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Abstract: The objective of this study was to 
understand the effects of forest gap and variations in 
different seasons, gap size, locations and diurnal 
variations on forest microclimate and soil water 
content. Spatial and temporal distribution features of 
air temperature (TA), soil temperature (TS), relative 
humidity (h) and soil water content (Ψ) were 
measured in Castanopsis kawakamii natural forest 
gaps created by a severe typhoon or fallen dead trees. 
The results showed that: (1) the variations of TA, h, 
and TS in four seasons were extremely significant. The 
variations of Ψ in four seasons were extremely 
significant except for those between spring and 
summer. (2) The diurnal variations of TA and TS were 
expressed with a single peak curve. The diurnal 
variations of h and Ψ presented a high-low-high trend. 
(3) The variations of TA, h, and TS were extremely 
significant among the large, medium and small gaps 
in C. kawakamii natural forest. Medium gaps had the 
highest TA and the lowest h while small gaps were just 
contrary to medium gaps. The variations of Ψ were 
extremely significant for large, medium and small 
gaps except those between the medium and large gaps. 
(4) The TA, h, TS and Ψ were decreased from the gap 
center, canopy gap, expanded gap to understory. 
These results will help further our understanding of 
the abiotic and consequent biotic responses to gaps in 
the mid-subtropical broadleaved forests, which also 
provide a theoretical basis for the scientific 
management and population restoration of C. 
kawakamii natural forest. 
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Abbreviations: TA, air temperature; TS, soil 
temperature; h, relative humidity; Ψ, soil water 
content 

Introduction 

Forest gap plays a vital role in the dispersion of 
seed dispersal, seedling recruitment, species 
diversity, forest regeneration and habitat stability 
within forest ecosystems (McCarthy 2001; Hill et al. 
2005; Shure et al. 2006). It strongly influences the 
forest dynamics, nutrient release, forest 
management and regeneration (Runkle 1990; 
McCarthy 2001; Prescott 2002). While many 
studies concentrate on forest structure, vegetation 
dynamics and nutrient cycling alone, microclimatic 
conditions also play an important role in ecological 
processes (Ritter et al. 2005). The most direct and 
important consequence of forest gap formation is 
to improve the light conditions of growth 
environment, and change the local environment 
temperature and humidity conditions (Gray et al. 
1997; Härdtle et al. 2003; Ritter et al. 2005). Light 
increase within the forest gap results in the 
increase of air and soil temperature and thus 
affects environmental factors including the relative 
humidity and soil water content. Temporal and 
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small-scale spatial variations of microclimates in 
and around forest gaps have been studied in 
different forest ecosystems (Peterken 1996; 
Splechtna et al. 2005; Ediriweera et al. 2008;  Latif 
et al. 2010). As the forest gap studies vary in their 
study site conditions, it is difficult to make 
generalizations as the results may be contradictory. 
Case studies are necessary to enhance our 
understanding of the effects of forest gaps on 
microclimates and soil water content (Gray et al. 
2002; Ritter et al. 2005). Further evidence is 
needed concerning the seasonal, diurnal dynamics 
of microclimates and the effects of gap sizes on the 
differences between forest gaps and forest 
understory.  

