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Characterization of runoff phosphorus export from small agricultural catchments with different spatial distri-
bution patterns of rice paddies in the Three Gorges Reservoir Area

LUO Bai-lin', SHANG Er—feng', LIN Xiao', SHI Shu', LIU Yuan—yuan', NI Jiu—pai'**, XIE De—ti'**, MU Zhi—jian'**

(1.College of Resources and Environment, Southwest University, Beibei 400716, China; 2.Engineering Research Center for Agricultural Non—
point Source Pollution Control in the Three Gorges Reservoir Area, Beibei 400716, China; 3.Key Laboratory of MOE for Eco—environments in
Three—Gorges Reservoir Region, Beibei 400715, China )

Abstract: A high frequency(daily ) monitoring campaign was carried out in two adjacent catchments in Fuling of the Three Gorges Reservoir
for one whole year with the aims of analyzing comparatively the impact of spatial distribution pattern of rice paddies on phosphorus (P) con-
centration and export fluxes in runoff. The two catchments were subjected to the same climate conditions, tillage and cropping practices, and
received the equivalent fertilization rates in terms of per unit of land area. Nevertheless, the rice paddies in one catchment (marked A ) were
scattered and higher in fragmentation index, and those in the other(marked B) were mainly distributed at the bottom of the catchment and
lower in fragmentation index. Comparing the two catchments, the average runoff concentration of total P in A was correspondingly higher

than that in B all over the year and in the different crop growing seasons. Similarly, the amount of runoff from the outlet in A (1431 m?*-
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hm™2-a™') was significantly higher than that in B(840 m*-hm=-a™"). As a result, the total P export flux from A(210 g-hm2-a") was much

higher than that from B (72 g-hm™-a™). For both the catchments A and B, the runoff P concentration during the rice/maize season far ex—

ceeded that of the mustard season, and the total loss of runoff P during the former season was 1.9 and 3.6 times higher than that of the latter

season, respectively. The differences in the runoff concentration and loss of P between the two studied catchments might be attributed to the

different spatial distribution patterns of the rice fields within them. This indicates that the reasonable configuration of rice paddies can serve

as an effective measure to reduce runoff P discharge in the Three Gorges Reservoir Area.

Keywords: Three Gorges Reservoir; non—point source pollution; agricultural watershed; phosphorus
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Figure 2 Precipitation, volume of runoff at outlets
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Figure 3 Temporal variations of phosphorus concentrations

at outlets
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Table 3 Cumulative volume of runoff and phosphorus mass

fluxes at outlets

ARk, s KRBT HHE 4
A BRI A /m® hm™ 838 593 1431
SRR i /m® hm™ 147.32 6323 210.55

B BRI A /m® hm™ 474 366 840
SR A /m hm ™ 57.96 1444 724

Z 5 KRR B K2R 5 AETE Y 70%~80% , M3 22X
20%~30%,

5 E G ARREANTE 5 2 DX 3% F R /NG S DA A
FEAH ARG Ry 3= (el Hh>80% ) , £28 Ji 9 41 i+ 3 2 240
114 g-hm™«a™"; =g i X A /NS, 40 = PHEL G
Je A /NI A 2 AR M AR D 3 (el b >80% ) , HiA%
TR T E 2 76 g-hm™-a L BRI HL 22 BE
SN LA HE S T (575% ), {H bR HE 32 B4R TP e
TFRHLIX, ZETFIR 500 m AT #ad 50% K2k b, i %
AR B 2R 289 g-hm -, F RN DL R
HRRS H O 3, AE/KIR B B R AR E D
ANRIRAR /N s BRI A T FE 22 B VR /N SR, (H s T
FLATTAS /NI

