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Hydraulic Coordination Between Pinnae and Petioles in Five Fern Species
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(1. Guangxi Key Laboratory of Forest Ecology and Conservation, Guangxi Colleges and Universities Key Laboratory for Cultivation and Utilization of
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Health care, Guangxi Vocational & Technical Institute of Industry, Nanning 530001, China)

Abstract: To explore the hydraulic coordination mechanism between leaflets and petioles of ferns, the
pressure-volume curves of leaflets of five fern species (Cyclosorus interruptus, Diplazium donianum, Nephrolepis
cordifolia, Psilotum nudum and Pteris vittata) were measured, and the correlations between the morphological
structures of leaflets and petioles and their hydraulic functions were analyzed. The results showed that the
hydraulic efficiency [theoretical water conductivity of leaflets (Kicar) and theoretical water conductivity of petioles
(Kwn)] and the hydraulic safety [water potential at the loss of turgor pressure (¥up)] of Pteris vittata were higher
than those of other species. The pinnae of D. donianum exhibited the highest water storage capacity [absolute

water capacity (Ct) and saturated water content (SWC)], but its safety was the lowest. Diplazium donianum had
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the most dense and smaller stomata and the highest minimum leaf surface conductance (gmin), While Psilotum
nudum had the most sparse and larger stomata. The maximum theoretical stomatal conductance (gsmax) of Pteris
vittata was higher than that of other species. The supply and consumption of water by petioles and leaflets of ferns
were coordinated. The water supply function of petioles was significantly correlated with the stomatal traits.
Higher K was accompanied by smaller and denser stomatal distribution and larger gsmax. In addition, gsmax Was
significantly positively correlated with the area of xylem in petiole) (P<0.05), and gmin is significantly positively
correlated with SWC (P<0.05). The hydraulic efficiency was coordinated with hydraulic safety in pinnae (P<0.01),
meaning that pinnae with higher Kiar have more negative ¥, This revealed the hydraulic coordination
mechanism between pinnae and petioles of ferns, indicating that ferns achieve a dynamic balance between water

transport efficiency and transpiration demand through structural-functional coordination. This adaptive strategy

might enhance their adaptability to the environment.

Key words: Fern; Anatomical structure; Hydraulic coordination mechanism; Hydraulic trait; Functional trait
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Tabel 1 Major anatomical features

B3 S S AL ST O e R0
1 ARG 7

L1 BF5E X AR

NIV IS A RURNTCR w7 = = A R R i A
K2(108°17" E, 22°50' N), J& T30 #iiZs KA,
FEXIRN 21.8 C, FBIFFEKEN 1290 mm.
1.2 SEHtR

TV R SR N 5 MR B
(Cyclosorus interruptus)~ X i Bk (Diplazium donia-
num)~ & Bk (Nephrolepis cordifolia)~ ¥AM: Bk (Psilotum
nudum)~ WRAA R FR (Pteris vittata), FEYIFIERL 5
PRIy 5 5 ELARE e ) ek, DR IR IL A% 7 58 1
PR REE, SCHRERE T BKMY, RidE
I SE2 6 5 BEAT 7K SRR 2D 5 o 70 T A
BAFTE FAA IE(70% L BE: FE: Z12=90:5:5)+, LA
PSR RS Ao AT LI SEER I E T 2024
6 HIEHG SR TR SR E LR 1.

AL Part 455 Abbreviation % X Definition A7 Unit
PH S, SFLK/N Stomatal size um?
Pinna Dy SLEE Stomatal density num./mm?
VD Mk Vein density mm/mm?
&s,max BRHE LTSS E Maximum theoretical stomatal conductance mol/(m?-s)
Zmin,area /R S (L T Y Minimum diffusive conductance (normalized by area) mmol/(m?-s)
Zrminmass /R 5B (3L T i &) Minimum diffusive conductance (normalized by dry mass) mmol/(g-s)
Kicar I F:/KZE Theoretical hydraulic conductivity of pinna mmol/(m?s-MPa)
SWC MANE KA Saturated water content g/g
Fup Ji2 72 5% S 17K 34 Water potential at turgor loss point MPa
RWCy, Ji 2 2K A A 5 7K B Relative water content at turgor loss point %
€ UM PERL R Bulk elastic modulus MPa
Cr 5%t 7K %% Absolute capacitance mol-kg/(s-MPa)
A Dy, KNVE L E R Hydraulically weighted tracheid diameter um
Petiole Kin MRS 57K & Theoretical hydraulic conductivity of petiole kg/(m's-Mpa)
Aphi ) 5 Phloem area mm?
Ax AFHFH A Xylem area mm?
Ty EMUBEEFE Tracheid wall thickness um
Ay EMETH Tracheid lumen area mm?
Ay E A EET AR Intertracheid wall area mm?
4p ML E T AR Petiole cross section area um?
1.3 ¥k FERZ M EL 5 AR 3 R 47 1 SRR, B IRCHL AR e

