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Abstract: Recovery of submerged macrophytes is one of the most important processes in lake restoration projects, while under-
standing requirements for the growth and anchorage of submerged macrophytes is crucial for restoration of submerged macrophytes.
Here, we investigated the sedimentary requirements for the growth and anchorage of Hydrillia verticillata, a species frequently used
for lake restoration by using in-situ experiments, field investigation and literatures review. The result showed that H. verticillata
could survive at the range of 0.16% —38.36% of sediment organic matter content, 1.08=2.06 g/cm® of sediment density and
19.80% —78.14% of sediment water content, and the optimal sediment organic matter content, density and water content for the
growth of H. verticillata were 0.64% —21.84% , 1.09-2.06 g/cm® and 25.32% —72.06% , respectively. It also showed that H. verti-
cillata could safely root at the ranges of 0.29% —18.30% of sediment organic matter content, 1.16-2.06 g/cm® of sediment density
and 19.80% —72.17% of sediment water content. These results provide valuable thresholds of sediment parameters for restoration of

H. verticillata in lakes and the methods used in this study for determining sediment requirements for H. verticillata can be adopted
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for other submerged macrophyte species.

Keywords : Submerged macrophyte; lake eutrophication; lake ecological restoration; sediment; plant anchorage
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Tab.1 Ranges of sediment physical and chemical parameters with positive and

negative growth of Hydrilla verticillata based on literature data

MR B2 R IR Ak 25 3CHik /K E =D UN
WL/ % AN 0.16~38.36 [40-51] 0.13 [52]
’%‘?fg/(g/cm‘?) ZE AN 1.12~1.64 [33] - -
oy & L EHML 26.21~67.33 [42-43,45] — —
MA/ (g/kg) EHMLG 0.19~7.23 [ 13,40-43,45-49 ,53-56 | 0.05 [52]
A (o/ke) I 0.10~2.15 [ 13,40-43,45-49 ,53-56 ] 0.09 [52]
HiAL®/ (mmol/L) EANL <1.27 [13] — —
M (/kg) WFAME A 0.14~0.93 [57] — —
T RFETHE

2.2 IR

2.2.1 AR 8 AL VB BRAL A E 8 AR BRI 45 SR 3% 2, 45 R TIN5 A RAE 2 AT
P 25 AR B LR & i B A KR IR 1.44% ~7.76% (1.61 ~2.06 g/cm’ [19.80% ~57.84% 2 ], 75
LT 3 ASSRAE A0 DU 1 I 25 B/, A LG B it B L UK R I AE 8.14% ~ 10.84% (1.47 ~ 1.76
g/em’ (62.87% ~72.17% Z A, AT RIS A 07 B TRV P BRI =, 55 LU0 A4 ORI 5 M SR, A5 HIL SR
D UASEA RS R TR UL o BRETIE IS A0 AL A A B £ kA A (>0.063
mm) Z A, A 5 A3 LU AP A% 4 (<0.063 mm) Jy 3=,

2.2.2 53 M ACH AR SL SIS 1) K it K AR A B E R E (I kR vE2E ) 2 A (0.26+
0.11) .(0.05£0.02) .(0.09+0.04) mg/L, K& pH H7 10.2620.65, /KIRTE 31°C 5o LAY F ML IRIAF K
THEIRAY 55% , T WK OGRS AT, AT LAHERR 55 6B

223 AR AT E K R VIR FESEAE ST R AR 3 R, DU A DL 5 kRS
ZAUURRYFE bR 2 WA AHOC . SRR A G REGAF 0.88, Sl FHU s i AHOC R EA 3 0.93,
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Tab.2 Physical and chemical characterastics of the sediment at the beginning of the experiment

