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Hydrology and nitrogen loss characteristics of a typical rice paddy field in the Yangtze River basin

GENG Fang', LIU Lianhua'", OUYANG Wei"?, ZHU Jianqiang’

(1.State Key Lahoratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China;
2. Advanced Interdisciplinary Institute of Environment and Ecology, Beijing Normal University, Zhuhai 519087, China; 3. College of
Agriculture, Yangtze University, Jingzhou 434025, China)

Abstract: To investigate the hydrology and nitrogen loss characteristics of paddy fields and the relationship between them, in situ
monitoring of field—scale multifactor water and nitrogen loss dynamics was carried out in a typical single rice paddy field in the Yangtze
River basin, one of the three major rice planting areas in China. Results showed that field ponding water depth was mainly influenced by
rainfall and irrigation. Water and fertilizer management were the main influencing factors for the dynamic changes of soil water content at
different depths and nitrogen concentrations in field ponding water and soil water. Surface runoff loss was the main pathway of nitrogen loss
from paddy fields in a normal year, with a loss of 8.70 kg*hm™ in the rice growing season. Leaching loss was the main pathway of nitrogen
loss from paddy fields in a dry year, with a loss of 4.86 kg*hm™ in the rice growing season. The recovering stage was the critical risk stage
for nitrogen leaching loss, with a loss of 1.73 kg*hm™ and 2.14 kg *hm™ in normal and dry years, respectively; the tillering and jointing—

booting stages were the most critical risk stages for nitrogen surface runoff loss, with a loss of 7.10 kg-hm™ and 1.26 kg*hm™, respectively.
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There was a close correlation between paddy field hydrology and nitrogen loss. Changes in the dynamics of field ponding water level can

affect the leaching and surface runoff water from paddy fields, which in turn affects nitrogen loss from paddy fields. In conclusion, field

drainage in the early rice growing stages (recovering, tillering, and jointing—booting stages), especially within one week after fertilization,

should be avoided. The paddy field drainage level should be raised to increase the field water capacity, thereby reducing nitrogen loss.

Keywords : paddy field; non—point source pollution; nitrogen loss; hydrologic characteristics
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Figure 1 The field experimental site
FR1 KEBEFHUS
Table 1 Detailed information of rice growing stages
MONEE: R 43 BEM Tillering stage A A ‘ JE A Ripening stage
o Pre(?ﬂToﬁydqin Rz(jo?eﬂfn yjﬁ yy}:?rijﬁ %ﬁ HRAAENT MR Milky i
Year & ) & IR JE . & Blooming stage stage i J5
slage slage Early stage Later stage ~ booting stage Early stage Later stage

2017 05-20—05-24 05-25—05-31 06-01—06-30 07-01—07-09 07-10—08-10 08-11—08-20 08-21—09-01 09-02—09-18 09-19—09-25
2018 05-26—05-30 05-31—06-06 06-07—07-08 07-09—07-20 07-21—08-12 08-13—08-19 08-20—08-31 09-01—09-20 09-21—09-27

WiE, F 8 8:00—10:00 F B R AT i KA
B R AL Sh K 2 RGBT, F B i BURE 25 4%
WERT A 2R BURE 7 , R AE 5 A DK IR B KA. 440+
K R FE 2% (MacroRhizon, Rhizosphere, i 2%, £ 90
cm, HAE 4.5 em, L2 0.2 pm) 43 51 5 b 1A 52 A W) A
B3 RS 15,3060 cm 190 em FRA A £
BOKFEUEAT RAE , L EACR R AR B AN 8 H A
48 AE AL R OCE SR AR AR IR AL Y 1
Sl 2 A AL b, A S TR S R N B U
T, S KA SRAE . WK & 8K A
B AL G 5 d AR H E LR, 2 5 B 2 d BUFE—
W, B 2RI B S R KRR AN HE
I, T2 A R (9 7K B R BUKKFE . BT A KRR 6k A7
FER A A 1] S0 = 37 RV Uk, IR E .

JKAE S (TN) (A A A (NOs-N) Fl 82 45 A
(NH:-N) ¥ B 9 81 40 BT (AACE, £ ) e . 7¢
IR H I A B S A 7 V0 A S 0 S TN R B, KR
280.45 pum fALUE LT I8 5 U E NOS-N i NHI-N ik
FE o AHLESE (ON-N)VEEE N TN 5 NO;-N 1 NHi-N
W21 .
1.4 ST
1.4.1 FEHK &

T FH 25 7K 43 B 7 18] 1) sl 2 i LA = () o
o K ARG AR R, K o L G 2R O

1% WHART]

L ZRAZ AL T B 0 , 8 A LA K o4 - TR i
7K T FH TR K R

P+I=ET.+R+L+(AS+AH) (1)
Ko P RBERN L, mm; I R, mm; ETCHZE UK
i, mm; ROV HERAR TR AR PR AR I S R HEK
mm; L A H T B i, mm; AS Ry - HEAE K 5 AR,
mm ; AH Sk FH AR 57 22, mm

