/ha/yr » 2020 4
S BHRE4 75.2 tonhalyr § Al4 39 76.6 ton/halyr » BL 2020 4EHi# R 247 177 ton/halyr » 2023 4 i it
{4 4.47 ton/halyr -

B AT E P R R R B R RSt — E BRI (Station No: B2N890) PR &k (& 3 ) »
2018 7 2025 4F 7 2 4F BEHERG & L 2024 FFEE =49 2,901 mm » (R4 RI A 2021 4F (2,759 mm) ~ 2025 4F (2,196
mm) ~ 2018 £F (2,167 mm) ~ 2019 4F (2,099 mm) ~ 2020 4F (1,544 mm) ~ 2022 4F (1,201 mm) > DLKz 2023 4F (1,166
mm) > FEFHE 1,166 — 2,901 mm - K > FAER AN KT AR R 11,660 — 29,010 m’/ha/year » EA V-1 &
4.47 — 250 ton/ha/yr EEFR - Jifi ) & R FRIZKE AR Z 1/100 LUT » #1280 — 20 em -8 7 BI S Y B <2 RS
Eifip/ N o [EAN - BINSUKER (B4 5 A2 10 B) BflKEH (54 11 HERF 4 H) ZEREEHEZER  [FER
FHEFRNRS — 9 F » MFERZLEKAFEEETE - B - MK EREZZF NG > WSS S EmR s
& > RN b 2 nA MR T B BB K E MK E A M ER (Leaching) » £ 47 -39 ERR 2 EhREFHT - (K
B

ABi S e 2 g R 2ROV BI PR (2 % ARRRRRAMEHAE R - RIERE R
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THEIRR SO H b A B PR 7K TR [l St 3 LI IR St N AOKE Z 2%
TEMFSEE P2 RGN Z - 2 He B s O [k B8 1+ & Ka R > R 3 R KBE M KSR » W& atEM
# o DHEERE o B ML B PROKE B RE /R B R M - BRI T iR Z Bae i B B B2k
S - T A3 B RAPAT BE /KBRS B 2022 SRR A SR U EURGE » AR B (O - EAR SR
PRI 5 (1 A e e Al » SR P I R &2 (249 ton/halyr) ZE Sif7% A10 & (59.9 ton/halyr) Jz Al4 [&
(76.6 ton/ha/yr) °

x 1. 3B/ FIIRETERKZKE T
Table 1. Characteristics of irrigation with anaerobically treated dairy wastewater during three-year experimental period (n =
4/yr)
Items 2018 2019 2020 2021 2022 2023 2024 2025  Average SEM
n 4 4 4 4 4 4 4 4
pH 7.4 7.9 7.5 7.7 8.0 7.9 7.9 8.1 7.8 0.1
EC, mS/cm 3.04 3.79 2.10 2.52 4.47 4.68 5.28 4.35 3.78 0.2
Total-N, mg/L  746° 857° 472" 519 606° 630 964° 560% 669 50.1
NH,-N, mg/L 204" 254° 135° 274° 213° 218° 340° 279° 237 26.1
NO;-N, mg/L 109 157 90.4°  149° 182° 128° 358 87.8" 117 14.6
Total-P, mg/L 81.4 57.4 57.1 64.5 92.6 80.2 98.2 76.6 76.0 9.39
Cu, mg/L 1.75 2.18 1.66 0.78 2.64 1.86 1.35 0.16 1.55 0.19
Zn, mg/L 3.03 2.10 3.02 2.55 4.53 522 4.25 0.76 3.18 0.66
»bedel Means in the same column 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 (2018 to 2025).
1L Jiti R A PR /KPR [T it i s B
PAEEE (2021) 12 2017 SEEHIEHR MR o S AR AE ETILE (R 2 258 4) - HABRHIR A10 - A13

Fr Al4 415 pH (B PH9 53 BB 5.4 ~ 5.4 5.9 » BIEFE{E (5.1~ 5.1 ~ 6.0) 2EF K » SIERERIEEE 2SR
FURDIASER IR RE T » BRI B R K RS [E St T Rl e s BA TR - WA SR B SR (L ek -

EC /71 » A10 B4 44.5 pSlem » ZAEREESEEE (P < 0.05) R S{E (146 pS/em) » Horfr 2021 3 2025

. (15.4 — 20.9 pS/em) Y EEZE (P < 0.05) /KA 2018 2 2020 4F (86.3 — 90.3 pS/cm) 5 Al3 & 1595 77.3 uS/em »

