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Abstract Using a strip transect sampling method, the
density, height (<100 cm), basal diameter and compo-
nents of biomass of Abies faxoniana seedlings, living in a
forest gap (FG) and under the forest canopy (FC) of sub-
alpine natural coniferous forests in western Sichuan, were
investigated and the relationships among different com-
ponents of biomass analyzed. The results indicated that
the density and average height (H) of A. faxoniana seed-
lings were significantly different in the FG and under the
FC, with the values being 12903 and 2017 per hm?, and
26.6 and 24.3 cm. No significant differences were found in
the average basal diameter (D) and biomass. The biomass
allocation in seedling components was significantly affec-
ted by forest gap. In the FG, the biomass ratio of branch
to stem reached a maximum of 1.54 at age 12 and then
declined and fluctuated around 0.69. Under the FC, the
biomass ratio of branch to stem increased with seedling
growth and exceeded 1.0 at about age 15. The total bio-
mass and the biomass of leaves, stems, shoots and roots
grown in the FG and under the FC were significantly
correlated with D*H. There were significant and positive
correlations among the biomass of different components.
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1 Introduction

In 1947, Watt (1947) introduced the idea of canopy gap.
During the 1980’s, much attention has been paid to
canopy gaps and this has become a major topic in forestry
and ecology. The dynamics of canopy gaps form the
mosaic of forest regeneration and the natural regeneration
of forests is the process of formation, development and
maturity of canopy gaps (Zhang et al., 1999). Therefore,
the effect of canopy gaps on the generation of seedlings
and saplings should be well understood and is important
for the restoration and rebuilding of degraded ecosystems,
for carrying out programs of natural forest conservation
and for the scientific management of forest ecosystems.
Currently, most studies of canopy gaps fastened on their
characteristics (Shen et al., 2001), models (Sang and Li,
1998), microenvironments (Wang and Xu, 1995; Zhang
et al., 2001), biodiversity (Wang et al., 2001) and other
aspects. There are few reports related to the effect of
canopy gaps on the growth of seedlings and saplings.
Coniferous forests of the subalpine zone in western
Sichuan, the second forest region of China, are one of
the major regions of natural forest conservation program.
The region is extolled as containing half of the water
resources of China, as a major green ecological defense
system and as a gene bank. These forests have been domi-
nated by fir and spruce and the natural generations of
these species have been hardly found under the densely
closed canopy (less than 1000 trees per hm?) and the gen-
eration in canopy gaps and forest edges is the major way
for the generation of seedlings and saplings (more than
10000 trees per hm?) (Yang, 1990; Yang et al., 1992).
Following the practice of natural forest conservation,
the following aspects, natural generation of forest, growth
and development of naturally generated seedlings and
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saplings and the regulation of these processes, have
become urgent topics related to regional vegetation res-
toration and re-establishment and the management of
forest ecosystems. Therefore, we have surveyed the
development of seedlings in canopy gaps and under the
forest in a typical subalpine forest zone of western
Sichuan, southwestern China and measured their bio-
mass. Our objectives were to understand the differences
of seedling growth under various microenvironments and
their adaptive mechanism by analyzing the biomass of the
seedlings, their allocation and other factors. We trust our
study will provide some positive evidence for understand-
ing the development of fir and spruce seedlings, for the
restoration and re-establishment of the sub-alpine, con-
iferous forests in western Sichuan and assist research in
forest dynamics and the management of forests.

2 Study site and methods
2.1 General situation

Our experimental field was located in the Wanglang
National Nature Reserve, a state-level nature protection
area, belonging to the Pingwu County, Sichuan Province.
The total area is 323 km? and characterized by Danba-
Songpan semi-humid climate. It forms clear dry and wet
seasons because of the effect of monsoons. The dry sea-
son, lasting from November to April, experiences intense
sunshine, little rain and is cold and dry. The wet season,
from May to October, is warm and wet, has much rain
and fog but little sunshine. The average annual temper-
ature is 2.9°C, 12.7°C in July and —6.1°C in January. The
highest ever recorded temperature is 26.2°C and the low-
est —17.8°C and the average annual accumulated temper-
ature (=10°C) is 1056.5°C. Average annual precipitation
is 859.9 mm, concentrated mainly from May to July.

