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Abstract: Knowing the effect of thinning on forest ecosystem services is an important aspect of sus-
tainable forest management. This study analyzed the traditional thinning on tree growth and soil
nutrients in the Chinese fir (Cunninghamia lanceolata (Lamb.) Hook) plantations. The Chinese fir
plantations were 11 years old with different initial densities in Jinji (4000 tree-ha™), and Yingde (3000
tree-ha™), Xiaolong (2000 tree-ha™) forest farms, and 20 years old in Yangmei (2000 tree-ha™) forest
farm. The thinning intensity was 35% in Yangmei and Xiaolong forest farms, and 43% in Jinji and
Yingde forest farms. Tree growth was measured as the increment of diameter at breast height and
stand volume; soil nutrients were measured as pH, soil carbon and nitrogen contents at 0-10 cm
soil. The thinning led to an increase in the diameter of trees in all study plots, with the fastest growth
rate in Jinji (22.02%) forest farm. The stand volume growth rate was higher in thinning plots than in
control plots, with the highest volume growth rate in Xiaolong (27.8%), due to its higher leaf area
index and lower density. There was an increasing pattern of C and N contents in the higher initial
density plots after thinning (Jinji and Yingde forest farms). During the extreme drought year in 2021,
the thinning mitigated the changes in soil acidity and soil moisture, which indicated that thinning
could also increase drought tolerance in the short term. Thinning response studies frequently focus
on the long-term effect; our results demonstrate how thinning promotes tree growth in the short
term.

Keywords: thinning; Chinese fir plantation; tree growth; soil condition; short-term effects

1. Introduction

Chinese fir (Cunninghamia lanceolata (Lamb.) Hook.) is one of the most important co-
niferous species in subtropical China, and it is known for its relatively good timber quality
and fast growth [1]. It has a planting area of 9.90 million ha, accounting for 17.33% of the
total plantation area in China and 7.56% of the plantation area worldwide [2,3]. Due to
the pure and dense forestation of Chinese fir, as well as the shortening of the rotation
period [4], the ecosystem services and functions provided by forests, such as scenic beauty
[5], biodiversity [6], ecosystem resilience and adaptability [7,8], productivity [9,10], mi-
croclimatic stability [11], and habitat provision [12,13], are not sustainable [14]. In order
to realize the sustainable ecological, social, and economical service of pure coniferous
plantations, the management of such stands became more relevant.

Thinning is an essential “silvicultural tool” to control tree competition [15], resulting
in an improvement in stand quality. Forest managers and scientists have carried out nu-
merous studies about the effects of thinning on the development of understory vegetation
[16], forest structure [17], species composition [18], soil nutrient dynamics [19,20], and for-
est growth [18,21]. However, the main aim of this kind of research has been focused on
finding the optimum thinning mode, intensity, or frequency for ensuring the maximum
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benefits of the forests [22-27]. Additionally, from the very beginning, thinning research
was aimed at studying growth and yield [28,29]. However, to date, relatively less research
has been expended on the relationship between tree growth and forest management, in-
stead on different forms of forest management. Furthermore, many researchers carried
out the thinning effects research in the forests many years after thinning [18,30,31]. There-
fore, the effects of thinning on tree growth and soil nutrients at the beginning are not well
known.

Thinning resulted in lower canopy openness at the beginning, which could be at-
tributed to growth responses of understory vegetation in lower strata due to improved
light availability [32]. Thinning may increase soil moisture, and pH [27,33]. However,
thinning effects on soil C storage have been controversially reported; for example, some
[30,33,34] reported that thinning increased soil C contents in the short term, and others
[35,36] reported that the soil C content was minimally affected by thinning after a one-
year treatment. Xu et al. [20] reported that thinning decreased soil C storage after 3 year
treatment. Forest soils are the basis for productive and resilient forests that, in turn, create
opportunities for sustainable and successful forest management. Soils provide water and
nutrients required for forest growth, buffer loading of toxins and acidification and com-
pensate for water shortages during droughts. As carbon (C) sinks [37], forests and their
soils play a key role in climate protection and compensating for greenhouse gas emissions
[38]. The soil pH value affects the concentration of various ions in soil solution and the
effectiveness of various elements on plants. Therefore, we took soil pH, and soil moisture,
soil C and N as the belowground resources and the LAI as the aboveground resources.

Our study was carried out in the typical Chinese fir plantations in the study area,
which represent high density, monoculture, short rotation, etc. The objective of this study
was to test whether the thinning promotes the stand yield and increases the soil nutrient
in the short term. For this purpose, thinning was applied in four Chinese fir plantations
with different initial densities in 2020. In order to explore the post-effects of thinning in
the short-term on: (1) tree growth dynamics and (2) soil nutrients dynamics. This paper
may help to understand the importance of forest managements and related ecosystem
processes in the short term.

2. Materials and Methods
2.1. Study Site

The study sites are located in Qingyuan city (E 111°55'-E 113°55’, N23°31'-N 25°12)
in Guangdong, China. It belongs to a subtropical area, with a mean annual precipitation
of 1615-1900 mm, and a mean annual temperature of 19.5-22.4 °C. Chinese fir plantations
in the first 3 years after planting, understory and grass were removed manually to im-
prove the survival rate of seedlings. We set up 24 plots in 4 forest farms, which are
Yangmei forest farm (E 112°29'20"~112°35'45", N 23°57'30"~24°10'00"), Jinji forest farm (E
112°57'~113°01', N 24°08'~24°13’), Yingde forest farm (E 112°45'15"~113°55'38", N
23°50'31"~24°33'11"), and Xiaolong forest farm (E 112°11'03”~112°15'49”, N 24°51'
43~24°56'05""). The soil is mostly lateric red soil, which is developed from sandstone, lime-
stone, granite, and shale. The main tree species are Cunninghamia lanceolata, Pinus massoni-
ana, Schima superba, etc. The main shrub species are Rhodomyrtus tomentosa, Eurya chinensis,
Rhus chinensis, llex asprella, Rhaphiolepis indica, Psychotri arubra, Melastomas anguineum, Me-
lastoma candidum, Clerodendron fortunatum, Evodia lepta, Mallotus apelta, etc. The herbaceous
species are Miscanthus sinensis, Ischaemum indicum, Thysanolaena maxima, Melastoma dodec-
andrum, Lophatherum gracile, Dicranopteris dichotoma, Blechnum orientale, Woodwardia japon-
ica, etc.
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2.2. Experimental Design

In July 2020, 24 plots of 20 m x 20 m were established and permanently marked. We
set up 6 plots in a 20-year-old Chinese fir plantation in Yangmei forest farm, 6 plots in an
11-year-old Chinese fir plantation in Jinji forest farm, 6 plots in an 11-year-old Chinese fir
plantation in Yingde forest farm, and 6 plots in a 11 years old Chinese fir plantation in
Xiaolong forest farm. The details of the plots are listed in Table 1. In order to investigate
the effects of thinning on tree growth and soil nutrients, a thinning design with three rep-
licates per forest farm was applied in December 2020. From October to November 2020,
we numbered every tree in each plot permanently, and also marked the to-be-removed
trees as well. We adopted the method of thinning from below. The thinning intensity is
the percentage of the number of harvested trees in the total number of original stands.

Table 1. Basic information of the study plots.

Mean Thin-
Age ) Number of Reineke’s Mean Tree  Canopy Open- ning In-
Plots (Yfar) Slope (°)  Altitude (m) Tree SDI DBH (cm) Height nezz (%f; tengsity

(m) (%)
1 20 23 645 77 2231 16.4+8.0 13.1+3.5 26.95 0
2 20 32 672 75 2888 143+54 11.8+3.1 13.21 0
3 20 30 654 85 4043 126+45 104+28 17.77 0
4 20 26 625 82 3316 141+46 126+25 17.14 35
5 20 26 635 78 3169 13.7+5.5 11.7+3.3 18.23 35
6 20 28 641 83 3143 14.6+5.1 123+2.6 15.82 35
7 11 30 497 155 16561 77+23 60x14 18.83 43
8 11 27 504 165 14232 64+13 3.1x09 19.82 0
9 11 35 520 167 17530 78+24 65+14 17.93 0
10 11 35 528 165 12604 96+26 82+15 13.78 43
11 11 42 478 154 10053 10.6+29 73+15 20.34 0
12 11 30 512 164 12509 96+28 71x17 10.08 43
13 11 26 106 100 4768 129+36 114+19 25.66 43
14 11 27 104 111 5823 12.1+35 10.1+1.7 18.52 43
15 11 28 133 128 7527 11.3+3.3 9.1+1.5 19.11 43
16 11 25 138 115 6539 11.6+3.0 92+1.6 13.81 0
17 11 24 140 133 8948 104+30 8.1=x15 14.87 0
18 11 27 144 135 7388 119+32 99=+17 24.68 0
19 11 34 353 90 5404 11.0+3.6 85+1.7 19.87 35
20 11 33 359 77 3690 12.7+41 10.1+1.9 17.8 35
21 11 32 354 72 3560 124+41 9.7+17 20.5 35
22 11 32 384 70 2872 141+43 112+19 19.86 0
23 11 33 377 83 3752 134+33 105+15 9.18 0
24 11 33 372 90 4523 126+3.1 103+1.7 11.64 0

