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Coordination Relationship Between Drought Tolerance and Mechanical
Resistance of Leaves of Dominant Tree Species, in Xishuangbanna Tropical
Seasonal Rainforest, Southwest China
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Abstract: Regional droughts caused by global climate change pose a severe challenge to plant survival. Plant
drought resistance and mechanical resistance are key factors determining their growth and survival. Tropical
forests, as the terrestrial ecosystems with the highest biodiversity and productivity on Earth, however, the
relationship between drought tolerance and mechanical resistance of their dominant tree species leaves remains
unclear. This study took the dominant tree species in the tropical seasonal rainforest of Xishuangbanna as the

research object. By measuring key morphological and hydraulic traits such as the pressure-volume curve of leaves,
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leaf mechanical resistance (LMR), leaf dry matter content (LDMC), and leaf mass per area (LMA), and
combining phylogenetic analysis to explore evolutionary relationships, the relationship between leaf drought
tolerance and mechanical resistance and its driving mechanism were further analyzed. The results showed that the
morphological, hydraulic traits and mechanical resistance of leaves of tropical seasonal rainforest tree species
varied greatly and were not significantly constrained by phylogeny; leaf drought resistance and mechanical
resistance were significantly positively correlated with LMA and LDMC; leaf drought tolerance and mechanical
resistance were also significantly positively correlated, and this co-variation relationship was regulated by leaf
structural investment. This reveals a synergistic relationship between leaf drought resistance and mechanical
resistance in dominant tree species of tropical seasonal rainforests, providing a scientific basis for understanding
the ecological adaptation strategies of plants in this region and predicting the dynamics of forest communities
under climate change.

Key words: Xishuangbanna; Tropical seasonal rainforest; Turgor loss point; Leaf drought resistance; Leaf

mechanical resistance
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Tablel Species information

¥ Species £l Family 2] Habit HEVERY Life form
WA Microcos paniculata %R Malvaceae Gk INFEA
FTAAKRZET Litsea panamanja 15K} Lauraceae H AR
HMFE RS Imbralyx leptobotrya ZF} Fabaceae LR INTRAR
ekt M4 Phoebe lanceolata £} Lauraceae ok A
ENFE4E Castanopsis indica 76} #} Fagaceae Gk A
FELETH Syzygium fruticosum Bba 4R} Myrtaceae G TR
& IR Pometia pinnata JC B FF Sapindaceae Gk EI7N
P Bauhinia variegata 7} Fabaceae T EIN
IR Mesua ferrea 21 JE5% %} Calophyllaceae Gk EI%N
HRMW Parashorea chinensis J M7 £} Dipterocarpaceae LR AR
FAMRE Choerospondias axillaris W F} Anacardiaceae & AR
P Macaranga denticulata Kk} Euphorbiaceae VA& AR
2 ARBFME R R 455 S
Table 2 Functional traits, abbreviations and units in this study

MR Trait 455 Abbreviation A7 Unit
iR Leaf area LA cm?
MR JERE Leaf thickness LT mm
AT FY5i & Leaf mass per area LMA g/m?
TR 45 & & Leaf dry matters content LDMC %
YIFIE K& Saturated water content SWC g/g
HFNiBiEH Osmotic potential at full turgor ') ~MPa
JB 3% 2Kk #45. Turgor loss point o ~MPa
2R s IR & 7K i Relative water content at the turgor loss RWCrpp %
2 i BE 4 MEBE R Elasticity of cell wall € MPa
AU ST: Leaf mechanical resistance LMR MN/m?

MG 3 AT 8 A4 (Image) ) TH &M AR, SRS 1E 75 C
BT 48 h, L T-EH(DW). 2 Bartlett 25
BIbRAE T %, THEAR B M RSE (W)
JEAE R A KA (Pap)~ B IE R A AR5 7K
H(RWCyp). PR R (e). HAE K E(SWC)EEK
TR SE, KPS /KETHE N SWC=(SW-
DW)/DW.
1.4 MR TSR 2

A2 AR R AL B R EE 6 it R
RFRRIU (e (P W), RS T i
AR (LA), FRAEH A ZE K E 7K 30 min 2
Je, MR ESW). ZEREMmET 70 CHt
T 2D 720, HLFETEDW). THERALM
[HAR T B (LMA)FI I F T4 )5 &% f2(LDMC), LMA=
DW/LA #1 LDMC= DW/FWx100%.
1.5 MR UL 2

FIFH BA B0 52 7K 70 PR R 25 &5 R PR IR T
Fs AT R AR R — 1 b RS R AL &

B ER, RIEL2 cmx2 cm MR GRET 3 BRI R
i), A8 /NS b IS HLCHS BE D 0.001N, ZQ-990,
IRIE, I R B SR T . K A T R
RIGHLUESR b, FHEAS 2.0 mm BIF L& 285
105 G I Py B BB R 73 (Finax) o FFH I Fr B0 JE EE
BEATRRAELL, TR R, RAEM
AR BT (LMR)),
1.6 RGEEEN

F R & 5 1 (1“V.Phylomaker2” # {4 £ k) 2 47
PRI R G0 R B WP, %A RSB T SR
GBOTB.extended mega-tree F I KRG KB W,
H T 482 B 10 597 J& 74 529 Fh4EE AT, A
FAZ A AR I s A 2 T AHIE 9T 1) 12 iy 215
MM ARG R B 1).
1.7 BIM G347

H %6 FH Microsoft Excel 2016 X ¥45 47 %15
L, MURBE AR A R G oA e, N
TEF L, A FEILAIHER IR . XA R IE
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,— P4 Phoebe lanceolata

