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1. EeRAESEREAE -
Table 1. Characteristics of pig wastewater in high-bed type of livestock.

Item Water content (%) pH EC” (dS m™) OM* (%) N (%) P (%) K (%)
Average 96 7.8 25 35 0.40 0.12 0.22
Range 91-99 7.4-8.3 10-36 1.1-8.3 0.22-0.87 0.01-0.22 0.09-0.35
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1. EsRAESEREAE - ()
Table 1. Characteristics of pig wastewater in high-bed type of livestock. (continued)
Item Cu(mgkg') Zn(mgkg') Ni(mgkg') Cr(mgkg') Cd(mgkg') Pb(mgkg') As(mgkg")
Average 24.30 63.20 0.55 0.39 0.02 0.14 0.16
Range 2.08-100.00  4.13-212.00 0.15-1.10 0.07-1.00 0.01-0.08 0.01-1.20 0.01-0.80
“EC: electrical conductivity; OM: organic matter.
%2, BUBRIRAE (0-15 om) HARGHE -
Table 2. Basic characteristics of initial topsoil (0—15 cm).
EC* oM’ Cu Zn Ni Cr Cd Pb
Soil series pH (uScm™) (%) Texture (mgkg") (mgkg') (mgkg') (mgkg') (mgkg') (mgkg")
Shejiao series 5.4 59 2.03 Loam 15.3 86.3 24.3 35.1 0.21 29.4
Sand (%) =45
Silt (%) = 38
Clay (%) =16
“EC: electrical conductivity; OM: organic matter.
(3) SOM : Ifi i%: ﬁ‘ Tﬁ% F—/éf ;\EU I,_E 75 if - ﬁ/\%\ j:;éﬁ/é:[ DIM = Cmeta] X Cfactor X Dfood intake/Baverage weight
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Fig. 1. Seasonal changes of nitrogen, phosphorus and potassium concentrations in pig wastewater in high-bed type
of livestock.
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Fig. 2. The ratio of the rice yield between manure, chemical fertilizer and non-fertilizer in each year: (A) manure/
chemical fertilizer yield ratio; (B) manure and chemical fertilizer/non-fertilizer yield ratio.
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Fig. 3. The changes of (A) pH; (B) electrical conductivity (EC); and (C) organic matter (OM) by application of ma-
nure, chemical fertilizer and non-fertilizer treatment in topsoil and subsoil.
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Fig. 4. The pH value of irrigation water in Taiwan Agricultural Research Institute (TARI) in each year.

+ 888 & FAEBEABRATAR ) 1.28 mg kg
B LA B A P T e (6K BT e P 28 58 7K A e
ZEBBETIRPAIRM - AL RIHE A
K LI SFETIIRER - Bl&AEYRI
T BRI AE IR (E 2 85% K > FE{E 1L
THHARE B EH A T HORE DR E RS bR 0
i SR EGBRETIR - NEEBEFEEAKT
IR - I ¥~ SRR ) 5B
EER > TR T ERKIE -

KT ) o R R S S R T

KiG (AR E¢Bae sl T8
P EE B EAVELE - 7T H KRS
H IR IrESBEE S - tbEMS > F
KF¥ % B e B HY R e I BkR - R 3 45R
AR KA EREY UL RE F s - Hrp i 3
Al B AH SR LR E 28 1.99 5 B B i - HiLk
B 5 0.53 ;5 MR UL EE T B (R HY Fs ity » ELEE{E
# 55 0.02 - pL&ERBURKIGE R B A
= R B ES > T Al AR By e i o b At
%2 Ei1 Kabata-Pendias & Pendias (1992) K Yeh
(2002) HYBFFTEER—EL -

RAANEAR S WY TIRERTEREE
RIEEE-PHREA > W55 - # 81-
B8 8 B IR A B - DIARTE R -
BHBKEEER 04% (R 1) HLUBREH L
SEE AR IR (400 kg N ha yr') » HIGAE T

