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Effects of topographic variations and soil characteristics on plant func-
tional traits in a subtropical evergreen broad-leaved forest
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Abstract: To elucidate the driving factors behind plant functional traits, especially in mountainous areas, we
explored how variation in topography and soil characteristics affects ecophysiological and morphological
traits of woody plants within the Gutianshan 24-ha plot in Zhejiang Province. This site is in a typical sub-
tropical broad-leaved forest. During the summers of 2008 and 2009, we measured three ecophysiological
traits (chlorophyll content, chlorophyll fluorescence parameters F,/F,, and Plags, and stem sapwood xylem
specific hydraulic conductivity) and four morphological traits (stomata density, specific leaf area, leaf thick-
ness, and ratio of leaf length to leaf width) among 115 woody species in the field. Redundancy analysis was
conducted to identify the most influential environmental factors from our topographical factors (mean eleva-
tion, convexity, slope, and aspect) and five soil parameters (moisture, total nitrogen content, total phosphorus
content, total carbon content, and pH). Leaf chlorophyll content was negatively correlated with elevation and
convexity, but positively correlated with soil moisture and total nitrogen content. The two chlorophyll fluo-
rescence parameters (F,/F,, and Plags) were strongly negatively correlated with soil total nitrogen and phos-
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phorus content; these variables were likely interrelated with low soil pH values. Stem sapwood xylem spe-
cific hydraulic conductivity was positively correlated with soil moisture and specific leaf area was positively
correlated with elevation. Topographical variables explained 10.4% of total variation in functional traits;
mean elevation was the most powerful explanatory variable, followed by convexity, slope and finally, aspect.
Soil parameters explained 13.9% of the total functional trait variation; and soil moisture was the most pow-
erful factor, followed by total nitrogen content, pH value, total phosphorous content, total carbon content and
the ratio of nitrogen and phosphorous. At this scale and at this site elevation and convexity were the two most
influential topographical factors, and moisture and nitrogen were the most influential soil factors, on plant
functional traits. However, because of a lack of phosphorous in the soil, some important physiological proc-
esses including photosynthesis may have been limited, thereby leading to some confusing trait/environment

relationships.
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Fig. 1 Spatial distribution map of sampling quadrats in the
Gutianshan 24-ha plot. Curved lines represent contours, and
shadows represent sampling quadrats.
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Table 1 Changes of functional traits in the Gutianshan 24-ha plot

LRSS PSILIRK  BETIRREILINPSIDG  HERE Ky AL RE a8 E AT A S b 2

chl el LR RS (kgm™ SD T SLA LL/LW
F/Fn Plass MPas™) (N-mm™) (mm) (m*kg™)

I/ME Min. 23.0 0.71 5.77 0.02 74.63 0.02 2.94 1.12
KA Max. 82.0 0.84 75.13 5.01 970.59 0.60 35.08 6.86
Y+ krEiR 50.7+£10.7 0.79+0.02 27.23+11.78 0.38+0.45 313.45+142.99  0.22+0.10 13.06%£5.28  2.65+0.64
Mean+ SE

Chl, Chlorophyll content; F./Fr, Maximal photochemical efficiency of photo system II; Plgs, Performance index on basis of light energy absorption;
Ksp, Stem sapwood xylem specific hydraulic conductivity; SD, Stomata density; T, Leaf thickness; SLA, Specific leaf area; LL/LW, Ratio of leaf

length to leaf width.
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Table 2 Changes of topography and soil characteristics in the Gutianshan 24-ha plot

¥ Topography

+ 3@ Soil characteristics

PR I W 1) B3 g ER0: W 1L SE KR
Mean elevation Convexity Slope Aspect TC TN TP pH Moisture
(m) (m) ) ) (9/kg) (9/kg) (9/kg) (%)
fe/ME Min. 11.82 -16.30 14.48 95.89 24.61 1.23 0.06 4.33 10.73
M Max. 257.68 18.62 51.28 255.53 90.57 4.29 0.31 5.40 35.28
Y £ bk 125.13469.44 1.03+8.30 33.44+7.98 181.43+38.46 39.10+10.98 2.04+0.66 0.13+0.05 4.71+0.19 19.65+6.07
Mean+ SE

TP, TC and TN, Content of total soil carbon, nitrogen and phosphorus, respectively.
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Fig. 2 Biplots of RDA analysis between functional traits and
topological variations (a), and soil parameters (b). Functional
traits are displayed in solid arrows and topological data in
dashed arrows. Chl, Chlorophyll content; F,/F.,, Maximal
photochemical efficiency of photo system II; Plgs, Perform-
ance index on basis of light energy absorption; K, Stem sap-
wood xylem specific hydraulic conductivity; SD, Stomata den-
sity; T, Leaf thickness; SLA, Specific leaf area; LL/LW, Ratio
of leaf length to leaf width; TP, TC and TN, Content of total
soil carbon, nitrogen and phosphorus, respectively; N/P, Ratio
of nitrogen to phosphorus.
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TC, TN, TP, Content of total soil carbon, nitrogen and phosphorus,
respectively. * P<0.05; ** P<0.01.
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Fig. 3 Fluorescence parameter F,/F, is negatively correlated with TN (a) and TP (b) (P<0.01); TP and soil pH are positively corre-
lated (P<0.01). F,/F,,, maximal photochemical efficiency of photosystem II.
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