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Abstract ;[ Objective | The aim of this study is to analyze the spatial heterogeneity of nitrogen and phosphorus
in water body and riparian soil, and to explore the effects of soil organic carbon, nitrogen and phosphorus
content on nonpoint source pollution so as to provide a theoretical basis for clarifying the water nonpoint
source pollution status and its relationship with the riparian soil of the Sunxi River watershed in Chongqing.
[ Methods] 44 water samples along the Sunxi River and soil samples at depths of 0—20 ¢m and 20—40 cm in
the riparian zone were collected. We applied the Nemerow index to evaluate water pollution status. The
ANOVA and multiple comparison, independent sample t-test, correlation analysis and redundancy analysis

were used to study the spatial distribution characteristics of nitrogen and phosphorus forms in water body,
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soil organic carbon, total and available nitrogen and phosphorus in the riparian zone, and the response of
water nitrogen and phosphorus to soil organic carbon, nitrogen, phosphorus forms and their stoichiometric
ratios. [ Results] (1) The Sunxi River was seriously polluted, and the pollution in the lower reach was more
serious than that in the upper and middle reaches. (2) Water total nitrogen, total phosphorus and soluble
phosphate in the lower reach of the Sunxi River watershed were extremely significantly higher than those in
the upper and middle reach, nitrate nitrogen in the lower reach were extremely significantly higher than that
in the middle reach (»<C0.01). (3) Soil organic carbon contents at the depth of 2040 cm in the lower rea-
ches were significantly higher than the middle reach, available phosphorus in the two soil layers and total
phosphorus at 2040 cm were significantly different among the river sections, while soil C/P ratios at 20—
40 cm and N/P ratios at 0—40 cm were significantly higher in the upper reach than the middle and lower
reaches (»p<C0.05). The contents of soil organic carbon, total nitrogen, nitrate nitrogen, total and available
phosphate at the depth of 0—20 ¢m were significantly higher than those at 2040 cm (p<C0.05) with an
obvious surface accumulation phenomenon. (4) Correlation analysis indicated that water nitrogen forms and
total phosphorus were significantly positively correlated with soil total and available phosphorus (p<<0.05),
and redundancy analysis showed that the total interpretation rate of soil organic carbon, nitrogen, phosphorus
forms and stoichiometric ratios to water nitrogen and phosphorus forms was 64.15% , indicating that soil total
and available phosphorus were the main factors affecting nonpoint source pollution. [ Conclusion ] The nonpoint source
pollution of the Sunxi River is severe, and soil total and available phosphorus can significantly affect the water
pollution status. The control of nonpoint source pollution should focus on the riparian ecosystem.

Keywords: Sunxi River watershed; nonpoint source pollution; riparian zone; stoichiometric ratio
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Fig. 1 Sampling sites in the Sunxi River watershed
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Table 1 Geographical information statistics of sampling sites along the Sunxi River
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Table 2 Classification of water environment quality in the riparian zone of the Sunxi River
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Table 3 Spatial distribution characteristics of nitrogen and phosphorus in the riparian zone of the Sunxi River
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Table 4 Spatial distribution characteristics of soil organic carbon, nitrogen, phosphorus and their stoichiometric

ratios in the riparian zone of the Sunxi River
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Table 5 Correlation analysis of water nitrogen and phosphorus with soil organic carbon, nitrogen

and phosphorus in the riparian zone of the Sunxi River

+ )2 KR BAE/ HRER A/ B/ A EBERR AL/ —
BB/ (ecm) + 4 (mg+ L") (mg+ L") (mg+ L") (mg+ L")
AHLR/ (g kg™ 0.23 0.22 0.14 —0.04 —0.14
A/ (g kg D) 0.20 0.20 0.20 —0.08 —0.25
AR/ (mg kg ) 0.20 0.06 0.18 0.12 —0.13
o020 /(g kg™ 0.51"" 0.36" 0.50"" 0.19 —0.30
B/ (mg « kg™") 0.78"" 0.50"" 0.68" " 0.44" " —0.16
A Lt —0.10 —0.03 —0.21 —0.08 0.23
T B Lt —0.34" —0.19 —0.427" —0.30 0.23
R L —0.31" —0.21 —0.31" —0.28 0.10
FHUR/ (g kg™ 0.42°" 0.42°" 0.31" 0.02 —0.14
R/ (g kg D) 0.30 0.22 0.23 0.11 —0.18
AR/ (mg -+ kg ') 0.20 —0.04 0.06 0.23 —0.13
2010 W/ (g kg™ 0.61"" 0.44"" 0.56"" 0.25 —0.26
HRWE/(mg « kg ) 0.87"" 0.49"" 0.66"" 0.42"" —0.10
A L 0.05 0.15 0.01 —0.24 0.11
Tl L —0.22 —0.03 —0.28 —0.24 0.13
R —0.25 —0.15 —0.27 —0.12 0.05

e FARM RN R E (p<<0.05), " * FaRM LN B (p<<0.01),
R ¥ SR IR NN S N e e ol R 1 ]
ARG, B R 58 o i ] i AR B n AR e M
Wk S E A B Bl . R 0—20 ecm LR
T HEA HLEK 4 B R 43 1 Ry (7.85 £2.34), (0.70 +
0.23),00.2940.11) g/kg,1fii 2040 cm +JZ 7 (4.96 +
1.89),(0.5470.21),(0.2340.09) g/kg, 5 J%E X N FIE ]
VAT R A A WL (24.80 g/ke) , 2R (2.12 g/kg)

