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plants to environments. At present, there are few studies on the geographical pattern of leaf functional traits and their
environmental drivers of lianas. Here, we measured 15 leaf functional traits of an endangered liana species Monimopetalum
chinense ( Celastraceae) in 11 populations across its natural distribution range in China, and combined climate factor and
soil factor to explain trait variation. We investigated the extent of trait variation at local and regional scales, and analyzed
the influence of environmental factors on leaf traits by multiple stepwise regression. The coefficients of variation of leaf
functional traits was different, the fold range of variation of leaf traits ranged from 1.03 to 1.80 times. The traits variation
value of local scale was higher than regional scale. At regional scale, the coefficients of variation of leaf traits functional
ranged from 1.1% to 15.5%. At local scale, the coefficient of variation of leaf traits functional ranged from 3.0% to 22.5%.
Among these two scales, the variation degree of leaf area was the largest and the variation degree of leaf carbon content was
the smallest. The morphology of the leaves was affected by the latitudinal gradient, leaf length-width ratio decreased
significantly as latitude increased, and the leaf morphological factor increased significantly as latitude increased. Leaf shape
became wider and more round as latitude increased to increase the thickness of the leaf boundary and reduce the
hydrothermal dissipation of the leaves. Leaf phosphorus content was relatively low, and the soil available phosphorus content
in the distribution area of M. chinense was also low, indicating that the growth of M. chinense might be limited by
phosphorus. There was no any single environmental factor could explain all leaf trait, the association between environmental
factors and leaf functional trait was complex. Soil and climate factors were strong predictors of leaf trait, and 25%—97% of
leaf trait could be explained. Soil pH, soil nitrate nitrogen, and soil available phosphorus were the dominant pridcetors for
the of leaf traits of M. chinense, the mean annual temperature and annual precipitation could also affect the of some leaf
traits. Under the condition of sufficient temperature and water, the leaf of M. chinense tended to be a conservative strategy of
slow growth. Overall, M. chinense leaves adapted to environments by intraspecific variation and combination of traits, as

well as the associations with climate and soil factors.

Key Words: leaf traits; phenotypic variation; environmental factors; endangered plant; liana; Monimopetalum chinense
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Fig.1 Map depicting locations of the 11 populations (red dots) of Monimopetalum chinense
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Table 1 Location, climate and soil factors of the 11 wild populations of Monimopetalum chinense

A e i i

i e ]J?ff L sﬁﬁ PO i puman pﬁ*ﬁﬂ_ WEN  MEN AEE
Population SN J()E Elevation/m number/jl\ P AP/mm SOM/ Soil i Soil NOy/  Soil NH,/  Soil AP/
(g/ks) (mg/kg)  (mgkg)  (myke)
PN 285 28.837 115.124 523 19 14.82 1665 43.62 5.17 18.63 30.37 2.07
TLP 4T 28.868 117.896 476 21 15.62 1841 70.34 5.07 29.55 48.36 3.36
WHT. &R 28.897 119.476 204 20 16.32 1541 69.57 5.03 46.89 43.96 2.99
TLPs %5 29.027 115.296 651 19 14.45 1676 38.26 5.01 6.36 16.43 0.97
TG B R 29.043 115.461 137 20 16.77 1521 48.03 4.89 78.86 19.53 3.57
TLPYRT 5 29.110 115.298 600 18 14.65 1663 84.47 4.53 74.05 24.34 2.54
AL L2 29.420 114.841 598 17 14.81 1583 51.75 5.15 1.69 40.88 1.86
TLPY LR 29.486 117.623 310 20 15.88 1727 24.23 7.82 11.28 278 0.83
TLPTERE 29.554 117.666 591 20 14.63 1828 61.26 5.26 7.53 60.63 4.03
TRARTH 29.576 117.698 597 19 14.47 1799 16.79 7.23 9.33 2.11 2.49
BRIART T 29.973 117.519 165 16 15.90 1621 66.72 5.05 66.50 29.07 5.63

MAT: 4E 23 Mean annual temperature; AP ; 4EF&/KH Annual precipitation; SOM ; 34 HLF & & Soil organic matter; Soil AP ; 347 2B Soil available phosphorus
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Table 3 Leaf traits variation of Monimopetalum chinense