FH 1T 7S A8 Ak 28t pR B 5] B P T8 7K AN 5 B i S
M ZE(E TG, -0t K A8k i B B) B Py 36
KERE N ZEEIT RSN . HHZER KRR
FAO-56 #:47  BVE ) R BT R ARARM, FARSEL I
I (2)FA(3) o ARFEAE H K S A (D) AT
BARFIREHB R

ET.=K.XET, (2)
ET,=
0.408A (R, — G )+ y[900/ (T +273)Jus(e. — e.)
A+ vy (1+0.34u,)
(3)

Ko KA EY) 2580, AR S b R B BE R A 3R 45 ETo
FIKFE S TR E  mm RER S, , M m™-d ™'
GRHIEPGE T M m”-d 7 TR A R, C
w2 m AL XGH, mes™ e i e, 23 301 R LR K SO
FSEBRIK A kPas A AR FIZK A0 - T B 4R i
B kPa- C 5y IR R kPa- C'



kO , 268 AR YT IR A ) K SR R SRR 135

I FH - S 000 8 A SR A 0 1) - 48 K A
S KB, RGEAE 15.30.60 em 190 em 1 )2 R
W ) 3 5K AR A2 0~15.15~30.,30~60 cm Fll
60~90 cm 4L 2 ISR G, TR 20115
ke R )2 SRR T2 RS KE T
{E X —{R 3%, 0~30 em AR YF- 1 £ 3255 K 5 F10~90
em R34 4 35 KR AT B A 2R (4) R A=K (5) 3T
SFARE],0~90 em TR KR AT A (6) 15
1550,

Boz0 = % (225015 + 0.756s) (4)

1

90~90 = =

(2.25015 +2.25650 + 3060 + 1.5090) (5)

S =(260:5 + 203 + 404 + ) X 100 (6)
2015650, 00 1 60073 51124 15,30 .60 cm F190 cm -
JE TR N 22 1) 355 7K 5, % 5 00-30 + Bo-00 53901 247 0~30
cm A1 0~90 cm + K B34 + 38 5 K&, % 5 S 1 0~90
em HARPEEI K &, mm,

142 FHARmASIE

I FH AR AR 2R R TR B 3 LI R K SR A R
MR R R BB WK . LT KAL)
1 m, KR 90 em 3K W ) R R W E TR B s
WAk E . FHARRA SRR RER B RIR K
A, AR RN R BB R AR
a1

Q=20Q:=2C:xV:/100 (5)
A Q A RXMERREB ISR AK BE, kg hm ;i
RSB IR E I, i=1,2,3, - ns QN IR
RAMERWMBB IR 5 kg hm™; C KA
R, mg L5V, MR BB /K&, mm,

200 || | T T || T 0

=]

£

21501 {50 £
e =y
ﬁﬂ\@l % 7K 4 Normal year @ =
= 100 1100 7% -2
o H =
= EZ

g ¥ =

2 50 1150 ‘3

= =

5}

=

O 1 1 1 1 200
0 25 50 75 100

A5 REL Day after transplanting/d

2 HRE5HMH

2.1 FEHEKFHE
2.1.1 HRIKAL AR fRRRAE

R T FH T KA AR ACRFIE DL s PR 28, e 7K A
AR 30 [ o R R o L T K A7 v AR AR
Frotr (B 2) o a3 5 —4F AR K ZF B IR 4 (510
mm) 5 T 55 T4 (246 mm) |, 43 AR 2K A A K
A RIS UK R AE K ZE 2 AR PR I & 0 246~911 mm, °F-
PIE R 585 mm) o 24 kA= WE R B8 4 RR BT, FH 1T ZK AV 155
JEE TS A8 T, 5] A0 AE S K AR RS AR S A 46 KR
91.44 mm i}, F I KA O #2555 %) 75.80 mm, SF7K4E
FEH 38~46 d FI 118 dJ5 , Ak 4F 41~52 d Fil 114 d J5
FH T 7K A7 2 A 0, 3 S PR oA 43 B Ji 301 AN e ik iy HE 7k
WP FH o A g A6 30 8 T T KA S 2980 68 mm , A
WOKREAE R TR Z . VEW SR H I 2K HA
HEWE K i o5 e K 34 A 60% L
2.1.2 HHOKABFRE

