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Functional dissimilarity in mixed forests promotes stem radial growth 

by mitigating tree water deficit 
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species and can serve as a proxy for 
niche differentiation within neighbour- 
hoods [5 ]. 

Neighbourhood complementarity is 
also modulated by the identity of the fo- 
cal tree, which is inevitably ignored at the 
community scale [4 ]. Individual charac- 
teristics, such as tree size and resource- 
capture strategy, determine how trees 
perform and interact with their neigh- 
bours [6 ]. For example, the water use 
of an individual tree is influenced by its 
size, such that competition for water is 
likely size-asymmetric [6 ]. In addition, 
the effect of neighbourhood composition 
on individuals’ drought resistance can be 
mediated by the drought-tolerant traits of 
species [2 ]. This indicates that it is possi- 
ble that individual-mediated neighbour- 
hood interactions can shape the water sta- 
tus of focal individuals. 

In this study, we explored the effects 
of neighbourhood on tree water deficit 
(TWD) and the relationships between 
TWD and stem radial growth of individ- 
uals. TWD extracted from dendrometer 
data quantifies the loss of water from elas- 
tic tissues and is a proxy for reflecting 
drought stress and water status of trees 
[7 ]. To do so, we used high-frequency 
(every 30 min) dendrometer measure- 
ments taken from 160 trees of 12 focal 
species in a large-scale tree diversity ma- 
nipulation experiment platform in sub- 
tropical China, Biodiversity-Ecosystem 

Functioning Experiment (BEF)-China 

platform [8 ]. These trees were planted 
in plots and experimentally maintained 
with species richness treatments of 1, 2, 
4, 8, 16, or 24 species in Dexing, Jiangxi 
Province, where subtropical forests ex- 
perience more physiological drought in 
warm and dry environments under cli- 
mate change [9 ]. We considered multi- 
ple functional traits including life habit, 
xylem hydraulic traits, stomata traits as 
well as leaf economics spectrum that play 
a role in resource acquisition of water, 
carbon and nutrients [10 ]. We examined 
how the CWM and FD of these func- 
tional traits at the neighbourhood scale 
influence TWD of the focal tree. We 
hypothesized that neighbourhood effects 
depend on both the size and functional 
trait value of the focal trees (H1). Fur- 
thermore, we hypothesized that neigh- 
bouring trees can influence stem radial 
growth by water resource complementar- 
ity, that reduced TWD can increase stem 

radial growth (H2). 
Of the 12 focal species ( Table S1), 

we found divergent annual TWD and ra- 
dial growth among species and between 
evergreen and deciduous trees ( Figs S3
and S4). TWD exhibited considerable 
seasonal variation, with the lowest values 
typically in summer and higher values in 
spring and winter, corresponding to the 
changes of precipitation and soil mois- 
ture ( Fig. S5). TWD is a strong and in- 
stantaneous response to declines in atmo- 
spheric and soil moisture, which is more 
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ree growth is a key component of for- 
st ecosystem functioning and is well- 
nown to be limited by water availability 
1 ]. It is acknowledged that composition 
nd diversity of co-occurring tree species 
an mitigate the influence of drought on 
ree growth through the resource comple- 
entarity for water use via niche parti- 
ioning and facilitation between different 
pecies [2 ,3 ]. However, direct evidence 
n the role of water use in diversity- 
roduction relationships remains limited. 
For individual trees, species interac- 

