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Analysis of seasonal distribution characteristics and pollution risk of nitrogen and phosphorus losses in
double—cropping rice fields in the Poyang Lake Plain

YANG Tao', WANG Yugqing’, WU Huoliang’, YU Ying’, CHEN Jingrui"", CHEN Xiaofen', QIN Wenjing', LIU Jia"”", XU Changxu'

(1. Soil and Fertilizer & Resources and Environmental Institute, Jiangxi Academy of Agricultural Sciences, National Engineering and
Technology Research Center for Red Soil Improvement, Nanchang 330200, China; 2. Agriculture and Rural Bureau of Nanchang County,
Nanchang 330200, China; 3. Jiangxi Agricultural Ecology and Resource Protection Station, Nanchang 330046, China)

Abstract: To better understand the seasonal distribution and pollution risk of nitrogen and phosphorus losses in double—cropping rice
fields in the Poyang Lake Plain, in—situ monitoring was carried out on the "winter fallow double—cropping rice" planting pattern at the
state—controlled monitoring site of Xiangtang Town, Nanchang County, Jiangxi Province, China during 2015—2019. According to the

results, the runoff volume in the early rice season showed the highest proportion (39.11% —61.50%) of the annual total during the
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monitoring period, followed by the winter fallow season (23.31%—54.30%) and the late rice season. The seasonal distribution of nitrogen

and phosphorus losses was similar to that of the runoff volume, with a higher proportion in the early rice season than in the winter fallow
season. In most monitoring years (except 2016), however, both the runoff volume and nitrogen and phosphorus losses accounted for less
than 13% of the annual total in the critical period of prevention and control (10 days after fertilization ), revealing a possibly exaggerated
pollution risk in the critical period of prevention and control in double—cropping rice fields. In contrast, under exireme precipitation
conditions, the proportions of runoff volume, nitrogen loss, and phosphorus loss were as high as 27.34%—-52.19%, 14.21%—54.06%, and
25.38%-45.95% of the annual total, respectively, much higher than those in the critical period of prevention and control. This indicates
that extreme precipitation may bring a higher risk of non—point source pollution in double—cropping rice fields. Hence, both the early rice
season and the winter fallow season are important periods for the prevention and control of nitrogen and phosphorus losses in the double—
cropping rice fields in the Poyang Lake Plain. Given the unpredictability of precipitation events, it may lead to risks when the prevention
and control of non—point source pollution is achieved only by reducing the nitrogen and phosphorus losses in "the critical period of

prevention and control". Thus, the prevention and control of nitrogen and phosphorus losses in extreme precipitation conditions is a

potential key research direction for relieving non—point source pollution in double—cropping rice fields.

Keywords: Poyang Lake Plain; double—cropping rice; nitrogen and phosphorus loss; seasonal distribution; pollution risk
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NE AR 100 Sy« PR S5 S e ) 4t 45% 26 HE (N2 P,0s:
K-0=20: 10: 15) 375 kg« hm™, 43 BE JItL 36 jiti IR 25 (N
46%)150 kg-hm™ GHALH (K0 60%)90 kg-hm ™, 15
N.P,05. K0 73514 144.0.,37.5 .110.3 kg~ hm™; i g 5t
HE i FH 45% 52 45 AB 375 kg - hm2, 43 BE B 38 i JR &
187.5 kg-hm™ AL 105 kg-hm™, #T4 N. P05 . K,0
3919 161.3.37.5.119.3 kg-hm™.

N HL A AS [ st BE R 7K e AR AR A4 I 40 AT
AT R B A WD A A3 Ry R 2 R R A PR
32, FURRZE T H I OT 4f ok ok ARG IR I 2
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AR FTSE G I T H S S A i it e A AR K, AR e
I IR 75 25 # AE AR T St A [R5 A R TR B 22 i R
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1.2.3 Bdaabae

K Microsoft Excel 2003, Origin 2021 #1SPSS 13.0

AT BARGET or Hr Al . R A SPSS 13.0 # 4
iﬁ?ﬁ‘%?ﬁ%ﬁﬁ(One—way ANOVA) , Duncan ¥
AT AR AL BRI 22 5 B R 0, B K E R
a=0.05,

