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Distribution characteristics of submerged plants in urban rivers and its influencing factors .
A case of Ningbo urban rivers
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(1: College of Environment, Hohai University, Nanjing 210098, P.R.China)
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Abstract: In this study, the distribution of submerged plants in 154 rivers in Ningbo urban area was investigated. The environmen-
tal indexes were measured at 63 sampling sites of rivers. The physiological parameters of submerged plants in autumn and winter
were also analyzed. Our results show that 3 species of submerged plants (including Hydrilla verticillata, Vallisneria natans and Cer-
atophyllum demersum) were observed in eight rivers of Ningho urban area. Canonical correspondence analysis (CCA) of submerged
plants and environmental factors revealed that the distribution of submerged plants was negatively correlated with water depth, am-
monia nitrogen ( NH;-N) and total phosphorus( TP ) , while positively correlated with redox potential, dissoloved oxygen(DO) and
pH. Compared with rivers without submerged plants, the ones dominated with submerged plants are generally shallower and have
better water quality. Compared with autumn, the coverage of the three plant communities decreased in winter, and the contents of
H, 0, and MDA increased in H. verticillata and V. natans, suggesting low temperature cause damaged to these plants; while all the
three submerged plants in this study showed somewhat endurance to low temperature stress because of the increase of antioxidant
enzymes, soluble protein and soluble sugar in plants. These results indicate that water depth, NH;-N, TP, DO and low tempera-
ture might be the main factors limiting the submerged plant restoration in Ningbo urban rivers.
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Fig.1 Distribution of sampling sites in the study area
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PEAT AL, TP DT 1 P 2K IR Y 20.2°C, 63 AN TEALRE P 2K IR Y 1.5 m. 63 /SSRAE S /K BT
M5 R 78 :NH,-N TP .COD,,, LA & DO #3514 0.97 ~4.98 .0.18 ~0.7.,2.88 ~13.92 1 0.54~6.45 mg/L,
LA SRR IR BT R ARE) th V SRk K BT B iR, FEEARE T4 NH,-N, R TP.
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Tab.1 Distribution of submerged plants in Ningbo urban rivers and the marking of some plant samples

F45 SARITRLIBI: S LKA [ % HHIFE S5
1 Fifi G T0] e R 0.75 LJ-L
2 50 B 0.63 WJ-L
3 ESUICTE e R 0.53 XZ-L
4 kil (B * T 0.52 XZ-K
5 B ] i 0.84 HL-K
6 [LIRIRG) L 0.60 XJ-K
7 i BB S 0.76 BE-J
8 J& ] iR 0.21 HY-J

T SR T A P B, S B T AR B, v RN T U B, P BOK LT A #e.

2.2 B TiKEW S B R MEE F XL 54

Xt 55 ASTCULAKAER 73 A B R DL K 8 AN DUKAE ) 0 A kE GG L1 ASIRBEE AR BEF T4 EL 00T, 3R 2. K
B M L ICOUK R ALY S0 AT HE KR (FEFE] 1.0~ 2.9 m) A BUKAEY) 0 A RE K IR (FEF 0.7~
1.3 m) B FHHK (P<0.01) ; WKW IR bRk A VUKW Y) /3 A A S 1 ORP 125 T YLK A HE
Yooy AHE RS (P<0.01)  TE WL | HL S 3R LK AT PE TR SR AR TE AT TG TR AR 23 A A 1 3% J0 Wk 25 1 2
5t s WK AR BRARTE , L TCTUK AR 0 A RE 5, DOKAB ) 20 A e K AR NH-N R TP e B2 I 5 A (P<
0.01) ,1fij pH A1 DO ¥ & 2 & 4w (£<0.01) TN ¥R B Al COD,,, WG 1 254k 22 5.