ions at the neighbourhood scale play a 
ajor role in water supply and growth 
4 ], which provide insights into the 
merging net effects of biodiversity at 
he community scale. Such effects might 
e achieved by differences in species’ 
unctional traits. These differences in 
unctional trait composition can be 
uantified at the neighbourhood scale 
n several ways to provide mechanistic 
nsights into the processes underlying di- 
ersity effects. The community-weighted 
ean (CWM) of trait values emphasizes 
he dominant trait values in a community. 
n this sense, CWM of a trait associated 
ith water capture may reflect the com- 
etitive intensity for water, and more 
ater-acquisitive species at the neigh- 
ourhood scale can reduce the amount 
f water available to focal individuals. In 
ontrast, the functional diversity (FD) of 
 community reflects the variation of re- 
ource use strategies among co-occurring 
The Author(s) 2023. Published byOxfordUniversity Press on behalf of China Science Publishing &Media Ltd. This is anOpen Access article distributed under the terms of the Creative
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Figure 1. Neighbourhood effects on tree water deficit (TWD) and stem radial growth. TWD is 
natural-log transformed. (A) TWD as a function of the community-weighted mean of the xylem 

pressure sensitivity (S) of all trees in the local neighbourhood (CWMS ). TWD of focal trees are 
fixed by different levels of DBH and values of S along CWMS ; 95% confidence intervals are shown 
by shading. (B) Variation of focal tree’s TWD with distance of xylem pressure sensitivity ( δTraitS ) 
between focal tree and neighbouring trees. Lines represent the fit of linear mixed-effects models; 
shading represents 95% confidence intervals. Species treated as random factors are shown in 
different colors. (C) Structural equation models (Fisher’s C = 12.32, df = 12, p = 0.42) illustrating 
the influences of slope, community weighted mean (CWMS ) and distances ( δTraitS ) of xylem pres- 
sure sensitivity (S) at the neighbourhood scale, TWD, number of days with stem growth ( N _day) 
and growth rate during the growing days on the radial growths. Blue and red represent posi- 
tive and negative effects, respectively. Significant standardized path-coefficients were calculated 
(*** p < 0.001, ** p < 0.01, * p < 0.05). Path-width was scaled by coefficient size. Marginal R2 (left) 
and conditional R2 (right) are shown below the response variables. 
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strategies, actively transpiring water for 
as long as it is supplied [11 ]. In addi- 
tion, the effect of CWM on TWD de- 
pends on the size and xylem pressure sen- 
sitivity of the focal tree. The size depen- 
dence of neighbourhood effects likely oc- 
curred because larger trees typically have 
broader and deeper roots, providing a 
more stable water supply when water is 
limited, allowing them advantages during 
size-asymmetric water competition [6 ]. 
The trait distance of xylem pressure sen- 
sitivity between neighbouring and focal 
trees mitigates the water limitation of fo- 
cal trees, consistent with the idea of the 
importance of hydrological niche segre- 
gation [12 ]. A mix of trees with differ- 
ent hydrological traits reduces niche over- 
lap and soil water competition and may 
enhance facilitation among neighbouring 
trees. In addition, the functional dissimi- 
larity of xylem pressure sensitivity is also 
correlated with dissimilarity in other key 
traits, such as whether a species is ever- 
green or deciduous ( Fig. S7). As a result, 
phenological differences can create tem- 
poral complementarity for water use re- 
sulting from seasonal patterns during leaf 
expansion of deciduous species in spring 
and transpiration of evergreen trees in 
winter, as well as diurnal variation such as 
stomatal control of transpiration [13 ]. 

The result of the structural equation 
model (Fig. 1 C) is consistent with our 
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rolonged and severe in dry seasons [7 ]. 
mong the 32 species-level traits, we se- 
ected xylem pressure sensitivity (S) in 
he final analysis that explained the most 
ariance in TWD ( Table S2). Xylem pres- 
ure sensitivity is measured as the inverse 
lope of the xylem vulnerability curve, de- 
icting the sensitivity of tree species to 
rought. A low S (i.e. a steep slope) in- 
icates that conduits rapidly cavitate in a 
arrow range of xylem tensions, while a 
igh S (i.e. a shallow slope) indicates that 
onduits are more insensitive to drought 
 Fig. S6). 
The final model that included slope, 