2.3. Tree Growth Measurement

Tree diameters at breast height (d) were measured with a diameter tape to the nearest
0.1 cm, and heights (h) of trees with d 2 5 cm were measured with a measuring rod with a
scale in October 2020 and December 2021. The number of trees per hectare (N) was calcu-
lated for each plot. Equation (1) was used to calculate the quadratic mean diameter (DQ)
of the trees in the plots. Equation (2) [39] was used to calculate individual tree volume
(Vi). Stand volume (Vs) was calculated as the sum of all individual trees in Equation (3).
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DQ = ey
V; = 0.0000697483 x d1:81583 x p099610 )
V,=NxV, 3)

2.4. Stand Density Index

Reineke’s stand density index (SDI) is a comprehensive index reflecting the relation-
ship between the diameter distribution of the stand and the number of trees per unit area
in the stand [40]. SDI is determined by the relationship between the number of trees per
unit area and the average diameter at breast height Equation (4).

SDI = N(ZHF (4)

where N is the number of trees per hectare; DQ is the quadratic mean diameter (cm); DO
is the standard diameter of the stand, and the value of Chinese fir is 20 cm; and f is an
exponent of Reineke’s equation, often reported to equal —1.605.

2.5. Species Richness of Understory Vegetation

In order to investigate the diversity of the understory vegetation, we set 52 x 2 m?
subplots in the 4 corners and in the center of each plot. We recorded the species and the
quantity of each species of the shrub and herbaceous plants. Species richness in shrub
layer and the herbaceous layer was estimated by Shannon-Wiener index (H") Equation (4),
respectively.

Stotal

H = ; pi - In(p;) ©)

where pi is the proportion of species i in the plot, and St is the total species of shrub or
herbaceous.

2.6. Forest Canopy Measurement

Canopy openness and leaf area index (LAI) were measured with Canon EOS 50D
Mark II with Canon EF 8-15 mm f/4L USM lens. The canopy photos at 3 places, which are
located at the central axis with 5 m intervals, at 9 am-10 am a day during the vegetation
survey. We selected 3 photos in each plot to analyze the canopy openness and LAI using
GAP LIGHT ANALYZER (GLA) (Version 2.0) [41].

2.7. Soil

The soil samples were collected using a soil corer with a diameter of 8 cm after re-
moving the forest floor (OL (fresh litter), OF (fragmented litter), OH (humified and amor-
phous litter) layers) [42] in October 2020 and December 2021.The distance between sam-
pling locations was 5 m in the plot. Nine cores were bulked at 0-10 cm depth to form three
samples per plot. There were 216 cores in total in 24 study plots, forming 72 samples in
total each time. After removing root particles, gravel, and dead soil animals, the soil sam-
ples were dried to constant weight at 40 °C and sieved (< 2 mm) [36]. All samples were
grounded before determining total C and N contents using an automated C/N analyzer
(Vario EL cube, Elementar, Germany). A 5 mg sample was weighed to determine soil C/N
content for each soil sample. Soil pH was determined in a dilution of soil (soil:water is
1:2.5) with a glass electrode (pH meter, single rod assembly) [43]. A soil-cutting ring (100
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cm?) was used at a depth of 10 cm to determine the soil moisture content. The soil moisture
content (SMC) was calculated according to Equation (6),

Wi =W,

SMC = W—dd x 100% (6)
where Ww represented the wet weight of the soil, and Wa indicated the dry weight of the
soil (oven-dried at 105 to 110 °C until reaching a constant weight).

2.8. Data Analysis

Statistical analyses were performed in the software environment R, version 4.2.1 (R
Development Core Team, 2022, Vienna, Austria). In order to determine differences be-
tween control and thinning within a forest farm, we tested for normal distribution using
the Shaprio-Wilk test and Levene test for homogeneity of variance. We used the Kruskal—-
Wallis test to look for differences among the 4 forest farms of control plots or thinning
plots. For post hoc analyses, we used the Wilcoxon rank-sum test. The difference level was
set at p < 0.05 for all tests. We used linear regression models to test the relationship be-
tween SDI/canopy openness/LAI and the understory diversity, and the DQ, stand volume
increment, soil C, soil N, and soil pH. A significant relationship was assumed if p < 0.05.

3. Results
3.1. Tree Growth Dynamics

Before thinning, the original densities (number of trees per hectare) are 4000, 3000,
2000, and 2000 trees-ha™ in Jinji, Yingde, Xiaolong, and Yangmei, respectively. In 2020,
before thinning, the DQ showed that the greater the density the smaller the diameter in
the same-age forests (Jinji < Yingde < Xiaolong) (Figure 1, Table 2), and showed the older
forest, the larger the diameter in the same density forests (Yangmei > Xiaolong). The DQ
increments were significantly higher in the thinning plots than in the control plots in all
study sites. In the control plots, Jinji had the highest growth rate (7.2%); however, Yingde
had the lowest growth rate (4.0%). In the thinning plots, Jinji had the highest growth rate
(22.0%), and Yangmei had the lowest growth rate (13.9%).
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Jinji Yingde Xiaolong Yangmei

DQ (cm)

Control Thinning Control Thinning Control Thinning Caontrol Thinning
Treatment

Figure 1. The DBH growth dynamics in the unmanaged plots (control), and thinning plots (thin-
ning) in Yangmei, Jinji, Yingde, and Xiaolong forest farms. The cap of the bar is the mean DBH
increment since the treatments applied.

Table 2. The quadratic mean stem diameter (DQ) (+ standard errors) of different forest manage-
ments in different study sites, in 2020 and 2021. Different lowercase letters indicate significant dif-
ferences among different study sites in the same year and same treatment; different uppercase let-
ters indicate significant differences between control and thinning in the same forest farm and the

same year.
Study Control Plots (cm) Thinning Plots (cm)
Site 2020 2021 Increment Rate (%) 2020 2021 Increment Rate (%)
Jinji 947 +0.8aA 10.16 + 0.9aA 0.68 + 7.2 9.35+0.6aA 11.40 +0.5aA 2.06 £ 22.0
pooaEn o= 0.1aA ' o= AE 0.2aB ‘
11.68 + 12.05 + 0.37 + 12.57 + 14.35 + 1.78 +
Yingd 4.0 14.2
MEae g 5abA 0.5abA 0.1aA 0.5abA 0.6abA 0.2aB
1.00 = 12.67 + 14.98 + 231+
Xiaol 13.82 + 0.5bA 14.78 + 0.8bA . 18.2
iaolong 1382+ 0.5bA 1478 £ 0.8bA ) 5 69 0.5abA 1.0abA  0.4aB 8
Yangmei 15.64 + 1.4bA 16.32 + 1.5bA 0.68 % 4.4 15.01 £ 0.2bA 17.10 + 0.4bA 2,08+ 13.9
8 OEE L OeE 0.1aA ' SEET SUET 0.3aB ‘

In the 11-year-old stands, the lowest volume was in Jinji (117.64 m®*ha, 101.83
m?ha in control and thinning plots, respectively), with the highest forest density of 4000
trees-ha™! (Table 3, Figure 2), and the highest volume was in Yingde (185 m3ha, 138
m3ha). The stand volume increments were higher in the thinning plots than in the con-
trol plots in all study sites. The highest growth rate was in the thinning plots in Xiaolong
(27.8%), and the lowest was in Yangmei (1.8% in the control plots, 5.2% in the thinning
plots).
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Table 3. The stand volumes (+ standard errors) of different forest management in different study
sites, in 2020 and 2021. Different lowercase letters indicate significant differences among different
study sites in the same year and same treatment; different upper case letters indicate significant
differences between different treatments in the same plots and the same year.

