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Tab. 1 Calculation formulas of plant index
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A3 Formula

SLA(m?/e) :% (Lgﬁziﬁri};‘g?eciﬁc leaf area [25]
BRI [HI A Leaf area per
plant (LA, mz)
A & (- E)Leaf
biomass (dry weight; LB, g)
RL AR K Specific root length [26]
SRL(m/e) = RE  (SRL.mip)
fRK:Root length (RL, m)
MR AE 45 (F 5 )Root
biomass (dry weight; RB, g)
AHXS A2 K FERelative [27]
growth rate (RGR, %)
WIGEHEY) T HE Plant dry
weight at start (W}, g)

WAk IR FE )+ # Plant dry
weight at end (W, g)
SEIFFUERT (] Start time (¢4, d)
SEIG £ A A End time (4, d)
& 5 tER oot shoot ratio [28]
(RSR, g/g)
R AEE (T E)Root
biomass (dry weight; RB, g)
Hh b A=) (T &) Shoot
biomass (dry weight; SB, g)
_ TLA biﬁgLeaf area index [29]
~ sA (LAL m/m")
A S TH #A Total leaf area
(TLA, m’)
JEJR T A Soil area (SA, m’)

RGR (%)=
In (Wz) —ln(Wl)
tr—t

%100

RB
RSR(g/g) =3B

LAI(m?/m?)

i SRR AS [ % BB TR A ¥ fie S8 008 R P — R 2 1tk
A 34T B R I = 5 2 97 T (Repeated Measure-
ment ANOVAs). LA it #3518 FSPSS.263K
AT A BE . FETT ZE AT, BE A i A A
A ZEFF A S . 23 MK A P<0.05,

2 R
21 EYIEMKRES
M FAR 4FE HEE R L A(E 1A)

3 KT B AR E I 8 (P<0.05), il # FA
B R T AL INE B (P<0.05) . S35 T AR 15 %
(B 1B &, Hl35 B AR, 3 ¥ B8 KT RTE
FEH(P<0.05). REMRD, ToiE HARA G 1
Fro HE R AR & T AR R e (H T B 35 22 5
(E 1C; P>0.05), {H R SARK B Z & THEIEIE
# (A 1D; P<0.05).

EMEKER  =FUUKEDI S Z A
160 % 2 57K 2A; P<0.01), FEAEINE 15> 5 35> il
TR, ) RN e L L R AR R (K 2B;
P<0.05). YIUHFHE ALY & B IR I 2R, 7E i 200
IR MK i 2, &R B A s iom, filE
TR 2, TR ) K R A S A W R A R I

(K 20). HEEEAIFI A KR (RGR) e a1, 235 =
F o) AN AR IR 5 (P<0.05); FHAE IR FEAH
AR 2 A IR 2 TR BB 2D; P<0.05).

2.2 AEINEERLT/KEDXTKHFFRIRAREE
Sap=A

PR 3P RE A7) AN TG 4 1 0T HELZEL, 7K HR I A
WA H W 5B En, HyE k8w, thfs
R 3A), (ERE TR Y I 52560 4K i i
AR RS T2 A R (P<0.05). i,
AT A AR R E R T AN EY A
(P<0.05). FHAEIN R 38 41 7K Fh I8 Mo SR 0 25
TR E B UK YR B 4(P<0.05). B 3AK |
R 7 KR L SR MIpHAE 1d T AR LA 3, A
HHE] DU HY, AR S K AR pHAS i, T L SR
AR AR T Ho At AL B2 .

TE S0 45 SR A I AR A0 AR B 1R DU AR 0 ¥ il A
WRPE, FEAEIM R da gl . Ay 2l A 2 (ot BR AL TR A
T AR A TR B B TR B R AR AR /N B AR AR, PR A el /2 R A
WA TRV R AR EH 2 AE2 om DL R IREEIENE
KT X HE 2 3B). il w7 B 2 U AR ) i i ARk
FETE6 em iR FE 2 7 i 3 K T 5l |2 28 A 4 28 A xR
YH.(P<0.05), {H 75 fift SR FEE B TR W68 184 o a2
TBE, 6 emiRE J5 5 H AN AR
2.3 JKFRFIRHITEL

KERIBILIERE A MVIEKETP S E—
(K 4A), SLIGEE R SHIMEARLE, 25 A, filE
B PR A AR N R 4H O3 ) B 1 20.30%
30.46%. 50.76%H177.83%. 1ESZUe45 RN, M4H
IKEE R TP BT X FR 4 Sevrb, RAE T B4
S A T ) 2 RN 2 [ 2H.(P<0.05), T 22 iR 4 A
TS B AH 22 57 AN 3E (P>0.05), H85 FLA X
MBI B 22 5 (P>0.05). KAETNS B 78525
FFURIT $51790.45 mg/L( 4B), 525645 A 5414641
Pezs (2. v B gl S g 2 R E N 8 4 oy
HIPEAK1.56% 5.56% 7.84%7F19.18%, {H & kb
P2 %A BEEZ R 4B; P>0.05). {ERKFF
BRI 7K R RS 7 i et ik i, DR /K A ChLa{ N
0.66 ng/L, SEEG S5 R SR A LL 2 4, ) 5
H. MR AR EEH 5 5 LT T7109.07%-
65.41%- 84.40%7F149.74%, &AL BE 2 [8) V%A B35
2 (18] 4C; P>0.05).

