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Sediment and Pore Water Nutrient Characteristics in Growing Zones of

Alternanthera philoxeroides in the Shiwuli River, Chaohu Lake

LI Ru-zhong, LI Feng, ZHOU Ai-jia

(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to investigate the nitrogen and phosphorus characteristics of sediments and pore water in growing zones of aquatic
macrophytes (Alternanthera philoxeroides) , three classic representative sampling points in the planted Alternanthera philoxeroides fields
(i. e. SP1, SP2 and SP3) and one reference site in the seldom vegetation (i. e. SP4) were chosen along the Shiwuli River, pouring
into Chaohu Lake. Fifteen sediment cores were collected and sliced in-situ with a thickness of 2 ¢cm, and a total of 80 samples were
obtained. In the laboratory, both the contents of TN, TP, NH, -N, NO, -N, Fe/Al-P, Ca-P, organic matter in sediments and the
concentrations of TN, TP, NH,"-N, NO, -N and PO} -P in pore water were measured. And then, the vertical distribution profiles
were illustrated and explored, and the correlations were also analyzed for the growing zones of Alternanthera philoxeroides. Through the
comparison of profiles, it found that both nitrogen and phosphorus concentrations in pore water showed a rough similarity for three
vegetation fields. At the surface sediment-overlying water interface, in general, there was a good agreement on the source-sink
relationship for nitrogen and phosphorus corresponding to the SP1, SP2 and SP3. Study results showed that the vertical distribution of
NH, -N and NO; -N in pore water within the depth of 0- 18 cm could be characterized by using exponential functions such as
Exp2PMod2 or Exp3P2 provided by Originlab software, but PO; ™ -P hardly ever did, implying that PO}~ -P might have a weaker
regularity in solute diffusion than that of NH," -N and NO; -N.

Key words : Alternanthera philoxeroides ; sediment; nitrogen and phosphorus nutrients; pore water; Chaohu Lake
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Fig. 2 Profiles variations of organic matter in sediments
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SR b 25 A B A 32 B pH E T FE M R —
28 AR 8. 0.

x2 TRYMARARRENEEMR
Table 2 Other primary properties of sediments corresponding to different depths
. SP1 SP2 SP3 SP4
W W o EWE WEE L mWE weE o amE BeE
/% /grem 3 /% /grem 3 /% /grem 3 /% /grem ™3

0~2 80.43 1. 625 7.54  78.06 1. 376 7.86  77.36 1. 389 7.75 75.43 1. 630 7.81

2~4  75.27 1. 599 7.90  73.61 1. 470 7.90 74.53 1. 456 7.85 71. 19 1.702 7.65

4~6 68.92 1. 690 7.75 79. 62 1.533 7.87 75.62 1. 543 7.83 71. 44 1.737 7.84

6~8  72.88 1. 683 7.05 71.98 1. 589 7.79  73.57 1.587 7.77  73.21 1. 801 7.67
8~10 73.73 1.518 7.03 75. 41 1. 694 7.65 72. 41 1. 591 7.75 74.02 1.773 7.57
10~12  74.99 1. 627 7.21 74.03 1. 585 7.82  73.63 1. 569 7.82  74.94 1. 789 7.82
12~14 73.81 1. 652 7.32  75.28 1. 507 7.59  74.35 1. 599 7.68  76.61 1. 847 7.71
14~16 75.13 1.633 7.56  72.96 1. 646 7.79  70.49 1. 619 7.79  70.05 1. 761 7.49
16 ~18 76.10 1. 652 7.42  72.25 1.583 7.41 68. 94 1. 606 7.61 69. 58 1. 839 7.58
18 ~20 74.09 1.704 7.41 74. 66 1. 584 7.55 69. 45 1.611 7.65 67. 85 1. 840 7.63
20~22  72.21 1.727 7.25 68. 17 1. 592 7.55 66. 68 1. 599 7.63 67. 67 1. 798 7.55
22 ~24  70.67 1.747 7.12  62.57 1. 657 7.57  67.35 1. 642 7.53 65. 60 1. 801 7.34
24 ~26  61.97 1.704 7.03 64. 21 1. 640 7.49  63.19 1. 671 7.53 64. 50 1.767 7.42
26 ~28  66.35 1.722 7.24  57.29 1.777 7.51 63. 81 1. 698 7.57  63.36 1. 838 7.46
28 ~30  66.20 1.737 7.26  57.21 1. 731 7.61 66. 91 1. 677 7.64  60.19 1. 846 7.57
30~32  65.39 1.751 7.35 60. 49 1. 840 7.55 61.41 1.710 7.58  61.59 1. 851 7.42
32~34  65.12 1.758 7.45 57.07 1. 706 7.51 59. 36 1.733 7.61 60. 44 1. 845 7.25
34 ~36  60.47 1. 805 7.24  51.29 1. 891 7.48  55.58 1. 781 7.49  59.86 1. 861 7.59
36 ~38 58.95 1.779 7.46  46.58 2.013 7.48  54.56 1. 837 7.52  55.46 1. 894 7.26
38 ~40 58.44 1.774 7.16  47.59 1.833 7.47  52.17 1. 882 7.53 54.38 1. 847 7.36