3 g

KA R, TN ANTR] ) Lt ) A 7 =%
TET AR 091 2 T3 5 M A8 D 7K A 98 2R A 38 e G e 1 i
o B HEREPIIETE R, AN R L A 2R T A
U FHE 2R B2 18 A/ MU et > 4 T > SR el > e
(BRI SR A AT AR B Ry A FH > SRl > el >k o [R)AE
A H TR FEA AN [R] 0 2 R ARSI K i i i 2 i
PR 7 SIS, i TR LR AR 2 BR ) T
RWEIR I 1 TR LR B T, (2 6 SR 2030 o R AR i
ALK , RIVAS FH T AR HE BB, SR R A iy o (H
ARHEAEIN A A TR A AR “Hla i, R
AR A 5 R 8 A2 8 DA 114 T ol P AT/ i 14 1
SN A2 A 5 3 Ah Rl K28 200 36 -2 B R
YRR, B7 11 R 7K B ], 7620 FR 0 JC A9 R 1] AN
IRk D R X L RAR R B — e R .
I ST T A O AR R 2 18] 20 A 5
SFOWURS SR Y O 2R I R B, TR T SO A 2
IKIAFE T BIG  o Z5 BT K SR PR 0 P Al
PE 5T s —J7 TR FH 2 BT e ( 32 A AL S 4
KBRS ) 5 55— 5 1D, AE/KRS /K 300 1388 1 A %
I H WA A1, 9 H R SEAS BB i M IR,

IKHEAE R —Fh N 08 R S8, X REXHRS i A P2 A
HLIFRE RS ) . o WY U W Re AL MLz
T S HE AR R SR B A T T I TS Y A AT e
o Z AR, R, A R G SR —Fh PR B AU
AR TR A S RS 24510 O A5 2 E N A
2B S R ST,

AT A EE K A B AT, M B S S
BT A — 3, 3SR e ft oy SRR TR] , e H L5 AH
T MR M A 7 R ET A GRS ful{ YT AER
X iz X A R BRI AR SR A5 0, SRK R A 1Y
BN AR R GAIERA P S Zh 88.5 kg-hm™-
a5 KIER B 2% 85.8 kg-hm™-a™, A2 /K AH 22 TG
JUo AR A SN AR 7 ol 25 o o 3 e v T 4K
5 B, AR AT GE 2 A Hu A 50U R 19 25 Sl i . —
J7TH B2 KR A oA FH AR 4R (1.74) i /5 T5E K
BB (0.19), BT E A H TH R 2 A B B AR 2
B, BRI KR A X AR A2 DA Rl 2% v AR A
AR B RGN GEHE 5 5 — 7 T, W2 Fed A B
I3 A 225 . Basnyat SEOMFSY KB, A HAE A I
A B b I A 1, R v A A R
Fo AR, SKIE B rh RS H R Z A T IR M5y
A3, Ho 88 A SR KB s dth 5P 3 AL B B8 9
WV, SO0 AR I K AR () 2 AR A A o
o R BT, SEOKI B 1SS SRy A, SN K
A TR AR A IE 7 s R T 5, e 2 AR /K38 B
A A28 T AR 2% Y B IR T AR A

4 Zig

P KA B e PR A B R AR Py
PEASAE R, T HE T Bl 25l AR U K Al e 2 T i
0 A . AR AR LA, 1 2R T
AARFNAA T AR TR, AR T K I B A e
JEAR HLAESE K SR i BT 3 4, TR T —FhERBE A
R SO0, H SR AR i H O AR A B
=IO, UMK I ] A1 AR JR R SR R
PR K AR P RGEA A T  INIE, 7RO /MR IR
A BEHAT SRR T, A T R AR A A 2R i
i
(1] M B, VRIRERE, PRI, 88, 2R IOk G it 8 8 9 A B HAR 25

IHB]. FRKRSF54H]. 2009, 15(1):5-8.
XIAO Tie—yan, XU Xiao—yi, FU Yong—chuan, et al. Discussion on the



IR % =P DR VR M b Al M B H 343

eutrophication and ecological engineering technologies for secondary
rivers in the Three—Gorge Reservoir]]. Journal of Chongging University,
2009, 15(1):5-8.