I— TAEARZLEF Litsea panamanja

FEALME Syzygium fruticosum

TINEA Choerospondias axillaris

—
—1

FIERR Pometia pinnata

YIRM Parashorea chinensis

WA Microcos paniculata

HWSERY Macaranga denticulata

BN Mesua ferrea

E[FEHE Castanopsis indica

PRI Baud

ia variegate

_|

K1 ABT R RS T

R 5. Imbralyx leptobotrya

Fig. 1 Phylogeny tree of species in this study

A ATHIHEIR AT XA, DA EHE 1) RS 1
N TRIER 2 B 2 T0 R &R, X BTA DhRE IR IR 2
1T EA T (PCA) . I DHREMEIR Z TA] 56 2K H
Pearson FHICA3HT, AHIRMER) 235 K54 0.05,
FEN, AT RIIMEIRI AR R B2 B RA KB
S, B R #4400 PICANTE 514K ) Blomberg’s
K Suita, @it 1000 JRBHNLE S BoAs a1
RAGKEETHREMER, 2 k1 FoRtkRitk
TReprEsing, (F5miEm, RHHERZRGAKE L
FE: MK 0 R LRENRARKEES. 1

R 3 EMIERAAL S R E(CV) LU RGUR E A5 A

Table 3 Plant traits, coefficient of variance (CV), and phylogeny signal of species

S, T REPEARIE] R SRIRHEAL G &R, RIIARGIR
A0 EET I (PICS R I PR 8] (A 58 2R

2 SR

21 EREAERGKERES

12 Bty 2275 M ARBRE M (TSR L 7K )
PSRN R MBI AR BRI A2 R (3R 3), Heret
TR (LA) 28 7 S B0 R (51.2%), B2k s i
AERT 5 7K B (RW Cap) 22 7 R E i /IN(5.0%) « i e 2K
F(Pup) N-2.21 MPa [T Hi(Phoebe lanceolata))~
~1.58 MPa [ &F 6K Z T (Litsea panamanja)], 3574
~1.92 MPa; M F HULBPLIE(LMR) N 1.15 (FlEARZE
F)~3.14 MN/m? [E[J FE £ (Castanopsis indica)], -3
N 210 MN/m?. 54, NRGKEESKE, ITH
DIREVEIR ) Blomberg’s K it EE/NT 1, HAHM
(1) PAEIIRT 0.05, W DhRetRBI A BEN &
GREES, KRR 7 F L2 )
Xl , AR B T S B
2.2 MR ERS 2T

M2 BT, B 3 b B S — A S —
IR T 77.6%MMERAE =, Horh, B —
MR T T 62.9%, F—HIER R EEYS
R SWC A LA #H5%, 1 sh— R e 7y 17 5
(5 P PEIR(LDMC AT LMA) T 521t 52 (Wap A1

%) Species LA LT LMA LDMC SWC 7, Py RWCy, € LMR
WA Microcos paniculata 46.3 0.12 56.2 41.1 1.47 1.85 2.03 90.4 18.6 2.07
FIARZET Litsea panamanja 90.4 0.25 65.3 28.3 2.64 1.36 1.58 80.7 8.2 1.15
B A BE Imbralyx leptobotrya 33.0 0.12 53.1 40.9 1.46 1.63 1.87 92.7 233 2.10
WA A Phoebe lanceolata 39.2 0.16 89.7 48.8 1.06 1.72 221 95.8 43.8 2.30
ENEEHE Castanopsis indica 39.5 0.17 110.1 49.6 1.03 1.74 2.19 91.3 20.6 3.14
TRACTBE Syzygium fruticosum 35.6 0.20 77.1 40.8 1.47 1.29 1.69 92.9 17.0 1.69
FHIR Pometia pinnata 44.0 0.12 93.2 47.8 1.12 1.73 2.05 87.2 12.9 2.56
VPES3H Bauhinia variegata 102.2 0.17 459 352 1.91 1.42 1.72 87.6 14.0 1.88
R FIAK Mesua ferrea 29.2 0.19 102.8 52.5 0.92 1.71 2.06 89.9 17.8 2.95
HRW Parashorea chinensis 50.0 0.15 76.7 43.1 1.35 1.65 1.96 90.4 18.7 222
B Choerospondias axillaris 17.6 0.16 80.0 36.5 1.77 1.51 1.83 93.1 20.4 1.53
W Macaranga denticulata 75.9 0.19 78.6 38.8 1.67 1.40 1.81 82.2 8.6 1.57
FJ{H Mean 50.3 0.17 77.4 42.0 1.49 1.58 1.92 89.5 18.7 2.10
CV /% 51.2 23.3 25.5 16.5 31.8 11.5 10.4 5.0 49.2 28.0
K 0.562 0.527 0.797 0.39 0.347 0.57 0.368 0.332 0.285 0.581
P 0.785 0.907 0.435 0.968 0.967 0.822 0.987 0.994 0.996 0.828

PRGN AL MR 2. T I

Trait abbreviations and their units see Table 2. The same below
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Fig. 2 Principal component analysis of leaf traits %B‘EE*H?'Q( 4: B), EI] LDMC ﬂ%, LMR iﬁio
A R=0.39, P=0.031 B R=0.78, P<0.001
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Fig. 3 Pearson correlations (A, B) and phylogenetically independent contrast (PICs) (C, D) between turgor loss point (¥;,) and leaf structural traits
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LDMC contrasts (%)
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