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Abstract In terrestrial angiosperms, the balance between water supply and consumption is primarily
regulated through the coordination of leaf veins and stomata, with epidermal cells playing a significant role in
this process. However, research on Nymphaeaceae species remains very limited. In this study, seven species of
Nymphaeaceae and six species of terrestrial herbaceous plants were selected as materials. Through quantitative
analysis of floral and leaf anatomical traits, the intraspecific variation within Nymphaeaceae and the differences
in floral and leaf characteristics between the two plant groups were examined. The results indicated that flowers
of Nymphaeaceae plants exhibited larger stomatal size, epidermal cells size, and a higher vein density than
leaves, whereas leaves displayed greater stomatal density, epidermal cell density, and stomatal index. The
anatomical traits of Nymphaeaceae flowers were similar to those of terrestrial herbaceous flowers, except for
epidermal cell size. However, the epidermal cell density and stomatal density of leaves were significantly higher

than those of terrestrial herbs, while stomatal size, epidermal cell size, vein density and stomatal index were
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notably lower than those of the terrestrial herbs. The stomatal density of Nymphaeaceae flowers had no
correlation with either epidermal cell size or floral vein density; in leaves, epidermal cell size had a negative
correlation with stomatal density, and no significant association was found between stomatal density and leaf
vein density. Principal component analysis revealed that, compared to terrestrial herbaceous plants,
Nymphaeaceae flowers had an advantage in epidermal cell density; meanwhile, leaf trait spaces were
completely separated ; with Nymphaeaceae leaves exhibiting higher epidermal cell density and stomatal density.
In conclusion, the flowers of Nymphaeaceae exhibited the traits similar with terrestrial herbs , likely due to their
water-retaining characteristics, while the decoupling of stomata and veins in leaves reflected adaptive evolution

in the aquatic environment. These findings provided the valuable foundation for further research on water-use

characteristics and environmental adaptation mechanisms in aquatic plants.
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Table 1 List of studied species

¥ Y # & A

No. Name Family Genus Growth form
1 V4T Bidens pilosa %%} Compositae Y& S Bidens i 4= B AR Terrestrial herb
2 WAL Ruellia simplex B APl Acanthaceae FFT L& Ruellia i A= B AR Terrestrial herb
3 JK Y& FE Hymenocallis littoralis £ 5B Amaryllidaceae K YA FEJE Hymenocallis [ifi 4z BEAS Terrestrial herb
4 AES%E Zephyranthes carinata 15k} Amaryllidaceae H5%)® Zephyranthes [ifi 4z B4R Terrestrial herb
5 Ri3E Zephyranthes candida Fi75FF Amaryllidaceae REE Zephyranthes i 4 B Terrestrial herb
6 212 Anthurium andraeanum K AR} Araceae TS Anthurium [ifi 4z BEAS Terrestrial herb
7 3% Nymphaea tetragona MR} Nymphaeaceae 3% )| Nymphaea JKA: FEA Aquatic herb
8 W% 42 B MES%E Nymphaea zenkeri % F} Nymphaeaceae M7 J& Nymphaea JKA HUA Aquatic herb
9 5 B SE Nymphaea lotus 3% F} Nymphaeaceae [ 3% & Nymphaea JKAE B Aquatic herb
10 Wi WESE Nymphaea nouchali var. caerulea 3% R} Nymphaeaceae 3% & Nymphaea JKHEHEAR Aquatic herb
11 E[) B 41 W 3% Nymphaea rubra 3% £} Nymphaeaceae IS )& Nymphaea JKA AR Aquatic herb
12 AR IESE Nymphaea atrans 3% Bl Nymphaeaceae [ 3% J& Nymphaea JKAE A Aquatic herb
13 ML Nuphar pumila i 3% £} Nymphaeaceae M VE Nuphar JK A BA Aquatic herb