i HHLE,  WE/ SKE/ BRA/ O BEY WWMA/ Sy Bk BRA OB b (hife

% (g/em®) % (g’kg)  (g’kg)  (g’kg) (mg/kg) (mmol/L) >2 mm,% ) >0.063 mm,% )
B 1 1.44 2.06 19.80 0.42 0.50 0.04 31.9 0.50 13.62 74.76
At 2 5.87 1.99 32.01 1.10 0.45 0.13 19.4 0.29 0.03 10.51
R 3 7.76 1.61 57.84 1.60 1.22 0.05 55.0 0.51 0 0.39
A5 4 4.50 1.88 23.58 0.64 0.40 0.06 12.1 0.15 4.36 33.29
GG 6.45 1.72 50.23 1.72 1.17 0.21 65.4 0.65 0 2.08
FHihi 6 10.84 1.47 72.17 3.86 1.12 0.59 50.9 0.65 0 1.45
Fiiw 7 10.05 1.52 68.13 3.47 1.05 0.28 46.0 0.52 0 0.11
Hi# 8 8.14 1.76 62.87 2.32 1.06 0.26 40.2 0.70 0.54 15.32
3 YUY FZ S C R BUE
Tab.3 Correlation coefficients and significance levels for relationships between physical
and chemical parameters of the sediment
e AOLR EmE AKE ORI MA SEE A EEE miikd
AL 1
wE -0.92* 1
FHIRA 0.94* -0.97" 1
Biib+Ri Ll 086" -0.74* 078~ 1
EE 0.94* -0.89*  0.93* 0.66 1
ps: 0.73* -0.83*  0.87" 0.67 0.70 1
R 0.77*  -0.69 0.74" 0.48 0.88™  0.50 1
TR 0.51 -0.67 0.73* 0.50 0.54 0.93*  0.40 1
ALY 0.47 -0.51 0.63 0.27 0.59 0.81° 0.56 0.82" 1

. % P<0.05, % P<0.01,

224 ARMEHE BEMAAEKFEREEANK R T SONMEBI W UTRY S80S BasAxT A4 KR
W HT s AR 1 R, DUERP A MLIE & 6 25 K 38 R Ll OOl AR Ak ) B e 38k TR B
AEXTAE A AT B R (P<0.05) o FEEEMAENT A KORBHE IR A PR & & 58 B8 AR RN
N E I KIF W NS (K 1a 1b 1o 1d) , B TR S0 50w B Ak P 19 38 R 38 K (1 e,
lg.1h),

FF T SO TR YA DTS S0 R S I AT 4 SR B 2 PR DU A LT B K
EXTHEE 1A BRI (P<0.05) o A LT & & 1.44% ~ 10.84% % J§ 1.47~2.06 g/cm’ | 7K R
19.80% ~72.17% (A EEJE R P, JA SRR Xt o T R BI5GB NS /N AR fh R B R WL & 1R 7.76%
TN 1.61 g/em’ KRN 57.84% B KAK (5] 2 ,2b 2¢) , B RO RIS 1 T (5 A H 51108 KT A
2d) , HAE 1A BT () 223 KT OB 2 .2 2g . 2h) , RIBHEE A4 E SR T P2 B3 8L 77 .

2.3 = HI LI MIBEF X B E S O

SCHRBUE S0 L g B A G 2T SUMMAR R DU 2805 BR i A= KR S R e 3 fr
TN B AR A A R AR B DU A ML & i B KR R B Y B 2 S B O eI i AR
PR, B R A KA TR S BCE 0 A HLR 0.64% ~21.84% FHE 1.12~2.06 g/em’ , &K
25.32% ~72.06% A4 0.47~3.84 ¢/kg B 0.18~1.11 g/kg,

2.4 BFAMAE
TP AR T T AR R A s T A ] 5500 g/m’ . 3 T MR KN TLRY & 2 80E B 3 A A HL
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0'. L L L L 0_| L L L L 0'| L L L L O'. L L L L
0 3 6 9 12 21416182022 0 15 30 45 60 75 0 I 2 3 4
FHLTE /% L /(g/em®) &L MA/(glkg)
__0.100 (e) R=0.760| _ 0-1001(f) R?=0.000[ _ 0-1007(g) R=0.527| _ 0.100F (h) R*=0.124
= P<0.001 | © P=0276 | 5 P<0.001 | © P=0.009
500.075f &00075-¢ ¢ 500.075F o 500.075¢ s 3
= = L] = () = °
3 3 ) s 3 3 )
#0.050F #0050 8 #0.050F J 0.050F J
% e ° ° oy ° °
& 0250 = 0250 = 0.2501 = 0.250F
z E E z
0'| 1 1 1 0'| 1 1 1 0'| 1 1 1 1 0'| 1 1 1 1
0 04 08 12 16 0 02 04 06 038 0 15 30 45 60 75 0 02 04 06 08
M (g/kg) A/ (g/kg) AL/ (mg/kg) A4/ (mmol/L)

Pl 1 DU B AL 2R BT A KRN OC R

Fig.1 Relationships between sediment parameters and relative growth rate of Hydrilla verticillata
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Fig.2 Relationships between sediment organic matter content, density, water content,
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Fig.3 Relationships between organic matter content, water content, density, total nitrogen,
total phosphorus of sediment and relative growth rate of Hydrilla verticillata

(Tmaginary line: Range of sediment parameters suitable for Hydrilla verticillata )
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