PRS- LR KH BTk e
JE 1-75 Bl 28 (pressure-volume curve, P-V Hi £8).

A H SRR, BT RO PR, T
REBRK (IR K A [ Fr K535 °KF-0.3 MPa).»
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SKFTERUE, AR E£0.000 1 g, model
ML204T, Mettler Toledo)l &3P F 1 E(FW), I
AL BN R 71 E K A4 (PMS  Instruments, Albanay,
OR, USA)ME B K # . NI/ ER %, JEE
WIERACT, DAAERRRE, B KA R
FERK 78K . TEESR TR, HEm KA IR
Ak, I E AR 5KAAE, HEKA TR
TR RN, THRISREEHRE, FH
FFEBGRBCE B HA, BN 70 CHIBAHE 72 h, 15
HAHDW). e rEEE, mrR R
P-V 2k, FHAKIERHE T IE KA S S KE 2 1A
(126 REE500 ARHF TR oK DR d R AR B A
5 e 42 2 ps B R K 35 Pap) ~ A0 B AR B (©) AN 4 0f
IKE(Cr)o F AT & 7K 2 (SWC)=(FW-DW)/
FWx100%.

P T A R G5 AR 2 BETF P R il
Gk, V21 em® MR, RS SESIRA
B BIHTI[30% (1) S AL S T (H202):100% 1) 2,
FR(CH;COOH)=1:17H1 &5 0o v o AR S B 2 0o 8 T 2]
70 C/KIBH#AT 6~10 h, BELEM FFitaAiE ] HE
FEMRHSASE ST, BRKehZ
R, BRI TR R A K A 2R, R EER
N B DA Bk ) A G AT et . B,
S H 0.5% LY 45 5 min, H[A] FH 2848 /K o 25
T, T 1%BIFRE S G 4 20 s & 1 min,
B J5 FH 280K P 2V o I S R A o 1 R I 28
HEAT 627 B4 (DM2500, Leica, Germany) M %%, -
W IR S A P SL, SEE 10 f558 20 5403
5 ERMEH B REER, AR R
B TS B G A8 Tmage T 54BN &, 1
Jik% FE(VD) S A ik BB A B A AT AR THI AR
PetFs AALKA(Se) s KT MK (See)s TR A0
KFE(l) B 40 5 EGIRTS: AL B 4t H 2= e
20 5 SALFIR S 4 i RS 3R AS , H B DAALET T AR
135 AL 55 FE (Do) 122 2 40 M 25 E (Dee) -

P Salisbury [ 751EBY, @it S FLE B (D) FIER
B 20 B 5 (Do) VS FLFRHU(ST) s SI=Ds/(DstDec) o

P5 Franks SEBIFERT5, @ S FLRNSs)
R FL B E (D) A6 5 e R EEL S AL T (gs.max)s

:(z%.amwagbo/n%)/ug-+€§,h%mx/ﬁ), Hrh,

dy o JRTE 25 CHTPIY HUERH(249%10° mYs),
my AFMEEAGE 25 °C 1723 B /RA4F7(0.022 4 mP/mol),

gs,max

D NAFLEFE (num./mm?), amax NEKSIILKD, d,
NSFLERIREE o amax PTUEALTHEN —(l,/2)%, Horf
L ALK, W8N 12, 1 PR DMK s T
dy SR PR TE RS, THEN 0.364,11.