2 HERE5RMH

2.1 BANEETHRAESR
2015—2019 4= Ay FE7K 543 5124 2 205.6 .1 869.0.
1704.4.1889.5 mmA11612.8 mm(I& 1), 20154
B 11 A F12018 4F 19 9 F Ak, HAAE {3 B /K B3 2 1
B E R ERAE R 3—T H . ARk RRZMA
B3390 6 1 ,2015—2019 4 1% J1 4 B K 2 43 5 0
493.3.385.9.514.4.308.0.329.9 mm, (5§ 4 4E KR
UGS R 16.3%~30.2% 1 Sifs [ 7K & A W R 558
M FEEPRLES 6 HFITH ,2015—2019 4E4% 3
R 7K 77 HE T R 40 1)l 443.0,427.4.336.9 ,401.3 mm
A1 416.9 mm, 7€ 4= 4F F K & P A &5 b A 19.8%~
25.8%. 2015—2019 4R /K KELE H7E 146~178 d 2
] (P 2) , B K R B0 22 i I B = B4R TR 7E R4 1Y
3—6 1, B K REURZ & 201746 H , 25 d.
22 BBKRFERIBEANZETHE
2015—2019 4, & R 2 | LA 2 | B A 2= 1 R K
30 4 B 670.1~959.1 mm ., 584.3~963.1 mm.
68.7~577.9 mm(F 2) . 2015—2017 4,3 TREKH 1Y
Z /D RIA PR R SL N ESIFTZE, 2018 4EF12019
AEREK I 20 M R Bh & IR 22> RS ZE > B 25 .
W% 2 fir 7R, 32 B K 5200, 2015—2018 AR 42 i (9 2=
A3 HES K A PR B — B, BLRAEANF 21T Z A 22 5
i3 (P<0.05) . 2019 454 R 2= A2 i i L 0 v T
R Z MR LA . 2015—2017 R4 N 42T
7 4 4R 1 ) A 23.319%~32.48%, 2018 4E F1 2019 4
O3 ) i ek 54.30% F151.81%;32015—2017 4L Fg 2=
12 b A 4E B L) R 58.509%~61.50%, 2018 4E Al

F 1 201520195 F S IR R UK 8

Table 1 Fertilization, transplanting and harvest schedule of early and late rice during 2015—2019

FLAF Early rice i F5 Late rice
oA LA SrEENL UGN TRk FERE Sy BENT LU
Transplanting Base fertilizer  Tillering fertilizer Harvest Transplanting Base fertilizer  Tillering fertilizer Harvest
2015-04-28 2015-04-27 2015-05-07 2015-07-21 2015-07-29 2015-07-28 2015-08-06 2015-11-02
2016-04-25 2016-04-24 2016-05-02 2016-07-13 2016-07-18 2016-07-17 2016-07-25 2016-10-31
2017-04-29 2017-04-28 2017-05-05 2017-07-13 2017-07-19 2017-07-18 2017-07-25 2017-10-25
2018-04-26 2018-04-25 2018-05-10 2018-07-15 2017-08-05 2018-07-23 2018-08-04 2018-10-31
2019-04-23 2019-04-22 2019-04-30 2019-07-22 2019-07-27 2019-07-27 2019-08-06 2019-10-21

1% WHART]
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The five columns from left to right in each month represents 2015, 2016, 2017, 2018 and 2019, respectively.
Bl 1 20152019 FREKEMAES I
Figure 1 Dynamic of monthly precipitation during 2015—2019
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Figure 2 Dynamic of precipitation days per month during 2015—2019

&2 2015—2019 4

=1
ERE

Table 2 Seasonal distribution of runoff, TN and TP loss during 2015—2019

[ 20154
O 20164F
| O 20174 M
[ 20184F _ M
O 20194F N
|_|_’1” H-'|_’_‘ |_h ml
1 2 3 5 6 7 8 9 10 11 12
H i Month

