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2 2003 4 9 H , 247 4 B V2 0 B A P A PG K 5k
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= ) o ) [ I = T N 7 B S L = o R 1 R
B2 T B, 50N R 5 &R LA
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1.1 SLIEA

2 N AR DL S 50 T T K R BT 8 B B 46T, KLA% 1 cm
E,KXSEXE=70 cmX50 cm X80 cm. X5
N4 K S 56 BT P S8R Z BAS L K X 58 X B =43 em
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Fig.1 Site layout of the situ container experiment

in Maojiabu Lake
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i TBA W68 0 43 66 BE I E (6 A,
2006 ; LA 1E4F, 2011,
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FBEPT 4 66 B 0 2 (Ruban et al, 2001) ; JiE 5
A BLTTIN A R FH RS TR A A A kA R ARk (B
H.,2000) ; A AR JF HL A CORP) i i T 45 18 #5 5 1
MAY 25 Thermo Orion — 230 m () I 52 387 6 )i 5
FEah . BT BIF B o O RS R O R BE X
(83500, USA) KL 43 H7 .
1.3.4 AR As AR I SRR e 5 ik D K A A
TN R o PE o B @2 B9 94 i 5 b 43 O Ot BE ik
(GB11894 — 19891 %2 , TP 2K FH 1< A7 i 4 7 it 41 iR
B2y 66 B (GB11893 — 198Dl & , AK 4 K a
(Chl-a) & 2t R FH 73 B 2 43 6 0 B i, 7K h
pH R fift L (DO) F A8 #5 X 2 2 $OK it 43 7 A
(YSI Professional Plus, USA) Bl & .
1.4 HESHRITESFFHE

Hdi i 1T Excel 45 i1 % &1 2%, FI A SPSS 21.0
Gt Bt . SEAS RS 5 2 A0 | OF 2 1) 4 R R 7 X

N HAE HAE R 46 it BEE A K OE AS 48 b i S
HEAT WA K 5 22 50 B (Two-way ANOVA) , B it [A]
OO R A UM DG 46 B 10 RE A, E AT B DR 2R O 22 41
Br (One-way ANOVA), ¥t 47 % M b 3 LSD Al
Duncan 7387, % E P <C0.05 A2 F W%, P<0.01
2 SRR L R R A R I L K T A R
H K 3B AR AT 3 B4 43 BT A Pearson AH &M #r
R S HE R A R F

2 HRE5SH

21 EEREKEEREERERTL

KRR AR AU S 56 4 RS S5 v K J5 S RS B ) i
ARBEHE RN 1~F 3, WREFREK, EHLFEE
JE LT M 2 5 VD B HL S KR (MO Fe ik, 3
KA Z KT 0.1 mm; 8 8 R 5B H & KRB,
KR4/ HZ /N T 0.01 mm J&8 kP i 5

R 1 LEHBBRRKEERKRIER

Tab.1 Initial water quality indicators of the different sediments

Eisgan e e +v¥ w¥ At

pH 8.31+0.02° 8.97+0.03¢ 9.02+0.03¢ 8.84+0.03"
DO/mg « L7! 10.36+0.02¢ 12.88+0.03¢ 10.53+0.02" 11.0340.03¢
Chl-a/pg « L7 4.545+0.008" 5.583+0.0114 3.669+0.005° 5.473+0.006¢
TN/mg « L 0.397+0.082" 0.47140.192° 0.104+0.037° 0.054+0.022°
TP/mg « L} 0.076+0.002% 0.096+0.002" 0.096+0.002° 0.09240.002"

T AT B bR B A TR 5 R 3R 22 53 B 2 (P <C0.05)

Note: Different lower case superscripts indicate a significant difference (P<C0.05).

R2 KBAHAKKREF 4 FRBRER

Tab.2 Initial physiochemical parameters of the four sediment types

1447 72 Wi+ T H
MC/ % 54.7341.30¢ 43.14+0.61° 26.21+2.92¢ 19.06+2.00°
TN/pg * mg™! 3.10440.091¢ 2.17240.069¢ 0.30140.007% 1.11440.067"
TP/pg + mg™ 1.048-0.068" 1.02140.026" 0.80340.083¢ 0.644+0.028%
TOC/g * kg 60.107+1.160" 45.33547.262P 7.13140.353¢ 11.305+1.209°
ORP/mV 171.648.9 217.74+10.2% 251.5411.7% 326.6+10.4"

TE < AT RS 1 br AN [) 5 B 2R 7R 22 57 W 2% (P <C0.05) .

Note: Different lower case superscripts indicate a significant difference (P<C0.05).

