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Analysis of water balance and runoff pollution in a paddy field with direct seeding cultivation in—situ in the
Taihu Lake Basin, China

XU Yun—giang', SU Bao—lin"", WANG Hong—qi', QIAO Fei*, LEI Kun®, HE Jing-yi', LI Li—fen'

(1.1. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology, College of Water Sciences, Beijing Normal Univer-
sity, Beijing 100875, China; 2.Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: In order to accurately and conveniently analyze water balance and non—point source pollution in paddy fields, two research meth-
ods were implemented in the experimental paddy field with direct seeding cultivation in the Taihu Lake Basin. The two methods were the
“in-situ method based on synchronous observation of precipitation and water depth” (method one) and “identification method of irrigation
and runoff based on synchronous observation of precipitation and water depth” (method two). The results obtained were as follows. The to-
tal evapotranspiration and infiltration ( K+ F) loss from the field during the growing period of paddy was 1 087.2 mm, based on the water
depth variation data. According to the principle of water balance, the water deficits calculated by methods one and two were 18.1 mm and
81.8 mm, which accounted for 1.4% and 6.0% of the total inflow volume, respectively. Method one was more accurate for water balance
analysis. The irrigation volume of the paddy field calculated by method one was 866.9 mm, the total inflow volume was 1 330.6 mm, and the
total runoff volume was 303.2 mm. The irrigation volume calculated by method two could be used for comparison with method one. The ex-
port coefficients of total nitrogen (TN) and total phosphorus (TP) calculated by method one were 9.18 kg+hm™ and 0.45 kg - hm™, respec-
tively, which were within a reasonable range. This indicated that method one could be applied for accurate and reliable water balance and
non—point source pollution analyses in paddy fields.
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Figure 1 Geographic position of the study paddy field
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Figure 2 Growing period division, water depth and precipitation hydrograph of the paddy field
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Table 1 Statistics of irrigation volume of the paddy field with

method one

H KA /mm HFEM /mm K /mm &7F

Date Water depth Precipitation  Runoff volume Remarks
2017/06/26 83.0 0 83.0% —
2017/06/30 37.6 18.8 43.0 -
2017/07/08 0.0 0 86.2 =
2017/07/13 39.0 0 27.6 il
2017/07/22 1.0 0.2 82.1 T
2017/07/26 3.0 21.5 7N
2017/07/27 10.6 61.2
2017/08/03 3.0 0.3 79.8 +
2017/08/07 3.0 2.0 79.9 AN
2017/08/13 42.0 15.4 41.6 7L
2017/08/24 8.6 0 73.4 +
2017/08/30 2.6 0 81.3 +—
2017/09/14 12 0 79.0 =
2017/09/24 4.4 32.4 27.5 [

A 866.9 13%

TE 8 — UK R BRI IR WK R, R
Note: * The first irrigation volume is based on the initial monitoring
water depth. The same below.
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Figure 6 Water depth and evapotranspiration & infiltration hydrograph of the paddy field
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Table 2 Statistics of runoff volume of the paddy field with

method one

AU At /mm P,

H 1 KAV /mm B /mm  (E+F)/

Date  Waterdepth Precipitation  mm VR;z:fi Remarks
2017/06/26  82.9 0 117 8.3
2017/07/02 784 228 85 7.9 -
2017/07/03  84.7 0.6 107 134
2017/07/04 613 0 1.5 123
2017/07/05 374 03 8.9 34
2017/07/06 254 0 8.9 115
2017/07/15  43.0 0 147 221 =
2017/07/23 705 0 14.7 7.0 my
2017/07/24  48.8 0 14.7 2.8
2017/07/25 313 0 147 43
2017/07/28  60.1 3.8 147 135 En
2017/08/04  69.6 1.3 137 123 i
2017/08/08  79.0 31.3 153 149 +
2017/08/09  80.1 12.9 155 44
2017/08/10  73.1 0 12.2 8.5
2017/08/11 524 0 146 3.1
2017/08/14  82.6 4.1 15.5 73 N
2017/08/16  60.9 56.3 161 218 u
2017/08/25  69.1 5.0 157 115 +
2017/08/31  71.3 0 16.7 74 +—
2017/09/01 472 0.6 153 6.6
2017/09/15  68.8 0 14.1 14.8 +=
2017/09/16  39.9 0 117 39
2017/09/26  74.7 0.2 113 590 =
2017/09/30 134 24.0 113 162 F-py
2017/10/01 100 17.1 113 5.0