R 2 A TCUUKAEY A PR R O

Tab.2 Environmental conditions of rivers with and without submerged plants

B UUKAEY) 3 ke (n=8) TEUUKAEY) 53 T B4 (n=55)
78 gizg
F-HME W FHIE T
JKIE ™ /m 0.9+0.2 0.7~1.3 1.6£0.3 1.0~2.9
B E/m 0.47+0.11 0.30~0.63 0.47+0.12 0.28~0.95
L $%/ (mS/em) 4.5+0.7 3.4~5.7 4.6+0.9 3.1~8.9
BT E R/ (g/L) 3.4x0.6 2.6~4.4 3.2+0.8 2.1~7.5
ORP ** /mV 736.3+101.0 598.1~914.1 427.3+153.1 -8.1~676.2
pH** 7.4£0.2 7.0~7.7 6.6+0.4 6.0~7.4
DO ** /(mg/L) 5.29+0.88 3.81~6.45 2.92+1.45 0.54~5.46
TN/ (mg/L) 6.54%1.64 4.71~9.20 7.50+2.23 2.60~14.20
TP ** /(mg/L) 0.24+0.06 0.18~0.32 0.40+0.09 0.21~0.70
NH,-N ™ /(mg/L) 1.82+0.51 0.97~2.78 3.57+0.73 1.77~4.98
CODy,/ (mg/L) 7.28+0.82 5.76~8.52 7.50+2.41 2.88~13.92

* FONFAE L F IS, P<0.05 5 #x FRFAEMR K 25, P<0.01.

2.3 MkE 5 SR E FH CCA 5347

HBEFERE RS IREEIN T UKL o0 A 5 PR BT N 7 2Z 8] B 56 2, X 63 A i i W) b B SR B 48 A T
CCA 73HT (3£ 3) . MRYERAT I IEPHE SRR 2 W E TER IR, N 1L D FREEAE A5 b 0 12 7K ORP \pH DO |
TP 1 NH;-N 6 ANPRIGAS b X SE PRI AR Bt 7 22 MK PR 5 (VIF) 253/ 10, BRI TC B S (g 3L 2e ) . ke
T el 2 o 5 B B DR T A 56 2R 8000 30k 0.859 i1 0.311, ] B 47y ol 5 B 855 IR 7 1) B3 ilp e ik 5] 98.4%
2 TP RS A0l S W DO/ 3 A SRS I TSR R (3R 3)
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Tab.3 Statistical characteristics of the EAE SRR K NH,-N Fil TP S5 HER Rl 2 2 5%
first two axes of the CCA analysis of TEATE I8 b AT NH,-N Rl pH {H, 5 525 K126 148 bl

submerged plants and environmental factors

DO FIKTE. TR 5375 B RE A B (e HE P 1 e g
ML HFE 2 g U UK A A R A =
P 0739 0097 R, BEHVKIINSTE S DO ORP pH 5 bR14 2 3% 1F
YIRh—EREE A X R 5L 0.859 0.311 I, 5K M NH,-N TP $5Fr35 5 B 35 Tt .
DFEREII  246%  278% 2.4 B A SRRIRE FIKEN KBS R £ EIEH
Yy Fh—IRE AR R B E o 87.0% 98.4% 4

- — 1 H KR 6.9 , YLK A1 43 11 X - 4 i 1
A A SRBEA T S HE A OCOCR % 0.65+0.15 m,NH,-N TN TP .COD,, L & DO ¥ J& 43 51

Tab.4 Correlation coefficient between

7 1.06+0.57.6.89+1.82.0.45+0.2.6.3+1.9 f1 5.3+
1.2 mg/L. 15 10 TR (20.2°C ) Al Ho W) 5 FAIE , K 14325 10
SN R P2 gy BRI, TP WA BT IR RS, LMK S AR AR

environmental factors and sorting axes

K -0.693 * -0.2566 BRE S VUK RSB A Al MBS S 1 A
ORP 0.666 0.2287 B (K 3a). HANEI, 1 AR N4 AECEH

pH 0.6638 ™ 0.3901™ 0 AR R AL B R RE .

- A 510 JBERRTEL 1 A5 REARE Bl ol 3 B
NILN orsese o TORIKP HLOLERL(FE 3b) ETHE (P<0.05) MDA &

B (F 3e) B FOAIXS HL S (18] 3d) LA 7 TH s T 4 f
* RN M EFELES P<0.05; «x TRt B EFLES, DX N HZOQQEE%B%{E&(P<O.OS) MDA & & M0 H4H
P<o0t. ey SR R 1 1 3 R ARR 4 ) SOD ([ 3e)

% POD (8] 36) FEHE R H 10 J1 0975 FF 863, e Oh 1 71 MK P 10 T 7 P 28 11 (PR da) 1T 938 PR 5 Bk (TR

4b) ¥ 5 E R H (P<0.05) .

3 iTig

3.1 A AE 5 K FRE B F 8 AR
SRSB4 5 2 K 1 T SR [ 22 . KRR W B BBl 5 7 AP A 200 T BB

SRR K VR VRS U EEAAG K FOGIRBRSS . O N I T 0 A R (1 6 B s B A

U252 B 5 K VAL 2 BT RS S TELEEE B 1A 7 oL S8 TR 26, T B MR LA 0 £ 2

S RBFFEP RIR TR AT KN 1.5 m, TS B4 A6 7k Ve 0 I 38 (P-4 K

VR 0.9 m) , F UM HTFRES & 1F T A VR LA 4 1 B T —.