[2] Yang Z ], Liu D F, Ji D B, et al. Influence of the impounding process of
the Three Gorges Reservoir up to water level 172.5 m on water eutrophi—
cation in the Xiangxi Bay[J]. Science China Technological Sciences,
2010, 53(4).1114-1125.

(3] WA, A PIME, 25 . =W IX R b It dul 1T 55 U ARPALE 5 By

VAW, KT R 5345, 2009, 18(8):783-788.
WANG Li—jing, ZHENG Bing—hui, LI Zi-cheng. Characteristics and
administrative strategy of non —point source pollution in Three Gorges
Reservoir and its upstream watershed[J]. Resources & Environment in
the Yangize Basin, 2009, 18(8):783-788.

B Rk, AP JET AR AT 0 B TR TS Y LR BT[] 1Yt
MBHER 224 AL 2R, 2012, 12(6) :26-31.

WEI Xin, LI Shi-ping. Analysis of mechanism of agricultural non—point
pollution based on farmers’ production behaviors[J]. Journal of North—
west A&F University, 2012, 12(6) :26-31.

[5] Sharpley A N, Gburek W J, Folmar G, et al. Sources of phosphorus ex—
ported from an agricultural watershed in Pennsylvanial]]. Agriculiural
Water Management, 1999, 41(2) . 77-89.

[6] FNIE S, BRA TR, BIDE DT, 55, =k e DX SR /N il e s D AU B

WAL, A= 3522%35, 2011, 30(8):1720-1725.
SUN Zheng—bao, CHEN Zhi—jian, LIAO Xiao—yong, et al. Characteris—
tics of agricultural non—point source nitrogen and phosphorus losses in a
typical small watershed in Three Georges Reservoir Area[]J]. Chinese
Journal of Ecology,2011,30(8):1720-1725.

(714 P, 7E ¥, Faui, 5. =0 e DR Nl RO R TS

HR IS AT P K R FF, 2010(10) : 34-36.
ZHU Bo, WANG Tao, WANG Jian—chao, et al. Source and load of non—
point source nitrous and phosphorus pollution of typical small water—
sheds in the Three Gorges Reservoir Areal]]. Soil & Water Conservation
in China, 2010(10):34-36.

[8] SRR, 4= it 2= MG, 2. LR R 45 1 F AN IR A 7 s i35 3t
HETIAHELL K LR, 2016,30(1):5-8.

ZHANG Tie-gang, LI Zhan-bin, LI Peng, et al. Nitrogen loss of slope
cropland unde different cropping patterns and rainfall simulation condi—
tions[J]. Journal of Soil & Water Conservation,2016,30(1):5-8.

(9] BRERIH, BOERR, M SOR, 55, ZIPE IX 2% B 18 /I ol 4 b ) FH R S5t
WL Jm % S Wik 1 AT, PRI}, 2014, 35(3) :1091-1097.
HAN Li-yang, HUANG Zhi-lin, XIAO Wen—fa, et al. Effects of land
use and landscape pattern on nitrogen and phosphorus exports in lan—
lingxi watershed of the Three Gorges Reservoir Area, China[J]. Acta
Scientiae Circumstantiae, 2014, 35(3):1091-1097.

[10] /i 3, AL, ATBRIT, 45, =g e X LRl /NG Sk 4K B 5

R ABRR RV : LAz BTG e R )] BRI R, 2012,
34(2).6-12.
GAO Jie, HE Ren—jiang, YU Lu—hong, et al. Research on water quality
and runoff loss of nitrogen and phosphorus from the typical agricultural
watersheds in Three Gorges Reservoir Area: A case study in Huolong,
Yunyang County[J]. Environment & Ecology in the Three Gorges, 2012,
34(2):6-12.

(1] 3K ¥ S5 5, JA I, 35 =0 X R R0 B X b R U 2 11
SEM[)]. 8254, 2016, 53(1):189-201.