2021 4E J7 2023 % 2025 4F (61.6 — 71.2 uS/em) 2 EC {H 53 (P < 0.05) & j*

B 5{E (114 pS/em) » DLFZ 2018 &
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2020 4FEH 2022 4F (76.1 — 114 uS/em) 5 Al4 &5 63.8 pS/em » FAEEEREE (P < 0.05) (KA A 518 (214 pS/cm)
ifi 2021 %5 2025 4F (18.5 — 35.0 pS/cm) FiZ (P < 0.05) {E}F> 2018 %5 2020 4 (121 — 135 pS/cm) « Ofori et al. (2021)
fatth > 1388 EC (B Rya R/ K P Rt & TR B O ny —TH B BEAT - e T3 ea ARk LAY EC B T #¢
B0y BAEIEE 0 T EC HESRnEPWIAMEEESES - DUBKER ] se g R E K A& o mhE
B - ST R B HAOTEE(E o ASER A10 K Al4 T 2021 7 2025 4F EC {EEEEZ S SE K 2018 — 2020 4F
5 PR P BT IR e B 8 1 o ARG PR PR AR OMROSE A P48 2 4% EC B TN » Vergine er al. (2017) DAZRERZEHY
BEZKE G - 23R H R R R R EE » BEARE R REOERIEHEE - (EEFR R —E R
B AR =t B & BALd = [ PRI FITEY © Abunada and Nassar (2015) 7Rf5HY » 2RJg 1187 &y Bl ) RRABLE R 2
TEFERE - RE REKHE S By N R ER - EREREEH MR g ERESEEA - FREIME - RERHE
Z 5y AT EE IR eI F P [r) K2R J& (Subsurface layer) » HETT 4R AR 118 2 BE 7y & fi -
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Fig. 3. Monthly rainfall during the irrigation period (2018 to 2025) (Source: Central Weather Administration, Ministry of
Transportation and Communications - Station No: B2N§90).
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Table 2. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A10 area

B8R
57

(n=4 /)

(n =4/yr)
Items pH EC' TP’ TCu’ TZn*
uS/cm mg/kg

2017° 5.1 146 218° 6.27 42.5
2018 4.8 89.2° 220° 10.6 37.3
2019 5.5 90.3° 307° 6.94 39.9
2020 5.1 86.3 289° 7.25 48.6
2021 5.2 20.0° 217° 7.56 42.5
2022 5.4 17.6° 167¢ 7.80 443
2023 5.5 17.3¢ 158¢ 5.78 37.2
2024 5.7 20.9° 154¢ 6.88 38.8
2025 5.8 15.4° 144° 6.22 37.8
Average’ 54 44.5 207 7.38 40.8
SEM 0.1 4.83 20.8 0.43 2.01
" EC: electrical conductivity; > TP: total phosphorus; * TCu: total copper; * TZn: total zinc; > &% »2021; ® Average: from 2018

to 2025.

"¢ Means in the same column with different superscripts are significantly different (P < 0.05).
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3. ERREEMR IR K A3 AR ER E TR B (n=4 U/ 4F)

Table 3. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A13 area (n
=4/yr)

Items pH EC' TP’ TCu’ TZn*

uS/em mg/kg

2017° 5.1 114* 197° 5.24 29.9

2018 4.8 103* 279° 9.06 23.8

2019 5.9 93.0° 283" 7.65 29.9

2020 53 87.2° 169° 5.03 35.5

2021 52 62.3 169" 5.44 27.5

2022 5.4 76.1° 171° 5.55 27.8

2023 53 61.6" 197° 5.51 25.2

2024 5.8 71.2° 191° 5.83 24.7

2025 5.9 63.4° 204° 6.22 26.9

Average® 5.4 71.3 208 6.29 27.7

SEM 0.2 10.1 11.1 0.37 2.51

' EC: electrical conductivity; * TP: total phosphorus; * TCu: total copper; * TZn: total zinc; ° &% »2021; °® Average: from 2018
to 2025.
" Means in the same column with different superscripts are significantly different (P < 0.05).