YIE 69.56 1. 694 7.33 66. 02 1. 662 7.62  67.07 1. 640 7.66  66.87 1. 803 7.55

2.2 [AIBUK R R E ik, 45 20 1a] Bt 7K S0l v J3E e L) 1D 20 A R AR i

FH T TR 9 5 7K 3R B B R B 3 KT 4 26 [
A%, (7540 [F] 73 2 T8 82 30 sk 500 R A5 14 ] it /K B
Rl b . S PRAE IR K A8 ARAE A7 23 B il ) e i
KR, g A B DURINH, -N | NO, -NFIPO; -P/E
Yyl R M s AR A, AR RSN 10 )2 (0 ~ 20
cm) [A] B 7K M0 4 TN F0 TP #e BE, 1 X NH, -N |
NO; -NFIPO; ™ -PW 58 S AN HEAE (0 ~ 40 em) 147

(K 3).

AXER W B TN 115, SP1 FE AR 2 B B TR
TREEHG RT3 K AR A28 55 T SP2. | SP3 il SP4 I
SIS R P NI ) =R P2 s AN AR (e S [=]
SP4 ARAL 1) i ZUFE BE BF 8 Y SP2 RN SP3. g TP 1M
T8 S I BRI A TP Wk R B Ak
Ak, Hovh SP2 SP3 il SP4 i& 3L H T BRI
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Fig. 3 Profile variations of nitrogen and phosphorus in pore water of sediments

P AWFFTRM], 7K Az R AR B SR A 1) S Ak A T
( ammonia-oxidizing bacteria, AOB) 1] LUK & S AL hy
WEAHRRER | AR R i A IR B A R T2
SRR R A 2024 DT - 800) B K NH, -NVR 2
YRR, AR A6 RV 1 RV A A X TR

(] Bt 7K 7 TR R 434 5 0 (R I vh e B, KA AE ) A=
KA PZKNH, -N | PO, ™ -PRFE BH BT, A
Mg rh KAEAEAE 8 ~ 14 em PIRIRBEE AR RARH K
k. HE2 AR, E 6 ~ 18 em TREE N, 4 S
IR HNH, =N B AT 7 28 1 3 — A dh 3 3 1)
SR ZUAE A R Sk Bl KA A AR AR A A A R A

FA UL A AR 22 % NH, -N A4 B 32 W ISCA % 45 oG
. MR FEAELBRK P NH, N AR R R
AIRZ , 1E 23X 2 R K 1 S 5] 52 ) A {45 L ok
NH," -N¥R B R — 2 i = A MRS B . KAk
1, SP1 £ 2 ~20 em REEANH, -NUR FEEAT 300 B i
BN, BEJS A TR 2 SP2 75 4 ~ 12 em JURIRE
B A e, (R RE R R R, IR7E 28 em TRE
EARGTRE,; SP3 72 ~8 cm W& BN
1M JE G /N, H 3] 20 em Ab#ETAR5E 5 1T SP4 7E 0
~10 cm 70 Bl P9 HE B H 20. 93 mg- L' 1 R 3
104.0 mg-L™", H N 14 em 3 JFEIF IH Sk i
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103.61 mg-L™ ' FF&#] 40.4 mg-L™"' (24 cm 4b) , Fifi
JEREARE. BMALF, 8R4 A SAINH, -NF
P B AR AE LR AE | {5 SP4 AR Ak 1 il 2 A
WK, T ELAE 24 em PREEAL 4 A A7 NH, -N &
HEBREE TRGE.

