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Cuticle, but not Stomata, Regulates Minimum Leaf Conductance in
Magnoliaceae

DU Li', ZHANG Tianhai?>, LIAO Liangning®>, CHEN Xinlan®, LIU Hui’, QIN Xinsheng',
LIANG Xingyun**

(1. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2. Dexing Forestry Bureau, Dexing
334200, Jiangxi, China; 3. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: To understand the response and adaptation mechanisms of forest plants to drought, the minimum leaf
conductance (gmin) of 26 Magnoliaceae species (16 evergreen and 10 deciduous) in a common garden was
measured. The results showed that the gmin of evergreen species [6.5 mmol/(m?-s)] was significantly lower than
that of deciduous species [11.6 mmol/(m?-s)], and gmin Was generally significantly negatively correlated with leaf
cuticle thickness, but not significantly correlated with stomatal size, density, and stomatal index. The gmin
decreased with the increase of mean annual temperature (MAT) of the species distribution area, but was not
significantly correlated with mean annual precipitation (MAP). However, in evergreen species, the gmin
decreased significantly with the decrease of MAP in distribution area, indicating that reducing gmin Was an
adaptation strategy to drought adopted by evergreen species (but not deciduous species). In addition, evergreen
species had thicker cuticles, which explained the lower gmin. There was significant interspecific variability in
Zmin of Magnoliaceae species, and it was mainly regulated by cuticle characteristics rather than stomatal
characteristics. These would provide a new perspective for revealing the drought adaptation mechanisms of
plants.
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I E [ BURT 8] <A AR A L 1128 52 22 (IPCC) S5 7N
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EIUMREERN, FEE SRR ENESA E, TRH
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MR LR, gmin BEAE FE/KE T BT R E T
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<120 mm WA . AR guin SHEMET
AR AR TS I ) B AR U510, AR R £ 15 3
SRR AR SO T F DL SR RS RGE I 7= 7t
BRI, gmin 2B EAEET 2564 T KD REFRES)
J T RGP B B AR AR, (A R T AR
() 7K 85 1Y 5 ) 25 R e S R (s — AU i A8 2R
CliMA Land)ff EZ S5z —U81,
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A IREAR Rz ) oEM MEiat AR, A
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R, SR, UETEEE 12 RZERHEIE I
7 TUCN Wifa¥fh 4 28290, [k, RSB
SN, AT HEIFHREARERHEY), T HT 5
T RS R T . A 5T DL R AR A el R 2%
bel 1 (1) 26 PR 2 BHEY NI FERT R, WE T gmin
Fng 5K, BRI T gmin 19738 S5 P4 0 52 ) A
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P E (3t 26 FARZRHEY MBI 1), 1ZHIX
Ja& FAes A By ik Y My, AE35R 23.7 °C, Y
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75 C BT HMRETE. R A EE S TERE
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%, Tss RBZEFRE, Tepia=Tupt Tiows M JERE, LT=
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Tups Tpv Tsv Tiow M Tepiae FH 0.5% T3S HITALBNT
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M GBIF %4 /% (https://www.gbif.org) 3k B AN [F]
YR E AT HE S, FE45A Plants of the World Online
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1.3 B/M G547

AT IR STAREAS ¢ A6 EL H SRR AN I e 22 ]
IPER 22 5, MR HRADL G PI0 B R e Atk 1B ) B8 2 [
VAXT gmin 5 AMEAILE VIR IA 5 RHBEAT 04T, Fl
3 B4 43 T (PC AR 2 MR 5% RBEAT A0 HT o 7EAE
F ¢ K36 2 1, T UG AR AT T logio ¥4t LA
R EAME .. 7€ PCA Z 0T, FTE IR EE#
WABME RN 0, bREZEN 1T IESAT bRtk .
NTRBENMMEROARGEREE S, I Dong
AR 2RI RGR BN, 1 R - “phytools” !
T RGRER, JFFIH R A Picante” K i1 5 %
PRI Blomberg’s K 8P, K B BIZ IR
RY R E RSP HERGRPS, DUEFTE T4 R 4.4.0
k476,

2 SR

2.1 HHEHERER

26 FiAR 22 BHEWI gmin A 2.2~17.1 mmol/(m?-s)
(), FAEAF I [BA7E 23 2 7(P<0.01, &
2). b, WEAEMIN) gmin N 2.2~13.1 mmol/(m?-s),
N 6.5 mmol/(m?-s); TEHAEMIN gmin N 4.3~
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LRI A 2 R (B R R RS, P<0.001;
TREMREBERE, P<001; fAiERERE, P<
0.001). KEZEFE(EFRLER, P<0.01; FREE
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FE(P<0.05)~ M JBE(P<0.01)F1 LMA (P<0.001)3
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22 BN FESSBEHRA

