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Effect of different vegetation types on agricultural non-point nitrogen pollution in

riparian wetlands
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Abstract: As a functional transition interface connecting rivers and lands, riparian wetlands are one of the major transition
zones for matter, energy, and information transfer between aquatic and terrestrial ecosystems. It is also the last barrier to
protect the water quality in rivers, and play an important role in water purification and non-point pollution control. With the
combination of field experiments and isotope trace technique (the "N-enriched method) in Kouma section of the Yellow
River, retention of agricultural non-point nitrogen pollution by the soil in riparian wetland, the proportion of agricultural
non-point nitrogen which leaks into the groundwater, and the absorption of agricultural non-point sources nitrogen pollution

by different vegetation types in riparian wetlands were investigated. The results showed that the agricultural non-point
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sources nitrogen flowing into riparian wetlands through surface runoff infiltrated into the subsurface and dispersed both
vertically and horizontally in three experiment plots. Retention of agricultural non-point nitrogen pollution by the soil in
riparian wetlands mainly occurred in the soil layer at top 0 — 10 cm, and the amount of nitrogen retained by surface soil
associated with three types of vegetation were 0. 045 mg/g for Phragmites communis Trin plots, 0. 036 mg/g for Scirpus
triqueter plots, and 0. 032mg/g for Typha angustifolia plots, which accounted for 59.2% , 56.3% , and 56. 1% of the total
nitrogen interception, respectively. The top soil layer (0 — 10 cm) of riparian wetland acts as a filter. A long period
pollution effect exists in agricultural non-point nitrogen that remained in the soil. Strong denitrification function of soil
microorganisms in the extraordinary oxidation-reduction condition of riparian wetland and uptake by plant in riparian wetland
make agricultural non-point nitrogen in the 0 — 10 cm soil layer change more quickly than those in other layers. After K"
NO, was added to the surface soil, nitrogen content decreased by 77.8% for Phragmites communis Trin plots, 68.8% for
Typa angustifolia plots, and 8. 3% for Scirpus triqueter plots within one month, respectively. Three months later, the
nitrogen content decreased by 93.3% for Phragmites communis Trin plots, 72.2% for Scirpus iriqueter plots, and 37.5%
for Typa angustifolia plots, respectively. Due to complex hydrological processes in riparian wetlands, it is more complicated
for agricultural non-point sources nitrogen remaining in the surface soil to transfer and transform. Monitoring data indicated
that groundwater was not affected by agricultural non-point pollution at this experimental concentration through detention by
the soil in riparian wetland. But one month later, "N atom percentage showed significant difference comparing with other
time, and it is probably because of frequent exchange between groundwater and river water in the study area. Effects of
agricultural non-point nitrogen pollution were significantly different among different vegetation communities. Effects of
agricultural non-point nitrogen pollution were also significantly different among different growth stages of the same plant.
The nitrogen uptake amount changed as follows: young shoots of Phragmites communis Trin plots (9.731 mg/g) > old
Phragmites communis Trin plots (4.939 mg/g) > Scirpus triqueter plots (0.620 mg/g) > Typa angustifolia plots (0. 186
mg/g). Harvesting of Phragmites communis Trin vegetation at midseason can promote its absorption for agricultural non-
point nitrogen pollution. The nitrogen uptake amount of Phragmites communis Trin plots, Typa angustifolia plots, Scirpus
triqueter plots were 96. 11kg/hm’, 3. 76 kg/hm’, and 0. 32 kg/hm’, respectively. This study suggests that riparian
wetlands play a key role for the control of agricultural non-point pollution. As the buffer connection between rivers and
lands, the riparian wetland can effectively reduce the agricultural non-point nitrogen pollution through interception,
filtration, plant uptake and other processes. The scientific protection and utilization of riparian wetland will be helpful to

protect water environment in rivers.