F5H7 Indexes 7= Season 20154 20164 20174 20184 20194
[ 7K 2 A Fallow 959.1 702.2 670.1 727.3 861.1
Precipitation/mm FURS Early rice 963.1 951.0 703.9 584.3 683.0
W Late rice 283.4 215.8 330.4 577.9 68.7
iRy A Fallow 2 652.0b 3217.0b 2 865.5b 4448.5a 4 625.5a
Runoff/ (m®+ hm™) FURS Early rice 6 589.0a 6092.0a 7191.0a 3204.0b 4302.5h
Wi FE Late rice 1 867.0c 596.5¢ 2236.0¢ 540.5¢ 0c
SRR R £ H Fallow 53¢ 11.6b 9.2b 12.7a 14.8a
TN loss/(kg-hm) FURG Early rice 18.0a 293a 19.6a 11.7a 6.3b
M fH Late rice 9.5b 1.3¢ 6.9b 1.4b Oc
SRR R 2 A Fallow 0.34b 0.20b 0.40b 0.61a 0.35a
TP loss/(kg-hm™) B Early rice 0.77a 1.60a 1.13a 0.36b 0.51a
R Late rice 0.37b 0.04b 0.31b 0.31b 0b

T [RIFA Rl /NG g R A BB A7 A 1 35 22 57 (P<0.05) .

Note: Different lowercase letters indicate significant differences among treatments (P<0.05) with the respective line.

2019 4E43 51 5 FE R 39.11% Fi1 48.19% 5 45 A5y 1) B A
ZEAR W LB A 0~18.19% (% 3) .

A2 W 2= 40 e — 2, 2015—2017 42 i
SRS TN Ik e R 2 B A2, 2018 4E fll

WWW.Qes.019.CN
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2019 4 M 2 IR 2= (K 2) 0 2015—2019 4E A IR Z= Al
LR 2R TN i 2% 1 o5 2 4 19 L8R 71.019%~100.00%
(#£3). MRFGIE K TP 7 4 5 A PRA LT A
0.86~1.84 kg-hm?(#£2) . [ 2018 44k, 447 TP It
I B R AE S B R o AR AR R
B A 52.28%~87.17% (3 3) o 2015—2017 44 K Z=
FIBE AR 2% TP IR T 1Y 25 S B Jid 25, 2018 45 44 PR 25
TP K e, M RS R TP R R 2R AR E .
23 EEBEXBEERRAREASEPH AL
R I 97 O B 190 4% D e M PR I 3 P R O
REAFHEZHERRK(RY RREREHN
2016 4FE 11 923.0 m*+ hm?, H 4t 25 49 TN 1 TP 43
SR 14.33 kg - hm 21 1.05 kg - hm; 48 5 2 fe Al A
2019 41 215.5 m*+ hm™, Hy IE 45 25 /9 TN A1 TP & 4>
5124 0.98 kg hm™>F10.01 kg-hm™, B3 &M 942
I TN R TP 9 2% 8 7E 445 B s v 1 o BG4 oy
2.41%~19.41% .4.63%~34.00% F1 1.04%~57.44% , %
2016 454k, A A 3 OG5 AR I8 o o A 4F 1Y EL A 34
FE10% VLT, TN FI TP B3 2% B A8 44 i o et 3y
INF13%. AT UL, X2 Fe R 7 48 56 4 00 A 42 0

TN TP 3 2% B8 6 447 5 1 BTk AR X A1
2.4 WinMEKEHETFRIREAR L

5 A B R i B K T AR I B R I R i 22 SRR
(£25), 420w WA AE 20 991 4 2015 4214 5 797.5 m’ -
hm F1 2019 4E 1 2 440.5 m*- hm ™, TN i 26 & (9% {8
23 51°h 2015 449 17.76 kg - hm F12019 4F 1 3.00 kg -
hm™, TP 3t 2K it (A B 43 3128 2017 41 0.84 kg - hm™
FI20184F14 0.34 kg-hm 2, Heuif/K T A2 7 TN Al
TP i % & 4 4 AR B R B 4 B 27.34%~
52.19% . 14.21%~54.06% F 25.38%~45.95%. W] U ,
e it R AR S5 A2F T AUZE G AR 3 o VTN I TP 37 2 e Xt
A R I DT R I S v T B AR S