FARKE A 100 Mg ha yr' - BIEFEST - 6% 88 -
58~ 8~ S RHIY AR 2.4 5 6.3 ~ 0.06 ~ 0.04
0.002 ~ 0.01 K 0.02 kg ha” yr' « DIFE 158 2,000
Mg ha' 515 > AIGAESE ~ §% - 82 - 88~ 87~ $1iR
TR & B 1.2 ~ 3.0 ~ 0.0137 ~ 0.0045 ~ 0.0004
0.0064 K7 0.0078 mg kg™ » 1% i FF 45 ik (1) 26 <65 28
R AEHIRBIRE (IREE P - 8% - 88 -~ 85 -
58~ B fe il E B ELCRE S AR B R - 8
P 8% £R - B RAIEREE (1528624~
354021 ~29 }% 8.23 mg kg') & > DL+ I
{5 R B A 7 85% Ry BRAE (102 ~ 221 ~ 111 »
149 ~ 2.1 ~ 255 } 25.5 mg kg™") » - BT[] {fi [
IRy 77 (80) ~ 45 (§%) ~ 6,350 ($8) ~ 25,333
(8%) ~ 4,725 (§7) ~ 35,313 (§11) Kz 2,208 (Hifl)
(F4) > R4 PhaIH - HHBLEE R B
M2 EEZR T » R LB KHE R
o LS M 1 e g P B AR o S &S B
ETEI > E/HHEE/FE 2 LL I TR 180 B
360 - A {3t g 5 A AR R 8 100 4220 E
P PR 300 400 L AR R
S S A AN I DA B 2 - 3t 5 P AR TR -

KB 2L KR s
§23.9 631 mg L™ » FAF LR - SRS
Sy B 0.94 ~ 2.2 mg kg o FEIA 13 £ +
BEGR - PERFBEE AL R 1222 29 mg kg
BEERHHE - 18 - SF2E2FEENEN
ATEMGE It Fead e T 3R 43 A7 R ¥ B AR



310 BEEEENTTE B 74 3

35 120
(A) 0-15 cm
RO 100
S —~ 80
2 2
jo o 60
E £
= c
(@) N 40
—<—Non-fertilizer 20 +
5r - Chemical fertilizer
——Manure
0 1 1 1 1 1 1 0 1 1 1 1 1 1
2 2
()] ()]
£ E
el =
pzd O
10
0 1 1 1 1 1 1
0.5
(E)
04
2 o3 2
=2 (@)
E E
- 0.2 a
O o
10 +
0.1
0.0 . 0 . . . . \ \
2004 2007 2010 2013 2016 2019 2022 2004 2007 2010 2013 2016 2019 2022
Years

5. HEFHSERE - (ERERAFEALREHE 2 2t (0-15 cm) EHpEEEE(E (A) 3 - (B) # - (C) # ~ (D) #5 ~ (E)

KL (F) §t
Fig. 5. The changes of (A) Cu; (B) Zn; (C) Ni; (D) Cr; (E) Cd; and (F) Pb by application of manure, chemical fertil-
izer and non-fertilizer treatment in topsoil.
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Fig. 6. The changes of (A) Cu; (B) Zn; (C) Ni; (D) Cr; (E) Cd; and (F) Pb by application of manure, chemical fertil-
izer and non-fertilizer treatment in subsoil.
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Fig. 7. The changes of (A) Cu; (B) Zn; (C) Ni; (D) Cr; (E) Cd; and (F) Pb by application of manure, chemical fertil-
izer and non-fertilizer treatment in paddy rice.
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*3. KEERESEH TRES RS ZHE -
Table 3. The ratio of paddy rice and soil in heavy metals content.
Item Cu Zn Ni Cr Cd Pb
Paddy rice/soil- Non fertilizer 0.19 0.25 0.13 0.39 0.42 0.02
Paddy rice/soil- Chemical fertilizer 0.29 0.40 0.13 0.32 1.68 0.02
Paddy rice/soil- Manure 0.26 0.53 0.13 0.30 1.99 0.02

F 4. EFEROKEHEA R AT ARG -

Table 4. Estimated limits of different heavy metals for farmland reuse with pig wastewater.

