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Abstract: Hopea hainanensis is a national first-class protected plant species in China. Functional traits of branches and
leaves and their intraspecific variation are widely used to analyze plants’ environmental adaptability. Understanding its
adaptive strategies across different growth stages is critical for formulating effective ex situ conservation measures.
However, research on the functional traits of H. hainanensis remains scarce. To investigate the adaptability of branch and
leaf structures at different diameter classes in H. hainanensis, in this study, we selected individuals planted at different
time in the Xinglong Tropical Garden, Hainan, China, with diameter at breast height (DBH ranged from 1 ¢m to 17
cm) , and measured canopy branch xylem structural traits ( vessel lumen proportion, vessel wall proportion, axial
parenchyma proportion, ray parenchyma proportion, fiber proportion, vessel density, vessel wall reinforcement
coefficient) , hydraulic traits (hydraulic vessel diameter, theoretical hydraulic conductivity ), leaf morphological and
anatomical traits (thickness of leaf tissues and specific leaf area), and mechanical resistance. Pearson correlation
analysis and principal component analysis were used to explore the correlation between traits and diameter classes, as
well as among branch and leaf traits. The results were as follows: (1) As the DBH increased, the proportion of vessel
lumen and wall, and parenchyma cell per branch xylem cross-section area, hydraulically-weighted vessel diameter, and
theoretical hydraulic conductivity significantly increased, while the fiber tissue proportion, vessel density, and vessel
wall reinforcement coefficient significantly decreased. (2) The thickness of individual leaf tissues ( epidermis, cuticle,
and mesophyll) and the mechanical resistance of the leaf blade increased significantly with DBH. (3) At the individual
level, the branch hydraulic efficiency was positively correlated with leaf tissue thickness. In conclusion, large diameter
individuals of H. hainanensis enhance their xylem hydraulic capacity by adjusting branch xylem structure, while
increacing leaf thickness to reduce transpirational water loss. The structural coordination between branch and leaf could
maintain water balance. The results reveal the adaptive adjustment of branch and leaf structure with increasing DBH
(corresponding to increasing transpirational water demand, light intensity, and vapor pressure deficit) in H.
hainanensis, thus offering valuable implications for the species’ conservation and cultivation.
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Table 1  Branch and leaf traits measured in this study and their ecological significance
PER 45 XA AR
Trait Abbreviation Unit Ecological significance
S L A I T AR o R R A AR AR A LE B, 5K i A O
Vessel | '?n E ronortion Vs % Proportion of the total area of vessel lumina to the unit cross-sectional
essel lumen proportio area of sapwood is related to water transport
A RE ST AR oL R TR R AR T AR Y L B, A5 LR R R
A HE L vt o 1%
Vessel wall proportion Proportion of the total area of vessel walls to the unit cross-sectional
area of sapwood is associated with mechanical support and resistance
S AL Py RO, SOk S is i AE T A
v ? d nxil Vd No. * mm” Number of vessels per unit viewing area is related to water
essel density transport capacity
P AL BRI U L, 5 AR 1%
Axial par n-jﬁ(mr/\ ronortion Apf % Proportion of axial parenchyma to the unit cross-sectional area of
xial parencliyma proportio sapwood is associated with storage capacity
SPFER A 2R o BP0 A R T R P L A9, R ) 0 A i A A7
SrER 2L [VAEEPS
. Rpf % . . . . .
Ray parenchyma proportion Proportion of ray tissue to the unit cross-sectional area of sapwood is
related to radial transport and storage capacity
P ST SRULEL 55 Gt BRI B0 L 1, 5 B F AT %
l:ibr r/ r(/\ Hion Fb % Proportion of fiber tissue to the unit cross-sectional area of sapwood is
et proportio associated with mechanical support
K B 4 AR PN A AR INECT- 2 8, 5K S is il %
Hydraulic f 1 dij‘:m rer D, pm Weighted average of vessel diameters per unit viewing area is
ydraulic vessel dlamete associated with water transport efficiency
G 4 R 1 ] 22 K SRR () 5 FERRN(D) FLE, PR AERE A %
Vessel il H.j? /\t oefficient t/b - Ratio of vessel wall thickness (t) to vessel lumen diameter (b) is
essel wall remforcement coetieien associated with embolism resistance
B ) < - -
Theorezﬁihkiulir K ke« m' - s' - MPa AT 18K 53 12 i i 1
’ c(;n (iuctiZity ’ ! g Theoretical water transport capacity of xylem
W A R 2, LA X
Leaf th'ix . LT m Sum of thicknesses of all leaf tissue layers is associated with
e texness stress resistance
HIR: 2 2 i EREZ TS AR AL, 50EE R W ISOR A 5
Palisad At" - I'xk PT wm Green assimilatory tissue located beneath the upper epidermis is
ahsade ussue Huckness associated with light energy absorption and utilization
M LZURIT 2 5 22 [l By (0 [ A 14, 55065 RE 1 AR 52
2 U max o
Snoney tissue thickness ST pm Green assimilatory tissue located between the palisade tissue and
pongy lower epidermis is associated with photosynthetic capacity and
gas exchange
WA A 4R B 8 2 21 2R MR 20 21 5530 4R A USLBE i LU (B, S5O B RE TR 6
Palisade tissue thickness / PT/ST - Ratio of palisade tissue thickness to spongy tissue thickness is
Spongy tissue thickness correlated with photosynthetic performance
HeAl T “a - L R RO A AT
Specific leaf area h omote It is associated with leaf construction cost and photosynthetic rate
R 2 F KN - FAL I AU
Leaf punching force P m It denotes leaf mechanical strength
bR REIRE R EANNIE B T R RANZ R A, BRG]
Upper epidemis thickness, UET ,LET pm Epidermis cells are living cells covering the outermost layer of
lower epidemis thickness leaves, primarily acting as a protective barrier
Upper cuticle thickness, UCT LCT pm Al

lower cuticle thickness

Stratum corneum is a non-cellular layer covering the outer surface of
epidermis cells, primarily providing protective functions
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A. Cross-section of Hopea hainanensis xylem stained; B. Drawn diagram of the xylem tissue structure distribution ( Dark blue. Vessel lumen;
Green. Vessel wall; Pink. Parenchyma; Red. Xylem ray; Light blue. Fiber tissue).
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Fig. 1  Anatomical structure of xylem (DBH=2 c¢m) in Hopea hainanensis
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Fig. 2 Correlation between diameter at breast height (DBH) and xylem traits
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Fig. 3 Correlation between diameter at breast height (DBH) and various leaf traits
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Fig. 4 Principal component analysis of 20 functional traits of leaves and

branches in Hopea hainanensis individuals of different diameter classes
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Fig. 5 Pearson correlation analysis of branch and leaf traits of Hopea hainanensis
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