Castanopsis kawakamii Hayata is one of the 
valuable and rare plants in the Southern China 
forest region, whose distribution is comparatively 
narrow, only in Fujian, Guangdong, Guangxi, and 
Taiwan, of China (Liu et al. 2009). With high 
species diversity and complex community structure, 
C. kawakamii natural forest in Fujian province of 
China is an almost pure forest with an area above 
700 ha and a population age over 100 years, which 
is a transitional type between central and southern 
subtropical evergreen broadleaved forests (Liu et al. 
2011a; He et al. 2011). Many scholars have 
launched a lot of research work relevant to C. 
kawakamii successively, which mainly focused on 
the community dynamics (Liu et al. 2003; Liu et al. 
2009; Liu et al. 2011b; He et al. 2011), carbon 
balance (Yang et al. 2007; Yang et al. 2009) and 
nutrient cycling (Zhang et al. 1995a; Zhang et al. 
1995b) in recent decades. These studies are an 
important documentation of patterns of succession 
in C. kawakamii natural forest ecosystem, and they 
have made vital contributions in natural forest 
management and conservation. However, this 
forest is in a decline stage, as a result of over 
mature population, species competition and 
human disturbance, leading to severe 
fragmentation in canopy layer and forest gaps. 
Considering the effects of microclimates on forest 
dynamics and succession, it is necessary and 
significant to conduct the studies about forest gaps 
in this area. All these characteristics would bring 
environmental differences in C. kawakamii natural 
forest gaps, thus affect the seed germination, the 
photosynthesis and growth of seedlings and 
samplings, and finally influence the restoration and 

regeneration of C. kawakamii population.  
The main objective of this study was to study 

the effects of forest gaps on some microclimate 
variables, TA, h, TS and Ψ of the season dynamics, 
daily variations, different gap sizes and different 
locations in C. kawakamii natural forest. The 
authors also state the spatial and temporal 
distribution features of TA, h, TS and Ψ in C. 
kawakamii natural forest gaps, which will provide 
a foundation for further studies in C. kawakamii 
natural forest gaps and natural forest regeneration.  

1     Materials and Methods 

1.1  Study site and stand history 

This study was conducted in C. kawakamii 
Natural Reserve, Sanming city, Fujian province of 
China (latitude 26°07'~26°12' N, longitude 
117°24'~117°29' E), whose altitude is between 
180~604 m (Figure 1). It borders Daiyun Mountain 
on the Southeast, with Wuyi Mountain on the 

Figure 1 Geographic location of C. kawakamii nature 
reserve 
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Northwest. The region has a middle subtropical 
monsoonal climate, with a mean annual 
temperature of 19.5 °C (average of 40 years data 
collected from the Sanming Climatological bureau, 
China) and daily mean extremes of –5.5 °C and 40 
°C. Annual precipitation is 1,500 mm, with 75% 
occurring between March and August. Annual 
average relative humidity is 79%, and mean 
velocity of wind is 1.6 m/s. Soil types under this 
climax natural forest vegetation are mainly dark-
red earth type, and one of red earth and purple soil 
is the second. The soil thickness is greater than 1.0 
m, and the soil layer has abundant humus and is 
rich in soil nutrition. The C. kawakamii Nature 
Reserve is a subtropical evergreen broadleaved 
forest dominated by over mature C. kawakamii 
(average age over 100 years), Castanopsis carlesii, 
Pinus massoniana and Schima superba, which is 
the largest and purest C.kawakamii natural forest. 
(Liu et al. 2009). 

1.2  Forest gap and the measuring point 
selected  

Forest gap sizes were calculated with elliptical 
method by using major and minor axis values 
(Runkle 1985). Forest gap sizes of 100 to 250 m2 

were categorized as small forest gaps, 250 to 400 
m2 as medium gaps, and above 400 m2 as large 
gaps. Three small gaps, six medium gaps and three 
large gaps of microclimate variables were observed 
in the natural forest. Two observation sample lines 
were set along the S-N, E-W mutually vertical 
orientations within the gap central point in the 
forest gap. Considering the edge affect of the forest 
gap, six unequal interval observation points were 
set for each observation sample line, which were 
respectively located in the gap center (point 1), 
canopy gap (point 2, 3, 4, and 5), expanded gap 
(point 6, 7, 8, 9) and forest understory (point 10). 
Point 2 and 6, 3 and 7, 4 and 8, 5 and 9, 
respectively, represented canopy gap and expanded 
gap of east, south, west and north directions.  