At 303.2 14K

R3 FHEITIRRKEBERBERLSG T

Table 3 Statistics of irrigation volume of the paddy field with

method two
s 9 T P PR /K ik /mm
No. Date Irrigation duration Irrigation volume
1 2017/06/26 — 83.0%
2 2017/06/30 2.5 41.8
3 2017/07/08 2.5 88.6
4 2017/07/13 2.5 38.8
5 2017/07/22 3.0 89.5
6 2017/07/27 4.0 72.0
7 2017/08/03 1.5 90.6
8 2017/08/07 2.5 81.6
9 2017/08/13 2.5 452
10 2017/08/24 4.0 87.9
11 2017/08/30 3.5 93.2
12 2017/09/14 4.0 95.3
&it 325 907.6
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Table 4 Statistics of drainage volume of the paddy field

B Fisf 1] IRAE A A 1 HE/K i /mm
No. Date Growing stages of rice Drainage volume
1 2017/06/26 LR 20.8
2 2017/07/03 S BERT I 39.7
3 2017/07/06 J3 BETT 222
4 2017/07/15 Sy EE 314
5 2017/09/26 A 69.4
At 183.5

U, TR AR K B A 22 4.5% , R RP 7 T3 A TR
KR AT TR R A LA

(2) 7K F AR I K &

KRS FH P73 5 A8 N T HEZK | Ba TR 7= 37 A Tk
B . MR 220 (4) 15 B KRS N T HEZK A% 50 I 26
4, NTHEK FZRALELET o Be A s, 4t
5, AN THEK Sl 183.5 mm., A3 BEARMA Kk
ZE T 1 (07/30—08/03 ) 4 d AFG HH 338 3 /K A A 2%
&I A 2N THEK . 06/26—07/02 K
AT, BR H A A — o KA HLK A AN RE R IR (AR
WA T ), 06/26 R 7K A7 32 85 , 06/30—07/02 i
S8 [ T 0 A FH K2 458 8, TR I 06726 ,07/03 4353l 4 1
TiE M HEK

HR A P 5, 75 21 7K 8 H 5 0% FH 08 5 B 0 97.5 mm,
R 222 (4) 15 B KRS H RS = I i L L3R 5, 2 5
UR T 2 HE B RN =00, 5 %0 08/16 5% T 2 A [ RN =
i, BT AL I R 16.5 mm,

o VR, 2 3t BRI (TR0 A9 ) L AR A
N (6) 15 FI 7K R HH JE E 1m0 9 3 45 100 L2 6, 12 331K
HEE R S U I 2 AR TR I A T VA A
KRR 44.0 mmo [A1UE 3 I 2 Bk A AR R T 2 T

RS KEHBERSRER ST
Table 5 Statistics of precipitation volume of the paddy field

AR SR PR i /mm

Jrs HM kBN /mm \
N Dat 0 Sinitai /mm Rainfall runoff
o ae ne precipitation Lowest outlet height volume
1 2017/06/30 18.8 97.5 1.9
2 2017/08/16 56.3 14.6
it 16.5
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115 1A (08/24.08/30) Fl AL 21 (09/14) , I 3 Y %
KRB, 5K AE A AT AV A 32 R AIC T WK
HERAT O, 7 A T A g Il 9
Tk At EARRDOK R H A K FER A
244.0 mm,
2.2.3 PRI K R E A A
KRG AL D 2o AR Ry AR 25 (E, AR
P K P DR B % T AR A KA (E+F)
. PR A8 2K P 6 R A R T,
O7 35— 11 B BE K 1N 866.9 mm, A B A
1 330.6 mm, 42 it & & 4 303.2 mm, A 2ZH A