The elevation of the region is between 2400 and 4980 m,
with an obvious height discrepancy of 2500 m and an
average elevation above 3200 m. At the lower elevations
(2300-2850 m), the soil is a mountainous, regional brown
earth, from 2600-3500 m the soil is a mountainous,
regional dark brown earth, a subalpine meadow soil at
2300-3500 m on sunny slopes, a mountain meadow soil
from 35004000 m and a mountain flowstone beach
desert soil at elevations over 4000 m. The vertical distri-
bution of vegetation consists of conifer-broadleaf mixed
forest at 2300-2600 m, Sabina saltuaria—Picea purpurea
mixed forests and Abies faxoniana forests at 2600—
3500 m, subalpine brush meadows at 3500-4400 m,
mountain flowstone beach plants at 4400-4900 m and
an alpine desert belt over 4900 m elevation (Xian et al.,
2004a, 2004b).

Abies faxoniana—Fargesia denudata—Hylocomium splen-
dens communities are mainly found on river terraces at
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elevations between 2800-3100 m. The average age of the
forest is about 180 years. The average height and diameter
at breast height are 38 and 45 cm, respectively. The dom-
inant tree species is Abies faxoniana and the sub-
dominant tree layer consists largely of Sabina saltuaria
with some Acer spp. The canopy closure is between 0.4—
0.6. The shrub floor mainly includes Fargesia denudata Yi,
Lonicera spp., Abies faxoniana and young maple seed-
lings. The average height of the shrub species is 1.4 m
and the coverage is 40%. The grass floor, with an average
height of 30 cm and coverage of 30%, is made up of
Cardamine tangutorum, Smilacina japonica and ferns.
The moss layer is 8§ cm thick with more than 90% cov-
erage, consisting of Abietinella abietina and Hylocomium
splendens.

2.2 Research methods

2.2.1 Data collection

We randomly set three transects perpendicular to the con-
tour line, 300 m long and 2 m wide each, with spacing
over 20 m. For the sake of convenience, we assume the
height of all A. faxoniana seedlings (seedling for short
hereinafter) as less than 100 cm. We carefully dug up
the seedlings grown under the forest canopy (FC) and in
the forest gaps (FG), cleaned the roots with clean water
and dried them. We measured the basal diameter (D),
height (H), the weight of fresh roots, of fresh leaves, of
fresh stems (trunk and branches) and of each seedling and
then sampled from different organs of sampled seedlings.
We placed the seedlings in a ventilated drying oven at
80°C to obtain their final equilibrium weight and finally
we calculated the biomass of each organ.

2.2.2 Data processing

In our study, we ascertained the age of the seedling by
counting the annual rings at the basal diameter and
branch rings. We used the following criteria to distinguish
seedling, in years, by age (A4) classes: class I, 4 < 3 years;
class II, 3< A4 < 6 years; class 111, 6 < 4 < 9 years; class
IV,9< 4 < 12 years; class V, 12 < A4 < 15 years; class VI,
A > 15 years.

The transect was only 2 m wide, so we used the area of
transect within the forest gap (FG) as our gap area. We
used the following definitions in our study: the density of
seedlings in the FG = the number of seedlings in the FG/
area of the FG and seedling density under the forest
canopy (FC) = the number of seedlings under the FC/area
under the FC. The total seedling biomass = leaf biomass +
root biomass+ stem biomass; stem biomass = trunk bio-
mass + branch biomass; ground biomass = leaf biomass +
stem biomass. Leaf biomass ratio = leaf biomass/total
seedling biomass; the biomass ratio of root to stem = dry
root substance/stem biomass; branch biomass ratio =
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branch biomass/total seedling biomass. The ratio of
height to basal diameter = H/D; the biomass ratio of leaf
to root = leaf biomass/root biomass, and the biomass
ratio of canopy to root = ground biomass/root biomass.