1.3  Measurement of ecological and 
environmental factors and data 
processing  

Air temperature (TA) and relative humidity (h) 
at 1.5 m above the soil surface, soil surface 

temperature (soil temperature 0, TS 0), soil 
temperature at 5 cm below the soil surface (soil 
temperature 5, TS 5) and soil temperature at 10 cm 
below the soil surface (soil temperature 10, TS 10) 
and soil water content (Ψ) were measured in 
twelve natural forest gaps. We measured four 
seasons, each season measured 6-12 sunny days 
from 8:00 h to 18:00 h and recorded the 
microclimates per hour, as spring in March, 
summer in July, autumn in October and winter in 
December. The environmental variables were 
measured with TES-1360A handheld digital 
thermo-hygrometers, 6300 needle soil 
thermometer and TZS - IIW soil moisture and 
temperature measuring instrument, Magellan 
eXplorist 600 GPS, etc. The significant difference 
of TA, h, TS and Ψ was established by Pearson 
correlation statistics. All statistical tests were 
conducted in Excel 2003 and SPSS 11.5, and 
significant level was determined when P < 0.05. 

2     Results 

2.1  Microclimate variations of four 
seasons in C. kawakamii natural 
forest gaps  

The variations of TA and h in four seasons were 
extremely significant (P < 0.01). The difference 
between the highest and lowest TA was 0.23 °C in 
spring, which was the largest change among four 
seasons, 0.17 °C in summer, 0.22 °C in autumn and 
0.14 °C in winter, respectively. The difference 
between the highest and lowest h was 5.41% in 
spring, 1.29% in summer, 0.69% in autumn and 
0.87% in winter. The highest and lowest TA mostly 
occurred in the gap center and understory, 
respectively. In spring, TA was the highest in gap 
centre and lowest in forest understory and h was 
highest in the south direction and lowest in the 
north direction of expanded gaps. In summer, TA 
had a decline trend from the gap center to canopy 
gap, expanded gap and understory; h in gap center 
was the highest, whereas h in east-south directions 
was lower than the west-north directions of canopy 
gaps, mainly because of the gradually diminished 
direct solar radiation and small environmental 
heterogeneity. In autumn, TA in east-north 
directions was much higher than the west-south 
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directions in canopy gaps and expanded gaps; h in 
east direction was lower than the west-north 
directions in canopy gaps and expanded gaps. In 
winter, TA in east direction of canopy gaps and 
expanded gaps was higher than other directions; h 
in gap center was the highest, which was 51.08%; h 

in canopy gaps was higher than that in expanded 
gaps. (Table 1) 

The changes of TS in three soil layers of C. 
kawakamii natural forest gaps were TS 0 > TS 5 > 
TS 10 in spring, TS 5 > TS 10 > TS 0 in summer, TS 5 
> TS 0 > TS 10 in autumn and TS 10 > TS 5 > TS 0 in 

Table 1 The average TA and h of four seasons in C. kawakamii natural forest gaps at 10 points 

Season TA , h P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P9 P 10 

TA 24.85 24.81 24.74 24.64 24.75 24.75 24.77 24.65 24.75 24.62 
Spring 

h (%) 49.91 52.07 50.19 52.57 48.98 48.60 53.95 48.78 48.54 48.86 

TA 31.34 31.34 31.29 31.24 31.21 31.31 31.27 31.23 31.19 31.17 
Summer 

h (%) 70.99 69.86 69.70 70.25 70.64 70.30 69.92 70.36 70.11 70.46 

TA 22.48 22.46 22.27 22.27 22.43 22.45 22.26 22.30 22.40 22.37 
Autumn 

h (%) 80.89 80.57 80.89 80.96 80.87 80.42 80.63 81.11 81.00 80.77 

TA 12.52 12.38 12.49 12.40 12.40 12.38 12.44 12.42 12.39 12.35 
Winter 

h (%) 51.08 50.47 50.59 50.69 50.69 50.32 50.21 50.88 50.26 50.63 

Notes: TA as air temperature, h as relative humidity, the same below. 