ZHANG Yang, FAN Fang-ling, ZHOU Chuan, et al. Effects of crop/
mulberry intercropping on surface nitrogen and phosphorus losses in
Three Gorges Reservoir Area[]]. Acta Pedologica Sinica, 2016, 53(1).
189-201.

[12] 3 ELBL A —7T, 4 %8, 4. = KSRl /N K 7K i 5

PR A BRI R OFIT : LAV B DGE A 0 [T, BRI R, 2012,
33(5):1-5.
ZHANG Dan—-qi, HE Ren—jiang, ZHENG Jun, et al. Investigation on
water quality and runoff loss of nitrogen and phosphorus from the typi—
cal agricultural watersheds in Three Gorges Reservoir Area:A case
study in Lianfeng, Fuling District[J]. Environment & Ecology in the
Three Gorges, 2011, 33(5):1-5.

[13] Schindler D W, Hecky R E, Findlay D L, et al. Eutrophication of lakes
cannot be controlled by reducing nitrogen input: Results of a 37 -year
whole—ecosystem experiment[J]. Proceedings of the National Academy
of Sciences of the United States of America, 2008, 105(32).11254—
11258.

[14] Schlesinger W H, Abrahams A D, Parsons A J, et al. Nutrient losses in
runoff from grassland and shrubland habitats in Southern New Mexico:

I .Rainfall simulation experiments[J]. Biogeochemistry, 1999, 45(1):
21-34.

(15T SRARIE, XUGE R, 45 3. =i A DX 7 33 ) I I e DR ARl 60 7 4

ARSI, BREERL 42241, 2016, 36(2):428-434.
SONG Lin—xu, LIU De-fu, CUI Yu-jie. Study on the distribution of
non —point nitrogen and phosphorus load from Xiangxi River in the
Three Gorges Reservoir{J]. A cta Scientiae Circumstantiae,2016,36(2) .
428-434.

[16] Bk ¥, SRASE, 4RI, 5. BLDRER A5 0 T AR e b 2 i

R FT]. Al PR 24, 2013, 32(1) :49-55.
CHEN Ling, SONG Lin-xu, CUI Yu-jie, et al. Characteristics of phos—
phorus loss in sloping arable land of Yellow—brown soil under artificial
rainfall test[J]. Journal of Agro—Environment Science, 2013, 32(1):
49-55.

(1714 W, WA, & B, 25 =ik)ZE XN 08 Hb S O SR AR AT

BRI K L ORHFE3R, 2011, 25(1) 1 1-5.
XU Chang, XIE De-ti, GAO Ming, et al. Study on the nitrogen and
phosphorus loss characteristics from sloping uplands in small water —
shed of Three Gorges Reservoir Region[J]. Journal of Soil & Water Con—
servation, 2011, 25(1):1-5.

(18] Z=Hii®e, sk, X FE, 2. KGR i o Al e i

15 QLW R AT WAL R SE AL FREERLF, 2010, 31(5): 1220~
1226.
LI Rui-ling, ZHANG Yong—chun, LIU Zhuang, et al. Rainfall intensity
effects on nutrients transport in surface runoff from farmlands in gentle
slope hilly area of Taihu Lake Basin[J]. Environmental Science, 2010,
31(5):1220-1226.

[19] E5E 8y, SREFTT, A%, 5. Pl —Z SR /NI A T
TSR TTRRFAELT . BREERLE 2R, 2000, 29(6) : 1321-1328.
WANG Ke-qin, SONG Ze—fen, LI Tai—xing, et al. The contribution of
non—point pollution in the Jianshan River watershed, the first branch of
Fuxian Lake[J]. Acta Scientiae Circumstantiae, 2009, 29(6).1321-
1328.

(201 8t AR, 255, By MR X A HH 3 R AS TR R B TR AR R ()] M
HERFSY, 2011, 30(1):115-124.



344

YIEINCR RS Y 5 36 5% 2 8

HONG Lin, LI Rui-hong. Characteristics of nitrogen and phosphorus
losses in surface runoff from farmland in a typical irrigation district in
Southern China[J]. Geographical Research,2011,30(1);115-124.

