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Analysis of Eco-physiological Strategies of Fern Species Based on Leaf Traits
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Abstract: To clarify the adaptability of ferns to environmental changes, thirty typical terrestrial fern species were
selected from tropical and subtropical regions, measured their leaf (pinna) morphological structure, mechanical
resistance and water relationship traits, and used the corresponding traits of 54 woody angiosperms in the same
region as a reference. Combined with phylogenetic and trait network analysis, the correlations of leaf traits in ferns
were analyzed. The results showed that compared with woody angiosperms, ferns had lower puncture force (Fp),
weaker embolism resistance (P50iar), and higher turgor loss point (¥yp), indicating that ferns had lower resistance to
mechanical damage and water stress. The saturated water content (SWC) of fern leaves was significantly positively
correlated with Py, and P50ief, suggesting that ferns balanced their relatively weak drought tolerance by increasing
leaf water storage capacity; the SWC of angiosperm leaves was not correlated with P50i.r. The F}, of angiosperm
leaves was significantly positively correlated with leaf mass per area, leaf thickness and maximum leaf hydraulic
conductance; the F}, of ferns was only significantly positively correlated with leaf thickness, and the two evolved in
concert. Therefore, different plant groups have diverse strategies for adapting to the environment.
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Table 1 Thirty tropical and subtropical fern species

1Y) Species

Al Family

s Site

¥k Height (m)

BRI HBR Arachniodes cavalerii
WIRTEW Cyclosorus acuminatus

B Diplopterygium glaucum
XUk Dipteris conjugata

WO EET R Dryopteris polita

BEJR Histiopteris incisa

LR TR Microlepia hancei

%H Osmunda japonica

R e Bk Plagiogyria euphlebia
BRI R B P falcata

W Pteridium aquilinum

FHALLE Pteris multifida

¥ Woodwardia japonica
EWRA Diplazium dilatatum
5% Odontosoria chinensis

AIUHE Pteris semipinnata

WA RBTR P vittata

RS Alsophila costularis
WL B Angiopteris yunnanensis
5Bk Blechnopsis orientalis
4EM) Cibotium barometz

Km5Zk Bolbitis heteroclita

T5H Dicranopteris pedata
JEM 55 R Diplazium crassiusculum
AL B Diplopterygium chinense
W Gymnosphaera podophylla
BBk Nephrolepis cordifolia
HERPFTEH Plenasium vachellii
2Lt H Wk Pronephrium lakhimpurense

=Xk Tectaria phaeocaulis

% P} Dryopteridaceae
42 HFL Thelypteridaceae
B % Gleicheniaceae
XU BEEL Dipteridaceae
% E i F} Dryopteridaceae
Wil%A} Dennstaedtiaceae
Wi Al Dennstaedtiaceae
2HFL Osmundaceae

JRI 2B F} Plagiogyriaceae
JRI 2B F} Plagiogyriaceae
Wi Pl Dennstaedtiaceae
RUZF} Pteridaceae

5 E A} Blechnaceae

Wi # BRFH Athyriaceae
45 BFl Lindsaeaceae
HEREL Pteridaceae
REREL Pteridaceae
WPl Cyatheaceae

G HF} Marattiaceae
5EJ%F} Blechnaceae
B Cibotiaceae
% E i F} Dryopteridaceae
B H# Gleicheniaceae

B #5BREL Athyriaceae

B H% Gleicheniaceae
WP Cyatheaceae

B Bk F} Nephrolepidaceae
HF} Osmundaceae
4B BEl Thelypteridaceae
X iF} Tectariaceae

KBl Damingshan 0.45~1
KBl Damingshan 0.7~0.8
KBl Damingshan 1.5
KB 1lI Damingshan <
K1lI Damingshan 0.75
K1lI Damingshan <
KBA1 Damingshan 1.2
KBA1 Damingshan 0.5~0.8
KBH1lI Damingshan 0.45~1.25
KBl Damingshan 0.25
KBA1l Damingshan 1
KBl Damingshan 0.2~0.45
KWl Damingshan 0.5~1.2
Hil4% Gaofeng 1~1.5
& Gaofeng 0.65
=% Gaofeng 0.3~0.8
% Gaofeng 0.2~1.5
R Fubo 5
R Fubo 2
R Fubo 1~2
R Fubo 1.5~3
+7iK1l Shiwandashan 0.25~0.3
+7i K1l Shiwandashan 0.45~1.2
+7i K1l Shiwandashan 0.6~1.0
73Kl Shiwandashan 3
75Kl Shiwandashan 1~3
+ 7K1 Shiwandashan 0.3~0.7
+7i K1l Shiwandashan 0.8~1
+7iK1l Shiwandashan L5
73 Kili Shiwandashan 0.6~1.4