Applied Removal Increasing Contentin  Monitoring  The useful
Concentration Dosage” metal dosage amount amount” soil criteria® life (Years)
Metals (mg L") (Mgha'yr") (kgha'yr) (kgha'yr) (mgL") (mgL’)  (mgL") (yr)
Pig wastewater in high-bed type of livestock (N = 0.4%)
Cu 24 100 2.40 0.048 1.2 15 102 77
Zn 63 100 6.30 0.3 3.0 86 221 45
Ni 0.55 100 0.06 0.0276 0.0137 24 111 6,350
Cr 0.39 100 0.04 0.03 0.0045 35 149 25,333
Cd 0.02 100 0.002 0.0012 0.0004 0.21 2.1 4,725
Pb 0.14 100 0.01 0.0012 0.0064 29 255 35,313
As 0.16 100 0.02 0.00036 0.0078 8.23 25.5 2,208

“ Calculated based on the soil treatment upper limit set by the Environmental Protection Agency (EPA) (400 kg ha™ yr™).

* The average concentrations of copper, zinc, nickel, chromium, cadmium, lead, and arsenic in rice grains are 4, 25, 2.3, 2.5, 0.1, 0.1,
and 0.03 mg ha, respectively, calculating the crop uptake based on a yield of 6,000 kg ha™ per cropping season.

*85% of the limit value for heavy metal monitoring standards in edible crop soils.
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Effects of Long-Term Application of Pig Wastewater on
Paddy Rice Production and Soil Properties

Hsi-Chia Wu', Chia-Jen Liu?, Ya-Hui Shih®, Min-Chieh Lin’, Chung-Yi Liao’, and Chi-Ling Chen™

Abstract

Wu, H. C.,, C. J. Liu, Y. H. Shih, M. C. Lin, C. Y. Liao, and C. L. Chen. 2025. Effects of
long-term application of pig wastewater on paddy rice production and soil properties. J.
Taiwan Agric. Res. 74(3):303-316.

Livestock wastewater for farmland application has been permitted in Taiwan since 2011. How-
ever, concerns remain regarding the potential accumulation of heavy metals in the soil. This study
presents findings from a 19-year monitoring period (2004-2023), comparing the effects of applying
equivalent amounts of nitrogen, phosphorus, and potassium through chemical fertilizers and swine
wastewater. The results showed that long-term irrigation with pig wastewater had little effect on soil
pH and electrical conductivity (EC), but it gradually increased the soil organic matter content. Copper
from the wastewater accumulated in the soil, with an increase of approximately 6 mg kg™ compared to
pre-treatment levels, whereas zinc primarily accumulated in rice straw. Based on a mass balance ap-
proach and applying 85% of Taiwan’s soil contamination monitoring standards for food crop land as
the upper threshold, the estimated safe land use duration can exceed 100 years if the N/Cu and N/Zn
ratios in the wastewater are above 180 and 360, respectively. Moreover, reducing the copper and zinc
input at the source- namely through feed formulation- can further prolong the period during which
livestock wastewater can be safely applied to farmland.

Key word: Copper, Zinc, Farmland reuse, Oryza sativa.

Received: January 9, 2025; Accepted: May 26, 2025.

" Corresponding author, e-mail: chiling@tari.gov.gov.tw

' Research Fellow and Division Director, Agricultural Technology Translation Center, Taiwan Agricultural Research Institute, Taichung
City, Taiwan, ROC.

* Assistant Research Fellow, Agricultural Technology Translation Center, Taiwan Agricultural Research Institute, Taichung City, Tai-
wan, ROC.

* Project Assistants, Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

* Assistant Research Fellow, Crop Environment Section, Taichung District Agricultural Research and Extension Station, Changhua
County, Taiwan, ROC.

* Research Fellow, Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.



	臺灣農業研究74(3)-08 陳琦玲(超連結)1.5版