Control Plots Thinning Plots
Study Site 2020 2021 Increment Growth Rate (%) 2020 2021 Increment Growth Rate
(m*ha1) (m*ha) (m3cha) ” (m*ha1) (m*ha) (m*>ha) (%)
Jinii 117.64 + 143.37 + 25.73 + 1.9 101.83+ 126.70 24.87 + 244
J 4.9aA 5.3aA 2.7aA ) 14.9aA 15.2aA 4.0aA )
. 185.56 + 223.67 + 38.11 + 138.60 + 171.24 + 32.64 +
Yingde 237abA  29.4aA  7.3aA 205 13.1aA  149aA  1.8aA 235
179.89 + 211.52 + 31.63 + 108.25+ 138.39 + 30.14 +
Xiaol 17. 27.
1a0I0NE ¢ 4abA 13.0aA  6.7aA 6 46aA  85aA 4.0aA 8
. 223.70 + 227.74 + 16691 + 175.64 +
Yangmei 16.8bA 23.6aA 4.04+£7.1aA 1.8 39.6aA 46.0aA 8.73 £ 6.4aA 52
Jinji Yingde Xiaolong Yangmei
200
150
E
< 100
50
0

Control Thinning  Control Thinning  Control Thinning

Treatment

Control Thinning

Figure 2. The volume growth dynamics in the unmanaged plots (control) and thinning plots (thin-
ning) in Yangmei, Jinji, Yingde, and Xiaolong forest farms. The cap of the bar is the mean forest
volume increment since the treatments were applied.

3.2. Top Soil Acidity and Moisture

The soil pH values were significantly higher in 2021 than in 2020, whether in the
thinning plots or in the unmanaged plots (Table 4). In the Jinji forest farm the pH values
varied mostly (increased by 0.89 and 0.78 in control and thinning plots, respectively)
among the four study sites. The results showed that the higher the density, the lower the
soil pH (Figure 3). In the thinned plots or in 2020 (Prior), the SDI and pH were significantly
related; however, they were insignificantly related in the control plots. The soil moisture
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decreased slightly with the increase of in density (Figure 3) in control plots or in 2020,
however, in the thinned plots the situation was the opposite.

Table 4. Mineral soil pH values (means + standard errors) of different forest managements in dif-
ferent study sites, in 2020 and 2021. Different letters indicate significant differences between differ-
ent years, and between different treatments in 2021 (p < 0.05). * n = 18, samples taken before thinning
applied; ** n =9, samples taken from control plots; *** =9, samples taken from thinning plots.

Jinji Yingde Xiaolong Yangmei
Prior* 3.73+0.03 a 415+0.09 a 418+0.07 a 3.83+0.03a
Control** 4.62+0.06 b 4.77+0.03 b 470+0.02b 4.65+0.06 b
Thinning*** 4.51+0.06 b 471+0.03b 4.77£0.04 b 4.56+0.03b

= Control == Prior = Thinning

35
. R=-0.059,p=0.79
id [ "o ~ e o
. R=-0.35, p=0.098
4.5] .© 30
,;:“‘C;“ - - -
g
3 2
- 5
= 25
:'6
(7]
4.0

20 ° i T

15
5,000 10,000 15,000 5,000 10,000 15,000

SDI SDI

Figure 3. The relationship between SDI and soil pH (left) and soil moisture (right) of different
treatments.

3.3. C and N Contents in the Mineral Soil

The C content of the mineral soil was highest in Yangmei (20.67 g-kg™) in 2020 before
thinning was applied (Figure 4). The lowest C content was in Yingde for any treatments
in 2020 and 2021 (2020:16.22 g-kg™; 2021: 15.82 g-kg! in the unmanaged plots; 17.02 g-kg!
in the thinning plots). C contents in control plots increased compared to 2020, except for
Yingde, where the C content decreased in the control plots in 2021. After thinning, the C
contents increased in all plots, which increased most in Xiaolong (2.27 g-kg™), then in Jinji
(2.09 g-'kg™), Yingde (0.80 g-kg™), and Yangmei (0.75 g-kg™). The C contents changed in-
significantly, whether in control or thinning plots.
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30

Prior
Control a
Thinning T

28

REO

24 - 4

22 =

18
a

16 -

14 -

C content (g-kg ")

12

10

Jinji Yingde Xiaolong Yangmei

Figure 4. Carbon contents in the mineral soil (0-10 cm) in 2020 (Prior),and unmanaged plots (con-
trol), and thinning plots (thinning) in 2021. Error bars are standard errors of estimates. Significant
differences between treatments in the same study site are indicated by different letters (p < 0.05).
The same letter “a” means there are no significant differences.

The N contents in the mineral soil decreased significantly in Yangmei (Figure 5) and
increased in Xiaolong. In 2020, before thinning was applied, the highest N contents in the
mineral soil were found in Yangmei (2.09 g-kg™); however, in 2021, in control plots, the
highest N contents were found in Xiaolong (2.06 g-kg™). In Jinji, Yingde, and Xiaolong, the
N content of thinning plots decreased less than that of control plots.
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3.0

O Prior

2.8 1 B Control
B Thinning
24 -
2.2

2.0

1.6

ab

N content (g-kg ')

1.2

w

1.0

0.8

0.4

0.2

0.0
Jinji Yingde Xiaolong Yangmei

Figure 5. Nitrogen contents in the mineral soil (0-10 cm) in 2020 (Prior), and in the unmanaged plots
(control), and thinning plots (thinning) in 2021. Error bars are standard errors of estimates. Signifi-
cant differences between treatments in the same study site are indicated by different letters (p <
0.05). The same letter in the same forest farm means no significant difference among prior, control
and thinning. The different letters in the same forest farm mean significant differences among prior,
control and thinning.

3.4. Understory Plant Diversity

The shrub and herb Shannon-Wiener indices were higher in the thinned plots than
in the unthinned plots, except the plots in Jinji (Figure 6). Our study indicated that the
shrub and herbaceous diversity increased with the increase in canopy openness (Figure
7). The thinned stands had a higher canopy openness than the control sites (Figure 8).
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Figure 6. The shrub Shannon-Wiener index and herb Shannon-Wiener index for different manage-

ment types.
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Figure 8. Canopy openness for different management types: prior (before thinning, n = 24), Control
(the control plots, n =12), and thinning (thinning plots, n = 12). Box plots showing canopy openness
for the differences before thinning (prior) and after management (control, thinning), and for the
differences of different management (control, thinning). **** indicate significant differences (p <
0.01), Non-significant are marked by the abbreviation “n.s.”.

4. Discussion

We present results from a study investigating the short-term dynamics of tree growth
and the soil nutrients in the even-aged Chinese fir plantations. We observed that thinning
enhanced the efficiency of resources use of the trees, then promoted the growth of diam-
eter and volume.

The difference between diameter growth (DQ) on control plots and thinned plots was
greatest at SDI (Reineke’s density index) site (Figure 1, Table 2). The thinned stands at
higher SDI responded better to thinning than stands at lower SDI. Other research shows
similar tree growth responses to thinning [44,45]. In the control sites, the DQ was signifi-
cantly related to soil C and soil N in a positive way, and to SDI in a negative way (Figure
9). However, in the thinned sites, the DQ was no longer related to soil C and N signifi-
cantly. The pH values increased with the increase in canopy openness significantly. This
could be increased levels of extractable inorganic N other than the total N, which improves
forest growth [45,46]. In Jinji and Yingde, the soil C and N contents were higher than the
control plots, in which the initial density was 4000 and 3000 trees-ha. There was no sig-
nificant difference (p > 0.05) in soil nitrogen and carbon contents between thinning and
control plots (Figures 4 and 5). This result is consistent with the research of Xu et al. [33]
and Cheng et al. [47], who carried out the short-term effect of thinning in 11- and 6-year-
old Chinese fir plantations, respectively. In addition, Zhou et al. [48] and Gong et al. [49]
found that thinning did not show a significant effect on mineral soil carbon stock in the
short term, while it significantly increased carbon stocks in planted forests in the mid- and
long term. Furthermore, other experimental evidence also shows that thinning in the fast-
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grown coniferous forests has no significant changes in nutrient stocking, for example, in
Norway spruce [50] or in Scots pine [51,52].

Thinning influenced the competition processes by creating space and heterogeneous
environmental conditions, to promote the reserved tree growth and stand accumulation
[53-55]. The density was related to diameter and volume negatively, however, in the thin-
ning plots. However, in the thinning plots, the relationship between density and LAI was
positive, which could explain why Jinji had the most growth rates. The reduced tree num-
bers with the relatively high LAI could be the other reason for the high increments of
diameter and volume in the short term. However these temporary advantages in volume
growth could be cancelled out later through the disadvantage of lower growth, which is
caused by the lower number and advanced stem diameter of remaining trees [56].
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Figure 9. Correlations of all measured elements of different treatments. The blank squares are no
significant coefficient. “CO”: canopy openness; “V”: volume; “Herb”: Shannon-Wiener herb;
“mois.”: soil moisture; “Shrub”: Shannon-Wiener shrub.