A B (LT, um)32J F Imagel B4 & o ik %5 FE
(VD, mm/mm?)AHRLES A & 0 i ik K FE -5 00 T R
1 LEAE -

K I72E MR I E AR TR E 1A
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TR AR N A, W E AN RIK A i 5 E
B KEFRRGEF N Excel RIFLHIKB S5 HE
BT E, MBI HURE IR S,
5 URoK A E B D 2 AR S o K e R
Frad I E M AR, & JE RN 75 CHY
MAE 72 h JFIEM TR E . YRR IE 5
Fr/NE B CR BEAS RIAMAR) o Jl sk I R - A i 2
SMTARFUIR AR E - ARS8, i EA

B 3 2K 5K 3 (Pap, MPa) KA E I -1
i 8 DL R R I e 32 Ok sHT S S IRIARIHEAL K [ C,
mmol/(m?-MPa)]. M-HIHIE K E(SWC, g/g) WK
REN KRS AT E R e . e 5
(LMA, g/m*) At i E S5 iRt E.
W PE(LD, g/lem?®) AL T &5 )8 B2 HoAE - 1 A
SKEEN 2 57K 2 [Kicar, mmol/(m?-s-MPa) il
Fags e th &2, B EKRZBWAS, K aR) O
B, PRTHESES E BRI, DIERIBUNE ) A
K, B R R BT BE A SRR N BT 1 he
XTI R SRR R, P BRI = R
RS NS H AR T4, LL 2 FrAHAR/ NI B /KA
SEIMEEE /DT 0.1 MPa) NG K3 (Wo). 1E
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5E. fHiH SigmaPlot 12.5 H1[#) Sigmoid J5 FEEZE M
TG Yo Ml Kiear ARG R, RIS A 55
2. RGN KRBT EKBAZ B SK
HRA K FIKFE (Kieat max)s HTEE Kicat max P
K2 50%[ 7K H(P50icar, MPa), FT-3RAEM
ik ZERE ST

PugsiteE WP R AR 3 HT
i S AR RE (1) /Nt e, A8 BB TR HL(ZQ-
990A-9, Z5E, o )l 2 AR o MU BTN
WEAPAR T, WEE N 80 mm/min, AEFE
4 0.001 No fHHEAZ N 0.5 mm K5 4 8 vl 5
AN R R R R, RS I(F) . TR I BT 2 kO
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HAFAMAR) 3~5 AP, iHH F 58BERA KK
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1.4 FERG RS

A SCUCER T 3R E HGHT PG AR AR 54 Fh gL A i)
Sk J2 O 5k 2 A AR A 1 e TR A (1 B e
Hr R AR ARRE A 1043], S BE AR A A )5 A 72 3R
FAEY o3 A0 T A — S X3, e 75

FIFH SPSS 27.0.1 HEAT L FEA ¢ K56 LR B2
HY SARY FHEDHRRMESR, REEKEN
0.05 CRURATE): e B 75 22 43 B s I s 8 o
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Table 2 Difference in leaf traits between fern and woody angiosperms

7E R 4.4.1 H5E[%. #]H V.PhyloMake £, 2T mega-
tree GBOTB.extended “E Sk FAEYFIAR A 114
KRG R B, §F] ape £ K phylosig A 201t
5 Blomberg’s K {H, XHHARFATRAKEE TR
MBI, g ape BT pic AT RS0k B AL
FLie, 2BRRGUK B AN HR 1 5 3 5 el
4 A IR B B O IR I 28 759 A5, PHRIR 2z Talik
33 K (P<0.05) AR 95 5% R E M, A A
igraph /58 F P PR I 285 1T T AR RT 1 R R AR 1 T
o 53 RN BRI FIR A T R AT 9999
RBENLERRE, R AN L IR X 2 FE 1 B )
28 IREARRRE, B 8 multcomp 31 Tukey
GRS BTG AR AE AT 2 B LU

2 SR

2.1 #ilp. W BRREY SRR FHEYH R

I b

BV SRV N R L R ER TN )
HGER 2), RABREHEDEAGE ST SWC Pyp F
P501cars B LT. VD LMA. LD+ Fy 1 Kicaf maxo
TSGR FAEVIAAEL, BRI U
P AR e DU, 7K 5338 fa R 0 A S 055,
HEAR KRS
2.2 MR RG K E 2T

REGRBEESMEEMERIGEREN, M
YRR AR TR PEIR 2 RS0 152002 B
RIE(F 3). BRIHEYI LT (1 K454 0.75 (P=0.006), F,
) K {54 1.20 (P=0.001), FREAMEIR LT A1 F, 52
R R o BRI FHAL RIS R R I B3
ARG K EET(P>0.05). KAY TR H IR