A (1.38 g/kg) FRE B B £ 5 Wl ny 6 Fh - i
FIHE R A 4 & (1,14 ~1.49 g/kg) M4 (0.76 ~
1.32 g/kg) &5 RA L BN L R A o8 45
TR AT S0 R T U R o Tl PSR Rl it iR 4 %2 L
O/ A R R T K AL B
117 S5 VAT I DA R SR BB AT bR Ry 2 AR b SIS 70 R bk 43 25
P it T2 —, R B TP BK A T 4G o R Oy
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S, L A2 K SO/ I L 3R i BB g /N L A
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BRI R 020 em R B HHEA L 2R ES
R WA & B R E ST 2040 em )2
(p<C0.05) , 3X 15 82 i1 ) 4550 78 24 HIL 0 1 DX T 1536 1
IV A Ay 55200 AE U W] T 52 A5 A Bl 2 R B B
s 5SSy W D 1 458 — B0 R T R 2 M RE
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mERRKREZEAAAET 0—20 cm + 2, HXF HIEA
PUBR AL B RO R F 2040 em )2, HIR
I e o= 2 S| K o 7 R ST T =l AN L2
(p<C0.05) , W VAT 3L 2E 0] o ¥ B 740 7 e A1 . 5% )+ 38 4
BLBR 73 il 7K PR A5 IR B8 2% 1k R AR 8 Ak, FilE 2 AR W,
Jiti A ik K o 6 Bl ak B rp A S T R Al A e
WFFEIX 0—40 em £ )2+ 1€ C/N,C/P,N/P ¥{E 53
9 11.55,26.71,2.38, Horpr C/N W& /)N [ [ b - 3
KAF(11.9), C/P, N/P ¥ W] WAL T 3% & F ¥ 7K F
(61,5.2)"7,C/N 2+ R ZH L&, C/N i
R FLRE A A A% L R R S C/P L NP A3 i)
R R W A A ML T R R A B R v [ e
T4 19 T 7 R H DT B o 4 % 43 1) T R AR A, BRI 1 48
C/P,N/P Ut B 5 A= W 4 fifk A B T ot 32 8 1 B A A
/NGN/P<T14 BEBH R AL TR R B Z R, X
FERP A ST T K B BOK D% i 8 & — AR T
RV 5, 7 £ 5 P AT B R A I

0.8

RDA2(4.31%)

-0.4

RDA1(59.84%)
W N/P kA BA S B2 . C/N1.C/P1.N/P1 #il C/N2.,C/P2,

N/P2 435 R HEA LR 5 2 A A LIRS 20 2 A 520 E 020
52040 em 1221,
B2 HERATESKEE. BELEFNK.
A BT RS W

Fig. 2 Redundancy analysis of water nitrogen and

phosphorus and soil organic carbon, nitrogen

and phosphorus in the riparian zone of the Sunxi River
GA I T TR A K A B R R R R R L L TR R

BERRER S LI AU RIA S S W EF IEAH KR (p<
0.05), 15 £ HEAHHLIK.C/P M N/P By HH K12 +
JRURBERISE W AFE R 22 5%, . K IR BVAC i S
0—20 em 12 3Ry C/P Il N/P ¥y 5 & 2 fkH 56
(p<<0.05) , T AVA AH R ER A A BB LS 2040 cm
+ 20 PR IE A (p<<0.05) . X ML
EPK R RS A AR W U G 458 A
B AW F 0 PR IR L] Y A2 T
AKAE KT P 2R U b R 28 R T Y D HE ) 5
M) 452 Sy 5 2 T R T 0 — e FE R, T A2 S MR A/ DN
SR R A KR N/P Ry 50,67, i 58 N/P X
R 2.38 YA Rl KA i U B L T b 9 U] A T R AR
RAPIRAS , B b 28 A 8wk S5 KRR LB & &
B UITAR OC L 0B 2 B T o] 2 4 A A AU
JE KR TE IR TS e 0 TR 7R A I B A 7 AR
T I B A e P L 9 AR TR TS K B N SR R 4
b BB HE AT Y KA B I o A7 A R AR S
IR A A T M 5 RN A b ) A 22 B R R G B
AL T A HLss A B A s e, A S
M A 2 RO 2 M $R 3 5 1 ) KA T 3

f B PR, Ay 5 B = e B R A 25 R G O R B I T 4 T
K S 4
4 %8

(1) ¥R K A 4l B J e d 5 gy, o b h
i N RCE S I L /3 R

(2) KRG B A e B Y 2 ) S R
SVEI TR AR AL B S T R R A W W
TR A, 43 5 K (2.86 4+0.32),(1.5040.28) ,
(0.0740.02),(0.0440.01) mg/L, & & AR £ A
S0 P i << U< U A AR AR L SR S T s
FRER Ry b <<rhilfe <N Ui B WG K

(3) 1A MLAR .4 0 A A A L 4 W R A A
IR 3R )2 B AR RN i R AR Y R AR L AT AL
WA AEBEE T 0—20 cm T2 095 840910
(8.801+2.47),(0.78+£0.24),(0.37£0.10) g/kg, F
W 20—40 em L2 HEA YRS B B E S T i,
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TEA T BEW] 22 5 1 3% (p<<0.05) , a5 i) S Rk W 4k, ot
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