=

EEN
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Table 6 Statistics of irrigation return flow of the paddy field

1 027.2 mm, 54 KB (E+F){E 1 045.5 mm [ 7K &
THUE 18.1 mm, (AR ER 1.4%, 5 S (E+F) Y
1.7% 5 77 1 — B K 58 907.6 mm, AL AL R
1 371.3 mm, 72 i B 0 244.0 mm, A i ZH N
1127.3 mm, 54 /KW A (E+F){E 1 045.5 mm K &
FHME N 81.8 mm, i AT 6.0%, 5 5 (E+F) Y
78%. J7 1 — WK i P ¢ R WEAf , 1R 25 76 2% L)
W, 7 KT O R AFAE — B R 22 IR ZETE 6%~
8% 18] o WAy i T I E R /K T, 250 5 b
H-45%, FEZEMEIT MR NER SR, Z2H N
59.2 mm, PHFR AR L, I PR K R T BUE
BT T 0, PRIy s — e 7K R B K - 0 o L
A P R
23 IEHRmHARITE

IS KRS HASEIE A NP S COD, R FEAE 1L

N RARMETE  GlBKR  F S ‘ e :
rilj Q%ﬁ Lowest outlet ~ One irrigation/  Irrigation return Ui lzl 7, Yﬁ%%ﬂﬁgi@ j‘jﬁ 7/10 Z Hij %C = 7/10 Z}ﬁ
T b e fowolmeln g e T g4 95 3 KRR G ITLIERE 9 50
1 2017/08/03 97.5 96.4 1.2 N N . N - e
Y elres/or o1 25 73 BERI T HIE A5G, K R e AR BT H3 , 5% 0 it
R i - WO 147 B 2 25 90 R VA £ R T T K
4 2017/08/30 106.2 14.7 th BT A AR IR B i AR IE ,@{?éfé%(ﬁﬁi I
5 2017/09/14 1049 129 Tk, — 5 - REEE A R A e, 55— D5 IR T
At 4.0 KA MG I WSR3 BE T 3G K, 23 DA FH T K FR I i 2
xR WG ENKE TGS RIS
Table 7 Comparison analysis of water balance between method one and method two
. e e oo SRR X 137 v N ¥ fReEi!
ok w doks Amss POCTE e PR g e S ARSI
Method ~ Precipitation Irrigation  Total inflow Drainage & Total runoff  Difference value .
runoff return flow with water value
FiE—mm  463.7 866.9 1330.6 — — — 303.2 1027.2 1 045.5 18.1
FE"mm  463.7 907.6 1371.3 16.5 183.5 44.0 244.0 1127.3 ’ -81.8
XF /% -4.5 -3.0 24.3 -89
s O — N - NH;-N memmee NOF-N e CODy - TP —-— PO-P 195
=
¥ 35T & i
s F 104 £
2L a0 S
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Figure 7 N, P and CODy, concentration in surface water of the paddy field
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Figure 8 Comparison of pollution export coefficient of the paddy

field between method one and method two
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Table 8 Comparison analysis of pollution export coefficient of the

paddy field in Taihu Lake basin(kg+hm™)
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Refjj:}irea ?Ee{:r N T Sﬁfie
VLIRE Y 2010 10.73 0.75 [30]
VLI ERERH 2010 8.21 0.58 [30]
VLIRS 2004 38.80  0.95 [31]
TLAREE 2014 4940  1.00 [21]
bW N i 2011 36.80  0.88 [13]
bW N i 2012 1375 030 [13]
R T S5 X 16,59  0.36 [32]
FAZ e AE K H
TLIRH% 2017 9.11 0.45 KR T E—
TLAE % 2017 1204 036 AR TR

kg +hm™F1 19.83 kg« hm™, 71511475 YL Wy ki 2 50HE
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