s B

4. NERREEERFFERKE Al4 G BRI 28 (n=4 R/ F)

Table 4. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A14 area (n

=4/yr)
Items pH EC' TP? TCu’ TZn*
uS/cm mg/kg
2017° 6.0 214 322° 7.11 41.6
2018 5.7 130° 335%® 8.70 45.6
2019 5.9 135° 354° 9.23 40.7
2020 5.6 121° 284° 7.49 50.6
2021 5.8 22.9° 257 9.54 43.5
2022 6.1 35.0° 175¢ 7.94 43.0
2023 6.0 23.6° 156 6.52 36.4
2024 6.1 25.4° 230¢ 6.66 36.3
2025 6.2 18.5° 196 6.74 39.0
Average® 5.9 63.8 248 7.85 41.9
SEM 0.1 13.1 10.5 0.46 2.19

" EC: electrical conductivity; > TP: total phosphorus; > TCu: total copper; * TZn: total zinc; > &5 »2021; ° Average: from 2018
to 2025.
“»¢&¢ Means in the same column with different superscripts are significantly different (P < 0.05).

s ZFR

SARETTTE 0 A10 &S 207 mg/kg > L 2019 B 2020 4FifE S (307 ~ 289 mg/kg) » A I (P < 0.05) &R & &
{8 (218 mg/kg) » fij 2022 % 2025 4F (144 — 167 mg/kg) HH (P < 0.05) (KA EFE-(E 5 Al3 [&FH 208 mg/kg > 2018
E51 2019 4F (279 ~ 283 mg/kg) FAZ (P < 0.05) SAEE1E (197 mg/kg) » i 2020 & 2025 4F (169 — 204 mg/kg) HIJEL
B (AL RS o Al4 @119 248 mg/kg - Hr 2019 s (354 mg/kg) @ B (P < 0.05) SiiE 5=1E (322 mg/
kg) » 1j 2020 % 2025 4F (156 — 284 mg/kg) #E (P < 0.05) KA E 5HHE ° Sharpley et al. (2004) F5H - Jii &8
HEEMEHEERE T R > HEESERIREE R - T ERS - TR AR ) R e B i
Mg o Astln A10 K Al4 453 HIA 2020 J 2022 fF1% 48R ERZE (P < 0.05) N - HEHIF] A B &= FH (K -
TRV R HIREE(E R - BUREEEH T - B RFEEEAIR < Cuadro er al. (2022) 7545 » EE#Z 0 — 7.5 em
B0 — 15 cm FITEEREOREH TR & 8 e SE PR R EARRINHERT » BiEAHENEE 3G
W WEEERE (0 — 7.5 cm) SRR TIREDHIE B EEZ RN 0 — 15 om 8% > BURRERAE S 52 HRE
T gl W s T R v B B B KAV EUE - 2019 AR = @B R A Ay B T - 8 e & By
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151 R R 2R B I B RIS R R E S B E S B T TS 4SS > MR AN B M A S0
TRRIFBIZIEE -

TIEESEE 0 =& (A10 ~ A13 & Al4) 4852894537k 7.38 ~ 6.29 K 7.85 mg/kg » stEaEAR &t
PR AL - PR BT By 40.8 ~ 27.7 J 41.9 mg/kg AR el @ B LI R BB (R
8 S P AR AR E - BRI 5 LB A (R MEYEH ) (3 120 mg/kg ~ §F 260 mg/kg ) » BUR{EHEE
i SR AR T IR e & ol -

AR B PR /K I T /KK 'S 2 2

REARERE KN B se g R E0VE 57 » EEE YIRS FTRe UL AV LR - FE M ER AR T KE -
EMEER T/KE > FERTFEEM T/KMUAER - HIEVEEA BRI - HIBIVEPKEES - BEKEMIE
MR~ TN KA S E & DL EE K S (Hamilton er al., 2007; Abaidoo et al., 2010) - sXEHHAR > EHIE
B (2 00 BN (1 10) #RKE > BORIEERAFER S £5R 7 s o Bt 1~ B 2 BN pH (E
3 Fs 7.6 ~ 7.1 J2 7.9 - B S EHEEUERRE > MBS L - EC{EE » B 1~ B 2 BN
53 s 627 ~ 546 ~ 598 pS/em » = [ F7/KHEEHG /ALY 500 — 700 pS/em o G N IFFHL A7 5 i i s 22
ZHEIEN > HHEZBAE EC {H Y 598 pS/em 3%~ EijF 2 B HIE > #EEIA (498 — 702 pS/em) » B EjffEas R
Ko HIt > BURASERH B IR K% > HE 75808 388 A NOKERE T o 28 TIEY R R REFHY
B REHEE 2 T KSR E > EC HINERTEEEUKY - MEFZESHS - NH,-N &85 51 5
0.16 ~ 0.08 K 0.59 mg/L » [ FESHIH: > NH, N &2 s ERHHRT (0.26 — 1.01mg/L) BiFE-{H (0.77 mg/L) fEHE
E725  NO-N S8 P57 A 0.12 ~ 0.35 J2 0.14 mg/L » [EECHIH 2 NO,-N & &7 &l (0.03 — 0.21
mg/L) 815 51H (0.13 mg/L) S ER - ERBETHE - #ilS 8450155 0.02 - 0.01 ~ 0.01 mg/L > FE&E &Y
4350 B 0.03 ~ 0.02 ~ 0.02 mg/L > SAEGHARTEIETEE (58 : 0.01 ~ 0.02 ~ 0.02 mg/L : £%:0.03 ~ 0.03 ~ 0.03 mg/L ) 7R~
BB E E (L - ESBE RPN EIRE DR ES G504 TK > BURRESBE HIEER T 2 AR - i+
PERY SR AREAEYINREEE & - DUOKIEA RN pH 78NS 2 E SN (Kunhikrishnan
etal.,2012) o [EAh » AeERle 3 IR /K 2 BRI 5842 50 SKDLE > SdiRs 20 N /K 2 5E5E -