TERE EMEE T, RAENE K - 1 [
— R g R A, AT RCP
(£0.000 1 g, model ML204T, Mettler Toledo)Fx H:
fEeE, SCRPHBRKEEDI O, HREER. £5%
VSN % N EEAT, W IREERIVR RS, XU R B S
S8 0 JE) L 2 SR, o8 G 7R T B R B o AR
F NN R PRE T, BB 10 min AR 1 RE
B, IO R AR, BT IR (T)
P A GHE EE(RH). 7 10 RIS )5, oA
SORERE R TR, BN 70 CHURME 72 h, W15
FES T H

M4 Buck J5 F2B4, i 7 330 B (T) AP 35
AH XV B (RH) T 518 F1 /K VR & 2% (VPD), VPD=

17.502T
(1 —Ej 0.61121x 24097+T |,
100

B/ N3 B (giin) R Bourbia S5 771,
gmin=WL Par/ VPD, I H, WL HR7K K [mmol/(m?-s)],
H A 2 () SIS (8] (s) IR, FF LA SR AR (m?) T
= () IFFHEEATIA— e Pam AARSJE(101.3 kPa).

R AR & s 77 - 25 R i 2 1) [R) — A PR op B
AR R R, A SR AN SS9 )y #EAT HE T8 1)
P, MU R AAEEE/KPEEE 10 min, EEREV 0.
e RIS UE 3 I, ZRIREIEAR. Qb
BRnr: H 0.5% B LG4 G4 (0 5 min, JHIA] FH 72518
KB RIEE, TR 1% BT RS QB gt 20 s
£ 1min, HREFD, REHKENRN. ET
2 B AR (DM2500, Leica, Germany) R %241
B 20 AT 40 15 B, 7353 Tmage) HC-00 &30 ik
FATRE R (Aac) Sl A T2 5 (Ave)~ PHEIBKTR] R
B R IK B B (d) A i B AL BE 5 (d)) -« H
Brodribb ZFPOI IR IR, TH 5P BAR S KFH
(K]eaf) s K]eaf:12674‘l]—[2071'26, leo:‘L'(dzmx-‘rdzy)l/z, :T:ﬁ
W, o AM KB SFLEIKIIEES, « AREARH N
P8 B A B R (B AT E ), W25 o B ) ]
K EZE R A, B dinn=0.56%dxs dx MRk 8] 15K
IKPERE dy KB SALIIER

HRESHER SN E  RENER
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FHL(RM225, Leica Inc., Germany)ifill{E 40~55 um [
MUY, FREH R B R G (7 A T e (e

TEI622 RS (DM2500, Leica, Germany) |4 5 £
10 BRI, FrPHE R DI 22 EUR (K 1: A).

B 1 U R AR OGRS M . A Al B: 4G C WRER(ER ). B I i R 6 RN o 4m it IR B (40 6.

Fig. 1 Optical anatomical structure of petiole of Diplazium donianum. A: Petiole; B: Vascular bundles; C: Phloem (green), tracheid lumen (yellow), and tracheid

intercellular wall (red).

{5 F Imagel FAIIE: 1 AR AARK T A Jod B 45 44
(Kl 1: C). EHulEBEE (T, EHREK/MER. &
F i TR (AY B BBET R (Aw) 0B S0 TR (A i)~
B AR (V)R MR TR T AR (Ax), AW 1) T T
Fl(4p). &M ERD) &l EE RKmERE, I
AR S5 R [ A AT VB SRAS 1R . s
(T N EEABEY) I - s . KERER
(Dn)=(EDYN)*®, K, D MR 2 ok S8 i B
1%, NAEKEE.

R4 Hagen-Poiseuille & AR ER 16 5K
K(Kn), Ku=(mp/128n)xTaxD%, \H, Ty NEHE
% (num./mm?), p 7K E(20 CHY A 998.2 kg/m?),
T NAKKEEE(20 “CHE N 1.002x10°° MPa/s).