AR Z=RLE Mo AT L MAT S8 15 'C~22 C,
MAP A 1 300~1 900 mm; M LLZ T, JEHYF 5
i) MAT #:4%, N 9 'C~17 °C, ifii MAP &%),
N 900~2 200 mm (K 1) R ZEEHEYIN gmin 5 MAT
R 2 U IR R (P<0.05), 15 MAP & #EAH %
PECE 1) 2RTT0, HERADFII) gmin B MAP " & 17
22 PR (P<0.05), 1M 7& 455 MAP TG &2 3 A
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2.3 HAERE KRR EERG K ER TS T

KRZEBHEDIN gmin 5002 JEBE(ER AR
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126 AR ZERHEMIR 3R/ T (Gmin)

Table 1 Minimum leaf conductance (gmin) of 26 Magnoliaceae species

) > ARSI FEW K E Zmin
Species Habit MAT (C) MAP (mm) [mmol/(m?s)]
i 16K = Magnolia grandiflora H 43 Evergreen 17.9 1314 22
BEA Lirianthe albosericea H 2% Evergreen 17.9 1347 2.3
ARWA 2 L. mulunica H 2% Evergreen 17.7 1381 6.1
LIAEARE Manglietia insignis i %% Evergreen 15.7 1395 3.6
AL E K Michelia crassipes 5 %k Evergreen 17.4 1457 10.4
KM ASE Manglietia dandyi W %% Evergreen 17.9 1 493 6.6
Wil AR Woonyoungia septentrionalis %% Evergreen 18.9 1494 45
FWAR 2 Lirianthe championii H 43 Evergreen 21.4 1515 7.8
AL Michelia figo # 243 Evergreen 19.0 1555 7.1
A& K M. shiluensis H 2% Evergreen 20.0 1581 7.8
I HRAVE Manglietia kwangtungensis H 2% Evergreen 20.0 1 600 5.8
SEMARIE M. lucida 4t Evergreen 17.2 1604 115
BEF K2 Lirianthe odoratissima i 4% Evergreen 18.1 1639 7.6
I IR 5 Michelia guangdongensis % Evergreen 19.8 1 668 43
JEMASE Manglietia pachyphylla %% Evergreen 20.9 1711 32
W& AL Lirianthe coco # 23 Evergreen 20.9 1831 13.1
HH#H K> Yulania biondii 7% Deciduous 13.9 927 8.3
T Y zenii 71 Deciduous 15.1 1229 11.3
A E= Y denudata 71 Deciduous 16.4 1293 43
KK Y liliiflora 7£M Deciduous 15.6 1386 122
KA Oyama sieboldii %1 Deciduous 9.3 1396 17.1
Y ATE Manglietia decidua & Deciduous 17.1 1411 12.7
RYHEMK Liriodendron chinense 7 Deciduous 16.5 1421 154
H AT Yulania kobus %It Deciduous 10.6 1473 59
#ILE= Y. cylindrica 7% Deciduous 16.5 1597 13.3
BAEEZE Y stellata 71 Deciduous 13.0 2152 15.4
2 RZRHEYIIMH F PRI ARZ R ERES
Table 2 Leaf traits and phylogenetic signals of Magnoliaceae species
PEIR et i S FEA ¢ K36 Independent sample t-test iR B 155 Phylogenetic signal
Trait A_bbre— Unit [ dnt P Blomberg’s K P
viation Evergreen Deciduous &
I #7155 £ Minimum leaf conductance Zmin mmol/(m?-s) 6.5 11.6 0.005 0.27 0.312
Lt E Leaf mass per area LMA  g/m? 112.2 62.0 <0.001 0.45 0.066
R PYHAEK E Guard cell length GCL  um 23.7 27.8 0.043 0.27 0.358
KFLEE Stomatal density SD mm2 277.2 293.0 0.970 0.18 0.681
ALHARYEHL Stomatal pore area index SPI % 16.1 20.7 0.033 0.48 0.026
I JE & Leaf thickness LT um 307.0 219.6 0.007 0.45 0.044
3 2 JEJE Upper epidermis thickness Tup Hm 32.5 19.7 0.003 0.36 0.179
M2 A4S Palisade mesophyll thickness T, pm 94.8 69.2 0.082 0.37 0.137
4R ZUE ) Spongy mesophyll thickness T um 159.9 117.6 0.020 0.31 0.197
N3 7 JEE Lower epidermis thickness Tiow um 19.7 13.0 <0.001 0.22 0.474
R P BB JE Total epidermis thickness Tepia  pm 522 32.8 <0.001 0.29 0.289
LR )R EE Adaxial cuticular thickness  CTog  pm 1.80 0.67  <0.001 0.46 0.200
N KA )Z R Abaxial cuticular thickness CTyp  um 0.78 0.31 <0.001 0.72 0.028
)i )2 2B B Total cuticular thickness CTot  um 2.58 0.97 <0.001 0.52 0.096

FEE, P<0.05; FEREMAREEE, P<0.001; fi
JRZBJEE, P<0.001) 2 5 EMAELME R R, B gmin

8 A1 52 T3 BE RGN T 2 25 1 B 2) . SR, X ek
VIR guin 5 USURFEBCE R E MR, ORI
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Fig. 1 Relationship between minimum leaf conductance and mean annual temperature (MAT), mean annual precipitation (MAP) of 26 Magnoliaceae species.