Thinning could mitigate the drastic changes in soil pH caused by regional climate
change. In this study, the pH values were significantly increased in 2021 in the control
plots (Table 4). The result was contrary to drought may enhance protons release through
enhancing rhizodeposition [57,58], and enhancing plant nutrient uptake under drought
under the moderate drought [59]. This is due to the extreme drought in Guangdong in
2021; the mean precipitation was 1420.9 mm in 2021 which was 20.5% less than usual
(Guangdong Provincial Water Resources Bulletin in 2021), and the mean temperature was
24.0 °C in 2021 which was the highest in history and 0.7 °C higher than usual (Guangzhou
Climate Bulletin 2021). The result in the thinned sites could be explained by the negative
relationship between soil moisture and pH. Thinning can improve soil moisture by in-
creasing summer-time canopy moisture content for the remaining trees and increasing
winter snow accumulation on the ground Sankey and Tatum [60], which indicated that
thinning could mitigate the drastic changes in soil acidity. Therefore, we could say that
forest thinning is a trade-off between loss of standing biomass and increasing stand sta-
bility as long as other indicators, such as soil condition, do not significantly change. The
thinning effects on the resilience and elasticity of forests are due to the development of
understory vegetation as well. Our study indicated that the shrub and herbaceous diver-
sity increased with the canopy openness increasing (Figure 7). The shrub and herb Shan-
non-Wiener indices were higher in the thinned plots than in the unthinned plots, except
the plots in Jinji (Figure 8). This is because even if the canopy openness was opened, the
stand was still denser than other plots (2280 trees-ha in thinning plots in Jinji, the densest
stand among the four forest farms).
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5. Conclusions

The results of this study indicated that the thinning of Chinese fir plantations im-
proved the growth of reserved trees, mitigated the change in soil acidity caused by
drought, and promoted the diversity of understory vegetation as well, in the short term.
In our study, the promoting effect of thinning on growth is mainly caused by the change
in the aboveground environment and soil nutrient availability and the effect of thinning
varies with initial density and forest age. These findings suggested that thinning practice
should be conducted at the early stage of middle-aged Chinese fir plantations, and the
thinning intensity should be different according to the initial density.
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Abstract: Forest thinning is a widely used silvicultural method in forest management and has
complex effects on carbon sequestration in different types of forest ecosystems. The present study
examined the short-term effects of different thinning intensities on carbon storage in an 11-year-old
mixed broadleaved plantation. The results partially supported that different thinning intensities have
varying impacts on carbon storage in different parts of forest ecosystems. The main results were as
follows: (1) The effect of thinning on promoting the growth of fast-growing tree species (Michelia
macclurei Dandy and Schima superba Gardn. et Champ.) was earlier than that of slow-growing
tree species (Castanopsis hystrix Miq.). (2) A greater thinning intensity conferred greater effects on
promoting the tree biomass carbon growth, litter carbon storage, and understory plant diversity,
in the order of 41%~50% > 31%~40% > 20%~30%, but these values were lower than those for the
unthinned plots. (3) The soil carbon storage declined most in the 41%~50% thinned plots, due to the
reduced carbon storage in the humus layer. (4) The 20%~30% thinning intensity promoted carbon
sequestration in the short term in the mixed broadleaved plantation. The results suggested that a
lower thinning intensity promoted carbon sequestration in the short term, a greater thinning intensity
reduced carbon storage at first, but the negative effect on carbon storage exhibited trade-offs later by
the growth of tree and understory plant biomass carbon and the accumulation of litter layer carbon.

Keywords: mixed broadleaved plantation; thinning; biomass carbon; soil carbon storage; litter carbon

1. Introduction

Forest ecosystems provide multiple services, especially their ability to capture and
store carbon (C). Current studies indicate that a forest ecosystem constitutes a net C sink
that offsets ~25% of yearly anthropogenic C emissions, thus mitigating climate change
actively [1,2]. In China, the area of plantations has expanded to 8.0 x 107 ha in 2021, which
translates into an increased terrestrial carbon sink in biomass and soils [3]. Due to poor
ecological stability and a decrease in carbon sequestration capacity of monocultures [4] and
the higher biodiversity, resistance, and resilience to disturbances of mixed forests [5-7],
mixed plantations have been proposed and implemented since the last decade. Even though
forestation sequesters carbon, the scalability of this land use for meeting warming limitation
targets has been questioned due to the sheer amount of land area required [8]. Furthermore,
forestation of arable land results into trade-offs with local food production [9,10]. Therefore,
since the Paris climate summit in 2015, forest management has been promoted as an
efficient option to increase the accumulation of C by forest ecosystems [11]. Thinning
is an essential silvicultural practice widely used in forest management [12], and it has
been proved to promote the soil carbon storge of forest ecosystems by altering substrate
charateristics [13-17] and the carbon metabolism process rate [18]. For instance, thinning
induces more litterfall input, which initially alters substrate availability for microbial,
soil enzymatic activity, and carbon mineralization [18]. Thinning through removing trees
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to open the canopy, which causes more solar radiation to reach the forest floor, further
stimulates understory vegetation diversity [19], the litter decomposition rate, and soil
microbial activities [20], which further change the carbon metabolism process [21-23].
Studies have shown different effects of thinning on the carbon storage of tree layers.
Thinning reduces the carbon storage of a tree layer by removing trees, even though the
promoted growth of the preserved trees cannot compensate for the removed biomass
carbon in a short time [24,25]. Studies have also shown that thinning enhances the tree
layer’s carbon storage in plantations but reduces the carbon storage of the litter layer and
soil [26].

So far, studies of the effects of thinning on tree growth, understory diverstiy, soil
carbon storage, and forest biomass carbon have mainly involved pure forests. In addition,
thinning effects on forest carbon storage may be reinforced, counteracted, or offset by the
thinning-induced soil respiration rate, removed tree biomass carbon, or a disturbed soil
enviroment. Thus, it is uncertaion how different thinning intensities affect the carbon
structure post-thinning, and much less is known on the effect of thinning, especially the
different intensities of thinning on carbon storage dynamics in mixed broadleaved planta-
tions. We assessed the carbon dynamics in an 11-year-old mixed broadleaved plantation of
Schima superba Gardn. et Champ. x Castanopsis hystrix Miq. x Michelia macclurei Dandy
after different intensities of thinning. The main objective of this study was to find a proper
thinning intensity to enhance the carbon storage of the mixed plantation. Our specific aims
were (1) to evaluate the effects of different intensities of thinning on the carbon structures
in the mixed plantation; (2) to estimate the influnces of thinning on species-specific carbon
growth; and (3) to describe the effects of varing intensities of thinning on the overall carbon
storage in the mixed plantation.

2. Materials and Methods
2.1. Study Site and Experimental Design

The study site is located in Zhaoqing city in Guangdong, China (E 111°22'~E 112°06/,
N 23°07'~N 23°25"). It belongs to a subtropical monsoon climate, with a mean annual
precipitation of 1428.5 mm~1638.3 mm and a mean annual temperature of 21.5 °C (Figure 1).

112°0'0"E
£ 3
z g
2 B
Q Q
£ z
2 7
e e
z g
e g
z Z
= S
& e
z 0 10 20 40 km | £
1 * StudyArea Lo [
& Q

112°0'0"E

Figure 1. The location of the study area in Guangdong Province in China.

The planted density in 2010 was 856 trees-ha !, with 237 trees-ha~! Castanopsis hys-
trix Miq., 548 trees-ha™! Schima superba Gardn. et Champ., and 71 trees-ha~! Michelia
macclurei Dandy. They were randomly mixed and planted regularly in the field. In the
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first three years after planting, understory plants were removed manually to improve the
survival rate of seedlings. In 2013, silvicultural management had ceased, and the three tree
species started to sprout several seedlings. In 2021, the density was 1585 trees-ha~!, with
368 trees-ha~! Castanopsis hystrix Miq., 1101 trees-ha~! Schima superba Gardn. et Champ.,
and 116 trees-ha ! Michelia macclurei Dandy. The soil type is Latosol, and the forest floor is
a typical moder.

Twelve square plots, 625 m? each, were established in July 2021. We thinned the nine
plots with 3 intensities, namely, 20%~30%, 31%~40%, and 41%~50%, in August 2021, and
three other plots were untreated (control). There were three replicates for each thinning
intensity. We adopted the method of thinning from below. The thinning intensity was the
percentage of the basal area of the harvested trees in the total basal area of the original
stands. Characteristics for each plot are presented in Table 1. A standard protocol for tree
data collection (diameter, heights of trees, and crown length) was applied.