3 Results and analysis

3.1 Average height, basal diameter and density of 4.
faxoniana

There was a total of 768 seedlings (288 under the FC, 480
in the FG) in the three sample transects. Of the entire
sample transect area, that of the FG was 372 m?, account-
ing for 21% and the area under the FC was 1428 m?
accounting for 79%. Seedling density of the FG was
12903 per hm? with an average basal diameter of
497 mm and the average height of the seedlings was
26.6 cm. Seedling density under the FC was 2017 per
hm?, with the average basal diameter at 5.13 mm and
the average height at 24.3 cm. The density and average
height of seedlings in the FG were higher than under the
FC (Table 1). The opposite was true for basal diameter.
The differences in basal diameter for each age class in the
FG and under the FC were statistically not significant
(F=1.148, p > 0.05), but the differences in seedling height
were significant (F = 20.618, p <0.05).

3.2 Biomass of A. faxoniana seedlings
3.2.1

Absolute value of component biomass

The differences of seedling biomass at each age class in the
FG and under the FC were not significant (F; = 2.034,
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F]I = 1889, F]n = 0327, FIV = 2729, FV = 0282,
Fyir=0.997, p>0.05). The differences in root biomass
at each age class in the FG and under the FC were also
not significant (Fy=1.316, Fy;;=0.014, Fyp=2.907,
Fry =2.556, Fy=0.861, Fy;=0.764, p>0.05). These
results show that the FG and FC had no remarkable
effects on the accumulation of seedling biomass and
underground root portion (Table 2).

The leaf biomass at each age class in the FG was higher
than under the FC and shows highly significant differ-
ences in age classes II, III and IV (Fy=8.525,
Fr1=17.619, Frv=11.023, p<<0.01), but the differences
in the I, V and VI age classes were not significant
(Fy=3.410, F\, = 0.485, Fy;=0.719, p > 0.05). The stem
biomass at each age class in the FG was also higher than
under the FC. Highly significant differences existed in age
classes III, IV and V (Fyp=8.585 Fiv=16.5%4,
Fyv=6.059, p<0.01), but the differences in age classes I,
IT and VI were not significant (Fy=1.037, Fp=0.0006,
Fy1=0.018, p>0.05). These results indicate that the
amounts of biomass of leaves and stems at several age
classes of A. faxoniana seedling in the FG were greater
than those of seedlings grown under the FC.

3.2.2 Component biomass ratio

The leaf biomass of A4. faxoniana seedlings in the FG was
higher than under the FC (Table 3). There were very sig-
nificant differences in each age class except for I and VI
(FH = 37555, FIII = 77811, F]V =12.1 18, FV = 23191,
p<0.01). The difference of stem biomass ratio was
entirely consistent with that of its leaf biomass ratio, but
the stem biomass ratio under the FC was higher than the
ratio in the FG (except for age class IV). The biomass

Table 1 Height of A. faxoniana seedlings for different age classes in forest gap and under canopy
age class forest gap under canopy
mean + S.D./cm max./cm min./cm number of trees mean + S.D./cm max./cm min/cm number of trees

1 12.1 +2.94 19.2 7.2 22 100 £ 1.5 12.4 7.4 17

11 17.6 + 4.8 30.3 8.5 158 152 +4.6 39.2 7.6 73

11T 25.7+ 6.0 47.5 11.9 164 213+ 54 37.4 10.5 90

v 332452 44.5 22.2 91 2924+ 6.3 44.5 17.3 64

\Y 413+ 8.2 56.4 22.4 37 37.0+ 7.4 56.4 24.2 33

VI 59.1+10.4 82.5 34.5 8 432 +175 54.5 29.2 11

Table 2 Average component biomass of A. faxoniana seedlings for different age classes in FG and under forest canopy (mean + S.D.)

age leaf biomass/g stem biomass/g above-ground biomass/g root biomass/g total biomass/g
class

