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Abstract. Aquatic plants are important primary producers in the littoral zone of lakes and
wetlands. As aquatic plants have a close relationship with the aquatic environment, their leaves
usually do not need to adapt to water shortages in the soil. Therefore, the leaf traits of aquatic
plants are likely to be different from those of terrestrial plants. In addition, leaf vein type is the
fundamental basis of leaf functional traits; however, previous studies on leaf vein types and
functional traits have not yet been conducted for aquatic plants. In this study, nine aquatic
plants with different vein type were selected to analyze the relationship between the changes in
leaf traits (e.g., morphology, pigment content, and chlorophyll fluorescence) and vein type
after vein cutting. Results showed that the three species with parallel veins exhibited strong
tolerance to the main vein cut, whereas the four species with pinnate veins demonstrated
significantly reduced pigment content and inhibited leaf growth following the main vein cut. In
contrast, the side vein cuts had distinct effects on different species, indicating species-
specific effects. Based on leaf vein type, this study provides theoretical guidance for species
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selection in the re-establishment of aquatic plants in the littoral zone of large lakes.
Key words: Aquatic plants; Mechanical damage; Leaf veins; Photosynthetic pigments; Chlo-

rophyll fluorescence parameters
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Table 1 Life history of nine aquatic plants
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Table 2 Vein parameters based on leaf anatomy
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Vein type Species ) Main vein Ratio of main vein Maximum width of main Minimum width of main

thickness (um) and leaf thickness vascular bundle (um) vascular bundle (um)
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Table 3 Callus, wound recovery, and leaf symptoms after vein cut
ik sy LY/Eu EiAtvipLsL] WHR ey 33 ek
Vein type Species Treatment Callus Wound recovery Leaf symptom
" FEhk B K FNKAmB WA ZE, HEEAMN AN, FIET
A fok — &5 (U7 S TR G 2 St S ar N T E
- FEhk ¥ RS B H, IR AABE S
PRI o fiul ok A &5 b 3 Bk R AL B T, IR A B
S H ]
o F ik A 5. B5 B H, H2EHIAK
fiul ok A &5 B ASH, HERIAK
g F ik B Keg IR AL B R
T ik B> Rl W F T BB
B R Fhk B KEE R AR T

. P s e Py R CHT TR HE, S W R TR R A B ] e R

Tk RaR LR KBS B K JREE, L BOR 0 A5 85
AR AT FEhk A BE B LT oAk

K I FE Fhk EdiZ T &5 i KA 2 AR — R R | A

i i F ik W i B it LT AL

(P<0.05) (K1, %&4), 5EKZBERAR,
MK Z A, = F ORI R R (R 5 5 0
HICRFEZRES; FHAMHESE a WS MR
TEAZ A5 BT X IRAL, i S AE Ry R iR
afll b RFETE, M RO TRAEZ G 5%
T XA, A 4 RS RO (R & B
PUE TR E 2,

S IRAAR L, PPIRBK By 4507 s
VPRI RERP ) &SRS TSR IKIER SIVEN TN
SR BOMIRK s A SRR KRR 5 A A
BHEZEF(P<0.05),

HAPAT Ik 52256 7545 4% w0 1 i e 32 Tkt £
Ja, TPt E FOCR N E R ARE (P >
0.05) , fHAZ M= 7 i 52 B 't & 9 6 2803 B 3%

o BRSO ER T a8 5 F RS, it i sk
IS e Sl & TES I8
3 it

ARWFFELE R, 3 B[R k28 7 i K 2B A
W%k ik kA 05 e o o AEAE — o 25 5, HOPATIK 3
FRE A 7 %oF 2 ok AL 473 240 H A 58 v A T 32 1, i L
FLARIK) 4 R A5 Pk 4+ auk, B
SEAT KA I R R Ik S AR ) A AR R Y AT
Rk, 7EFBkdbif 5 i ik 2% ( Venation network )
AR OE AR M 08 FR s i aE g, R A
(028 5 BRI 2 R DOCSEAE E k01 5 22 A
B, R RS RE oy fa e, H,
AR I AT SE B T OGRS AE Bk R B E T



234

L7/ S

37 &

Ffk Main vein
151

?%éﬁﬁé

1.0

it Rad B AN
Change of Chla content

0.5

]

ik Side vein

B

4t

| I N I [N [N I —
123456789

FEfk Main vein
20F

1.5

1.0

¢$¢é

1 | I I [N I N |
123456789

ik Side vein

°é$$

KL bR EETN
Change of carotenoid content

s} Q% é

|

0

-I | N I N N I | S IS IS N [ S|
123456789 123456789
1o Wy 20 SHES 3 P 4. PEER 5. B, 6. KW, 7. AT 8.

Tk Main vein ik Side vein
e 1.5¢
[0]
< =
c
i
i 2
o 1.0F -
Q 4=
g3 |0
%o =
= @©
S 0.5F ¢|
!
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
123456789 123456789
Tk Main vein ik Side vein
sl Q
o
S2 ol O Em
=3 b
1o
25 By $
SIS -
™ osf
ol

11 11
123456789
;9. FIHE,

| I I [ N I N —
123456789

1. Colocasia esculenta; 2. Saururus chinensis; 3. Thalia dealbata; 4. Nuphar pumilum; 5. Echinodorus amazonicus;
6. Pontederia cordata; 7. Arundo donax var. versicolor; 8. Nelumbo nucifera; 9. Hydrocotyle vulgaris.

1

MR #R{5E 9 MUKEEMM R &R (4K a, H4RE b MEWE FK)

SERMERIASH(LIOLEIOR) EK

Fig. 1

Changes in leaf pigment ( chlorophyll a, chlorophyll b, and carotenoids) and leaf chlorophyll

fluorescence (yield) after vein cut in nine aquatic plants
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Table 4 Statistical analysis of changes in leaf pigment ( chlorophyll a, chlorophyll b, and carotenoid) and
leaf chlorophyll fluorescence (yield) after vein cut
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Leaf anatomy of nine aquatic plants in this study. 1. Colocasia esculenta; 2. Saururus chinensis; 3. Thalia dealbata; 4.
Nuphar pumilum; 5. Echinodorus amazonicus; 6. Pontederia cordata; 7. Arundo donax var. versicolor; 8. Nelumbo
nucifera; 9. Hydrocotyle vulgaris. a; Main vein thickness; b Leaf thickness; c: Maximum and minimum width of main
vascular bundle.
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Changes in leaf morphology after vein cut in three aquatic plants with different vein types (arrow indicates cut site). 1.
Nelumbo nucifera; a. Cut on radiate vein; b. Morphological changes of cut; c: Intact leaf edge; d: Decayed leaf edge
after vein cut. 2; Pontederia cordata; a. Cut on parallel vein; b Morphological changes of cut; ¢ Dark spot near tip of
main vein. 3; Colocasia esculenta; a. Cut on main vein; b Massive decay of whole leaf; ¢ Cut on side vein; d: De-
cayed leaf edge after side vein cut.
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