2.2. Understory Vegetation Survey and Index Calculations

In order to investigate the diversity of the understrory plants, in July 2021 and August
2022, 5 subplots (2 m x 2 m per subplot) were set up, with the center and four corners of
each plot located. We recorded the shrub and herbaceous species as well as the quantity
of each species. The coverage (in % of the plot area) of all understory plant species was
recorded. For the shrub species, numbers, ground diameter (2 cm above the soil surface)
and height (vertical height) were measured in the field. For herbaceous plants, the height
was only measured for species with cover values > 2%. Species diversity was estimated by
the Simpson index (Equation (1)), species richness was calculated by the Margalef index
(Equation (2)), the species diveristy change index was estimated by the Shannon-Wiener
index (H') (Equation (3)), and the species evenness index was calculated by the Pielou
index (Equation (4)).

Dy=1-Y P} 1)
S—1
_ 2
M= AN @
Stota
H' =) " piin(py) 3)
H/
E=— )

where Ds is the Simpson diversity, p; is the proportion of species i in the plot, and S is the
total species of shrub or herbaceous plants; Dy is the Margalef richness index; N’ represents
the number of individuals within the sample plot; H' is the Shannon-Wiener index; and E
is Pielou’s evenness index.

2.3. Litter, Soil Sampling, and Measuring Methods

Fresh litter was collected in July 2021 and August 2022 in a quadratic, square frame
of 0.0625 m?. We divided the plot into four equal squares and sampled the litterfall at the
centers of the squares. Once dried at 40 °C until constant, the different fractions (leaves,
beech nuts, seed capsules, twigs, bud scales, etc.) were separated manually. Here, only the
leaf fraction results are reported.

Soil samples were collected using a soil corer with a diameter of 8 cm in July 2021
and August 2022. Three replicates were taken for each treatment and soil depth (humus
layer, 0~20 cm) in the plot. These samples were collected along four transects. The distance
between sampling locations was 5 m in the plots.
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Table 1. Characteristics of study plots in 2021.

General Information Prior After Thinning
Plot Altitude Slope Soil Depth Density Canopy BDlantli;el: altlt Height Volume Density ](;ano!;;y BDlanx;er' altlt Height  Volume
(m) ©) (cm) (Tree/hm?)  Density (%) reast el (m) (m3/hm?) (Tree/hm?) e?SI y reast ieig (m) (m3/hm?)
(cm) (%) (cm)
1 61 24 80 1570 78 9.7 9.5 56.77 1570 78 9.7 9.5 55.77
2 46 28 70 1591 81 9.7 8.7 61.77 1591 81 9.7 8.7 62.77
3 60 21 70 1588 83 8.5 7.2 56.37 1588 83 8.5 7.2 56.37
4 49 26 60 1576 83 9.2 7.7 58.85 1016 56 9.3 8 45.29
5 44 25 70 1584 78 9.5 9.6 55.68 1196 57 9.6 9.6 46.39
6 59 16 80 1593 82 10.2 9.4 59.91 1368 57 10.3 9.3 43.79
7 72 25 60 1562 85 10.2 8.1 63.16 1044 48 10.2 8 40.22
8 46 28 80 1628 76 8.6 8.5 56.23 1012 58 8.6 8.6 38.14
9 73 22 80 1589 81 8.6 8.2 54.49 1004 55 9 8.6 38.59
10 55 35 80 1568 85 10.3 9.3 53.53 846 44 10.3 9.2 33.68
11 61 24 80 1570 78 8.7 7.4 60.86 880 43 9 8.3 34.22
12 48 20 60 1577 77 8.3 7.8 60.18 878 44 8.5 8.7 29.98
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After removing root particles, litterfall, the humus layer, and mineral soil were dried
at 40 °C. Mineral soil was sieved (<2 mm) thereafter. All samples were milled and sieved
(<2 mm) before determining the total C and N contents using an automated C/N analyzer
(Carlo Erba, NA 1500, Milan, Italy). A 5 mg sample was weighed to determine the soil
C/N content for each soil sample. Fresh mineral soil samples were analyzed for pH in
water using a 1:2.5 soil /water suspension. Soil pH was determined in a dilution of soil (the
volume of soil:water is 1:2.5) with a glass electrode (pH meter, single rod assembly) [27].

2.4. Leaf Area INDEX Measurement

To measure the the leaf area index (LAI), four hemispherical canopy photographs were
taken skyward from the forest floor with a fisheye lens at 4 locations, where the litterfall
was collected in each plot. We applied Gap Light Analyzer Version 2.0 (GLA) software [28]
to analyze the hemispherical canopy photographs to get the LAL

2.5. Biomass Carbon, Litter Carbon, and Soil Carbon Calculations

The tree biomass was estimated for each plot using the species-specific allometric
equations presented in Table 2. The aboveground biomass of Castanopsis hystrix was the
sum of the biomass of the trunk, bark, branches, and leaves. The aboveground biomass of
Michelia macclurei was the sum of the biomass of the trunk with bark, branches, and leaves.
The carbon storage of trees was calculated from the biomass and carbon concentration.

Soil organic carbon storage was calculated as follows:

C; = soc; X BD; xix 107! (5)

where C;, SOC;, and BD; represent SOC stocks (t-ha~!), SOC concentration (g-kg~!), and
soil bulk density (g-cm™3) in the i soil layer (cm), respectively. The BD values were
calculated as [29]:

BD = 0.4123 + 1.032¢~ 0041350C 6)

Carbon storage of litter was calculated from the dry weight and SOC conent.

Table 2. Species-specific biomass allometric equations and C concentrations.

Species Biomass (kg) C Content Percentage References
Schima superba Aboveground W =0.5373 x D993 (R2 = 0.91) C =0.5077 [30]
Roots W =0.5759 x D140%3 (R2 = 0.79) C =0.5487
Castanopsis hystrix Trunk W =0.0641 x (D?H)%86% (RZ = 0.99) C =0.4902
Bark W =0.0105 x (D2H)08246 (RZ = 0.92) C =0.4491
Branches W =0.0001 x (D?H)!13%4% (RZ = 0.81) C=0.4912 [31,32]
Leaves W =0.0000028 x (DZH)1-6%2 (R2 = 0.91) C=0.5018
Roots W =0.1210 x (D?H)%64% (R% = 0.81) C=0.4775
Michelia macclurei Trunk with bark W =0.033232 x (DZH)%97166 (R2 = (.98) C =0.5059
Branches W =0.022721 x (D?H)?84435 (RZ = 0.96) C =0.5050
217)0.59671 2 [33’34]
Leaves W = 0.079679 x (D*H)"- (R? = 0.96) C=0.5077
Roots W =0.039307 x (D?H)0-864%9 (R2 = 0.96) C=0.4232

Note: W, biomass; C, carbon; D, diameter at breast height; H, tree height.

2.6. Data Analysis

Homoscedasticity was tested using the Fligner—Killeen test, and normal distribution
was tested using the Shapiro-Wilk test. After logarithmic transformation, the data for the
carbon storage of trees presented a normal distribution and homoscedasticity. To test for
differences in the understory aboveground biomass between treatments, an ANOVA was
used. To ascertain differences within the tree, soil, litter layer, and total carbon storage,
respectively, Tukey—Kramer’s HSD test was applied. All statistical tests were performed
with R, version 4.2.2 (QUOTE: R Development Core Team 2022).
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C(t-ha™)

C (kg-tree™)

3. Results
3.1. Carbon Storage in the Tree Layer

The preserved total tree biomass carbon was inconsistent with the thinning intensity
(Figure 2A); the highest and lowest biomass carbon was in the control plots
(21.55 + 1.6 t-ha~') and in the 20%~30% thinned plots (38.86 4 4.8 t-ha~!) one year after
thinning. The higher thinning intensity showed the higher total carbon growth (20%~30%,
31%~40%, and 41%~50% were 2.23 + 0.1 t-ha*,2.90 + 0.7 tha !, and 5.20 £ 2.0 t-ha ?,
respectively) (Figure 2B), and the higher average growth of biomass carbon (20%~30%,
31%~40%, and 41%~50% were 3.26 + 0.7 t-ha—1,4.52 £ 1.2 tha !, and 11.84 + 3.5 t-ha !,
respectively) (Figure 2C). A thinning intensity greater than 30% promoted the carbon
biomass growth for each tree species compared with the biomass carbon in the control plots
of each tree species, especially in the 31%~40% thinned plots (the increments for C. hystrix,
M. macclurei, and S. superb were 1.84 t-tree 1, 0.68 t-tree !, and 0.47 t-tree !, respectively)
(Figure 2D).