1£0 ~ 14 em REE  KAEAE A K XA SAINOS -N
W R AR R, 7E 14 em DUF W2 B K ERE
FE RS AL e i XT HE S SP4 ) NO, -N IR BE7E
3.72 mg-L7' (0 ~2 cm) Pl FREF] 0. 73 mg-L~' (4
~6 cm) ZJ5 Xl [t AR 14 em DLV ET
g, THEWRZUIRY AL & /RS, 7
Z RO B A P 43 1 2% b T s AR
j&[m,lﬁ] .
R R SRR, AT ek 5 B 2K AR TR A S i R T
HEABEIREE A C. Ah, B FEK A6 A K ol i 4
P T A E SRR T ORI, BT 0 ~ 14 em IT
TR EEAR A A e K A6 AR AR R AR RS L R AR R ]
LB HE A TRT B /K s BUNO, N, AT AT BE S 2ok 48
A AR X RIBRZKNO, -NVR B TG RIS, iRl 3 7]
PIE W, #HXFF NH, -NFINO, -N, [A] B /K PO}~ -Pf
AL B G e, IR EH R E
I L HEZEA . O + A B iRy A HLs
TR TR VR RN A R R i T AR /K-
Py ST P S A A, DT AR (TR ik R s 5 S
A U AL R 1 FLBR K RS PERE Y. FE 0
~12 cm VEBEN, SP2 Fl SP3 [ PO; ~ -PHe 3L A |-
HB 5L T SPL, Al fig 5 SP2 Al SP3 A ML &
H—EXFR. @ KAMY EA bR #E R B
R T, B AT DA A I W R R A S A
BN th R Bk 2% ) —Jr i, KAHEY)
(RGN FH A 4L B AR 258 3 ISR 43 | 43I AL
Fiank A AE L PR U iR B 1338 pH AN Eh 554k 2%
R R TR MR O R A AT Pl A B L D A
BB FREREE R A, BARKAE A
RN (A HAEW IR PR K i BE I HH B & T2
U ( Sagittaria  sagittifolia ) 1 7 55 ( Phragmites
communis ) %55 WK AR Y. AR5 H, SP2 Fl SP3

TE 6 ~20 cm REEPO; -PE & TR, nTRE S5 /K
AEAEPIMRPRE N AT — R R, @ KA ] LI
T T A H AR R DA R] B K R AR A AR A K b T
(PO, ™ -P, P AR 5 300 B 2 AT 2 E sl K 2B A
Y USRS B 3l 7 B MR L, K AE A AR KX
PO, ™ -PURJE R IR ZUAR LS 34, v BB 2 ik iE A
FALREIVE R AR
2.3 DU LK SR SRR ISR B

v i A K A A — R, KA AR Ll 1 5 TR
Y A EL AR FE S BAE hy  PE BUR A T R K
A A A T DA AR B U8 9 A6 A R Ak 2 1
Fa, g el Eh, pH, AL & & &JEE T
Bt FE 3 S 1% W B8 T 46 P O ) 0 £ IS
Jern EE K Z g sha AR Ak A A A K
R R, T KO R AR, 8 B AR
K A R R B R AR RS B A RO B R
NS U ba > SN e 0GR E L o Sy i M ot
e A Pl R K | SR A 3 T KR R AR A A
PRI 2 B P U T e 2 T T e W ) Al 1 I
LA B 25 AR A5 o R B T 3 AR AT AR 7 Al B 45
77 WA AR 36 T T KA AR ) S, S
YPRE A bR, FL L, WK S A&
55, HAWF9E X 32 i s TR 2 m /)N, AR TR
Y )8 FRER AT RE 2 LA Z R0y =X (Can . W
DUYESE) SIS Ak, (H M HL W) B A5
FUERE TV RO BEAR IH R B R i B e &
TR, RIRBT K REEERIZ(0~2 em) PLFH
YA S A BROK 5 K R R R,
SR K AE A AR X ] B K NH,-N YR B2 ¥ v 1 L
K, VTR 4 SR 1 A s i SP4 1 [R] BRK
NH," -N¥e B B AT K, R WZ S A TR ) 2
NH, -NBJIL. BT 4 DA BKNO, -Nk B 1 4%
KA, T ROACA UURR ) 2 K NO, NI, X
HL,SP1 1 SP2 ([a]BR/K PO, -PYk BEAIR T 0K, T
SP3 il SP4 NI F LK. BRPO, -PAE7E 22 A,
IKAEHE A X 4 i A e R E VTR - LB K A8
FRERVE AU R 71, B AR 1 — Sk

F3 RENRY-LBEKRAEERHF/CXER

Table 3 Source-sink relationship of nitrogen and phosphorus at sediment-overlying water surface

5 NH; -N/mg-L ™" NO; -N/mg-L~! PO;~ -P/mg-1."!

SP1 SP2 SP3 SP4 SP1 SP2 SP3 SP4 SP1 Sp2 SP3 SP4
Rk 20.10  28.47 10. 37 31.7 3.84 4.76 4.45 4.21 1.42 1.11 0.37 0.37
Yoy Y 1 1 i 1 1 ! ! ! 1 i i
FIZMEBAK  54.93 32.22 38.58 20.93 3.72 4.19 4.32 3.72 1.23 0.39 0.76 0.74