1.4 BHEMG 1T

JIr 6 H 4 FH DK 2277 22 3 H1(One-Way ANOVA)
KB A (Rl R R AE P () R 22 57, R FH B A AH SV 43
HrvPAl PEAR AT AR G, BT AT Geit e AT 3578 R # A
e GUTHI I 2 2 K e N P<0.05. SR
T BRI 2 s A P I AR HE R

2 G

2.1 HHARGK MR 5 R S5 MR E K R

5 PRSI AR E S T KR (Kn) SILEE
(DYFVSFLRNS) W 2.0 Kin FE0 A0 R B> XU 56
B> B> B S FATT R, 4 0.041~1.715 Kg/(m-s-MPa);

Dy N > B >R KRB B> B > tA T iR, A
20.695~171.76 num./mm?; Ss AFA > >l
B> FR>FEIR, N 397.656~4 552.134 um?,
FRPE TR, Kot Dy 25835 IEF X (=0.944,
P<0.05); K5 Ss 222 1A% (=-0.882, P<0.05).
SRR RED T, SRR 5 RLE
FEEYIMDR, BHAFLEK, HSKERRARX B,
2.2 P FEAKHER S B S ERI R R

5 PR B K T F P (Goman)~ HHARA R
S TR (A ) FH A9 470 2 308 T R (A i) A S 4 PR 2 A
VIEET AR ) /N3R5 P (min.area) WL ] 30 gmin,area
N R i B> B B> W s JRUR B> R, N 34.247~
45.328 mmol/(m*s); g max JIRRIA KR BR> X 5 B>
B> R, N 0.550~1.682 mol/(m?:s); Ax
R > R W R R > B > B >R R, N
0.031~0.465 mm?; Apn X5 B> KR B> 6 >
B IR>FA R, A 0.037~1.440 mm?. FHEHE R
B, gminarca 55 Ax~ Apn IR EZ M RN gomax T Ax
£ 3 IEA(=0.928, P<0.05), {H gumax 5 Apn L
AR 25 RN B KRS S AR
FOTHIAR B B AHOC, 1T ) R F T AR L s A .
2.3 fkIRE SFEKTIRERIR R

4 FRBRFMEYIEET B2 1B/ N 2R F P (Gminmass)
AR 5 Ffr ik A D0 10 1) B 5% /K 25 (Cr) R AN 7K
E(SWC) I E 4 gminmass JRL ki k> 6 B> i A
B>k, N 0.644~1.249 mmol/(g's); Cr N



292

T AR A A

34 %

@
3

D, (num./mm?)
=)
(=)

50
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0.5 1.0 15 20
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Pn: FAHBR; Pv: IGHA R

Fig. 2 Pearson correlations between theoretical hydraulic conductivity of petiole (Kiw), stomatal density (D), and stomatal size (S;) in five fern species.

Ci: Cyclosorus interruptus; Dd: Diplazium donianum; Nc: Nephrolepis cordifolia; Pn: Psilotum nudum; Pv: Pteris vittata. The same below

0.6 - r=0.769 0.6+
P=0.231
Dd
04+ 04+
g.g Pv
=
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02+ S S— 02
Nc
*
0r 0k
1 1 1 1 1 1 1 1 1 1
1=0.653 =0.798
P=0.347 P=0.105
15} Dd 1.5+ Dd
< 1.0+ 1.0F
£
< Pv *Pv
0.5+ Ci 05F Ci
—’—
Nc Nc
L g *
ok ok APn
1 1 1 1 1 1 1 1 1 1
30 35 40 45 50 0 0.5 1.0 1.5 2.0 25

Zuinarea [(MMOl/(M?-5)]

Zomux [MOL/(0*+5)]

P 3 5 FBRSAE ML T AR ) 55 /N 2R3 BE (@i, area) IR R B AR AL 3 P (g ) 55 A 5 B T AR (A0 1) B BT (A ) ) Pearson AH G o T FRART B4
ARIEFHIT, g HRA 4 FEEH. T

Fig. 3 Pearson correlations of minimum diffusive conductance normalized by area (gmin,area) With maximum theoretical stomatal conductance (gs max), Xylem area

(4) and phloem area (4pn) in five fern species. Since Psilotum nudum lacks true pinnae, there are only four species data in gpi,. The same below.

Fii > Bk >t ds R R > B > R N 6.744~
27.158 mol-kg/(s-MPa); SWC AX 3 Fi>Fa M i>E
B> BRI KB BR, N 2.619~5.720 g/g. FHRME

ﬁ*ﬁ‘i%lﬁ s Zmin,mass 5 SWC I‘mﬁEE%E*ﬁa‘%'I‘E(F
0.966, P<0.05); gmin,mass 5 Cr. Kn ¥0 R F KM,
Gomax 5 K [HAF1E 2 35 IE A M:(=0.921, P<0.05),
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