A B A B A B A B A B
1 0.33+0.18 0.23+0.11 0.184+0.01 0.07+0.04 0.51 £0.27 0.30+0.15 0.11 +£0.00 0.20 +0.01 0.62 +0.28 0.50 + 0.22
II 095+049 0.76 £0.46 0.70+0.40 0354020 1.65+0.87 1.10+0.62 0.41 +0.25 0.42+0.211 2.07 +1.05 1.52+0.76
Im  271+1.08 232+098 224+098 1.344+0.65 495+199 3.65+1.49 1.24+0.62 1.39+0.67 6.19+246 5.04+243
v 592+ 1.61 492+1.99 8414219 3.79 +231 1433 +3.75 8.724+3.63 297 +1.23 330+1.19 17.30 £ 4.64 122+ 513
V1087 +4.12 10.22 +4.81 10.37 +3.96 6.60 +2.83 21.25+7.73 16.83 +7.29 5.52 +2.18 6.25+2.36 26.77 +9.32 23.08 + 8.89

VI

17.71 £ 5.51 15.41 £5.04 21.19 + 7.27 10.39 £+ 3.81 38.89 + 11.99 25.80 + 8.69 9.57 + 1.62

9.99 +3.08 48.47 + 13.16 34.89 + 10.87

A: in the forest gap; B: under forest canopy. The same identification applies to following tables.
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Table 3 Leaf biomass ratio, stem biomass ratio, biomass ratio of root to stem, ratio of height to basal diameter of A4. faxoniana seedlings

(mean £+ S.D.)
age class leaf biomass ratio stem biomass ratio biomass ratio of root to stem  ratio of height to basal diameter
A B A B A B A B

I 0.50 + 0.02 0.46 + 0.01 0.29 + 0.01 0.29 + 0.02 0.72 4+ 0.09 0.81 +0.02 6.89 +0.38 5.95+0.39

1T 0.46 £+ 0.00 0.40 £+ 0.01 0.33+£0.05 0.37 £ 0.01 0.65 £+ 0.03 0.71 £ 0.05 5.66 + 0.10 4.90 £+ 0.17

11 0.44 + 0.00 0.36 + 0.01 0.36 + 0.00 0.41 +0.01 0.58 +0.02 0.58 + 0.03 5.19 + 0.08 436 +0.12

v 0.34 + 0.00 0.32 +0.01 0.49 + 0.00 0.46 + 0.01 0.35 + 0.01 0.51 +0.03 4.87 +0.08 423 +0.12

\% 0.41 + 0.00 0.33 + 0.01 0.38 + 0.01 0.43 + 0.01 0.57 +0.03 0.61 + 0.09 4.62 +0.15 4.16 + 0.13

VI 0.37 +0.02 0.33 £+ 0.01 0.42 + 0.02 0.43 +0.00 0.52 +0.07 0.58 + 0.05 4.40 + 0.61 3.88 +0.12

ratio of root to stem in each age class under the FC
was higher than in the FG. The difference in the biomass
ratio of root to stem in each age class was not significant
(FI = 3423, Fll = 1327, Flll = 0005, FV = 0250,
Fy;=0.257, p>0.05), except for age class IV for which
the difference was highly significant (Fyy = 30.295,
p <0.05). The leaf biomass ratio in age class IV was the
lowest in both the FG and under the FC, but the result
was just the opposite in the stem biomass ratio. The rea-
son may be that the average height of seedlings in age class
IV was about 30 cm, which was the same height as that of
the grass floor in the forest community, so there was
intense competition for sunlight with the result that part
of leaves dried up, but the branches remained.

Along with the seedling growth, the ratio of height to
basal diameter decreased in the FG and under the FC, the
ratio of height to basal diameter in the FG was larger than
that under the FC. Their difference was significant
(FI = 3853, FII = 17094, Flll = 34034, FIV = 20859,
Fy=5.107, Fy;=16478, p<0.05). We conclude that
the conditions in the FG were good for height growth of
A. faxoniana seedlings.

As shown in Table 4, the biomass ratio of leaf to root in
the FG (2.48 & 1.12 on average) was higher than for the
seedlings of the same age classes grown under the FC
(1.84 4+ 0.89 on average). These differences are very sig-
nificant (F' = 68.865, p <0.01). The average biomass ratio
of canopy to root in the FG and under the FC, respect-
ively, was 4.65 + 1.91 and 2.88 + 1.27 and their difference
is also very significant (F = 194.864, p <0.01).