Dy« b7 T FRIRK- L B FRER A AT R 180 )
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2.4 UURWRIBRK A B SR AR B U
YT RIBK HNH, -N . NO; -NFIPO; ~ -P
VR T Y BT A O (8] 3) R i A
TR XGT ] 8 7K A 517 e e J3 R ) v YR 3 A AT i 4 40
A X H X0 ~ 18 em PUALGREE 8] Bl /K -
LB, TRLE BSR4, RMESkE  KAEA R K
X 3 A 5 A7 B9 NH, -N FINO, -N LA 4R al Ll
OriginLab ALY Exp2PMod2 540 R %L v = exp
(a +bx) 5% Exp3P2 88U PR%L v = exp (a + bx + cx”)
B T X BRSP4 [INO, -NJU F Log3P1 X4k ek %k
y=a-bln(x +c) A, HERT SP2 £HYPO; -PH]
PIH y = exp(a + by + cx”) UGN, He 3 A AL
PR ME R B — A4 Sy ] PR A BCE AR RO LA, R
[ B 7K PO; P4 #5 14 RI A3 1 mT B fIK T NH, -N Al
NO; -N. 75 BRI TS 02, SR K 4 P25 RAE
P AEADE 5 S DU 1) S 2908 R PR 42 30, - 359 A X
REWALH -7.39% ~10.06% , B ALK o 2 FE
i R IR 25 R AR Y B R T 3k 40% . — 4B

SEFAEXTIA | MY A TE K B T R B, DL
TR 7K FUTHI 7 57 ER B 1 A8 AT DR FH 7 SR 0 45
PR y = a x exp (bx) B, 1T ELAR FRY (14 P o 72 K
R* WHAE 0.90 L 10230 BARAHIFSE A ) Bt /K
HEFRERNH, -NFAINO, -N B () 3 B A8 fb 1 o i 4
R EIOR FU G, (L A5 750 D B Jep O Oy R
— G R E R R 0.702 ~ 0. 909,
A LATA A 1 BT[] B K 1 78 IR R 1 WO A 1 A
WK AR5 , H K 2 75 LA 3 o 7 W, 3 75 2k —
RGNS UE. AT JEAT, AS R By ol 38 25 530
PRIGAR (A0 il | e | 20 3, S0 KA %)
A DA ] IR Jeg 3 A6 3, DA 12 11 T 7K - T 7K
T SSHAE 0 K A RN R B ) BK 8 SR 4 5 &
OyAT R A ) SR A T BT R I R U A
0 H T AR W 4, R K - 2 K S8 AR A
DO SRT N R R TRITY 2l 2 R ) N L N ok (B 2
FAZ TSN, St e 1A K s SR
T ) TR ) N R

F4 EBEKPEFRLNH; -N, NO; -NFIPO, ~ -PiREBI&ERY

Table 4 Data-fitting of NH, -N, NO; -N and PO}~ -P nutrients in pore water of sediments

o pros NTa
sl B 4 M2 ffjjﬁ /ﬂuﬁ B2
NH, -N y = exp(3.777 +0. 024x) 57.43 57.70 0. 61
SP1 NO; -N y=exp(1.869 — 0.281x +0.010x%) 1.55 1.53 9.91
PO}~ -P — — 0. 69 —
NH, -N y =exp(2. 869 +0. 145x —0.005x%) 41.34 41.73 0.24
SP2 NO; -N y =exp(1.776 —0. 106x) 2.20 2.12 8.30
PO}~ -P y=exp( —0.996 +0.228x —0.013x%) 0. 68 0.65 10. 06
NH, -N y =exp(3.52 +0. 115x —0.008x%) 37. 64 40.27 -7.39
SP3 NO; -N y =exp(1.774 -0. 105x) 2.21 2.16 2.76
PO~ -P — — 0.93 —
NH,; -N y = exp(2.926 +0. 286x —0. 0124%) 72. 69 73.79 2.81
SP4 NO; -N y=3.398 =0.915 In(x —1.294) 1. 60 1.61 -5.64
PO~ -P — — 0.78 —

1)y FRBIBUKE TR |« FORTIBIREL ; BUUME , S EAARXT RN 0 ~ 18 om TIRUREE B FRER MM, “ — o WA MK

SIS

2.5 DU S RIBUKE SR A S

T B K AR A AR K X BT 5 ] B oK AL
BEFIA ML Pearson FHOCRE(n =60) WL 5. 221N
SR e ELTT e K T v e 2 SR R RO
FEWIFROCHE AT T 2007, 8 Hh TN 5 TP A A7 £
WX R (R =0.260) , X 545815 2] 1Y K AE
A AR XTI T TN 5 TP 7775 % W 38 A EAH G
PE(R =0.566,P <0.01) Z55 0 B ANE, Ik E LT
WFERY KA AR T fEJE SP1 ~ SP3 LRI R & 77
P EZSRIE. X BURY T TP 5NH, -N, TN 5
Fe/Al-P 3 &R 17 76 W {2 35 19 A1 G P, Fe/ALP 5

