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Applying a Coupled Soil Water and Nitrogen Balance
Model to Evaluate Nitrogen Contamination Potential
of Paddy Field on Slope Land
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ABSTRACT

Paddy rice is the main crop with the cultivation area about 0.25 million ha per year in
Taiwan, accounts for a significant share of fertilizer consumption among agriculture crops.
Losses of nitrate from applied chemical fertilizer may be high from paddy fields as they
are in flooded condition for most of the cropping period. Nitrate is soluble and moves
with the water percolating to groundwater or leave out by drainage or runoff. In order to
evaluate the contamination potential of nitrate-N, a nitrate and water budget model
developed by Chowdary et al. (2004) was adopted and revised under the environment of
paddy field in Taiwan. The model includes all the important N-transformation process
such as fertilizer hydrolysis, nitrification, denitrification, volatilization, mineralization,
immobilization, plant uptake, and percolation that occur in both soil and pounding water in
paddy field. Model calibration and validation was conducted by in-sifu data of fertilizer
application rate, water budget measurement and water quality analyses continued for two

crop periods in Hsin-pu experimental paddy field located at Hsinchu County. Model

0.95 (the second crop period) and 0.012 (the first crop period), which is not well enough to
meet the verification standard due to the significance difference between the first crop and
the second crop on the nitrate concentration of drainage water during the early stage of
basal fertilizer application. Low temperature during the early stage of the first crop may
reduce the the rate of nitrification which result in the low nitrate concentration of drainage
water. It is suggested that the factor of temperature should be taken into account for mode
simulation, and long-term monitor on water quality is necessary to improve the effectiveness
of this model. Applying the model to simulate the nitrate load from drainage water
during the second crop period and assume the fertilizer application rate increase from 120
kg-N/ha to 200 kg-N/ha, the results show that both of nitrate-N loss from drainage and
from percolation are smaller than 2 kg-N/ha, far below the N loss from denitrification and
volatilization. It can be confirmed that fertilizer application of paddy field not the main
non-point pollution source and the potential pollution load could be reduced by well
drainage water control and rational fertilizer management. This research can apply a basis
for non-point pollution control and assessing the re-use of agricultural return flow in
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W triangular weir and water gauge (upstream)
[J triangular weir and water gauge (downstream)

A rain gauge

[ canal

Paddy feild

agricultural road 0 _50 100 meter
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B (%) 69.17 705 73.34
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FEHRR A - A E4$(2003)

[ SERE AR Z KIS AHRHIR 7 - PR ATH L PR
BEETYHES > DR B KBRS P B
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AT FCET ST AN > HIE S B T YB S
HEBIZAE KGR ITES ST > A E R
{EFERE 2 REE ~ HK ISR E T - RIRELR
LU (SMART 2 colorimeter, LaMotte, USA)
SRR R ~ TN R IR RIR T -
IR — M R P - T2 FREER L
BT ENEIE » v RR ABAREAT S LR
72 o AT 718 - SRR > (R
TR IOt MR B R D
FTEM -

3.2 JKHEHKUEZ

KFEH LA KR ER £ BfdikiaHEHE
IRE7K 13 T Bl B FR K b - DA G T A
HlAETE A SR R L - RS IR
WSz R IR AR K E ~ HEK - B ~ 2%
Bl B LLE T AOKS « ATHACREE
Chowdary et al. (2004) ~ Liang et al. (2007)% 7kl
SCPEAHBARR T TR M MBS
TR S A B BB I o MBI E
B I [ PR AT » £ L FH S 1 /K R 2 K
WSz 24l > =) s

FR=R+IRR—ET—=DP=DR ......oo...... (1)

Hrfr: FR FHRHEKSEm) « R BEENE

(m) : IRR FEEH/KE(m) » ET 57888 (m)
DP 55 @ B(m) + DR f5HEK & (m) » H 57
AR RERKIRIRE - AT BT A

25—



2 OEMEERAE—  ZBEKB K 2BHEEB 0 1979)

2 FRE 1-15 16-30 30-45 46-60 61-75 76-90 91-105 106-120
AHM WHI | Rl | 2 EEM | W | BEERM | Al | AR | RBEM
—1E 0.5 0.8 1.2 1.3 1.3 1.2 1.0 0.7
— 0.9 1.2 1.5 1.6 1.5 1.3 1.0 0.6

R ET
ey | | 2 L
m @ \\\ \\\\ \\\ \\\\\
A% 2 \@mmzz\
iggf’m_ﬁl 7}(%\‘11{‘5&5}1) A A
mig [ T R AR £ R AR R )
Ak RODBLA - RORIC ~ R R ‘ﬁ%%%

3 KBKESFEREE

W > JKH KIS SR AE 3 R o
3.2.1 ZKEFEL

7K %% B (Evapotranspiration) £ #8 Hy - 58 7%
T OKIEZASE ~ TR B AT FE AR
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&3 TBIERFE(N-transformation)iBFIE 2 2 fE S 2 (Rate constant) (Chowdary, 2004)