375 0 57 3o B O S R TR ORI K R 6™ T e 6 A A o o v -t Pl
SR KR R AR, % Sk R IE A T B B VI R — R L IR T KR OO HE .
B A BT 22 LA T B K k02 I 38 K B 1 e PR B AR 5 B B o o
LR TT M [ AT TETARR A0 DT S 352 5. 3 T 5 5 e vl o 0 7 1 M 5 2 25 4K
S S e T A B P AR B A

UK R AR T 0 F i A B 2 T T 0 I PP AR Kk o K R M, 3
T2 A2 — 22 R R B B 38 o 2 T B P 0, 3K A A T T A 25 A Bk 1
VR T TR R A SR o R R TR AR S M P AT RO K. R
IR 2K T8 (K AR 8% 7 1 T 22 4 FELR ), A0 Zhou 46 265 NHL-N R RS0 RO i % 80, 56
B R 4 £ XS NHL N IR KT V4 B0 6,64 mg/Lg 3 25 352115 % B g vk 1 743 0.6
mg/ L BFSLAAE SR RS A7 A8 2 31— Wit /R . ARBTE % AR rh NHL-N S5 B FE S 4.98 mg/L,
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Fig.2 CCA ordination diagrams of sampling sites-environmental factor
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KA pH SR Y A2 1A QI BB E. A4 JCHLRR ( CO, \H,CO, \HCOS & COY ) ik ik pH
FE PR PR AT LA E 16 A F W JCALER , BT S MR A A Y pHL AR () 288 250 0K AR 40 6 S R
RTHUBRAF T RE SRR . G4 s fe pH (AT 5.8~ 6.2 BHEAVE IR W e i BB pH
KT 9 B RENS A= 1K AHIFSE b 3 B X A T B RE A5 pH (B TE 6.0~ 7.7 SRR, SR UK AR 38 &
AR pH 8 [ 5 R SHTTK AL 23 AR A A pH B R B JET/K AR 20 A XA B 8, T I TR AR ] LA 1 '
AR FEK P CO, 51K R pH E T,

JKAK DO e SR K A A A K B TE BB IR T AL SR e — TR A PR HE A , i S ek A o e
AW T R 5, 5K R DO W EEB AR, F e B DO We /N T 5.5 mg/L I, 5 B
MR A RS CARBHEBLZ B, SRR AL S A6 B AR, T X KR DO eSS IR 0.54~6.45 mg/L,
AR AR AR A, B DO B PTRE S BR 1 7 Dl 30k X DT AR MW B B R 2 22— 500K A o A B A,
AEE , A VTR 2> A RE S DO MR EEAT ORP 540 , & UM B Bk BE A AIC. X Le S5 U I, B X
27K DO He A ORP i {1 o AU A S S TR SR, 56 T Uik M 7K AR U RS e A 25 B L1
DT ERANIIE.
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Fig.3 Changes in plant growth and plant leaf physiology indicators
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240 i A S AR 0 T AN R A R A 2 e SR A T A JSCTN I (MDA |, 5 B020 0 ) 6 6 P ARG, ok — 20
LY HL IR SN , SR A I M S T e S SR A AL T AT, B RS 0 SR
BRI H,0,( 5] 3b) K MDA (8] 3¢ ) & AR T XA P TH i, AR o S 3 (1] 3d) ot , BT 4 2y e
ANEE I R LA W R 32 3 T e A SR R Gl 52 T —

RS A R A 5 R A L B A — E(ﬁﬁfﬁﬂaﬁéfrﬂ{ﬂz?ﬂa ARG AL
PIE AL (SOD) Fiid ALY (POD) IERAZ R GE P R 210 2 AN RAPAE , 2050 215 70 R 1 D9 1 4 AR
BB T H,0, 7 AR R I 1 AR A ORI S A SOD ([l 3e) A1 POD (8] 30) I #E 4 L
10 J3 63 B e , LB B RS PR EES Bh 1 PO S P Tt 7 0 2R 8 AR O IG JiR BR 5 A .

ST TR TR ARG , THZF 2 Mt 7 JF D0 T U8 i AR BRGBR A , URAR AR K R T k. A9 &
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