NH," -NJ S EAHOC XA — R S RE Tk AeAE R
KX UT A & o 0 [F U . DR P NO, N
NH," -NF7ENR 2 E W A G (R = -0.489) K31
TWE B NFEANCR. HUTEYH TN 5 oM, OM
5 Rk TP 524 & 2 IE AR DG , Ui BHAT HLY) o it vl
RESE TR rh U R] BRK Pl i EE 2R U, ] Bk
TN 5NH, -N, TP 5NO; -N2Z [al FEAE 2% i AH
Kot KRB0 0.930, 0.607 (P <0.01) ,iX A7
ST N TN 5NH, -N . TP 5NO; -N 22 [i] ity ¢
Z. ISk FERIBRIK PO, -P5 TP, NH, -N, NO, -N
Z A A FI TR R 2 I IEARDCOC R,
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Table 5  Correlations between nitrogen and phosphorus forms in pore water and sediments of vegetation fields
TN TP NH,; -N  NO; -N  Fe/Al-P Ca-P oM TN, TP, NH, -N, NO; -N, PO -P,
TN 1
TP 0.566 " 1
NH, -N 0.227 0.349 ™ 1
NO; -N 0.218 0.039 -0.489* 1
Fe/Al-P 0.410™ 0.858" 0.290" -0.031 1
Ca-P 0.328" 0.719™ 0.062 0.318% 0.732* 1
oM 0.614* 0.107 0. 000 0.212 -0.205 -0.217 1
TN, -0.080 0. 095 0.185 -0.005 0. 185 0.101 -0.335 1
TPy 0.500 ™ 0.296 =-0.020  0.313  0.184  0.126  0.488 O0.111 1
NH, -N, 0.030 0.331™ -0.306" 0.162 0.551™ 0.433™ -0.366™ 0.930™ -0.0064 1
NO; -N, 0.392* 0.056 -0.532" 0.576™ 0.051 0. 160 0.370** -0. 154 0.607 " 0.308" 1
P03~ -P, 0.204 0.113  -0.479* 0.364™ 0.064 0. 199 0.124 0.264 0.704™  0.499* 0.650™ 1

1) ks K ARRMBUK,; * BEKFPR0.05, « « BEKFEPH0.01; n=60

3 g

(1) 7E S B K AE A A K Xk 3 A~ A
F AR FEME R RAE AL (SPL . SP2 il SP3) | AL 1
He e 1 XS IR AT (SP4) CSRARDTRRIHIREE. AR
it A 3 B, XK A AR AR K IXUTR I 9 TN
TP, NH, -N, NO; -N Fe/Al-P Ca-P A HLI &
e E AR AT 40 BT, 75 20 AS 6] 5040 4538 o 114 2
EAMEERIE. o SP1 ) TN, TP, Fe/Al-P, Ca-P
A Z R B SR 0 LB 4% S T AENH, N
Ca-P I+ X RS A 0 TAKAEA AR KX, FEd
BBE . N T AT B0 SP2 Fil SP3, LA i
F LT B TR R

(2) TEXF 4% s AL | PR 7K TN, TP, NH, -N,
NO; -NFIPO; ™ -Poy#Hriliak i 3L ik -, 75 3] 7 /K464
Az AR DX R ORT A A TR] It 7K 0B v B 1) T 99 18 0 A
K. SkAEAA K XA, % B8 A5 SP4 45 T0 45 AR Y
AT — 2. BR b KA AR AR K X R B K
U R ELA CEORA B ) 3 AR TR AR, AR S0 2
NI R AR5/ SP2 il SP3.

(3) M B /K R B SRR R T LB
T PO, -PAFAEZE AN K AE A A X 45 s 0 )2 T
B - K S S SRR R I R B AR 1 —
.

(4) IKAEA A K X NH, -NFHINO, -N ¥k Ji 4 3 1
A 3R AT LAFI A OriginLab B2EH24E ) 5
R BEREAL, ; (HXTPO3 ™ -P, % SP2 AT L) f LA b,
o s FRAR X ) 157 B A B B AU A | 3R W ]
BsK i PO; ™ -PoHAY AL ME B NH, -NFINO, -N 22
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