T FH A= 8K Bt 23 43 A (11 3) 26 B, B Ak 40 d A2
L, R)JZ15em F130 em + )20 HIE S KBS LA
TR CFKAE /1 40.06% T3 37.96% , KK 4
39.12% T [% 31 36.48%) , MR )2 90 em 1 2 1) -3
K 3R B R BG i F CF K AF i 45.23% T3
49.36% , K K 4F 1 44.90% T35 50.90%) . iX A fE
& i FHEK S F T 2 BTCACIRAS , # H Z8RUR 6 2
0~15 em [ =385 7K U T B T) Ik K R AR 22 I K
830 em + )2 9 1 IE S KE B EFEIR, 90 em L2
S KRN AT RE S L T KAMA T R

T K AL TR S KT i 5 A KRR

200 T ; 0
: W
£
2 150 ‘ {s0 %
- iy
311\@1 *E A KA Dry year Tﬁj 2
2 Z 100 1100 = &
£ 1.5
=i 23
3 ¥ =
= 50 1150 =
3
=
0 . : 200
0 25 50 75 100

A5 REL Day after transplanting/d

A AR E E Field ponding water depth [ % Irrigation W FA& T i Rainfall
2 BB BERTE EREMHEKCSEDNTE

Figure 2 Dynamics of rainfall, irrigation and field ponding water depth after rice transplanting
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Figure 3 Dynamics of soil water content and 0-90 ¢m soil water storage after rice transplanting

JUTFbF#HERAEA o PRI -3 3 K o
(368 mm) & TAEKAE (331 mm) s KRR L A%
IR, FEAE RS RS 5 90 AN 70 Kk F|
B KA CE/KAE A 381 mm, KK 4E K 347 mm) ; 7675
G HE 40 KAAT, HIEMEKERSA TR, X2 o
B I TIPS FE B 8 EE AR T IEACIRAS 5 B HE K
Rk Je JUR 30 K o B 3 B (IR (/K 4F 28 352
mm , A 7KAE A 310 mm) o 25 b, R H 430K &3 K+
S AF K R B A AR AL 3 AN R A T IR H K o B
T B W 2 FR s
22 FBHAIRRERFE
2.2.1 HHIK A R 2R B AR AL RRAE

IKFEAE TR, 3 UK IE 5 B 3 VR R VR JEE vy 0
SEOKAERS T S5 1.9.50 K, TN ¥ JiE 43 9 4 39.51 .
35.70.27.05 mg- L™, A K AE R AL 5 55 1.9.56 K, TN
WeRE S5 R 51.71.,53.99 .31.05 mg- L' (K 4) . JtifE )5
557K, HTE K A AR R BE LA 1 R REAIR 80.88% , 1t
HH S IES ot P 2 S i FH TR K P R R MR ) R R
FERGAE G — AP, /R F 2 LA NH-NFE 7, H s
TN ¥ FE 1) 66.88% . Fifi 25 B 1] (9 #EFS , ON-N A%k &L

1% WHART]

FMEEIRA . XN RIESE A KK 5 ekt
S NHi-N, FEAS YW A | - 90 o 324 & (RS Ak R
AR TR TN 1 NHE-N 9 3 TG A
2.2.2 HHOK PR ZF R AR R

SHm KR ZEWREML, KPR ZRER
I, TN .NHi-N \NO:-N ¥ £ F-34°4 1.41.,0.19.,0.08 mg -
L(E5), BEH1K,15 em 3K H TN A1 NHi-N
WPV b B RME L 43000 3.53.1.75 mg- L',
FJ5 A 4 K60 em Ak 43K B NO-N _EFFEI i KA,
H1.23 mg- L AT W, NO-N YR FE A TRARK
S AHRE RS A5 53 K, 15 em F130 em 137K NO-N #e
FEA BT R o X T RS B O AR T S KA R RE,
e HH AR T FOIRAS , R 3R AL/ G50 (6 NOS-N ¥R JiE
ETF. FIZ15 em FITEIZE 90 em b & 2 W i T b ]
2, HAE30 em A — B 1950 2 X 0T AR A
AR R KA FR A5 4 )2 AR B BRI
2.3 TEHARERKEE

SR SRS AR R R A R A MO AR
X AN ) A B I U3 78 T i 2 o b e A58 3 0 O s b
M (3R2) o FEBEAAE W, P /KA FRG KA 1) b



WK 5 KT 8 25 58 K SR R A

137

)

60

TN NH;-N ¥ JiF

TN, NH:i-N concentration/(mg- L.