R3 KEAXIBRARRHNESS

Tab.3 Particle size distribution of the four sediment types

RLAR A1/ AN TR SR A% i L/ %6
mm e e+ F W #+
<0.01 25+1° 2402 040 61+2¢
0.01~0.05 394 2¢ 1741° 4400 33+1¢
0.05~0.1 1841° 164+1° 14+1" 3400
>0.1 18+1° 65+2¢ 82+ 3d 3+0°

T« AT 80l B AR 09 A 7] 7 B R 22 57 1835 (P <<0.05) ,
Note: Different lower case superscripts indicate a significant

difference(P<20.05).

K ST ASE UL 52 6 AN [ G Joi 25 76 %of PO 3 T P A
FRAE A5 25 SN 2 o , 3 i A= 4 i B oy BE
B FE bR 2R Y8 > > + Vb1
=>VbF 5 IE R AT 4 58 VR RUR F T 22 1 L
# Duncan 23T 28 B . 4 Fi ot 28 0[] 33 fin A= )+ A7
TE I % 25 5% (P <0.05) , 1fif 43 BE AL 7E ¥ £ A il e +
W 2 25 5 (P=>0.05)

A FPOR B, BB AR AN AR LR R A
PR & B AR K OB R 1 R 1 U BE I AN TR
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Different letters above the columns indicate a significant difference among different sediment types(P<0.05) ;

“ and X respectively indicate a significant difference and no significant difference between positive and negative cuttings

Fig.2 Growth parameters and morphological characteristics of H. verticillata with

positive and negative cuttings in the different sediment types
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TRV R W 25 R e D A
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Different letters above the columns indicate a significant difference(P<20.01)

Fig.3  Effects of different sediments on physiological indices of H. verticillata
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B U8 —+ V0 - v S ) A4 2B ) o K T IE ]
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1] FF 46 XTI L8 + V0 F B Vb b B Rk R O
TG Wb 25 o T A 8 R T A R 1) A 2 R
b (R SO o8 B e e | R e R A B9 e LA I E 5
170 PR OV B0 ) R T TF o) 47 o A At 79 A IS T
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SR TN A W i S SRk R TE ST A R AL A AE S
225 (P<C0.05) . K28 RUXT T A 48 b 5 i 3 35 %)
8 2 KV IE B ] A 4 R K (P = 0. 369>

0. 05) Al KAR K (P =0.094 >>0.05) § Wi AN i 2,
71T JVS I 288 R0 R G 2 1) 47 58 B AR FH R o0 e AR K5
Wi A i 2 A (P =0.258>>0.05) , Xf HiAth 35 br A
ES AR

S 35 3 YL 3, AN 3 S 5 S R O ) A I SR S
i) 476 2 T 2E 0 2 A L K T Oy e AR K I
T BUE A 2 b, 26 W 0 S 1) 4 X 37 F A B S
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KIESENFR 5 Fros, 15 F 115 47 8 6] 8 57 K F
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T I 5h,

25 G IR DX [ JES T 0 2 g 2 T 25 19 52 i) D
6. SIS A A ) e B AR IR B A )
WD B R AR A R ORI, BT R a2 IR
B, 1-BREAY & R RS RE T
KB T-A K -A B IT-B KA, LSD 4>
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AR RN T 11— A 4B R
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Tab.4 Sediment parameters of sites I and II in the Maojiabu area of West Lake

37 55, MC/ % TN/pg *» mg™! TP/pg » mg™ TOC/g » kg™ ORP/mV
15 69.0741.42° 3.244-+0.1917 0.631+0.011* 61.25441.206" 101.64+3.70
JIR= 34.26+0.83% 2.277£0.178* 0.664+0.013* 42.046+1.014° 74.643.1°

x5 FREHRISHAR USHERKRSH

Tab.5 Water quality parameters at sites I and 1I in Maojiabu area of West Lake

[y TN/mg + L' TP/mg « L Chl-a/pg « L pH DO/mg « L}
15 1.32940.146° 0.067=40.007% 5.687+0.283 7.893£0.104* 7.813+0.224%
115 1.469+0.103* 0.05740.007% 8.18340.463P 8.28540.153% 10.20040.306"

F AT MR YL R BT & K TOC,ORP K FIDO BFIEMEK (R D, LZiakE, BEAKIE
H Chl-a Fr R0 B K EE W T. Pear-  ANUSZJR B ALk 5B 0 L 1 B4 A4 1 oK A 35
son MG/ HT R BN Ay bk R R E SR TS K BEA B RR RPN S ME— E B KR, KR,
TN, TOC,ORP %3 FA4H5¢, 5KH TN Chl-a & W] BT GEA RS
xo6 FREMEARKRPERERKMEERE
Tab.6 Growth parameters and morphological characteristics of H. verticillata in different

sediments of the Maojiabu area of West Lake

ErEl Y/ g WAL B /cm /g 2745 (B 4/ mm
1-A 8.0340.14" 13£1° 7.840.3" 1.20£0.01° 6.2240.01"
I-B 13.164+0.17¢ 19412 13.240.6* 1.8040.022 6.84+0.01°
nm-A 16.07+0.23% 28+2¢ 17.840.7¢ 2.50+0.06° 11.42+0.02°
11-B 4.11+0.07" 19422 8.6+0.3" 0.90+0.01" 5.84+0.01"