Key Words: riparian wetland ; vegetation plot; agriculture; non-point source; nitrogen
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o ASSCUABIRHE FE 5K B AR X T B S BN BF ST R, SR BB b 7 2 30 0 R R BRARSE & I 7
2050 T RS RSO AL AR RIR AT RERIE A . A RESIE T OB AL EIR A SR T AR
PRI RS- BB SRR, S PR X A 25 R G B AR SRR AR
1 HREFREAWKIRIT
1.1 BN
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Fig. 1 Field experimental apparatus
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Table 1 Parameters of field experiments

KI*NO, et REJTBUKIRBE

9 o ' e
T KA B EE7J(?§J‘?§ET|‘E—'J Bk K NO; /18  Concentration of Seeper depth on
Plot Pump flow rate Duration Gross water Is 15 lots surf
o /(m*/h) /h fow/m? Gross KPNO;/g K"”NO, plots surface
/(mg/L) /cm

2% P. communis Trin 0. 880 3.5 3.07 30 9.77 10

JKBR T. angustifolia 1.756 2 3.51 30 7.02 20

BEE S, Trigueter 1. 800 1.5 2.70 30 11.11 15

L3 tRERESHAH
N TBHRRGE TR E, B AL 3 4>, BURERT [A] B ah SR ABE 103 2 B .

F2 BERREEEEEMNE
Table 2 Time, type, and number of samples

RIS 6] eSS 3T i

Sampling date Sample type Number of samples Notes

2007-07 ) 9
et} 27 N A, HIAE T AR
TR 3

2007-07 + 5 9 1d J5 HHeAI T KN R
TR 3

2007-08 Y 9 1A H G 8 A ST KN 2B
L= 27 YA FER S, WEHEXEN G B0 R KB &
Tk 3 LA A AR R R

2007-10 it/ 9 3 ANHJG 3 ON R AL FORZ,
T 27 BN E B 26 B R B 2R 4 3 T AR IR

1.3.1 YR

TERETT N BENLIE$E 3 AR AR (57 35 2077 35 HCE AN IE 3 A MR 0 7 SR 4R ) , EEAR SR AR (Ui, 77 [] SE 36 %5
SRR 1em Zea /B, EARSRAF TR TS A 70°CHEAE % SEE ] 24h, BUH Ry A%, b S0 wm 5t 5, B # %
R, THARFRE0. 2g, WE N JEFE LS B, BEMCN & B E7E P ERHF B 5 L9058 BT R
MAT-251 RIS 3R BRI SER ™ o
1.3.2 3RS

TERE DT LR ER 3 AL, Fl 14643 0—10, > 10—20, >20cm JZ LA T R4 HIBHE 5, BB UCRHE 1kg £
BN EIIMIFIRIC, 2R SVRT MRS, W E N FRBUR S M & 4 1. 5g 227, e N £5
1.3.3 i F/KFEM

T KRR SR 5 152 B OK A K MMM 6 ) (B8 4 ) 04T o Mk i 2 AU 14+ 9 500mL
ROIFEREMR , B MR 1000mL, SR SR BRBR L) AR vk i AR IR A4S T AIRIR AR A1z [ S5 0 =,
SERR. KRR N WE R AR R RS, B R MR R,
1.4 Fomibsg

A 3R F Kolmogorov-Smirnov J5 {24615 4% 748 & WY IE 4040 , (A IR IEZS 20 A5, i ik B AR X $iik i (i 2
WAL s SR R 22 0 A 36 1E 25 20 A SR HE AL 5 728 B 22 8] ) 25 P, AR B0 e To ik SE bR HEAL , U A E S 8
J5#: (Mann-Whitney U F1 Kruskal-Wallis Post Hoc test) th3 25 B 2, 47K F Pearson Fil Spearman J5
30 TE 25437 1728 B Z (8] R TE 25 43 A0 PR 55 A8 B 22 6] B AR OG0 , BRRF IR UL B, BT A 20 DT B8 1 B M5 R X
95% o Xt A RZEFATMAINE  — B IESER Y, RES KM HERERR, A 28R M SPSS
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P P. communis Trin