 
Table 2 The average TS and Ψ of four seasons in C. kawakamii natural forest gaps at 10 points 

Seasons TS, Ψ P 1 P2 P 3 P 4 P 5 P 6 P 7 P 8 P9 P 10 

TS 0 19.45 19.39 19.10 19.08 19.13 19.25 19.00 18.86 18.91 18.80 

TS 5 19.45 19.30 19.01 18.80 18.94 18.96 19.28 18.81 18.85 18.73 

TS 10 19.11 18.90 18.66 18.70 18.73 18.77 18.92 18.58 18.52 18.60 
Spring 

Ψ (%) 19.57 19.51 19.39 19.52 20.26 19.03 18.53 19.81 19.86 18.35 

TS 0 25.81 24.95 25.19 25.25 24.99 25.29 25.00 25.23 24.98 24.96 

TS 5 26.63 26.21 26.07 26.11 25.97 26.11 25.98 26.21 25.93 25.99 

TS 10 25.96 25.68 25.54 25.53 25.42 25.53 25.45 25.65 25.37 25.43 
Summer 

Ψ (%) 20.62 18.96 19.35 20.21 19.19 18.95 19.20 19.44 18.82 19.31 

TS 0 21.04 21.05 20.97 21.04 21.01 21.03 21.04 20.99 21.03 20.97 

TS 5 21.12 21.16 21.10 21.16 21.16 21.13 21.20 21.13 21.15 21.08 

TS 10 20.95 20.84 20.92 20.98 20.87 20.97 21.02 20.99 20.98 20.92 
Autumn 

Ψ (%) 10.96 10.34 10.67 10.42 9.12 10.27 9.80 9.22 9.35 9.95 

TS 0 11.14 11.37 11.40 11.37 11.31 11.44 11.37 11.58 11.30 11.46 

TS 5 11.69 12.01 11.92 11.87 11.83 12.10 11.91 12.22 11.86 12.04 

TS 10 12.28 12.62 12.47 12.48 12.39 12.76 12.56 12.84 12.45 12.62 
Winter 

Ψ (%) 13.92 12.84 12.68 13.90 12.95 13.76 13.77 13.25 12.23 13.23 

Notes: TS 0 as soil temperature 0, TS 5 as soil temperature 5, TS 10 as soil temperature 10, Soil water content 
as Ψ, the same below. 
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winter, respectively. Soil water content (Ψ) in 
spring and summer were higher than that of 
autumn and winter. In spring, TS 0, TS 5 and TS 10 
were the highest in the gap center, whereas TS 0, TS 
5 were the lowest in forest understory; Ψ in north 
direction of canopy gaps was the highest (20.26%) 
and in forest understory the lowest (18.35%); TS 10 
was significantly lower than TS 0 and TS 5 (P < 
0.01). In summer, the variations of TS 0, TS 5 and 
TS 10 were the largest among four seasons; TS 0, TS 
5 and TS 10 were the highest in gap center and the 
lowest in forest understory or north direction of 
expanded gaps; Ψ in gap center was the highest 
(20.62%) and in north direction of expanded gaps 
the lowest (18.82%); TS 5 and TS 10 were 
significantly higher than TS 0 (P < 0.01). In autumn, 
TS 0 and TS 5 changed gently and kept a stable 
tendency, while TS 10 presented some certain 
volatility; TS 0, TS 5 and TS 10 were the lowest in 
forest understory; Ψ in the gap center was the 
highest (10.96%) and in north direction of canopy 
gaps the lowest (9.12%); the difference between TS 

5 and TS 10 was extremely significant (P < 0.01). In 
winter, TS 0, TS 5 and TS 10 in the west direction of 
expanded gaps were the highest and gaps center 
the lowest; Ψ in gap center was the highest and in 
forest understory the lowest. TS 0 and TS 5 were 
significantly lower than TS 10 (P < 0.01). There 
were extremely significant differences among TS 0, 
TS 5 and TS 10 due to effects of seasons (P < 0.01). 
Highly significant differences of Ψ existed among 
four seasons except for spring and summer (P < 
0.01). (Table 2) 