[E27N FRERD) amicky] P

Trait Fern Angiosperm
M F )5 Leaf thickness (LT, um) 183.88+12.93 255.22+14.02 0.001
ik % Vein density (VD, mm/mm?) 1.44+0.15 7.71£0.37 0.000
L5 5 Leaf mass per area (LMA, g/m?) 50.06+2.33 106.48+5.41 0.000
BRI & /K Saturated water content (SWC, g/g) 2.87+0.17 1.72+0.08 0.000
%5 Leaf density (LD, g/cm?) 0.30+0.03 0.43+0.02 0.000
Ji R 2 2k 2. Leaf turgor loss point (%, MPa) —1.53+0.05 —1.71+0.05 0.020
K 57K % Maximum leaf hydraulic conductance [Kieat max, mmol/(m?-s-MPa)] 8.92+1.14 15.14+1.12 0.000
PUFEFERE ST Leaf cavitation resistance (P50, MPa) —0.85+0.04 —1.74+0.08 0.000
%F il ) Leaf force to punch (F,, kN/m) 0.22+0.01 0.74+0.06 0.000
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Table 3 Phylogenetic signal of leaf traits of fern species and woody angiosperms

PR BRIHIY) Fern BT HI%) Angiosperm

Trait Blomberg’s K P Blomberg’s K P
LT 0.75 0.006 0.32 0.382
VD 0.24 0.728 0.14 0.968
LMA 0.29 0.523 0.28 0.478
SWC 0.49 0.058 0.33 0.392
LD 0.30 0.460 0.45 0.040
Pip 0.28 0.583 0.34 0.291
Kieaf max 0.30 0.405 0.33 0.319
P50;cqr 0.29 0.525 0.39 0.127
F, 1.20 0.001 0.37 0.210

FERAS 0 2. TR

Trait abbreviations are shown in Table 2. The same below

LD B EBEMRGKEE 5 (K=0.45, P=0.040)4},
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P50iar 15 LMA B3 H1AHK: Kicat max 5 LMA Al
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LD WA PSO0rar 5 HARTERIIAFATE Kicat max
515 LT, LMA fl F, B2 IEAH2<, 5 VD B30
AHR(E 1: B).

A
LMA
SWC
ND
LD
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LN
FP
Kleu f max
P30

FRIFEDII SWC 735 5 Pap (P<0.001)~ Kieat max
(P<0.05)11 P501car (P<0.05) %53 IEAHSS ; KA 1
¥ SWC 5 Wy, (P<0.001):% 2% 1IEMIFE, 5 P50t (P>
0.05)F1 Kicat max (P>0.05)BIAM (K 2). BEHIRRE
HEL A8 Tk 2 vy I I 7K B 0 AUARET AR 55 A T 5 B8 T
P77 22 53 BT 3 A BRZRAE Y 5 R AR TR 1) SWC
5 W, L A J7 F2 1) /L 5 B 2 22 7 (P<0.05,
Kl 2). RH pic HiEEBRARG KB RMIGE, BRIHE
Y SWC 57K SR A SIS i 2

BRI (Fp) I 5 LT &% IEA 2%,
5 LD BFEFAR, HKIMRMISHERN RS, K
AT Fp 5 Kieat max~ LT A1 LMA .35 1EAH
K, Fp,5 VD Ml SWC ZE AR E 1). ®RITED

B
LMA
SWe
0
LD
LT
¥,
FP
Kt s
PS0yc

B 1 RE RO TR NS . A BRBHEY; B: AR T, 46 IEHRKER, S KK R(P<0.05); LAAMRARM R
R T KRR IR R o Pearson AHSGHE LB SR 1, TR bR 100 206 B 8 AR 00 A0 3 S AR LAY 55 2

Fig. 1 Leaf trait networks of fern species and woody angiosperms. A: Fern; B: Woody angiosperms. Red: Positive correlation; Green: Negative correlation

(P<0.05). The thicker the lines, the stronger the correlation. The larger the node, the higher the connectivity. Pearson correlation, overall traits and node traits of

leaf trait network see Supplement 1 and 2, respectively.
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Fig. 2 Correlations of leaf hydraulic traits with saturated water content (SWC)
in fern (@) and woody angiosperms (). ¥y,: Leaf water potential at turgor
loss point; Kiear max: Maximum leaf hydraulic conductance; P50y, Leaf
water potential at 50% loss of hydraulic conductance; ns: P>0.05; *: P<0.05;
**: P<0.01; ***: P<0.001; rpic: Pearson correlation of phylogenetic indepen-

dent contrast. The same below
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