0.390
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< 0.360 © 5
£ 03 5
< 0360F A _a 183
=2 0380} c 9%
ﬁ 0.370 |- — Jo e
M 0.360L Ao
%ﬁ 0390 i
L 1e
£ 0380 . a a E
0.370 - =< QA
0.360 ' L I L
A% JRAE Hkldjg  WwKIHE BKR3ARE
SKAERTE Sample time
BEXL S. Triqueter KMk T. angustifolia
a 0.390 -
0.390 |- 4 E bas0 . 1=
o3sf ] a R . = R
£ 0370 =—— — = 4] £ 0370 == = 17
£ 0360 5 £ 0360 ® 5
S 0370 a a S L0301 z
H S ZF R B b — —— 18 =
30380 T P 8 Zowop s T 1= &
i 0370 1o @ mosnl 1l =
0360 r I M 0360 n W
% 0.390 - B 0390 ®
Z 4 H z £
o3 — b 18 203801 4 A a ¢ 5
— S — — S
0370 = . 4Q 0370 = — 1%
0.360 ' ' ' ' 0.360 ' L ' L
N FkldE HEKIARE HEK3ARE BRME WKdE WKIARE KA
SKAERTE Sample time SKAERTE Sample time

B2 TEMPLE#S NEFESILSETH
Fig. 2 Variation of soil *N content at different times

HAEMAFRFRERABE (P <0.05)

SPSS ) LSD HLAi 45 B R, 3 PR 0—10em Z°N K P A0 HERB Y H A5 B E LT,
>10—20cm % 20cm DL FJZ OB 0—10em |2 BE . ZidMEuERK 1d 5, °NEFEHLEES
T KR, Td B TR b - X R IR A VR S L T B R A R B R AR e — 2 R AT R AR IR AT
eyl _EAE ST — i AR VR A, EO B BB KN B R A FE (0. 045mg/g) > BERE (0. 036mg/g) > 7K At
(0.032 mg/g) , i ] - e B A A 59.2% .56. 3% 1 56. 1% , HMNER AL B B P J& 0—10em , A [RFE S
Xt B AE IR P ANE R BB IR AN H G, A3 (T7. 8% ) > KA (68.8% ) > HEH(8.3% ) ;3 A
JG, FEE(93.3% ) > FEER(72.2% ) >KM(37.5% ) , xR IR s R A R BB R ANk 3 Fim
2.2 AR S IRRIT Y bR K AR

KRG RS 1d REk)E 1 AT KPEN B FE A 2R R A ([ 3) iR GG 2
SRR, BEBAO AR AR TS Y AE AR Y0 U B PN T 1t S B R ket T K R . Bk 1 A
J&, "N IR ERE R BE XA G 5B Xt 7K 597K 3850 %A 56, R Bt 18] 12 5 L T 8 YR 34 7K 3C
IRRM R A
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Table 3 Nitrogen interception from different soil layers by different vegetation communities at different times
R W E Nitrogen interception/ ( mg/g)

G TR
Plot Soil layer/cm ok 1d HK11H K3 AA
One day after infusion One month after infusion Three months after infusion

JKHh T. angustifolia 0—10 0.032 +0.011 0.010 +0.002 0.020 +0.002
>10—20 0.012 +0.002 0.013 +0.001 0.025 +0.003
>20 0.013 +0.003 0.011 +0.001 0.017 +0.003

BEE S, Trigueter 0—10 0.036 +0.008 0.033 +0.007 0.010 +0.001
>10—20 0.023 +0.003 0.023 +0.005 0.018 +0.001
>20 0.005 +0.001 0.006 +0.001 0.014 +£0.002

752 P. communis Trin 0—10 0.045 +0.004 0.010 +0.001 0.003 +0.001
>10—20 0.007 +0.000 0.001 +0.000 0.011 +0.003
>20 0.024 +0.001 0.005 +0.002 0.003 +0.001

2.3 YA AR RIRR B BOE
ZAEBAEAR R A K N BT H 4 RS 5 TR TR (B 4) o SPSS 1 LSD HUARSE R BR,
ZIREHA RN FFE SRR R,

0375 0.440 - 2 ik
L 0.420 - b 1
0.400 |- . 1@
< o 03801 . Ji
: 3 omt = . q£:
N < 0200 |- 18 =
b a 2 0380 b 1w E
& 0370 |- a2 , b - _ :
S ' i o §§%§ I — b xd
& b = 0371 1% i‘%
0.380 | ]
T 0375 F . E b i :@
0380F =2 ]
0.365 | 1 | 0.375 L — —L
' A A yEAk1d KA N HAKIAA HEK3AA
KL} A Sample time RAEI} A Sample time
E3 FAERBEMTAERSN EFESLSETH E4 FRERBEOES*N RFESLSETL
Fig. 3 Groundwater >N content at different times Fig. 4 "N content of plant samples at different times
BAMEFHRREFABE(P<0.05) AAEHFAFRFREFABE(P<0.05)