PEAR Traits HoRME e/ ME F-HMH iz Vel RBAREE KBAERREK
Maximum Minimum Mean value Fold range Local trait CV Regional trait CV
i A LA/ em? 14.49 8.05 11.32 1.80 22.5 15.5
HJE K LP/em 22.77 14.34 18.5 1.59 13.1 11.5
M LL/cm 8.50 5.90 7.34 1.44 12.7 9.3
-5 LW/cm 2.97 2.12 2.54 1.40 11.9 9.1
¥ & LDMC/ (mg/g) 306.37 248.91 279.83 1.23 14.2 5.1
e AL SLA/ (m?/kg) 37.06 28.88 31.48 1.28 19.1 8.4
K i b LWR 3.20 2.57 2.9 1.25 7.7 6.3
FHERAF LS 0.49 0.36 0.42 1.39 8.9 12.1
M4k & S LCH(SPAD) 43.71 32.72 39.12 1.34 11.3 8.2
S B LTP/ (mg/g) 1.34 0.87 1.08 1.54 18.1 11.5
M & LTN/ (mg/g) 23.00 19.39 21.15 1.19 15.3 5.4
- & B LTC/ (mg/g) 479.68 464.51 474.32 1.03 3.0 1.1
HER AL LCN 25.39 21.01 23.09 1.21 17.4 6.1
BB LL LCP 539.56 357.73 445.17 1.51 19.8 10.9
AP L LNP 25.68 16.79 20.09 1.53 13.4 12.4

CV. 2552 2R Coefficient of Variation; X84SR EL = A7 RAE S MHRAS 5 REOF-I91E ; JR A8 57 R = 45 RAE S B RIR 0 48 5 2 40
2.3 I PRR I AR SR
I REPEIR 5 245 1 DL KR AR DG PR S B R B 58 L 5 46 B8 52 B I 35 A G IR IR IR 1 5 46 i
B EFAC(E 3) , HEdhfethR 524 5 D RBR N R A W

R4 kEEHEMHEIEEERESEMTERFHE TR IREE

Table 4 Multiple regression model of leaf functional traits of Monimopetalum chinense varying with climatic and soil factors

RV [ A5 A4 AR BARE fit T ik PH
Leaf traits Regression model AlIC R? Prob (t)
R LA LA=11.07-0.48S0il NO,+ 0.06S0il NH, 9.84 0.49 0.066
i JE K LP LP =37.52-9.57S0il pH-0.99S0il NO, 11.49 0.60 0.026*
K LL LL=13.44-3.05S0il pH-0.33S0il NO, -13.44 0.60 0.025*
5% LW LW =2.50-0.15 Soil NO,+0.09S0il AP+0.005S0M -34.28 0.56 0.110
Hent AR SLA SLA=3.37+0.03Soil AP -55.54 0.25 0.115
WK H LWR LWR =2.99+0.1MAT+0.001AP~0.007SOM —1.754Soil pH+0.03Soil 62,48 0.97

s NO,— 0.12S0il AP e : 0.006
AR F LS 1.S=-0.12+0.27S0il pH+0.03So0il AP -81.41 0.85 0.000 ***
4R E & it LCH LCH=-0.17+0.001SOM+0.31Soil pH 22.29 0.51 0.056
- LTP LTP =2.2-0.09MAT-0.001AP+0.62Soil pH+0.08Soil AP -47.2 0.61 0.169
B LN LTN =42.56-1.081MAT+0.003AP-0.04S0M-5.92Soil pH+ . 0.86 .

AL 0.79S0il NO, -8 : 0.031
P LTC =646.06—9.63MAT - 0.06AP - 0. 13SOM + 30. 10S0il pH +4.10Soil 27 49 0.88 0.19
NO,+0.33S0il NH,+1.98S0il AP : : )

L LCN=18.48-0.01 AP+0.0580M+10.53So0il pH-0.66 Soil NO,+

MRk L LCN i 4.98 0.70 0.182
0.58Soil AP

- LCP =-204.09+56.311MAT+0.40AP-416.26S0il pH-26.77S0il NO;— 040 071 0,338

" 1.56S0il NH,— 23.53S0il AP ‘ : :

) LNP =7.47+1.21MAT+0.02AP-19.07Soil pH-0.06S0il NO; -
MU L LNP op o 10.92 0.84 0.046 *

1.5S0il AP

AIC. 7775 BARE Akaike information criterion; Prob(t) : P {8 P-value of t-test; * % %, P <0.001, * = . P <0.01, * ; P<0.05 ;/MHT# e

H LDMC F A% ( Final Model) ; LDMC—1, BRI AL & 4] A5 1
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[t L8 pH I A NN (R = 0.97, P< 0.01) , MR T BEH L5 pH LA Rk no 54 m
MAE K (R* = 0.85, P<0.001) 7EHAREE R, 48 pH |+ SR - 50A 208 AR IR AERE K & | 1 5
EEASEAN SEAT WL & T M RE AR RE 8 4 4 A~ 4 S 343 A AN A I REMIR, R Rl 1
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