- KA B A TN in normal year
—A— FKFE A TN in dry year

- K AE4 A NHi-N in normal year
A K F4H NHI-N in dry year
- FIKAER A NO=N in normal year
HKAEE 2 NO5=N in dry year

=}

NO;-N ¥ J&

NO;-N concentration/(mg-L™")

.
o
n

A5 RE Day after transplanting/d

100 O NO;-N  [ONH;-N [0 ON-N
H 5 T = A= M | - = B e E =R E R
- "THTIT nAA AR AR
2E sof - H i
RE » | H
].DIH
Be g u
=== (i
4{1 €2 40 || L [
féﬂ | I-] ] m I
: LA I
0 Er 1
0 20 40 60 80 100

4k 5 KA Day after transplanting/d
4 KEBEFREAEKAARESERENITEN

Figure 4 Dynamics of different nitrogen forms in the field ponding water after rice transplanting
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Table 2 Nitrogen leaching loss and runoff loss at different rice growing stages

BRI Leaching loss
M

i FAR TR Runoff loss

Growing stage KA TN/ NHi-N/ NO:-N/ KA TN/ NH:-N/ NO>-N/
Water volume/mm (kg-hm™) (kg*hm™) (kg-hm™)  Water volume/mm  (kg-hm™)  (kg-hm™) (kg hm™)
IR B 79.14 1.73 0.52 0.05 0 0 0 0
53 105.12 1.24 0.46 0.01 107.05 5.40 2.81 1.06
EL Ry 182.26 0.67 0.24 0.02 14.70 1.70 0.44 0.28
Bty 22.16 0.04 0.002 0.003 0 0 0 0
Y 88.23 0.27 0.05 0.03 21.82 1.60 0.49 0.26
L 48.13 0.03 0.002 0.01 0 0 0 0
TR 525.03 3.94 1.26 0.11 143.57 8.70 3.88 1.67
ik 4 B 79.59 2.14 0.95 0.17 0 0 0 0
Iy 128.53 0.59 0.43 0.20 78.90 1.26 0.50 0.03
T2 RE 215.20 1.215 0.85 0.16 0 0 0 0
1 66.68 0.49 0.24 0.09 0 0 0 0
I 101.70 0.11 0.12 0.01 0 0 0 0
T 41.31 0.33 0.25 0.03 0 0 0 0
PR 633.00 4.86 2.83 0.64 78.90 1.26 0.51 0.04

BRI R A, X R R AR FAE R OR3P R T A
AT S P AR ZR, B & AR SRR TN, R & K
i HH K 25 B i, T K A 23 3 I R AR o /AR
W AR B e R K AR IS, HRDK 1 A7
AR FH 8] K 20 AS W ) R 36 B . SEPR b, KA
A K SRR R 2, DRI S K AR B R K AR R AR
R 5 N [ 1 W= W g i R b/ I B S = A 1
fiE 7 LB - 38K 1) 3B B8 1 fE T 5, 3 BU R AR
KRR T3 K . 40 BE AT 42 F
) B8R TR e o A B AR R T R 1Y) 60% LA I, TR 40 BE
WIRR AN R H AR R WM AR e E
9. RERLt AR S, B T 7K HP R R R R T e
Wil 5 T 0 1) 4 B Wk 38 0 W B AR, IR AE Bt I S5 — Sl
FRE , WA R S5 — J8 N & AR SR RN, A 9t 7K
HRE WS, X 5T AR 45 R —2, Fv A
FEPEM AL IR R AT HEK S BN A R R
TR L) i BRI R 52% . PR, B 2 ik £
AT AUKAS A= B A GR 7 1 43 BE A R 1y 42 1k
W) R R it I IS — ) PN TR K B S HER
3.2 BHKXMRER KN

s FH R R AR i S A8 K SCR YA G . AT
RIS RK & 57K R 2 A G, 5 K
AL BE 26 R B U OG, SRR BIRIA 2 % 1E
AHIE X 5T AR 45 R — 0, B, 98 B s
K E ] B E PR R B IR R, AT LA o B K 43

1% WHART]

B A LA B s S R TR AT L T /AN 1 8 A ik A P
FBRWR ., RE K2 2 U e A5 25 90 5 RN o
B AR AR, R ARS AR R A A R A B 2
I, AHIFGY A it AT Cit NE 5 — JR1 ) B o4 W £ 1)
B, #h AR K R EE T R X 5 Zhang SEPIXHC
VLRI 5 SR — 8. EMRIBE A5 T , R HIK
25 R, AR N X 5T AR A5 R 8
PRI, i o e FH /K 25 2 00k g FEAR 3 3t 2 1)
B AR . T LA RS HHE K KA B2 A K 2
W R R R IR,
T FH LR B IR0 A Sy R 3 400 2% 1 o 4 A
O3 KRV T IR TS Y S22 B0 . ASBIESE K R
HHF PN AR BTN R 7N 3.94~4.86 kg -hm™, FF 2=
REB IR AR G Y ZhE 1 2.19%~2.70%, X 5
eIk RO B R SR i i S8 N M AR IE R R B T I
B2 AR B R 2% A A R — 3. HA
WF 58 i R R B T I R I T 245 LR W VT bl XY
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Jiti AE AN ) LA, T B 55 3 00 A% A2 S A 198 o b A [+
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Figure 5 Temporal and spatial variations of different nitrogen

forms in the soil water after rice transplanting(Normal year)
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