2.2  Diurnal microclimate variations in C. 
kawakamii natural forest gaps 

Diurnal variations of TA could be fitted with a 
single peak convex curve, which were highly 
significant in a day (P < 0.01). By contrast, diurnal 
variations of h appeared in a single peak concave 
curve (Figure 2). TA was low in the morning and 
evening and reached the maximum peak at noon. 
TA tended to increase rapidly from 8:00 h to 13:00 
h, and then reached the peak at 15:00 h, after 
which TA decreased gradually. Relative humidity 
was relatively high in the morning and evening and 
reached the minimum peak at 14:00 h. Relative 
humidity tended to decrease rapidly from 8:00 h to 
12:00 h, and then decreased slowly till 16:00 h, 

after which h rose gradually. 

Diurnal variations of TS in three layers 
presented a single peak convex curve, which were 
highly significant in a day (P < 0.01). By contrast, 
diurnal variations of Ψ appeared in a single peak 
concave curve (Figure 3). TS reached the maximum 
peak in the afternoon and stayed low in the 
morning and evening. TS in three soil layers 
showed as TS 10 > TS 5 > TS 0 from 8:00 h to 11:00 
h, which indicated that soil had heat preservation 
effect. TS increased gradually from 11:00 h to 13:00 
h; from 13:00 h to 17:00 h, TS 0 was the highest in 
three layers, next came the TS 5 and TS 10; after 
17:00 h TS 0 decreased more rapidly than TS 5 and 
TS 10. Ψ was relatively high in the morning and 
evening and reached the minimum peak at 15:00 h. 
Ψ tended to decrease rapidly from 8:00 h to 12:00 
h, and then decreased slowly till 15:00 h, after 
15:00 h it rose gradually. 

2.3  Microclimate variations in different 
size gaps of C. kawakamii natural forest 

There were highly significant differences for TA 
and h among different size gaps in C. kawakamii 

Figure 2 Diurnal variations of average TA and h in 
C. kawakamii natural forest gaps 

Figure 3 Diurnal variations of average TS and Ψ in 
C. kawakamii natural forest gaps 
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natural forest (P < 0.01). Average TA in medium 
gaps was the highest (26.88 °C), the next was in 
large gaps (26.00 °C) and the last was in small gaps 
(25.38 °C). Average h in small gaps was the highest 
(69.88%), the next was in large gaps (66.62%) and 
the last was in medium gaps (63.99%). In large 
gaps, TA in east-north directions was higher than 
that in south-west directions; h was the highest in 
gap centre and relatively low in south-east 
directions. In medium gaps, TA was the highest in 
gap centre and the lowest in understory; h was the 
highest in west direction and the lowest in east 
direction of canopy gaps. In small gaps, TA was 
relatively high in south-east directions of canopy 
gaps and low in north direction of expanded gaps; 
h was the highest in gap centre and the lowest in 
north direction of expanded gaps. (Table 3) 

TS and Ψ varied with different gap sizes. TS in 
large gaps and medium gaps presented gradient 

variation in the order of TS 0 > TS 5 > TS 10, and 
small gaps TS 10 > TS 5 > TS 0. TS in the same layer 
and Ψ in different size gaps had differences in C. 
kawakamii natural forest. The changes of TS 0 of 
different size gaps were medium gaps > large gaps 
> small gaps; TS 5 and TS 10 in medium gaps were 
the highest. Average Ψ in small gaps was the 
highest (18.03%), the next was in middle gaps 
(15.33%) and the last was in large gaps (15.22%). TS 