From Table 4, we can see that the biomass ratio of
branch to stem increased with the seedling growth and
reached its maximum (1.54) in about 12 years, then

quickly decreased and maintained at around 0.69. In the
entire growing period of seedlings grown under the FC,
the ratio of branch to stem increased all the time. In the
15th year, it reached 1.10 + 0.33. The substance accumu-
lated in branches exceeded that in stems, which indicates
the growth of seedlings was predominated by the growth
of lateral branches when approaching age class V (the
15th year). At the beginning of the growing period (age
class IV, before the 14th year), the difference of substance
accumulation in branches is not significant for seedlings in
the FG and under the FC. After the 14th year, the above-
ground substance accumulation changed markedly for
seedlings in the FG and under the FC, the former mainly
in stems and the latter largely in branches. This result
shows that the environment of FG has an important effect
to the growth of seedlings, especially in the later growing
period. We can reach a similar conclusion though the
analysis of the branch biomass ratio under different con-
ditions.

3.3 The relationship of biomass among different organs

3.3.1 The relationship among biomass of each
component

As shown in Figs. 1 and 2, for seedlings with the same
above-ground biomass under the FC and in the FG, the
former was higher than the latter in underground bio-
mass. It indicates that more biomass was allocated in
roots in the FG. The above-ground biomass, under-
ground biomass, leaf biomass and stem biomass all had
a significant linear relationship with the total biomass of
seedlings grown in the FG and under the FC.

Table 4 Biomass ratio of leaf to root, biomass ratio of canopy to root, biomass ratio of branch to stem, branch biomass ratio of 4.

faxoniana seedlings (mean + S.D.)

age class biomass ratio of leaf to root  biomass ratio of canopy to root  biomass ratio of branch to stem branch biomass ratio
A B A B A B A B

1 3.61 + 2.08 2.21 +£0.93 2.56 + 1.13 295+ 1.32 0.13 +0.14 0.10 + 0.58 0.03 +0.03 0.03 + 0.04
1T 2.66 + 1.27 1.96 + 0.91 458 +2.14 2.85+1.21 0.30 +0.16 0.43 +0.21 0.08 £0.03 0.11 +£0.05
il 2.42 +0.93 1.89 +0.98 4.40 + 1.60 295+ 1.36 0.43 +0.22 0.70 + 0.29 0.11 + 0.03 0.17 + 0.06
v 2.20 +£0.72 1.65 4+ 0.81 533+ 1.74 291 +1.38 1.54 +£0.32 0.85 +0.32 0.29+£0.02 0.22 +0.05
\'% 2.09 + 0.65 1.77 +£ 0.95 405+ 1.14 291 +1.45 0.69 +0.24 1.10 + 0.33 0.16 + 0.04 0.22 + 0.06
VI 1.85 4+ 0.50 1.60 + 0.44 4.034+0.95 2.68 +0.75 0.68 +0.23 1.11 +£0.38 0.174+0.04  0.24 +0.05




Effects of forest canopy gap on biomass of Abies faxoniana seedlings and its allocation in subalpine coniferous forests 275

¢ above-ground
60 o under-ground (a)‘
‘g 50l ——above-ground By
] — —under-ground
?._"30 40 + y=10.8096x — 0.0038
3 2 2=0.9943
Eg30r »=0.1904x — 0.0038
o o o B
0 —
z 10 ; e
2 i geead-e T T
0 10 20 30 40 50 60 70
total biomass/g
60 .
+ above-ground ©

o under.gr()und y= 0.5665x — 0.0593
——above-ground R*=0.9875
— —under-ground

B,

n
S
T

I
=
T

above and under-ground
biomass/g
[\ 9%}
S (=)
: :

—o TJBR
Dm, -_—
10 G- BT »=0.1995x + 0.1941
0 oty e R*=0.8613
0 20 40 60 80 100

total biomass/g

351
¢ leaf biomass 5 ()
30 o stem biomass y=0.4412x - 0.2105 o B,
) N g
% —— leaf biomass R*=0.9685 e
g 257 _ _ stem biomass e Op@ By
220}
I
S5t
el
§ 10 B
w y=0.3684x + 0.2067
<5 2= (.9646