Black line show regression model for pooled species, while green line for evergreen species. *: P<0.05. The same below
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Fig. 2 Relationship between minimum leaf conductance and cuticular traits (A—C), stomatal traits (D-F), and leaf morphological traits (G-I). Abbreviation see

Table 2. Yellow line show regression model for deciduous species. **: P<0.01; ***: P<0.001; ns: Not significant. The same below
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MR R ERSILIIARIE R A, gun 5
LMA 2 &3 1196 R(P<0.05), 1 5M &R K
REETLREEXRR,

F s BT (PCAYES SRR B, 1T 2 A E o 3
fiERE T D RE MR A2 5 1Y 62.1% (B 3). S5AH
KM EE B—5, PCA £, ARZRHEYI
gmin GHZE R LMA AKX R, 5L
FREFIN R 2 IER R R(E 3: A). HEF S

@ 4% Evergreen

W YIFIIE gmin FAZEEFER LMA #4500 3 %
gy AT 4 B (B 3:B).

Blomberg’s K fH M HTR B, AZBHEMS
FLIHI AR 20 (K=0.48) I 7 B (K=0.45). L3RR
FRZBEEK=07)RIHE B ENREKE RT
PEAE 5 (P<0.05), B2 2% 5% ST 1) ) Fh 753X L8 4
W EHEABUR 2). HAMRBERZENRARE

55,
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LA B
1.0 P °
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{ ]
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I | -3 Il 1 1
-2 -1 0 1 -5.0 25 0 25

PC1 (45.9%)

B 3 ARZRHESIH R fs/ NS RAR SRR R 0. A HRREAT; B MRk 20 o

Fig. 3 Principal component analysis of minimum leaf conductance and related traits in Magnoliaceae. A: Trait loading; B: Species score.
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AHIE TR RR B P gmin 2 KT I 1
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TS I AR AAEWN ) @i LB TV A
AR, (HHT 2 KEWNIBZERER, Kz R
HARZE  AATE— T KR EE R meta 23 B 1 145
7RSS R, B SR R A EYI N gmin 22 57
FA BB H R AT A AR ZRHEDI iR
B, LRI gin AKX EHT AT Fhrs i
FIF A 52 [FII), Burghardt 25400} 3 Fpygin:
2 Pl SRR EURIE R R, W SAE A 52
BIEMEREICTIEHEYI(HZE 10 £%), XAk
ANTEI I S PERRAE 7K 53 R PR A T I SRS

B TE N R E KT S gmin HOPRARTR ZEHED)
PN T 22 11 e 8 05t >R A 2 L %) A Jo J2 AN R s 1)
LMA, MIMTE BRI DR FF DR SF FElg o 1K — SR BE I
W5 BRI ST B A (B 3 AU I R Y, D
= LMA FHE A 53 2 A A 3 B BRI 6 & R

71, AHAEK DRI EREARERSY o MHELZ R, V&M
ol A A SR P DR PR B[R] A SRS, I e A i B
i B K A5 AR A A AN SR B R R, X
5 A TR TE DR gmin 5 AL TR R 2 T1AR G
aiie—2, RUVEHYREH BA BRIl
BUIEE REVS IR R e & 1F I AIRE T, (H Rt 38
T IR HR I RRE o X0 SIS AU 5% 2 S e 1 e
[l P 283 5 Mt KT 52 2 8] 8 A 2 T R A
3.2 AZRHEYH A RN FESSEAEREIR R

A FEERR Y] gmin 5 I 5 BEATAE 25 B
MIRRAR . RIGTET U AYE ], B
JE 5 AR B A R B, R R A T 4
BN HPRT, T FEAR g7 A1 5UZ L EE B
TR R AR S AT o R ke, LA B I R PR MBS |5
7R R A, BIBUE A A bR 28 22K 7> R
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BN K, BRIERR FIKN gmin PTRES
SALER(EE =L SALE MR, DA
FOAF H ARl gh U223 {H A 9 45 IR R B A AL
YERE gmin 2 [AIFFEA BEIACME . TEIE 40 Fh
i, S SLHFRFE RS gmin 1253 1A, 5 Machado
G TGI8 7 iy A 0 5 L S ) P R Wt 9T 45 SR —
o XA HE A KA [E] X 17K 2 B PR AN [
A 85 BUE YK DA [8] (1 3& S AL . FE AR IR
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BT gmin ELEEREUREAD 7K 0 I SRS, 550
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FERFARNE, X T NIRRT R 2, H
55 Wang BB AAERA PSR X AR TG
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WM AT RERISS T gmin 5 LMA Z I8 RIS
3.3 RZRHEYH BB/ ES T REN K
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A B B BIER FH SR g 123 N R AR KSR A
Gmin w35 AF], 5 KRS BN RS (05 A
bE, POEA KB TE R iR R R A S, G R
Ko Bk, FEKDFRRRFZMET, RARVFELZ A
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