3 g

3.1 XNZEFEHE R K XU 2

et FHAE A 7K NETEAE R P, — B A 2 ARl 1 5
5 Y b B G N B SR R T, i AR
Jit FE FRORELIC %) 7k S A PSS 4ol JH B oy >4 i AR ol B 5
PRI ST A A 2 10 bl R A AL T K
RS AR H 2R T AR R T s ASEFERT

R BENRRERAHREAEELEN S (%)

Table 3 Seasonal runoff, nitrogen and phosphorus loss in different season (%)

Z= 1Y Season 41 Indexes 20154 20164 20174 20184 2019 4F
E34| 12374 Runoff 23.87 32.48 23.31 54.30 51.81
Fallow BATN 16.28 27.41 25.79 49.27 70.31
B TP 2275 10.78 21.18 50.73 40.55
FLAg 123 £ Runoff 59.32 61.50 58.50 39.11 48.19
Early rice EATN 5473 69.41 54.84 45.16 29.69
EWETP 52.28 87.17 61.03 31.41 59.45
e A 2 9i  Runoff 16.81 6.02 18.19 6.59
Late rice MATN 28.99 3.17 19.37 5.57
S TP 24.96 2.05 17.79 17.86

R4 GEXBUCRE EMRLEREESENSH

Table 4 The loss of runoff, nitrogen and phosphorus in critical period for prevention and control, and their proportion of whole year

ARy A2 3 2 Runoff/ M TN/ TP/ i H Proportion/%
Year (m*+hm™) (kg+hm™) (kg-hm™) #23 F Runoff AN B TP
2015 809.5 2.46 0.15 7.29 7.48 9.92
2016 1923.0 14.33 1.05 19.41 34.00 57.44
2017 1205.5 4.11 0.22 9.81 11.48 11.74
2018 5775 3.13 0.15 7.05 12.13 11.38
2019 2155 0.98 0.01 2.41 4.63 1.04
FEE 946.2 5.00 0.32
55 R B CV/% 69.1 106.7 132.1

1% WHART]
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Table 5 The loss of runoff, nitrogen and phosphorus of extreme rainfall and their proportion of whole year

40y e i B K 1 (ENiTa AR S i He Proportion/%
Year Extreme rainfall/times ~ Runoff/(m’+hm™)  TN/(kg-hm™) TP/(kg-hm™) 234 Runoff BTN TP
2015 5 5797.5 17.76 0.62 52.19 54.06 42.05
2016 3 3651.0 14.96 0.47 36.86 35.51 25.38
2017 4 5310.5 13.71 0.84 43.20 38.28 45.95
2018 3 2776.0 8.72 0.34 33.88 33.75 26.40
2019 4 2 440.5 3.00 0.39 27.34 14.21 45.75

SR 3.8 3995.1 11.63 0.53 38.69 35.16 37.11

255 FHBCVI% 22.0 37.5 50.1 382

K MERE R, HFF AR R AT W01, b AR Z 5T
Ao R 0] O RS A R A T S 38 B AR
FH 1A 55 Y IRUBS: 18 H Y

Xof e FH 38 8 B 48 G S R AT T 5 7 e IR
LT XK AR SLBLN . AWFIE L2016
AE LR 2 B9 A2 A (6 092.0 m* - hm™) 5 2015 4E (6
589.0 m’ - hm™) A 22 85/ (B LA W it 2% & (TN 29.3
kg+hm™ TP 1.60 kg-hm’z)fﬂfﬁﬁﬂ: 20154 (TN 18.0
kg-hm™ TP 0.77 kg-hm™) (£ 2) . XPE5HRE A E
BRI (R 3 e AR I K BN A 3 B, 2015 4 R
FEZE =P AT 10 UK, 76 A Bl 4 B (19 42 i UK
LR 2 R, A2 7K H TN RN TP B~F- 35 3 5 43l 4 3.21
mg- L' F10.11 mg- L2016 4E AR ZE = i 4Lt 8 1k,
TR Bl A AR Bk 3R, HIEL P 1 ik Ok
A TERERE A G A5 2 K, HAR LK TN A TP 1 F
I 43 5k 4.86 mg - L7 A110.25 mg - L7 (B4 & 41
W) o AT ELAT, e b A S A T 3 d R T K R A
T R INE B 3% AT 2 S 3 2016 4E AR 2 A2 R i B
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