TN TF B R 22 5 i 3, P<C0.05,
Note: Different lower case superscripts indicate a significant difference(P<20.05).
x7 FREBRER.KFEERSBREERKESIER Pearson X E 57
Tab.7  Pearson correlation analysis for sediments and water quality parameters with morphological indices

of H. verticillata for the in-situ experiment

ER MC TNje TPy TOC ORP TNk TPx Chl-a pH DO
AR -0.944% % —0.927 0.714 -0.974" % —0.956**  0.963°*  —0.833* 0.951**  0.930**  0.944**
%L -0.775 -0.785 0.753 -0.772 -0.753 0.747 -0.567 0.772 0.822* 0.766
R = -0.942" " —0.939" " 0.810 —0.941" " —0.934"*  0.933"" -0.768  0.943**  0.959"*  0.937""
R E -0.922" % -0.908" 0.714 -0.925"*  —0.931"*  0.938* " -0.801  0.929**  0.917*  0.921* "
RilCES -0.722 -0.715 0.594 -0.723 -0.723 0.729 -0.595 0.726 0.738 0.718

W RN EE P<<0.01 W3, FORMICESE P<<0.05 W3,

Note: ** indicates extremely significant correlation (P<C0.01), * indicates significant correlation(P<C0.05).

1 5457 5 115 5L A5 AN AN ] JBe Jo %o 28 v A 3L 5618 e, B AL BB v SOD 35 M 243
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Fig.4 Total chlorophyll content, protein content, MDA content and SOD activity of H. verticillata

in different sediments of the Maojiabu area of the West Lake
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Effects of Sediment Type and Positive/Negative Cutting on
Growth and Physiology of Hydrilla verticillata

LIN Qing-wei', JIN Tong-xia', MA Jian-min', ZHANG Yi?, LIU Bi-yun®’, HE Feng®’, WU Zhen-bin®

(1.College of Life Sciences, Henan Normal University, Xinxiang 453007,P.R.China;
2.Institute of hydrobiology, Chinese Academy of Sciences, Wuhan 430070,P.R.China)

Abstract; Sediment is the substrate on which submerged plants to take root, grow and reproduce. Different
types of sediment vary in physicochemical characteristics and directly affect the growth of submerged
plants. Moreover, topological inversion of plant morphology occurs during large-scale reproduction of sub-
merged plants, influencing the recovery and growth of submerged plants. In this study, the effects of four
sediment types (lake mud, lake mud-+ sand, sand and clay) and positive/negative cutting on the growth
morphology and physiology of Hydrilla verticillata were studied using a laboratory aquarium experiment
and an in-situ container experiment in the Maojiabu area of Hangzhou West Lake. The laboratory experi-
ment (July 7 -20, 2014), with each sediment type included positive and reverse cutting of H. wverticillata.
The four sediment types were placed in aquaria maintained at (27.3+£0.4)°C and average light intensity
(24 900£130) Ix, with eight repetitions per sediment type. The in-situ experiment (September 17-Octo-
ber 16, 2014) was carried out at two sites, with the different sediment types in containers at (23.8 £
0.4)°C and average light intensity (21 600£110) Ix. Morphological and physiological indices of H. wverti-
cillata were measured at the end of each trial. Among the sediment types there were significant differences
in biomass, number of tillers and other morphological indices (P<C0.05). H. verticillata grew best in the
lake mud type of sediment, with the largest average biomass (6.27 g) and tiller number (19.8), followed
by the clay (biomass, 5.14 g; tiller number,18.8). The clay also benefitted H. verticillata height and root
system development. Measurements of chlorophyll, protein, malondialdehyde content and superoxide dis-
mutase activity confirmed these findings. The increase of tiller and root number and the biomass of H. ver-
ticillata were significantly affected by reverse cutting, with average values, respectively, of 1.6 — 10. 2,
4.6 -22.8 and 0.26 —2.96 g, but the morphology of the upper plant was not affected. For the in-situ potted
sediment experiment in Maojiabu Lake, the growth of H. wverticillata in the relatively barren sediment
with low moisture content was better than in the relatively fertile sediment with high moisture content.
Further, the biomass increase of H. verticillata in potted sediment was larger than in the heterotopic sedi-
ment. This suggests that the sediment, particularly in terms of physical characteristics, should be im-
proved before restoring submerged vegetation. It is also necessary to distinguish the upper from the lower
end of the plants before planting. Our results provide a reference for restoring submerged plant communi-
ties in shallow lakes with different sediments.

Key words: sediment type; Hydrilla verticillata ; positive/reverse cutting; growth morphology; physio-

logical indices