0, TS 5, TS 10 and Ψ in large gaps were the highest 
in gap centre and Ψ was the lowest in forest 
understory. TS 0, TS 5 and TS 10 in medium gaps 
were relatively high in the south direction of 
expanded gaps and that in forest understory were 
the lowest; Ψ was the highest in forest understory. 
TS 0, TS 5 and TS 10 in small gaps were the highest 
in gap centre; Ψ was the highest in the west 
direction of canopy gaps and lowest in the north 
direction of expanded gaps. (Table 4) 

Table 3 The average TA and h in different size gaps of C. kawakamii natural forest at 10 points 

Gaps TA, h P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 10 

TA 26.07 26.05 25.85 25.99 26.03 26.11 25.94 25.88 26.07 25.98 
Large 

h ( %) 67.09 66.84 66.33 66.71 66.99 66.25 66.24 66.57 66.69 66.46 

TA 26.96 26.95 26.91 26.93 26.87 26.83 26.81 26.89 26.85 26.81 
Medium 

h 64.02 63.34 63.72 64.40 63.88 64.15 64.24 63.93 63.85 64.36 

TA 25.33 25.46 25.43 25.39 25.31 25.39 25.39 25.41 25.31 25.34 
Small 

h ( %) 71.03 69.56 69.85 70.02 69.93 69.34 69.76 70.30 69.36 69.62 

 
Table 4 The average TS and Ψ in different size gaps of C. kawakamii natural forest at 10 points 

Gaps TS, Ψ P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 10 

TS 0 20.31 19.93 19.47 19.64 19.63 22.16 19.42 19.42 19.61 19.62 

TS 5 19.95 19.69 19.35 19.34 19.60 19.67 19.27 19.33 19.46 19.43 

TS 10 19.89 19.59 19.40 19.49 19.61 19.68 19.26 19.48 19.51 19.49 
Large 

Ψ (%) 16.13 16.50 14.85 16.03 15.22 14.87 14.59 15.15 14.64 14.34 

TS 0 19.81 19.78 19.68 19.73 19.68 19.68 19.89 19.83 19.53 19.42 

TS 5 19.72 19.76 20.14 19.60 19.57 19.63 19.73 19.77 19.47 19.44 

TS 10 19.49 19.50 19.37 19.42 19.39 19.50 19.54 19.55 19.33 19.31 
Medium 

Ψ (%) 15.91 14.58 15.50 15.49 15.21 15.82 15.14 15.11 14.96 15.56 

TS 0 18.45 17.87 18.22 18.14 17.97 18.17 18.43 18.11 18.03 18.17 

TS 5 19.61 19.50 19.47 19.42 19.26 19.43 19.58 19.55 20.48 19.52 

TS 10 19.50 19.43 19.39 19.36 20.60 19.39 19.52 19.51 19.18 19.44 
Small 

Ψ (%) 16.66 15.98 16.23 17.04 15.88 15.48 16.43 16.34 14.80 15.42 
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According to the significance test of soil 
temperature in three layers, there were highly 
significant differences among TS 0 of different size 
gaps (P < 0.01). TS 5 in medium gaps had highly 
significant differences compared with TS 5 of large 
gaps and small gaps (P < 0.01); TS 0 and TS 5 were 
significantly higher than TS 10 in large gaps; highly 
significant differences were observed in TS 0, TS 5 
and TS 10 in medium gaps (P < 0.01); highly 
significant differences were found between TS 5, TS 

10 and TS 0 in small gaps (P < 0.01). Ψ had highly 
significant difference among the small gaps and 
medium gaps, large gaps (P < 0.05).  

2.4  Microclimate variations in different 
locations of C. kawakamii natural 
forest gaps 

TA, h, TS in three layers and Ψ in different 
locations of C. kawakamii natural forest gaps was 
gradually decreased from gap center, canopy gap, 
expanded gap to understory (Figures 4 and 5). TA, 
h, TS in three layers and Ψ in gap centre were the 
highest and in forest understory the lowest, 
whereas, microclimates in canopy gap and 

expanded gap experienced smoother changes. 
Microclimates in forest gaps could be affected by 
the temperature, vegetation, solar radiation and 
gaps shape, etc., which led to a regular pattern. 