5. BRI L 1N AOKE ST (n=3 3K/ )

Table 5. Water quality analysis of groundwater at upstream 1 during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP? Cu Zn
Upstream 1 uS/em mg/L

2017 — 2018’ D* 7.7 548° 0.22 0.10 0.08 0.01 0.03
2018 w’ 7.2 539° 0.27 0.19 0.10 0.02 0.02
2018 — 2019 D 7.6 674 0.17 0.11 0.09 0.01 0.02
2019 w 7.6 636" 0.11 0.13 0.06 0.03 0.03
2019 — 2020 D 7.6 562% 0.08 0.15 0.16 0.00 0.02
2020 \ 7.4 611 0.09 0.04 0.08 0.02 0.03
2020 — 2021 D 7.2 634" 0.07 0.02 0.09 0.01 0.03
2021 Y% 7.7 564% 0.09 0.08 0.03 0.01 0.05
2021 — 2022 D 7.5 567% 0.22 0.17 0.14 0.03 0.03
2022 w 7.5 702° 0.05 0.06 0.29 0.06 0.03
2022 — 2023 D 7.6 690 0.10 0.11 0.06 0.01 0.02
2023 w 7.5 677" 0.12 0.07 0.08 0.02 0.04
2023 — 2024 D 7.7 680 0.23 0.10 0.17 0.00 0.02
2024 w 7.7 672* 0.24 0.13 0.01 0.01 0.05
2024 — 2025 D 8.0 648" 0.26 0.19 0.08 0.00 0.02
2025 A 7.8 635" 0.21 0.24 0.08 0.00 0.03
Average® 7.6 627 0.16 0.12 0.10 0.02 0.03
SEM 0.1 16.8 0.02 0.02 0.01 0.01 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ° Average: from 2018W to 2025W.

»bede Means in the same column with different superscripts are significantly different (P < 0.05).
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6. FERIRE LF 2 T AOKE AT (n=3 XK/ 4)

Table 6. Water quality analysis of groundwater at upstream 2 during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP’ Cu Zn
Upstream 2 uS/em mg/L

2017 — 2018’ D’ 7.4 498¢ 0.07 0.18 0.10 0.02 0.03
2018 w’ 7.0 500° 0.13 0.21 0.11 0.02 0.02
2018 — 2019 D 7.2 502¢ 0.15 0.32 0.13 0.02 0.01
2019 W 6.9 498¢ 0.03 0.46 0.09 0.03 0.02
2019 — 2020 D 7.0 518 0.03 0.43 0.17 0.01 0.02
2020 W 6.6 544 0.16 0.21 0.10 0.02 0.02
2020 — 2021 D 6.6 542 0.01 0.60 0.09 0.01 0.03
2021 W 6.9 509¢ 0.05 0.20 0.04 0.02 0.02
2021 — 2022 D 6.7 539¢ 0.07 0.42 0.11 0.04 0.02
2022 W 7.6 559 0.08 0.30 0.15 0.03 0.04
2022 — 2023 D 7.2 618" 0.04 0.09 0.04 0.01 0.01
2023 W 6.9 584 0.03 0.19 0.04 0.02 0.04
2023 — 2024 D 7.2 594 0.13 0.52 0.17 0.01 0.02
2024 W 6.8 624° 0.06 0.26 0.01 0.01 0.04
2024 — 2025 D 7.6 559" 0.18 0.63 0.05 0.00 0.03
2025 W 7.2 557" 0.07 0.65 0.13 0.01 0.03
Average® 7.1 546 0.08 0.35 0.10 0.01 0.02
SEM 0.1 6.80 0.02 0.05 0.02 0.00 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ® Average: from 2018W to 2025W.
"4 Means in the same column with different superscripts are significantly different (P < 0.05).