TUIRAIIRLIERR  TESCIRAS AR, R R4
5] B K TDP IR Fe AR (B SA), BEAE N 75 2H 5% =,
TEMA T BEH, B W% E RS ER
(P>0.05). VIFITPERESVIGMLIL, A4, H
TR PSR ZH AR A 2 ) R B T 3.60%
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2.68%- 5.10%%10.78% (&l 5B), 1H 5256 45 oA %% 4b
HAKAREER. VIBWTNG & 5VGEAHL,
TEA R RA ., R AR A 5 )
FEET10.17% 17.26%-~ 10.46%#116.25% (K 5C),
) B AR T R IR 5 2 (P<0.05) . SEHG 45
WIHIITCE = 5VIUR AL, 25 E 4 AT B2
435 R %3.45%F15.33% (B SD), 11 2 4 4 A
IR FEEA Mo 3 ETF T 1.35%F14.12%. 7E3L5
SEORIT, 25 [ 2 RN 7 A B AR T AR e
(P<0.05). PR S Fedr &S00 45 I 541464
b, 25 A, T, B R R E N R v 4H oy
BEFT1.71%. 10.74%. 1.12%F10.77% (& 5E),
S0 25 I ) B 2 v T AR AR B ZH (P<0.01).
TR Ab B 2H A 42 & o0 3 IR BERSAR T8 L 4H(1&] 5F),
FARCBRLH 2 (A1 R 2 7 (P>0.05) .
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R 1) P, Y 7K R 400 2 R 58 1 K A 38 LI, S0 R
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Fig. 1 Specific leaf area (A), leaf area index (B), specific root length (C) and total root length per individual (D) of the three plants at

harvest

EIALE N R FRoR AR, b NEMESRORRE. R/ME, 2L AL SRR AL B Rra, bAlcRIR R

EMZE R, P<0.05H B3, TIE

The points inside the diamond box plot indicate the mean points, the upper and lower short horizontal lines indicate the maximum and

minimum values, and the right side of the diamond box plot shows the specific distribution of data points. Letters a, b and ¢ in the graph

indicate significant differences (P<0.05). The same applies below
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Fig. 2 Plant height (A), root shoot ratio (B), biomass (C) and relative growth rate (RGR) (D) of the three plants
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Total nitrogen in
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AU T S R 91 W

B 4 B4KEABE(TP)A). BE(TN)B)MKEIHEKa
(Chl.a) (C)¥IHR 5 9286 45 RN LEAIR

Fig. 4 Histograms of initial vs end-of-experiment comparison of
water column TP (A), TN (B) and water column Chl.a (C) for each
treatment group
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ELHR X6 cm LA P AR TR B I HH B SR A v IV R IR
FE o FEAEIIUR FE AR AR, (E AR X iR
T A AR B LG RO G, HEDN AR R SEAE
PR SR LT TR, XU R A AR 55
AR S H B A 2 i HLAnmernt f, K
FEr o ™. 76 I 48 SN, i BB AR
IR YUY 2 S, R AR R T
R HEARAE DR R TH, T Bl T R Z VTR
B

RIS 2, AL rg R ER, KEEE
I 7K T e J2 B K R R TR B KA R SRR
22, K b AL A R, (D6 TR A 1 R4
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RIR = SR HEBCE:, 51 mol I DOREZ 1£0.30 mol
NH,-N50.60 mol CH,™. 3% £5 W B 1 FA 30041
T KA K, TR ChLaik B ™,

DUKRE D5 GURR A () 386 S8 VE F B2 56K, (RN
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DIFFERENT FUNCTIONAL TYPES OF SUBMERGED MACROPHYTES ON
DISSOLVED OXYGEN AND ITS ENVIRONMENTAL EFFECTS

LI Hua-Xin"?, YIN Chun-Yu’, YANG Guo-Liang', CAI Ying', HUANG Xiao-Long',
LI Kuan-Yi"? and GUAN Bao-Hua"
(1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of

Sciences, Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Shanghai Jian Qiao
University Co, Shanghai 201306, China; 4. Jiangsu Environmental Engineering Technology Co., Nanjing 210019, China)

Abstract: The concentration of dissolved oxygen (DO) in lakes decreases due to eutrophication and climate warming.
However, submerged macrophytes can release oxygen through photosynthesis, effectively increasing DO levels in
lakes. The process can induce changes in the physicochemical properties of the water column and sediment, sub-
sequently impacting the ecosystem. We conducted a mesocosm experiment to examine the differences in dissolved oxy-
gen and related indexes in water column and sediment across different functional types of submerged macrophytes. Val-
lisneria spinulosa was assigned to bottom-dwelling species, Hydrilla verticillata was assigned to less rooted canopy-
forming species, while Myriophyllum spicatum was assigned to more rooted canopy-forming species. The results
showed that significant differences in water column DO among treatment groups. The blank group had significantly
lower water column DO compared to the plant treatment group, and it exhibited the least reduction in total nitrogen
(TN) and total phosphorus (TP) in the water column. The specific leaf area, leaf area index, net growth biomass, total
biomass, relative growth rate and water column DO of H. verticillata were the largest, which can effectively reduce the
concentration of TP and TN in the water column. The plant height of M. spicatum was the highest, and its ability to ele-
vate water column DO was significantly higher than that of spiny bittercress, with the greatest reduction in water
column TP. V. spinulosa had the largest specific root length, total root length per individual and root shoot ratio among
the 3 species. It significantly increased DO concentration in the sediment up to a depth of 6 cm. Additionally, V. spinu-
losa had the highest sediment iron content and the lowest sediment total nitrogen (TN), total carbon (TC) content and
total dissolved phosphorus (TDP) in interstitial water. Therefore, we suggest diverse functional submerged macrophyte
types were constructed in the restoration of eutrophic lakes, such as combing bottom-dwelling and canopy-forming spe-
cies, since it would be conducive to the formation of clear water state.

Key words: Functional types; Submerged macrophytes; Dissolved oxygen; Environmental effects; Canopy; Root
system
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