3     Discussion and Conclusion 

Gap disturbance opens space and releases 
resources that develops nutrition availability, 
initiate vegetation succession and facilitate 
population regeneration (DeChantal et al. 2003; 
Kuuluvainen 1994; McGuire et al. 2001). Previous 
studies in temperate forests found that 
microclimate conditions such as air and soil 
temperature, relative humidity and soil water 
content were directly influenced by the formation 
of gaps (Abd Latif et al. 2010; Galhidy et al. 2006; 
Heithecker and Halpern 2006). Our research in the 
subtropical forest of C. kawakamii natural forest 
also supported these findings. Microclimates in C. 
kawakamii natural forest gaps had distinct spatial 
and temporal differences due to influences of 
different solar radiation in four seasons and 
different crown inclination ratio of gap border trees. 
Factors affecting the soil temperature in different 
seasons include the micro-topographic variability 
and vegetation types in forest gap and understory 
(Schmidt et al. 1998). Moreover, the seasonal 
variation of soil temperature and soil water content 
could affect the respiratory activities of roots, and 
soil microorganisms vary during the year, 
especially in autumn (Lavigne et al. 2004).  

TA and TS in forest gaps were influenced 
directly by the amount and duration of solar 
radiation received. TA was the highest and h the 
lowest in medium gaps in C. kawakamii natural 
forest. By contrast, TA was the lowest and h the 
highest in small gaps. As TA rose, both of the vapor 
pressure and saturation vapor pressure increased, 
whereas saturation vapors pressure rose faster 
than the vapor pressure, which led to the decrease 
of h and the increase of TA. These findings can 
probably be attributed to the greater proportion of 
direct radiation reaching the centre of the medium 
gaps and large gaps, whereas, in smaller gaps, solar 
radiation was predominantly diffused or being 
transmitted through the canopy gap and expanded 
gap edge, leading to more gradual and less extreme 
changes in environmental factors. Similar findings 

Figure 4 The average TA and h in different locations 
of C. kawakamii natural forest gaps 

Figure 5 The average TS and Ψ in different locations 
of C. kawakamii natural forest gaps 
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were reported in a semi-natural deciduous forest 
(Ritter et al. 2005) and a mixed temperate 
broadleaved deciduous forest (Abd Latif et al. 
2010). The results showed that medium gaps were 
affected mostly by environmental factors compared 
with small gaps and large gaps. Medium gaps, 
which could be exhibited more effectively the 
heterogeneity of microclimates in forest gaps, 
played a vital role in the mechanism of forest 
population regeneration.  

TA, h, TS 0, TS 5, TS 10 and Ψ in different 
locations of C. kawakamii natural forest gaps was 
gradually decreased from the gap center, canopy 
gap, expanded gap to understory, coincided well 
with the findings in the deciduous forest (Ritter et 
al. 2005) and the moist tropical forest (Veenendaal 
et al. 1995), which could be the differences of solar 
radiation, wind interference and gas heat exchange 
in different locations.  

The spatial and temporal characteristics of 
microclimates (TA, h, TS 0, TS 5, TS 10 and Ψ) were 
heterogeneous in C. kawakamii natural forest gaps, 
which led to abundant ecological differentiation, 
rich variety of forest cover and various coexistence 
of forest species, which may directly affect the seed 
germination, seedling photosynthesis and growth, 
soil physical and chemical properties and microbe 
activities in forest gaps. This study has provided 
some useful evidence concerning the formation of 

forest gaps on microclimates and soil water content 
in a mid-subtropical broadleaved forest and this 
knowledge is valuable for assessing the 
implications of C. kawakamii population for forest 
restoration and regeneration. Hence, more 
attention should be paid to microenvironment 
response to species diversity and succession.  
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