L L L J

0 10 20 30 40 50 60 70
leaf and stem biomass/g

(=]

357 * leaf biomass =0.3325, @)
o y=0.3325x +0.0754
% 30 o stembiomass  R2=0.9458 By
g 5L — leaf biomass
S — — stem biomass
S _B By
g 20 - s
@ 15
2
=10 y=0.234x - 0.1348
8 5 R*=0.9596

() = : :
0 20 40 60 80 100

total biomass/g
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Fig. 2 Exponential regression between above- and under-ground biomass of seedlings
(a) in the forest gap; (b) under forest canopy

3.3.2 The relationship between biomass of each
component and basal diameter or height of seedlings

From Fig. 3, we can see that the biomass of single seedling
(Bt) had a significant linear relationship with the square
of basal diameter (D?) and height (H). The biomass of leaf
(Br), stem (Bs), above-ground part (B,) and root (BgR)
were significantly linearly correlated with D*H.

4 Discussion
4.1 Biomass of A. faxoniana seedlings

The findings of this study indicate that the average bio-
mass, leaf biomass and stem biomass of a single seedling
grown in the FG were all higher than that grown under the
FC, but the opposite was true for the average root
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Fig. 3 Line regression between total biomass of 4. faxoniana
seedling and D°H
(a): in the forest gap; (b): under forest canopy

biomass. Previous studies indicated that the solar radiation
in the FG and under the FC respectively accounted for
(31.84 + 8.20)% and (17.63 + 5.49)% of that in the open
space outside the forest, and difference of the radiation
intensity in the FG and under the FC was highly significant
(Wang, 2004). The biomass of seedlings grown in the FG
was higher than that under the FC, suggesting that the
accumulation of dry substance in A. faxoniana seedlings
increased with the enhancement of light. The difference
of biomass of seedlings of each age class was not marked,
indicating that, besides sunlight, there were also some other
affecting factors. Presently, there have already been some
studies pointing out that the factors such as the effective-
ness of soil nutrients and shrub layer had crucial effects on
seedling growth. Bungard et al. (2000) suggested that the
effective soil nutrients (especially effective nitrogen) were
one of factors limiting seedling growth. Beckage et al.
(2000) and Tabarelli and Mantovani (2000) believed that
the shrub layer had remarkable inhibitory effects on the
growth of arbor seedlings. Taylor and Qin (1988) also
pointed out that the density of Fargesia spathacea
Franch., a dominant species in the shrub layer in 4. fax-
oniana forest, affected the regeneration of arbor species and
seedling growth. Howe (1990) thought that the herb species
and canopy closure had significant effects on the survival
and growth of seedlings. Therefore, an in-depth study of
shrub layer, soil nutrients, water, soil temperature and CO,
concentration is necessary in order to better reveal the
effects of forest gap of subalpine natural coniferous forests
in western Sichuan on the growth and biomass distribution
of A. faxoniana seedlings.

4.2  The biomass ratio of leaf to root and canopy to root
of A. faxoniana seedlings

The present study found that the difference of average
biomass ratio of leaf to root in the FG and under the
FC was very significant at 2.48 + 1.12 and 1.84 + 0.89,
respectively. The average biomass ratio of canopy to root
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under the two conditions had also high difference
(p<0.01) at 4.65 + 1.91 and 2.88 + 1.27, respectively.