50
45
40 -
35
30
25
20
15
10 -

A O prior (9]

B Thinned
After

Prior

31-40 % 41-50%

31-40 %

Control  20-30 % 41-50 % Control  20-30%

O C.hystrix Bb
B M.macclurei

S.superba

L >

ab A

Lk

Control

20-30 % 31-40 % 41-50 % Control 20-30 % 31-40 % 41-50 %

Figure 2. (A): Total tree biomass carbon of different treatments included root biomass carbon and
aboveground biomass carbon; “Prior” means tree biomass carbon before thinning; “After” means
tree biomass carbon after removing the thinned trees; “Thinned” means tree biomass carbon one
year after thinning; the different lowercase letters mean the differences in tree biomass carbon among
Prior and different thinning intensities of After; the different uppercase letters mean the differences in
tree biomass carbon among Prior and different thinning intensities of Thinned. (B): Total tree biomass
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carbon growth; different lowercase letters mean the differences in total carbon growth among the
different treatments. (C): Average total biomass carbon growth of each tree; different lowercase letters
mean the differences in tree carbon growth among different treatments. (D): Growth of biomass
carbon of each tree species; different lowercase letters mean the different carbon growth of different
tree species within the same treatment; different uppercase letters mean the different carbon growth
of the same tree species among different treatments. Note: figures (C,D) share the same scale of
the y-axis.

3.2. Carbon Storage in the Litter Layer

Compared with prior (before thinning), the carbon storage of the litter layer decreased
in each thinned plot (Figure 3). As the intensity of thinning increased, the carbon stor-
age decreased less, as the litter C values in 20%~30%, 31%~40%, and 41%~50% were
7.18 £ 0.53 tha!, 8.52 + 0.75 t-ha~!, and 7.92 & 0.52 t-ha~!, respectively. The lowest
carbon storage (7.18 + 0.5 t-ha—1) of litter was in the 20%~30% thinned plots, which was
consistent with the litter dry mass (17.17+ 1.4 t-ha~!) (Table 3). Thinning reduced the litter
mass in each plot.

15
litter C storage
b
12 T b
1
9 —
e
'm
<
=
O
6 ]
3 ]
0
Prior Control 20-30% 31-40% 41-50 %

Figure 3. The litter C storage among different thinned intensities. Note: Different lowercase letters
mean significant differences in the litter C among different treatments.

Table 3. The litter dry mass (+standard error) in the mixed broadleaf plantation among different
thinned intensities.

Prior (t-ha—1) Thinned (t-ha—1)
control 24.87 + 1.7 aA 24.24 + 1.7 bA
20%~30% 23.53 + 0.7 aA 17.17 = 1.4 aA
31%~40% 2596 4+ 1.4 aA 20.02 & 1.7 abA
41%~50% 27.87 1.2 aB 20.69 + 1.9 abA

Note: Different lowercase letters mean significant differences among different Prior (before thinning) or Thinned
(one year after thinning) treatments; different uppercase letters mean significant differences between Prior and
Thinned in the same treatment plots.
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As the intensity of thinning increased, the weight of the litter gradually increased
as well, the litter mass in the 20%~30% thinned plots was significantly lower than in the
control plots and was lower than in the 31%~40% and 41%~50% plots but nonsignificantly.

3.3. Carbon Storage in Soil

Thinning reduced the carbon storage of the humus layer to varying degrees (Figure 4A).
One year after thinning, the humus layer carbon storage was increased in the 20%~30%
(4558 + 6.47 t-ha~') and 31%~40% (47.96 + 7.0 t-ha~') thinned plots but was decreased in the
41%~50% (26.47 + 3.6 t-ha~1) thinned plots, compared to the control plots (39.06 £ 5.1 tha™1).
And the humus layer carbon at the 31%~40% intensity was higher than that for the other three
treatments, with 41%~50% exhibiting the lowest value.

120

Prior B
Control

20~30%
31~40%
41~50%

110 -

100 -

EREO0

90 -

80
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C(t-ha™)

—e—

50
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—e—o

30

20

10

0

Figure 4. The carbon storage of the humus layer (A) and in 0~20 cm depth soil (B); dynamics among
different thinning intensities. Note: Different lowercase letters mean significant differences in humus
layer and soil carbon storage among different treatments.

The carbon storage of the 0~20 cm soil layer was increased at the 20%~30% inten-
sity (97.34 4 8.1 tha™!), compared to the prior (84.06 £ 5.3 t-ha—!) and control plots
(73.56 + 8.4 t-ha™1) (Figure 4B). However, the lowest soil carbon storage was at the 31%~40%
intensity (70.27 £ 3.7 t-ha—!), which had the highest humus carbon storage (Figure 4A).

3.4. The Total Carbon Storage in the Mixed Broadleaved Plantation

The responses of total C storage to thinning intensities were different (Figure 5) but
were consistent with the carbon changes in soil (Figure 4B). The total carbon was highest
(171.66 £ 5.1 t-ha~1) in the 20%~30% thinned plots and lowest (137.54 + 8.2 t-ha~!) in the
41%~50% thinned plots.

Compared to the prior values, the total C, soil C, tree biomass C, and litter C in the
control plots increased one year later; the total C storage decreased in the 31%~40% and
41%~50% thinned intensity plots. In the 20%~30% thinned intensity plots, the highest
C storage (171.66 £ 5.1 t-ha~!) among the 4 different treatments was observed (Figure 4;
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Table 4). The highest total carbon storage was found in the 20%~30% thinned plots due
to the highest soil carbon storage (142.92 + 6.7 t-ha~!), even though these plots had the
lowest tree biomass C (21.55 & 1.6 t-ha~!) and litter C (7.18 £ 0.7 t-ha™1).

(Y]

Total C storage

20-30 %

Prior Control 31-40 % 41-50 %

Figure 5. The total carbon storage among different thinned intensities. Note: Different lowercase
letters mean significant differences in litter C in the litterfall among different treatments.

Table 4. The average carbon storage (£ standard error) in the different layers in the mixed broadleaf
plantation among different thinned intensities.

Total C(t-ha-1)

Soil C(t-ha-1) Tree C (t-ha-1) Litter C(t-ha—1)

Treatment
Prior Thinned Prior Thinned Prior Thinned Prior Thinned
Control 159.24 £ 10.5aA 16395+ 16.5aA 11372 +121aA 11598 +13.6aA 3438 £3.8aA  38.86 £ 4.8aA 11.15 + 1.7 aA 9.10 £ 1.3 aA
20%~30% 163.65 + 3.8 aA 171.66 £+ 5.1 aA 124.00 4.2 aA 142.92 + 6.7 aA 28.77 £ 1.5aA 2155+ 1.6aA 10.88 + 0.7 aA 7.18 £ 0.7 aA
31%~40% 189.89 + 21.5aA 147.69 + 6.0 aA 142.30 + 139 aA 115.71 £ 9.8 aA 35.58 + 6.2 aA 23.44 + 2.8 aA 12.01 £ 14 aA 8.54 + 1.3aA
41%~50% 214.02 + 14.3 aB 137.54 + 8.2 aA 159.24 £ 19.1 aA 102.11 + 6.3 aA 4230 + 4.5aA 27.40 £ 3.7 aA 1247 £ 0.8 aA 8.02 £ 0.7 aA

Note: Different lowercase letters mean significant differences between prior and thinned of the same treatment.
Different uppercase letters mean significant differences among the 4 treatments of “Prior” or “Thinned”.

3.5. The Development of Understory Plants

Thinning promoted the development of understory plants (Figure 6). As the intensity
of thinning increased, the growth of the understory vegetation improved. A higher intensity
of thinning was associated with a greater diversity of understory plants. In the 41%~50%
thinned plots, the Simpson diverstiy, Margalef richness, Shannon-Wiener diversity index,
and Pieou’s index were the highest at 0.92 £ 0.02, 3.34 £ 0.50, 2.45 + 0.21, and 1.14 +£ 0.03,
respectively. The understory plant development in the control plots was contrary with
the 41%~50% plots, with the lowest Simpson diverstiy index, Margalef richness, Shannon-
Wiener diversity index, and Pieou’s index (0.73 £ 0.03, 2.44 £ 0.15, 1.86 £+ 0.06, and
0.82 £ 0.02).
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Figure 6. The changes in the understory plant values for the Simpson diversity, Maralef richness,
Shannon-Wiener diversity, and Pielou’s evenness after thinning. Different lowercase letters mean
significant differences between prior and thinned intensities.