* 7. HEMARE TIE TAOKE 2T (n=3 K/ )

Table 7. Water quality analysis of groundwater at downstream during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP’ Cu Zn
Downstream uS/cm mg/L

2017 — 2018’ D* 8.0 525¢ 0.77 0.11 0.13 0.02 0.03
2018 w’ 7.4 550¢ 0.66 0.13 0.16 0.02 0.01
2018 — 2019 D 7.8 580 0.92 0.15 0.14 0.02 0.01
2019 W 7.9 564 0.44 0.14 0.15 0.02 0.02
2019 — 2020 D 7.8 586 0.37 0.15 0.18 0.01 0.03
2020 w 7.6 592 0.35 0.05 0.15 0.02 0.02
2020 — 2021 D 7.5 585 0.41 0.05 0.13 0.01 0.02
2021 w 7.9 596 0.36 0.06 0.03 0.01 0.01
2021 — 2022 D 7.7 594 0.48 0.19 0.19 0.01 0.02
2022 W 8.2 594 0.44 0.09 0.19 0.03 0.03
2022 — 2023 D 8.0 626" 0.38 0.10 0.10 0.02 0.01
2023 w 7.8 632" 0.26 0.35 0.15 0.01 0.04
2023 — 2024 D 8.0 695 0.61 0.10 0.21 0.00 0.02
2024 w 8.0 601> 0.96 0.12 0.07 0.01 0.03
2024 — 2025 D 8.5 630° 1.01 0.20 0.08 0.00 0.03
2025 W 8.0 627" 0.97 0.22 0.17 0.00 0.03
Average® 7.9 598 0.59 0.14 0.14 0.01 0.02
SEM 0.1 6.64 0.04 0.03 0.01 0.00 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ® Average: from 2018W to 2025W.
"4 Means in the same column with different superscripts are significantly different (P < 0.05).
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Abstract

This study investigated the effects of long-term irrigation with anaerobic-digested dairy wastewater on soil properties
and groundwater quality in the Pangolagrass pasture. The experiment was conducted from 2018 to 2025 across a
34.89-hectare area of Pangolagrass pasture, divided into three sections (A10, A13, and A14) based on topography. The
wastewater was irrigated to one section per month in turn via tanker trucks, resulting in a 3-month irrigation interval for each
area; additionally, a pipeline system was integrated into parts of A13 starting in 2022. Irrigation volumes were determined
by the nitrogen requirement of the Pangolagrass. During the period, the dairy wastewater and soil by region were analyzed
every 3 months, with the groundwater quality from upstream well and downstream well analyzed every 2 months. The soil
and groundwater quality were compared with the soil monitoring values in 2017 and the monitoring valuse measured during
the dry season between 2017-2018, as the background values. The results shows that the dairy wastewater contained average
concentrations of 669 mg/L in total nitrogen, 1.55mg/L copper (Cu), and 3.18 mg/L zinc (Zn).The average soil pH in areas
A10, A13, and A14 was 5.4, 5.4, and 5.9 ( background values: 5.1, 5.1, and 6.0), while electrical conductivity (EC) averaged
44.5,77.3, and 63.8 puS/cm (background values: 146, 114, and 214 uS/cm). Average soil total Cu contents were 7.38, 6.29,
and 7.85 mg/kg (background values : 6.27, 5.24, and 7.11 mg/kg, and total Zn contents were 40.8, 27.7, and 41.9 mg/kg
(background values: 42.5, 29.9, and 41.6 mg/kg). In downstream monitoring wells, concentrations of NH,"-N and NO,-N
were 0.59 mg/L and 0.14 mg/L, respectively (background values: 0.77 mg/L and 0.11 mg/L), showing no significant changes
throughout the period. In conclusion, long-term irrigation with dairy wastewater had no significant changes adverse effects

on soil or groundwater quality, with no evidence of salt or heavy metal accumulation or groundwater pollution.

Key words: Dairy wastewater, Anaerobic digestion, Soil properties, Groundwater quality.
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