1.2 RESHALE

JIA I A p ELAg R A A R AT . B
PIRBERLEE R 3~ 5 AR R REAIE M TERER
R BB BT | em®IREAS SRR

FEARYI R E T 30% i A AL = (H202) F1100%
Jok L8 (CH;COOH) LR LL 1: 1 8 #1425 Btk
o R ZEZK VR B 70 CCHE R, 2 LR A
2o BEE O R JF 28 IRK T UE 3 min, 54
BB K A AR Ay B . AR 0.5% B
21 Y25 (Safranin O) Y 8 5 min, 3 FH 1% B F 87 %
Pe 5| (Alcian Blue) 44 {4, 20 s~5 min, ZL (05285,
FHZEMRK BRI, il I B 3¢ 7 76 e fss T Ui
1.3 BHUBRSSFLEXERNE

K HIBC 4 B A LY &2 5 B 6l i (DM3000,

Leica, 78 [ ) f4% FE % , {8 FH Image) 30400 & Fir A
SEE
1.3.1 BRmlE

TE SRR T BEMLFAEE 5 A SR, DIAREX
K FNAE K G, IR K3 BE(D,) o
1.3.2 &35 £ & e e

Fir A P 58 —71E E/F 09:00—11:00( 4 1
B ER [E] ) SRAE Ak B S AL AL T IR AS o
FE A0 R T REALFATRE 5 > 52 AT 9 13 J
TR EG, OG5 5 W TH AL R
AL R, Ak ER E S SN SILR S A
FE A, AL RN S, BRAS S AL R) (R B2 4N
MI/INCS,,, B~ e A T AR ) AL FHRBE ()
FAAS R A58 (w0, ) o



678 Uik LY

F % 45 45

1.3.3 RIMAXIBAFRZ

BEAPRAE HTE 1058 20 5B T 48k, 3~
SAEE  BAERES SR A, DOl &< L%
JZ (D, BT RN 0 AL ) F SR B 240 i 2%
(D,,, B7 THFR PN 1) 2 K A S ), R TR A Ay
M52 Ao AL S R R A A B, B e
RN B o3I AL S R AT A ST

WP Salisbury 1) 732, TR FLIE B (ST, 24
K m L) R AN

D,
I, = DS+BDN (1

P& Franks Fil Farquhar™' | Franks 25 i J5

B AR BAERRALTE (g ,.):

Gomax = __Ddd 2

m™ [ad
Vil+ > 17)

A :d 50.000 024 9 m*+ s (25 CHKZESIES R,
Y BORE) s VR 22.4 L mol (25 K BRI
) s DS FLBEBE (No. m™) 51 S FLIREE (BI5E 4
2 B 1 O T 200 it 9, AR T 5% D (B W aw,) 50"
S FL T R (m® A5 1 xm/4) o
1.3.4 RAZLHMZE

RO ATAE K o R FE AR R )
T 32 PR 2, BT EL 1 em® IE 5 TEREAR I A
Mg MR Jedent i I R dl&s R . #
AR KA G, FZE KIS e, IR ik ik
Yooy, (YL o IFE] 20 s~10 min) , V25 77 €45

DD, JRTEGA% i g
TE S RN BEALATIER 5 S HLET , 000 7 AH 4B
FE/m kil 2 Z 1Rl IR RS (d) A/ ki 2 2T 3R
i MBS ().
MR de Boer 55 i J7 1 1158 ik 21 <AL 1 B
INK I3 AR (L o) IR R (K -
Kipperear = 12674 - I115° (3)

Lio=17/(0.56d,) + d’ (4)

2 SR G R PR S G O I A R R (A
JE) AR w2
1.4 HUEAE

ff FH RGui 4.4.0 5] EHE GE 3534, SR Ik ST
FEAS ¢ K5 55 (paired t-tests ) A6: 56 i 32 R FE 4 A1k A
AR AR ) o P R ) A I MR 2 S R
i smart 20 PF A % PEIR 56 2R A7 2k [R1UA 43 #r
5 procomp pRECKT PR B FEA T AR HEAL AL B,
22 T RSN 3 HT I (PCA) o BEi A& 36 1 B /K
i 5E R P<0.05,

2 FHRESH

2.1 MEEREYSEREREYE. B
P8

F1 3 2 T B S ML) 1) AE R I AT fi ) s
PRy R 25 55 AL HAT R A AL SR B2 4 i
A B g 0 B 2 M 2 B L B A AL IR &
55 R YA R Bl A A AR ) i L AE B