L SR BOJE % FAH AR
10%~5x107 5™ Singh and Kirk (1993)
Sk E KSR 10757 Sahrawat (1980) and Savant et al. (1985)
(Urea hydrolysis) 0.744 per day Jena and Misra (1990)
0.36~0.56 per day Ling and Aly (1998)
1.27x107°~1.54 x 10~ per day Chin and Kroontje (1963)
FEAAE R 0.25~0.30 per day Jemison et al. (1994)
(Volatilization) 0.1~0.8 per day Hutson and Wagenet (1991)
0.043~0.065 per day Singh and Prasad (1992)
0.2 per day Jansson and Anderson (1988)
0.2 per day Johnsson et al. (1987)
FHACAE R 0.02~2.0 per day Rao et al. (1984)
(Nitrification) 0.14~1.10h™" Mishra and Misra (1991)
0.04~0.06 h™" Jena and Misra (1990)
0.15~0.25 per day Ling and Aly (1998)
0.02 per day Jemison et al. (1994)

0.005~0.04 per day

Hutson and Wagenet (1991)

0.0126~0.0373 per day

Seyfried and Rao (1988)

A R 0.0077 per day Stanford and Smith (1972)
(Mineralization) 0.019 per day Pathak and Sarkar (1995)
2 x 1072 per day (flood water) Rao et al. (1984)
2 x 1072 per day (oxidized layer) Rao et al. (1984)
7.5 x 107* per day (reduced soil layer) Rao et al. (1984)
0.13~0.18 per day Reddy et al. (1978)
0.1h" Misra and Mishra (1977)
0.1 per day Johnsson et al. (1987)
0.1 per day Jemison et al. (1994)
T 2K A R 0.2 per day Jansson and Anderson (1988)
(Denitrification) 0.0027~0.0067 per day Rolston and Marino (1976)
0.02h" Jena and Misra (1990)
0.07~0.08 h™" Mishra and Misra (1991)
0.05~0.4 per day Hutson and Wagenet (1991)
0.07 per day Ling and Aly (1998)
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TR R S b e MIBRaE R - DU TR
AR 2 EHEVEEL AT (S AR T2 AR (R ~
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RRIRER K [ 2 8 B B (i (55 75 7 > 2006 + 5
A% > 2007) » 7 4 /K FERHRH 28 SR 80 S B Bm]

222 WORIHSE2:% Chowdary et al. (2004)ff
HEPH 2 % TE R SR S B 2 A [ K
18 - a3k 3 for o A e R S H A R
$ s B P A T 2 U 53 A > mT AR
PREKAE ~ FREEVER ~ LR B ERE 1R 25
[ B R B R > BRI AR LA FE AR - 1E
EITKBHATEEA 28 ER: » D LiER
T HGERE S E R B E 2 A -
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x4 ERDRAERAIERPHSHEERSER)

*6 ERPHEROEIHIRERFANCZTI

BERIIIBERERCE

REAE B 1 5% (1) 53R E)
2R 2 (%) 20 16
(M E&RARER) (%) 5.5 7
AE AR BRI M B BT (%) 5.1 8
KM BT (%) 10 12
A AR B A RALAE (%) 2.5 25
B s A 45(%) 5 5

&5 BEROEHMFREHEREEE

W & HHE . .
k! e 2 (R~
8 B A B (R ~ %)
— Mtk
2/20 Hom
76 A Re

2/27 PR, 53.33 kg N/ha, 13.6 kg P,Os/ha
3/2 B

3/19 A | 42.67 kg N/ha, 21.33 kg P,Os/ha

473 # A i8JE | 42.67 kg N/ha, 21.33 kg P,Os/ha

= Atk
717 w
AR
7/24 60.0 kg N/ha, 15.3 kg P,Os/h
ek L g e R
7/28 bk

8/7 EALE Y 48.0 kg N/ha, 24.0 kg P,Os/ha

8/17 76 7 18 e 48.0 kg N/ha, 24.0 kg P,Os/ha

PO~ #ESREAET

41 ERHEERKREAOERERRESHA

KTEHPHEMRE S EE ~ fEHEIE -
B~ Bt B R I 568 - R 2 TR R IR
TRRERH IR ML - EBR O 2 B E
B EE 1 SRESIERL - BICHI T B
BB S REE TR - SLR T EEBIANSR 4 For - B
ERt % 2~3 FAETTHERR » K 2~3 [ —
KIEREHE » Z#&Ry 1~2 B —JGEIE - 8
A AT S T R K » AR R AR IR T
2~3 H - HALIE s S RE kR % - {H
N EZETEIE 3 R TR R PO - # 1]
VB P12 e A e e B FH PRI B 7% - RS A
& HERHENEICHE R ICE2 R S
B B FH T 9 9 0'F oz Bk 9 R 0 ) — A (2/20-