iameter at breast height (DBH), xylem 

ressure sensitivity (S) of the focal tree, 
he CWMS -DBH interaction and the 
WMS -S interaction explained 41.6% of 
ariance in TWD ( Tables S3 and S4). 
rees that grow on steep slopes suf- 
er greater TWD. TWD of large trees 
ecreased faster than that of small trees 
ith increasing CWMS (Fig. 1 A). In ad- 
ition, TWD of focal species with high 
 values increased, whereas those with 
ow S values decreased, with increasing 
WMS (Fig. 1 A), implying an effect of 
unctional dissimilarity on TWD. We fur- 
her directly tested the effect of functional 
issimilarity and found that TWD of fo- 
al trees decreased as the distance of S 
 δTraits ) between neighbouring and fo- 
al trees increased (Fig. 1 B). 
The results par tially suppor t our 

rst hypothesis (H1) regarding the 
mportance of functional dominance 
measured as the CWM), but not func- 
ional diversity, influencing TWD of 
ocal trees. With decreasing CWMS , the 
resence of more drought-sensitive trees 
ithin the neighbourhood increases the 
ater deficit of focal trees because they 
ay adopt more acquisitive water use 
Page 2 of 3
econd hypothesis (H2), that neighbour- 
ood effects regulate stem radial growth 
hrough T WD. T WD was positively cor- 
elated with slope (standardized path co- 
fficient 0.17) and negatively correlated 
ith both the dominance (CWMS ) and 
rait distances ( δTraitS ) of xylem pres- 
ure sensitivity (standardized path coeffi- 
ient −0.18 and −0.26, respectively). Ra- 
ial growth increased with the number 
f days, with stem growth and growth 
ate increasing during the growing days. 
WD had a direct negative effect on 
adial growth (standardized path coef- 
cient −0.11) and an indirect negative 
ffect via decreasing number of grow- 
ng days (standardized path coefficient 
0.50). 
We found that TWD is a limiting fac- 

or for stem radial expansion. Physiolog- 
cal drought occurs not only during the 
ry season in subtropical forests, but can 
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lso arise under increased demands for 
ranspiration due to high temperatures in 
ummer [9 ]. Reduced water deficit due 
o neighbourhood effects and flat terrain 
rovides more sufficient temporal water 
upply that is beneficial to tree radial ex- 
ansion. In particular, TWD can limit 
adial growth by reducing the number of 
ays with stem growth that largely de- 
ermines annual growth [14 ]. Reduced 
WD provides adequate turgor pressure 
or cell growth so that xylem cells do 
ot get ‘stuck’ in the enlargement phase 
15 ], and eventually achieves greater an- 
ual stem growth by accumulating the ad- 
antage in fine temporal resolution. 
In summary, we investigated 

ndividual-mediated neighbourhood 
ffects on TWD and the relationship be- 
ween TWD and stem radial growth. The 
ylem pressure sensitivity, a trait that has 
eceived little attention in previous stud- 
es but contains important information 
egarding drought sensitivity, is closely 
ssociated with TWD. Collectively, the 
ommunity weighted mean value of 
ylem pressure sensitivity at the neigh- 
ourhood scale, as well as difference 
f xylem pressure sensitivity between 
eighbouring and focal trees, plays key 
oles in regulating TWD. The reduction 
n TWD can promote radial growth by 
xtending the window of time when 
rees grow. This highlights the positive 
ffects of functional dissimilarity among 
ndividuals at the neighbourhood scale. 
s a result, a combination of more and 
ess drought-sensitive species can benefit 
rom growing together. These findings 
lso have important implications for 
orestry, as they indicate that it might be 
seful to combine valuable-timber focal 
pecies with species that have function- 
lly divergent hydraulic strategies. How- 
ver, intraspecific trait variation and other 
haracteristics such as canopy structure 
nd belowground processes at the whole 
ree scale should be considered in further 
tudies in order to deepen our under- 
The Author(s) 2023. Published by Oxford University Press on
ommons Attribution License ( https://creativecommons.org/l
ork is properly cited. 
tanding of resource complementarily 
echanisms. 
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