S [RIRELBEARE 7 % ARl T U5 B ¥ 1 BB T 22 S K, b T A K HE 2 9 % 35 R X R R A B ) AR 5
(9.731mg/g) , HIRIEET" 3 (4.939me/g) , FHIR N HEE (0. 620mg/g) , 7K i 3of b A i Y5 20114 % AC E ) e 559
(0.186mg/g) . FEREMIMERIGH(10 H4y) , BEE Y LW R AB N, WA B N EFE 4 B
B MR NBEEL(90.5% ) > W3 (62.5% ) > 773 (58.8% ) > /KMl (19.4% ) o HPIXTARA AR IHATS
FesLaE I R 4 PR,

x4 EYIMNERRBEES
Table 4 Nitrogen absorption of different plants

st e R Mk Nitrogen uptake /(mg/g)

Community type 7K 1 4~ H One month after water infusion 17K 3 4~ H Three months after water infusion
W% Young P. communis Trin 9.731 £0.299 3.647 £0.113

#75% 0ld P. communis Trin 4.939 £0.722 2.033 £0.028

JKHh T. angustifolia 0.186 +0.007 0.150 +0. 004

BEHE S. Triqueter 0.620 +£0.069 0.059 +0.001
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10 347, SAE% A ) Bk B R BT, X SEgade Jy o AR Bk AT TR , 736 KRB B AR W B 43
4.73.2.50.0. 54kg/m* (b bR T HA 2 A) o BEIATIRHFT 2 K Joh A0 Btk ARl AR A5 VR AR W g 41
3 96.11.3.76.0.32 kg/hm’

3 g

VTR b8 3 A AR B bR AR T P B ST R NI BB H kK R D BE. A& 57K ] S0m 5 ) ]
U A WA BB R e A e K B R o TR 0 AR R Ak R B A R R ol R LT
F R WA VE R S M E AR R o SRR K NO; SRR N, , B B i s 5 R B h A B
L, TR AL R SR ARG RE ) K /N2 B8 88 T A B 2R B | - R 263 K G R | e
T 35/ YU E AL SR 37 L 39 VTR RO M B E R A& SRS . IR SRR i,

R A, i R AR T AN TR 3 AL IR A ) AU 1 B R A T B IR, X — s e
MBEIBFSE P A AR RIS IE T, R A e K B T LB AR, B M B SR e
BFRAFUK GRS > WA AR . R EE B AT IS VI 3 AR5 B
EANE A AR R Z B SE THER o T35 39" N ol R o 7 2 T 3 o - 398 ) 6 2 S0 T b o VB2 30 b - 358
0—10cm Z°N F R EEH T >10—20cm Ml 20em LT EAL, G S EERN—F U L, 0—10em HEE+
BN FFEA A BRI EZ L RERE TRV AESENR, MY T— 3 iR oise, LHFP°N
JFFH 7 b AR IZ (0—10cm) FEZE (> 10—20cm Fl >20cm) ¥H —MEFLEH N2, BIRE FERBEEATS
YAl BEAEAE— AN RN . MR B WA R FEESTIRASEFLIBE . MR BWME AN,
W MTE R R T E AR A IR o ORI N A A B R T3 AR H S 1B AR B AR I L
BN, K P B A, R P A ORI & A DU 5 (] B TR Y i, 58 0% PR VEE A A TR B A A 0 ot %o b R A28 B 9 o
PEVEFR AR — 3B & AR B e g . MRS AR B BRI EREN I, B R AR
it T R R BE 7, AR W e P R S A AP B T 4