B 1 FHRABCC) | FHAREBEEY
)] -
2 A F 4] -- --
T4 19.2 84.2
ré 16.9 89.7
3A ¥ 4) 18.5 83.1
T4 18.6 75
] 17.4 92.6
4 A T 4] 19.8 87.5
T4 20 81.1
| 229 87.4
5A + 4] 22.9 92.4
T4 23.8 90.5
ré 21.7 XXX
6 A ¢ 4] 253 89.6
T4 26.6 90.4
ré 28.9 80.1
7A ¥ 4) 28.1 81.9
T4 27.1 88.1
] 28.7 84.2
8 A + 4] 28.1 85.2
T4 27.4 87.2
ré 27.1 90.9
9 A + 4] 263 91.4
T4 25.8 90.2
ré 23.9 89
10 A ¥ 4] 23.8 95.8
T4 19.3 95
ré 19.4 82.8
11 A ¥ 4) 19.5 85.6
T4 18.2 82.8
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Y & 403.5 mm (&2 RE 7) > HADHE
FER B FERE M EERE > (RBE R
W ESEEE SR HIE 9 A B 2 BHHIE R 215 6
FR(FFRERE > 2010) o AR HER I
TV K e R TR 2 85 R (NH, -N) ~ B fif i
B Z(NO, -N) S gz i (N O -N)JR S A8 Lo alf L
BLIAS SRAE RS X 2 1 B s 2 K
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8b ffi/(Chen et al., 2011) » 2R IEE1F /K HH
TERHEIARE P Rtp it > SRR ZOR A
0.09 mg/L » MAEEEHE KRR A5 0.68~2.84
mg/L 7 1.82~3.10 mg/L - —HA{F H & H /K THER
KB S AN 9a i 7(Chen et al., 2011) » §%
RO P AR N T & > AR5 — > =K
BRI MERME T & - flER = E S A 0.25
mg/L % 0.33 mg/L » [#&IRAEMTRE(K o Siffig
B R AR S K > EEE 0.09~0.4
mg/L o ffIEE FR AR R 2% B1<3.0 mg/L » {(E1E5
ZGENE Rz 416 Higll 5.0 mg/L 28 iR
J& o ZHAVE I HE K TS K E RS RANE 9b A
7(Chen et al., 2011) » $ZFIR L (LN FEAE B A
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B 1

8b “HMPEBRXECRREL
—JGEICHIHAR R 4.58 me/L 2 iR - 56
BN O AR AR 0.21 mg/L HiTRIX
HEAE % SR IR R B — W RO R H L% - (855 =
R IALA NS FEE © Ri AR B g R L S A 72
SR EE 10.31 mg/L Z R » HS RS
M R LR 2 TP D) » TR AC R
B R » BGHEETTHIEIER - DRI 7 AERl H
QNI Z RIS > ELERIE ] 2 IR L LK) 0.09~0.25
mg/L (2[R » K% B K E A o MR R
JEE At P A 6 55 — R H i 22.73 mg/L 2
BRI B GBI R R i m E > A
f% 4.09 mg/L J 5.68 mg/L » T R ] Al 58
JEEE NS 3.0 mg/L » BT EEKE
o B A 52 S B ot A A K e A R
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AFHpae B #
(N-transformation processes) (Rate constant, per day)
e (k&) KR 0.75
54 0.10
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T2 AE R 0.18
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i > FEATHIRE] 2 NOy N RS il (i » FR B E
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DL IR RE o2 25 TH 58 R A S T 5
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HIPE R P B BRae it Rl RO U I F R AEAE
S IR o2 i P 0 PR i B S {1 R 2
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LIRS 2 7= FAGRE  Olson, er al. (1982)f i -
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3 e §
Pl T —
156 kg-N/ha 110 kg-N/ha 200 kg-N/ha
# %3258 NOs-N(kg/ha) 1.75 1.66 1.83
—— 3 T -k NOy-N(kg/ha) 0.24 0.16 0.32
L % NH;(kg/ha) 14.84 10.39 19.30
sl '+ (kg/ha) 441 2.84 5.84
# %3258 NOs-N(kg/ha) 2.63 2.50 2.76
15 0 g T -k NOy-N(kg/ha) 0.25 0.17 0.32
L % NH;(kg/ha) 14.84 10.39 19.30
sl '+ (kg/ha) 4.503 2.85 5.84
# %3258 NOs-N(kg/ha) 3.50 3.36 3.73
208 1A g T -k NOy-N(kg/ha) 0.25 0.17 0.35
L % NH;(kg/ha) 14.84 10.39 19.30
sl ' (kg/ha) 4.62 3.11 6.33
# %3258 NOs-N(kg/ha) 1.69 1.63 1.76
15683 3 T -k NOy-N(kg/ha) 0.53 0.34 0.71
L % NH;(kg/ha) 14.84 10.39 19.30
sl ' (kg/ha) 6.41 4.20 8.61
# %3258 NOs-N(kg/ha) 0.59 0.58 0.60
Wi 4R 3 T -k NOy-N(kg/ha) 0.26 0.24 0.25
L % NH;(kg/ha) 14.84 10.39 19.30
sl ' (kg/ha) 4.77 3.15 6.40
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It HIERIFIEROK IR 282 AR PO
TTHEIER » IMFERHEAE ~ IR PERT T » 3
ATHERSE T Z RSB - IR LR 2t
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R 2Bt S it IS SO D 2 B 2T 4 AT e it
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