4. Discussion

Forests sequester CO; in the form of biomass and soil carbon. Forest C pools contain
about 73% of the global vegetation carbon storage, with 44.5% of forest C stock in soil in
the top meter [35]. In this study, the carbon structure was around 70% in soil, 20% in tree
biomass (above- and belowground biomass), and 10% in the litter (Table 5). These values
indicate that carbon was mainly stored in the tree layer and soil layer [36], accounting for
over 90% of the total carbon storage in the plantation. There is a fundamental difference
in their carbon structures due to different compositions of tree species. This is because
forest communities—assemblages of tree species in a stand vary in their capacity to cap-
ture and store carbon [36]. The C storage in plantations of fast-growing tree species is
significantly higher than that in plantations of slow-growing tree species. For example,
under similar habitat conditions and management measures, the C storage in 27-year
plantations of M. macclurei (359.43 t/hm?) and Muytilaria laosensis Lecomte (319.80 t/hm?)
were significantly higher than in C. hystrix, Pinus massoniana Lamb., and Mesua ferrea L.
plantations (225.87 t/ hm?, 222.43 t/hm?, and 207.81 t/hm?) in subtropical China [37]. The
11-year-old plantation was composed of 60% S. superba, 30% C. hystrix, and 10% M. mac-
clurei, with a higher tree biomass carbon growth for M. macclurei and S. superba and a lower
carbon growth of C. hystrix (Figure 2D). One year after, the total carbon storage values,
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including tree layer biomass carbon, the litter layer carbon, and the soil layer carbon, were
reduced in our study; however, the total carbon in the 20%~30% intensity thinned plots was
less reduced in the control plots. Thinning by removing trees relieves the competition of
trees, and then trees grow faster in conditions of low competition, especially fast-growing
species [38]. The other possible explanations for the lower response of C. hystrix and S.
superba to thinning may reside in the fact that there were more C. hystix and S. superba
trees in the plots and that thinning led to a decrease in intraspecific competition for the
three tree species, whereas interspecific competition was not reduced enough for the C.
hystrix and S. superba trees [12]. Our study indicates that it is necessary to combine fast-
and slow-growing species when planting mixed forests and to apply a moderate intensity
of thinning to prevent the loss of carbon storage.

Table 5. The carbon composition (%) in the mixed broadleaf plantation.

Tree Biomass C Litter C Soil C

Prior 19.41 6.40 74.19
Control 23.70 5.55 70.75
20%~30% 12.55 4.18 83.27
21%~40% 15.87 5.78 78.35
41%~50% 19.92 5.83 74.25

Forest management, such as tree pruning, thinning, the use of lime, fertilizer appli-
cation, irrigation, and site preparation intensity, has received increasing attention due to
its predictable effects on ecosystems, especially on the content of soil C. Changes in forest
management practices have reportedly resulted in a significant loss of SOC over the past
two centuries [39]. In our study, the total C storage in the mixed broadleaved plantation
decreased, due to the losses of soil C (18.83 t-ha™! -yr’l) and litter C (2.53 t-ha~! -yr’l), even
though the tree biomass C had a 3.60 t-ha~!-yr~! increment. Due to the SOC containing
more than three times the amount of organic carbon as in the overlaying vegetation [40], a
slight change may affect the carbon sequestration of forest ecosystems. In 41%~50% thinned
plots, the proportion of soil C (Table 5, 74.25%) decreased, even though the tree biomass
C and litter C increased. That means that a higher intensity of thinning causes greater
disturbance to forest soil. Forest soil is the medium in which forest plants evolve, grow, and
derive their nutrients and water supply [12,41]. As a result, edaphic factors play a larger
role in plant diversity [42]. In our study, the understory diversity and richness increased
with the increase in thinning intensity (Figure 6), which were negatively related to the litter
C (Figure 7). An increase in the species richness of plants leads to an increase in the number
of available micro-niches and an increase in microbial diversity [43], further promoting
the decomposition of C in the litter layer, humus layer, and soil layer. The competition for
nutrients between plants and microorganisms facilitates microbial decomposition of litter
in forest ecosystems [44] and more microbial residues. In the topsoil, the plant residues
and microbial residues regulate the SOC storage [45].

There is an advantageous growth at low density, as commonly observed in selective
or future crop tree thinning systems for individual tree size growth acceleration [46].
Competition reduction enables an increase in stand density, mass production, and climate
change mitigation through higher carbon storage [47-49]. Thinning reduced the tree layer
C (Figure 1A) by removing the trees but promoting the tree biomass C growth by relieving
the competition among trees for resources (Table 6). The tree layer biomass carbon was
significantly positively related to the leaf area index (LAI) and the tree layer coverage
(Figure 7). In the 41%~50% thinned plots, the tree layer biomass C was higher than in the
other thinned plots, due to the highest LAI (1.68 & 0.3) and coverage (69.19 & 4.5). The litter
C was positively related to the coverage and tree layer biomass C, with the highest litter C
in the 41%~50% thinned plots as well. That may be caused by the highest diversity and
richness of understory plants [50], which is induced by the opening of the forest canopy and
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then causes more solar radiation to reach the forest floor, further stimulating understory
vegetation diversity [18].

LAI
Tr.C
Li.C 0.5 0.4
Ph
To.C 04 05 Corr

0.0
So.C [ —(1).8

Shann.

Simp.

Piel.

Marg.: 0.4

Piel. Simp. Shann. So.C To.C Ph Li.C Tr.C LAl Cover.

Figure 7. Correlations of all measured elements of different treatments. The blank squares are no
significant coefficient. “Simp.”: Simpson index; “Marg.”: Margalef’s richness; “Shann.”: Shannon—
Wiener diversity index; “Cover.”: Coverage of the tree layer; “LAI”: Leaf area index; “Li.C”: Litter
layer carbon; “Ph”: pH of the soil; “Tr.C”: Tree layer carbon; “To.C”: Total carbon; “So.C”: Soil
Carbon; “Piel”: Pielou’s evenness.

Table 6. The soil pH, forest coverage (%), and LAI in the mixed broadleaf plantation among different
thinning intensities.

Treatment pH Coverage (%) LAI
Prior 412+01b 70.61 £ 2.8 ab 168 +0.1a
Control 3.99+0.1ab 79.19+3.0b 222+02a
20%~30% 3.84£00a 61.39 £ 6.4 ab 1.13+02a
21%~40% 3.85+01a 5263 +10.8a 113+ 04a
41%~50% 3.98 £ 0.10 ab 69.19 £ 4.5ab 168 £03a

Note: Different lowercase letters mean significant differences between prior and thinning intensities.

5. Conclusions

The results of this study indicated that to promote carbon sequestration, a mixed
plantation should be composed of fast-growing and slow-growing tree species. The dif-
ferent intensities of thinning in a mixed broadleaved plantation improved the growth of
reserved tree biomass carbon, promoted the diversity of understory vegetation, reduced the
litter layer carbon, and reduced the total carbon in the short term. The 20%~30% thinning
intensity promoted carbon sequestration, while the greater thinning intensity than 30%
reduced the total carbon of the forest ecosystem. In our study, the promoting effect of
thinning on growth was mainly caused by the change in the aboveground environment
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and soil nutrient availability, and the effect of thinning varied with the intensity of thinning.
According to the research, during the reforestation process, the fast-growing and slow-
growing tree species should be planted with a proper ratio to enhance carbon sequestration.
In the long term, in order to promote forest ecosystem carbon storage, a higher intensity of
thinning should be applied.
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i BERAARRAZEABAAIRKRSEHNEERGEZF . ABARAIHKRG TESEZ2BREHFIK
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BEHRMBRIEERT LI 2 A FEARS.31004 «hm > BRAZHRHGERIEZH T L2 A
BEKRY, DR ARZEH PR GEMERSORSBET I REAOHRKRK S A5 & 20
ABAIEZYA, 3)3 1004k «hm * - FH B EEZKR T LA 2 4K .4 100 % « hm * 8953
MAEEBRAZMERREZ DT HAM 2 RS 3HRRAEFEEZIRAGHRSHAERY LA KY
EARFEZFHP<0.05) . FARAFEM ARG ETREAREZRLEZF(P>0.05), HKRY»EE
AR AR EW B E(P<0.05) s KD B HmARIF(P>0.05), KoK KEX
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Differences in Stand Growth and Structure of Cunninghamia lanceolata

Plantations With Different Densities

LU De-hao,CHEN Shi-qing, XIE Hui-yan,DENG Ning-long, FENG Ming-chun, LIN Na~

(South China Agricultural University ,Guangzhou 510642 ,Guangdong ,China)