i BT TIEP W EOTR Y BB AR X, AR RBCR KRGy B B AR BRI AR S
Y H R B3 8 R [ 5 358, AR AR , AR RSB SR BN Ry BT 1 8 B e AL AR R EE LR, X
BTE LT AT R R E SR ERIER . B R, 3 AR HLS AN BEFE2 L SEE
8 hin ] B AT VR A ) R T AN R, (R R R BE s, SRR A E] N AR 0. 186 —9. 731 mg/g
#10.059—3. 647 mg/g, AN[RIFEYYH B 7E 3% Hh O BB BE ) 22 R 80K, L T A [ g Ok IR SRR
gL RE R, BR AR I 2E FAN , AR E KT REA AR EIE ) NOy i RLRET 0,,
T NH," RN 2] O,k HIRZ R, X /2 Bk NH," [RIfLEE NO, i JRTREH /D HBER . e h It
W NH, t 2 —F Eb B8 IS o [RIB, A [R] AR o AR R 40 A 26 [F] ) 38 )R AL, s ma HE X 3 vh i B8
HIN BRI, ST YA RIBR R 5 0 R R L E B R R B T IR, A ER4IR
REZESMAAE 10em DL ERRIZE T3, 08 R AK b R R 7070 W) B s, R P B 2 RAR M. A
VTR X AT BRI E W TR LR R T TTRUKE, R AR IR 5 R MAMNER £ E
W T 0—10 em, X HEALF N S BB EZMHIERHZ—, Rt R AKMAL N & B35 %MW
RARE

TS [R] (4 2B K B Bk ¥ B 78 13 I ROT R RICRE A —HF  BIFFE R AL T A A HE 2R A 72 35 R X
MR ICRE ST R, KR5S . E P HEAL RN M5 E R 0.969—1. 008 mg N/g, ML FHEHLHFEN &
BEERTEFEAL, X5 1.310—1.600 mg N/g, FHFHFTERER, —BEEMEYAERK, HEVEAR
W3 K, 3 B PR R B AR T R 5 9 A —Fh T B Y R R P S5 AT BB AR HLA I RR , 40 B B B AAE
BE DA NH, FE AR R M 3B E A KR T R MR R B2, B AT 30l
JEATE AU

W BT IEP AT — AN EEI R E R, TR A RS A PR & B RS R W i
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MRPRZS o IZBTFE X L3 R AR A T — 2RI

Dl 7K 8 M 5 45 SR 2 T, /0 SO 88 T 2 7 o 5 N B 0 A8t K, 33k e R b sl S A A
RWFFrP NO; BAX T KERIT S o X LELIE L UE S B T H7E B T P4l T B A R T AR I Y
ATEYY, T EHBA L E T4 Tk P [HRBIEMANR 1| ARG, "N e 2R 8%, X
AT RE-SHTFE X 3 T K S TK ST EA K

I SR A\ S I TR (WU, K R 3t 2 I f 32 R 0 i S R A 42 7 P 35 e sk A K
ARG TR F AR AR SRR, RS TE Sh 4R | KA M S AR A 2 R LK, 32 N 2R i
ST MR, O RS R B A S RERIZ — BT RIIASETESIHI RN, K AR ]
MR POT B VR I B0 SR BN BRI, SR A S R G A A Sl A B T EROR, S8
W) Z RPN TR, K IR RE 0T W, 7K R A A S RS e 2 R B 00805 , Tk o H Al BT
BN T A A IR (R U R BT R BRI SIS R I N R BB IX 2 — o fRERE e T A 5 R
Gt , REA AL AR R R 2E A B RK P RS 3 A m e K AR A R E R R KA S L 2R RN E
ZLH RE S LB X IR B S AL S AT RS A SR B B
4 #Hig

(1) ARG DT Al AR s IR R T B /R 2R A 7E 0—10em, o5 B S B A —F DL b5
JZ i B ROT AR ol BE e Foe BRI , 32 B phy I i AR P IR MSORN - 3 A 0 ) S A A L R P A5 2R 5

(2) A [RIRERE T % i B 7E 39 P B AR AR rUR R IR BB ) 22 BIBER , KR/ 7 5 I > 2277 %
> BEEE > Kb o IR 2 K AR R AR AR R IR AR D 431k 96. 11.3.76,0. 32 keg/hm®

(3) T 3t e S A B S U L S A R A R AR M AR TR R i K A5 B, iRl
FERIB R R RA EZAEH
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