[21] B2, RAEE, SR5eHe, 45 S b [ Rk A ox o PR K L

FFRIN e 1 SR TS AR AT Al BT FRI5E 241, 2016, 33
(1):72-79.
MA Chuan-gong, CHEN Jian —jun, GUO Xian-hua, et al. Effects of
different cropping patterns on soil and water conservation benefits and
soil nutrients loss on sloping land[J]. Journal of Agricultural Resources
and Environment, 2016, 33(1):72-79.

[22] H AN, 42 LA, I*’JE 555 KA PR it X K R 7t SR 43 W
T e R R BROSE MA[T]. 7K 241, 2013, 27(2) : 62-66.
HUANG Dong—feng, LI Wel—hua, WANG Li—min, et al. Effects of wa—
ter and fertilizer managements on yield, nutrition uptake of rice and of
nitrogen and phosphorus loss of runoff from paddy field[J]. Journal of
Soil & Water Conservation, 2013,27(2):62-66.

(23] L/ b DX F AR 37 A3 A i 2 S A il B R R D). B 3
ROl KA, 2012,

XIA Xiao—jiang. Study on nitrogen and phosphorus runoff losses from
paddy field and control technology in Tai Lake Area[D]. Nanjing: Nan—
jing Agricultural University, 2012.

[24] A1 2, Ak L bt B85 X A3 9 ol R P B R AR AL IR TR A 1 5
W[J]. K L AREFAFAR, 2010, 24(5):31-34.

YANG Li—xia, YANG Gui-shan. Effects of phosphorus application on
P forms in runoff from rice field of Taihu Watershed[J]. Journal of Soil
& Water Conservation, 2010, 24(5):31-34.

[25] ik, £ B2, E#, 5. NSTEC JR[A) [ 4RHF st R F/28 s s
JR I HuERBlE UERE, 2002, 17(2):215-220.

LAI Yan-bin, XU Xia, WANG Jing—ai, et al. Analysis of lucc pattern
on physical region in NSTEC[J]. Advance in Earth Sciences, 2002, 17
(2):215-220.

[26] 5K dm, KRN, XIWESE, . =K A2 K
A3 AR BRI LR, 2005, 21(6) :23-26.
ZHANG Yuan, ZHENG Bing—hui, LIU Hong-liang, et al. Characters of
nitrogen and phosphorus of the Three Gorges Reservoir after impound—
ing[J]. Water Resources Protection, 2005, 21(6):23-26.

[27] B8 37 A, VSR, AR R, & S0 X 22 BB/ INFIR AT A
AE[J]. 4R, 2013, 34(8):3035-3042.

ZENG Li-xiong, XIAO Wen—-fa, HUANG Zhi-lin, et al. Characteristics
of nutrient loss of Lanlingxi Watershed in the Three Gorges Reservoir
Areal]]. Environmental Science, 2013, 34(8):3035-3042.

[28] % 7. fk, TARTR, M S0k, . S0 R R [R) 4 A F 2 R R o
AL By FEXT PR K - e B [J]. PRI AL, 2012, 33(10):
3390-3396.

ZENG Li—xiong, HUANG Zhi-lin, XIAO Wen—fa, et al. Nitrogen and

phosphorus loss in different land use types and its response to environ—

\ BEE IR ERARAE

mental factors in the Three Gorges Reservoir Area[J]. Environmental
Science, 2012, 33(10):3390-3396.

201 % i, e, M, S /N R A5 AL X R R i s
()], PREER}A, 2010, 31(1):58-62.
LUO Xuan, SHI Zhi—hua, YIN Wei, et al. Effects of land use structure
on nitrogen export in Hujiashan Watershed of Danjiangkou Reservoir
Area, Chinal[]]. Environmental Science,2010,31(1):58-62.