Temperature and humidity were two important factors
affecting the biomass ratio of canopy to root. Lyr and
Garbe (1995) found that soil temperature affected the ratio
of root to stem of Fagus sylvatica seedlings. Generally
speaking, air temperature and vapor pressure deficit
(VPD) in the FG is higher than that under the FC, which
in result leads to a higher transpiration rate in the FG, and
gives rise to water stress. Water stress will restrain pho-
tosynthesis and limit the accumulation of seedling biomass
to adapt to the adverse environment. Usually, in response
to water stress, plants will redistribute its biomass, assigning
more biomass to the roots to enhance the water-absorption
ability of the roots. Therefore, under water stress, plants
possess a high biomass ratio of root to stem. After the
cessation of water stress, the biomass ratio of root to stem
of Fagus sylvatica declined with the increase of sunlight
intensity and the carbohydrate amounts assigned to the
roots will be reduced if no competition for soil nutrients
occurs (Lyr and Garbe, 1995). The interaction between
sunlight and soil also significantly affected the biomass dis-
tribution situation (King, 1994; Minotta and Pinzauti,
1996; Guo and Werger, 1999). Some other studies found
that the sunlight under the FC, rather than soil, limited the
growth and development of seedlings (Norgren, 1996;
Gardiner and Hodges, 1998). In the present study, the bio-
mass ratio of root to stem in the FG was lower than that
under the FC because of the strong water-holding capacity
of forest community in the FG (there was 10 cm deep moss
floor under the virgin forest) and high air humidity. Under
such conditions, plants can usually be free of water stress in
their growing period, so the biomass ratio of root to stem of
most seedlings of the same age class had no marked differ-
ence. The biomass ratio of root to stem of seedlings of age
class IV had marked difference between the FC and FG,
and it might be explained by that the grass floor in the FG
developed well and had almost the same height with seed-
lings of age class IV.

4.3 Application of biomass distribution pattern of A.
Jfaxoniana seedlings

The growth of 4. faxoniana seedlings in the FG and under
the FC was similar before 14 years age. After the 15th
year, the seedling biomass under the FC was mostly accu-
mulated in branches, but evenly distributed for seedlings
in the FG. Field investigation also indicated that, under
the FC, the biomass increment of the lateral branches of
A. faxoniana seedlings of 15 years age was obvious and it
was even more obvious for those of 17-20 years age with a
slow growth of stem and death of apical buds. Such phe-
nomenon could not be found in the FG. Our field obser-
vations indicated that shade-tolerant tree species could
grow under the FC or in the shady FG, but there must
be the forest gap that can provide sufficient sunshine and
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space for seedlings to develop and reach the main storey.
Our results were consistent with the findings of other
scientists (Yang et al., 1992; Wang and Xu, 1995). The
time that the lateral branches of seedlings start a quick
growth, from 15 years age in the present study, was later
than that in others studies, which might be because of the
difference of plant species of interest.

Occurrence of forest gaps could give rise to changes in
such factors as micro-topography, light environment, air
temperature and humidity and soil nutrients (Zang et al.,
1999), which caused large heterogeneity in the forest
environment and provided more opportunities and space
for the germination and growth of seedlings. This enables
the normal regeneration of the forest and an accommoda-
tion of more species. Occurrence of the forest gaps is sig-
nificant for the germination and growth of seedlings.
Szwagrzyk et al. (2001) indicated that normal growth of
seedlings of shade-tolerant tree species need occurrence of
the forest gaps, too. Diaci (2002) thought that successful
forest regeneration could be accomplished by controlling
geometric features like size, shape and direction of forest
gaps. So, we can increase small-scale interference to pro-
mote smooth forest succession and sustain higher biodi-
versity in the forest ecosystem management. In highly
closed climax communities, we can obtain sufficient illu-
mination and space for the growth of shade-tolerant tree
species and create conditions artificially for the regenera-
tion of heliphilous tree species (for example, in virgin for-
ests, heliphilous tree species like Betula spp. can only be
found in the FG). In the degraded forest ecosystem, we
can fell broad-leaved trees to promote the growth of con-
iferous species. In communities which are in their early
successional stages and the community or dominated by
heliphilous tree species, shade-tolerant tree species can
regenerate naturally with the aid of shade. Or, we can
artificially make forest gaps to help the trees grow quickly.
However, too frequent occurrence of forest gaps and
interference would make forests degenerate quickly
(Vogt et al., 2002). So in the forest ecosystem manage-
ment, we can properly increase small-scale interference
but should prevent large-scale interference and frequent
occurrence of forest gaps in order to sustain the stability
and biodiversity of the forest ecosystem (Zhong, 1997).
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