R2 REEREY . EEEAEY RN EEERSE

Table 2 Mean anatomical indexes of flowers and leaves of Nymphaeaceae and terrestrial herbs

oo e SELRAN A KN SILERE Eiil i o ko B
s AR KELR %%EZ i IwNY| A &E' %%EZ I i 2% )3 SRR sz& iz
Orean Plant erou Stomatal Epidermal cell Stomatal density/ Epidermal cell Stomatal index Vein density/
& group size/um’ size/pum’ (No. mm™) density/(No. mm™) © (mm+*mm™)
Tifiiijfﬁs 864.12+£124.02** 2 003.17+£335.16™ 26.65+6.424° 528.40+102.49  5.09+1.09""  1.91£0.25*
bia
Flower oy ot
N‘;ﬁrﬁﬁjize 618.88+71.94* 1 125.06+£170.51% 27.89+15.15% 965.03£189.23""  2.51+0.70*  1.99+0.16™"
T@Ei‘sijﬁﬂs 1 088.04+243.97* 3 779.24+1 039.91**  244.85+91.55™ 221.02£76.53%  41.93+10.46™  5.45+1.39™
i
Leaf S )
N’?ﬂ’ﬁﬁiﬂe 292.90+11.35% 276.74+36.01% 529.22+41.66* 3 032.91£293.07*  15.24+1.18%  1.15+0.07%

TE = [ G AN R S 7 7% B S ) 0 i 2 AR A ) PR S TR A [ — R i ) (AT ) B35 28 57 (P<0.05) , [ FUAN [R)/ING - RERR
TE [ — RN AL S 6 B i) — PR B 35 22 57 (P<0.05)

Note: Different uppercase letters in the same column indicated significant differences (P<0.05) between the two groups (Nymphaeaceae and
terrestrial herbs) for the same plant organ (flower or leaf) , while different lowercase letters in the same column denoted significant differences

(P<0.05) in the same trait between floral and leaf organs within the same group.
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The dashed lines and r values represented the linear regression results with significance levels (P) , where black indicated Nymphaeaceae plants

and gray denoted terrestrial herbaceous plants. Solid lines meant statistically significant trait correlations, while dashed lines indicated no signifi-

cant correlation. The shaded areas represented 95% confidence intervals. Error bars indicated standard errors. Given the magnitude variations in

size and density per unit area, different measurement units were adopted to facilitate more intuitive data visualization.
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Fig.1 The correlation diagrams of stomatal density (D,) with epidermal cell size (S, ) (A) and epidermal cell density

(D) (B) in flowers of Nymphaeaceae and terrestrial herbaceous plants, as well as stomatal density (D) with

epidermal cell size(S,.) (C) and epidermal cell density(D ) (D) in leaves
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Different lowercase letters indicated significant differences between groups. The interquartile range (IQR) and median were displayed using solid

black dots and error bars for each individual group. Differences between traits were obtained by independent samples ¢-test.
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Fig.2 Comparison of vein density (D ) , water conductivity (K) , and maximum stomatal conductance (g

Nymphaeaceae and terrestrial herbs
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The dashed lines and r values represented the linear regression results with significance levels (P), where black indicated Nymphaeaceae plants
and gray denoted terrestrial herbaceous plants. Solid lines meant statistically significant trait correlations, while dashed lines indicated no signifi-
cant correlation. The shaded areas represented 95% confidence intervals. Error bars indicated standard errors.
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Fig.3 Correlation between stomatal density (D) and vein density (D ) of Nymphaeaceae and terrestrial herb organs

A O LR A fE Terrestrial herbaceous flowers B I\ i FACHIY) 1 Terrestrial herbaceous leaves
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The shaded areas represented the total trait space volume occupied by Nymphaeaceae (n=7) and terrestrial herbs (n=6). Black arrows indicated the
loadings of traits , including epidermal cell size(S, ), stomatal size(S)), epidermal cell density(D ), stomatal density(D_), vein density(D ), sto-
matal index(SD) , hydraulic conductivity (KD, and maximum stomatal conductance(g_ ).
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