[30] 8t EE, & E 4. = VTOF K RIS B AT L)]. SRR R,

2011,32(1):108-112.

ZHU Hui, YAN Bai—xing. Export of nitrogen by lateral seepage from
paddy field in Sanjiang Plain[J]. Environmental Science, 2011, 32(1):
108-112.

BURSIF, E B, REK, 55 KRR PP 21035 e /N

SURBEIR M R AR A, FREERF, 2014, 35(1):150-156.
SONG Li—fang, WANG Yi, WU Jin—shuli, et al. Impact of rice agricul—
ture on nitrogen and phosphorus exports in streams in Hilly Red Soil
Earth Region of central subtropics[J]. Environmental Science, 2014,
35(1):150-156.

[32] ki, RIcst, ARTE, S5 0 TR M IR I S A S IR Y

Yitg: 18 H 50k 12 T B8 I 2R A RRAIE ()], 13244k, 2005,
42(5):799-804.
CAO Zhi -hong, LIN Xian—-gui, YANG Lin —zhang, et al. Ecological
function of "paddy field ring" to urban and rural environment: I .
Characteristics of soil P losses from paddy fields to waterbodies with
runoff[J]. Acta Pedologica Sinica, 2005, 42(5) :799-804.

(331 MM, 25588, AR, 5. KEET KRR (AR 25 18] 43 5

RO R 1 R0, Ol SR BERL 2 248, 2014, 33(8) 1609
1616.
BAO Shan-shan, LI Chong—wei, WANG Zu—wei, et al. Relationship
between spatial variation of nitrogen and phosphorus in Water and
Landscape Pattern in Yuqiao Reservoir Basin, Tianjin[J]. Journal of A—
gro—Environment Science, 2014, 33(8):1609-1616.

B4 VFOL, BHIC, . A, S5 LI DX L S AW SR Rk i
WFE[J A IRl 2224 4], 2013, 32(5):991-999.

XU Xiao—guang, LI Yu—yuan, MENG Cen, et al. The characteristics of
nitrogen and phosphorus leaching in a paddy soil in subtropics[J].Jour—
nal of Agro—Environment Science, 2013, 32(5):991-999.

[35] Linquist B A, Ruark M D, Hill J E. Soil order and management prac—
tices control soil phosphorus fractions in managed wetland ecosystems
[J]. Nutrient Cycling in A groecosystems, 2011, 90(1) : 51-62.

[36] ik, MRAETE, Bybk e, S5 18 Rl H I 7E Dk £ A= S BRI Y

Lhae: M FgH 3R FR 0 B R M ARSI ] &
HEZEAR, 2006, 43(2) :256-260.
CAO Zhi -hong, LIN Xian—-gui, YANG Lin —zhang, et al. Ecological
function of "paddy field ring" to urban and rural environment: Il .
Characteristics of soil p losses from paddy fields to waterbodies with
runoff[J].A cta Pedologica Sinica, 2006, 43(2 ) : 256-260.

[37] Greenland D J. The sustainability of rice farming[D]. London: CAB
International Publication in Association with the International Rice Re—
search Institute, 1998.110-113.

[38] Yan W, Yin C, Tang H. Nutrient retention by multipond systems ; Mech—
anisms for the control of nonpoint source pollution[J]. Journal of En—
vironmental Quality, 1998,27(5):1009-1017.

(391, VT i, ARG, 2. =W KA /N R SR

BRBCERTFRLL. PURE R #2741, 2011, 33(5):95-101.
HE Ren—jiang, JIANG Tao, MU Zhi—jian, et al. Nitrogen and phospho—
rus balance for the soil systems in a typical small agricultural watershed
in the Three—Gorges Reservoir ArealJ]. Journal of Southwest Universi—
ty, 2011, 33(5):95-101.

[40] Basnyat P, Teeter L D, Flynn K M, et al. Relationships between land—
scape characteristics and nonpoint source pollution inputs to coastal es—

tuaries[]J]. Environmental Management, 1999, 23(4):539-549.