Abstract: The objectives of this study were to explore the differences in stand structure and growth of Chi-
nese fir (Cunninghamia lanceolata) plantations with different densities,so as to provide scientific basis for
sustainable management of Chinese fir plantation. Three 11-year-old pure Chinese fir plantations with dif-
ferent densities (2 100,3 100,4 100 plants «+ hm™?) in Qingyuan City were selected as the research objects,
and six fixed standard plots (20 m X 20 m) were set for each density. Five parameters,including neighbor-
hood comparison,angle index,diameter structure,tree height structure and crown structure were selected
to investigate the characteristics of stand structure. The average DBH, average tree height, stock and vol-
ume per tree were selected to explore the growth characteristics of the stand,and the influences of stand
density on the structure and growth were analyzed by ANOVA. The results showed that 1) the growth in-
dex of each stand was significantly affected by stand density (P<C0. 05). The average DBH, tree height and

volume of the stands with density 4 100 plants *+ hm * were significantly lower than those of the stands
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with density 2 100 and 3 100 plants « hm ™ *. The stock of the stands with density 3 100 plants « hm * was
significantly higher than those of the other two density stands. 2) For the stand diameter structure and tree
height structure, more small diameter trees were found in the stands with higher stand density,and the dis-
tribution curve showed a truncated normal distribution. 3) The average crown breadth of the stands with
the density 3 100 plants « hm * was significantly larger than those of the other two density stands,and the
average crown surface area and crown volume of the stands with density 4 100 plants « hm ™ * were signifi-
cantly smaller than those of the other two density stands. The canopy projection ratio and crown length of
the three densities were significantly different (P<C0. 05) ,but there was no significant difference in the live
crown ratio between different densities (P >>0.05).4) Stand density had a significant effect on stand angle
index (P<C0. 05),but had no significant effect on stand neighborhood comparison (P>>0. 05). Considering
the two aspects of tree growth and stand structure,the Chinese fir plantation with a stand density of 3 100
plants « hm ™ * demonstrates the best overall growth performance, and has the potential to cultivate fast-
growing and high-quality large-diameter trees, which is conducive to the formation of stable and sustainable
plantations.

Key words: Chinese fir plantation; stand density; stand structure; stand growth
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9 24°02'20"N 113°19'01"E 0.8 T 129 533 111 4 Cprd
10 24°02'16"N 113°18'59"E 0.9 L 138 B TR W
11 24°02"17"N 113°18'58"E 0.9 I 142 A lITE: pigs
12 24°02"17"N 113°18'57"E 0.8 th 145 BE 3 ITE: B
INE M 13 24°53'49"N 112°13'36"E 2 100 0.8 H 351 it 33 1Ly b, i 1 2.011ab
14 24°53'51"N 112°13'35"E 0.8 i 354 7373 ITg: HI
15 24°53'50"N 112°13'34"E 0.8 i 348 773 1Ly b I
16 24°54'16"N 112°13'01"E 0.8 L 380 B Bk ITg: W
17 24°54'17'N 112°13'02"E 0.9 L 374 7373 IT§: i
18 24°54'17"N 112°13'02"E 0.9 h 380 R 111 e

W AN RVNE TR s AN A % B2 I MR A 9% Shannon-wiener #5025 5 1.3 (P<<0.05),

1.3 MoEKIBIRITE

M A K AT LS e — B B[] N R AR RE % 7
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Y B B AR bR 2 — , W PP A AR AE 7 00 E AR T e R
R A3 A R il B AT O ) B B — BRI ST
A2 B R B RRRN B RUE K AR R 3R
IR AR

R3S 35 W 42 02 2 MR 43 v MROACREL BBE 1Y) AR g
BRI (D R

[Ta |
D,= |—2d:
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KD, IR MAE s d, NE 0 R Y i
fesn AR BHREL.
ARG P 32 1 2 S WA e JBE - 3 7K1 1 T AR 9
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B AT = (2) PR
) J—
_ She,
H=" (2)
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A H bR o725 o dkor 5 0 R B AROR
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DR DL SRR AR AR 72 1 R /I 3 52 A e R R 28 8 K-
(T B AR . AR I SRR AR T T A
HEAR I R e W7 I DX oR B R A I A2 K
N TTARHR 3 BRF- 29K B 44 BB (ELAR o 320 BE AR 23 Y
- B ERR A AR AT AR AR Bk 2 o

K2 IKEABIANERER

Table 2 Information of 9 analytic trees of Chinese fir

Y/ WA ME/ Wi KR MY

(B « hm™?) % m cm m m*

4 100 1 7.2 8.1 3.9 0.017 1
2 7.5 8.6 2.7 0.019 4
3 8.2 8.3 3.4 0.026 9

3100 4 10. 8 11.7 5 0.041 1
5 11.1 11.6 4.9 0.054 8
6 10.9 11. 8 4.2 0.050 8

2 100 7 10. 4 11. 8 2.3 0.050 9
8 10.1 12.7 2.4 0.056 4
9 9.7 12.1 5.2 0.047 9

& BUE A T AR 408 1 29 5 Bk b BT L R
PR R PR AR B A A R 1 AR AR 0 R s T AR

BAEREATER, BAEAKXILL G AW
n 1
V=2g  l+—g.l 3
i=17 iy 3
1 n
M=NX—2>V, €D)

ni=i
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1.4 MAoEHSEITE

L4 1 HuyAnshsdEsmstd wo
S5 2 ARARAE S R G B N T R

MARMAESH W EENREZ —, 5 H K251
BT EHERMESREN S TR, Kb 4k
g3 ELAR 5 6 7R TE AR 43 9 45 Bl /N B AR 48 42 By
4 3 BOR A B 45 4 5 M BLE U — IR &R
P B AR T AR AR EE A L R OR A4 IR )
BT RN B 2 AR ST AR BIF 5 R0 B AR 5 4 A
W A BB B N R AR 2 em R
PR 2 m 2 B K A — R A AR R A R 4y
S, A B BT A5 S G R B A K o 0 A
Bk LA SRR A B3O 48 AT 5, A5 R PR 43 42 B RARS 155 )
0P TP R (B o TR = Wl A i

1.4.2 MALMISAFH I W BB A K Y
A TE K B REIRAS B9 B bR 2 — R
LR WA A R IR g e e T
WAL 7 R T BRSO I R AR ST
K FAEEI 0 (Co) i 8 (C o) VK (CL) W
B (Cop) IR FL (Cop) W 2 T8 AL (C ) 3R
FORW LA AP ) e T e L e SRR
5B 568 7K - B8 3R B 1 A9 28 )R s B R R AR K
R Y G R R T ) = e as R RESY 4%
FERR TR s (5) — K 10) R

Cy=(Cye +Cyu)/2 (5
Cx=C,/H (6)
C.,=H—Hg, (7)
Cor=Cvw/Dyy (8)
Cor=nXCy/4XJC +Cy' /4 (9)
Cy =7 X Cryo XCwa XC/12 (10

2 C oy ~Crwen 43908 AR VG 1) Fl g AL ) 60, H
WE Dy MM H o MR E .
1.4.3 #o=TREHAKTE HRSHLEHRE
TR 22 18] 4 5 4 350 2 ) A 250 % AR 43 1 B
& J 0 AT fig N 25 (8] KN A5 T 252
FEPRFEAR G325 (0] 25 A6 1, 22 B3000F 5% AR o VR 28 R
MRGF IR 53 A FRAE LA AR SR Z [ 55 4 SR R
FEL HAT AR AR N T aibk, A 77
FERS T 2 A0 58 B4 o IA) I A0 B A /DN L, #f R
2 N EFR IR MRA I A5 A8 Joy e SRR B
RN HBUR VAR RO 7E 58 4 B 5T v A0 35 BE 1 48

e
7g
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UYL A AR T
U,=1/n2K,; (1)
U=1/N2'U, (12)

KU, HXEAR KD CEGn A B B PR
B K, AR RR T GR B A /N T A 4
KjEL K, =180 K, =0;U JA5#F 2K/
FoAs N g ROR Y SRR

£ RUBE S H R AR AR AP 25 8] 3 A7 % Jg 1) T2 2
BOH A F

W, =1/n2_,Z, (13
W=1/N2" W, (14)

KW, BXZA MR Z, hEs i
LR YR o KTH ) ML Z,=1. 7%
W Z,=0;W A2 MR,
1.5 HEXESHSH

AR R 53 B4 Excel 2019 thgt47, 25 [H]
ZE M BN B AL Winkelmass 1. 0(CAF, 2008) /1
HEAT s F Prism 8. 0 ) &R 1 i B AR 45 4 R RS =g 45
T4 B 43 A1 B 5 P St 26 813 FH SPSS 22. 0 % bk 43 2B
A8 Fr AR 2 38 56k 5 49 | 25 1) 485 4 48 B AT IE 28 4
A RN J5 25 57 PR 36, 28 46 56 I B0 W 2 O 22 40 BT I
BOR LR B R U7 22 40 A CANOVA) AR
(Duncan) 2 5 B #1740 47 .

2 HRE AN
2.1 REBEMKAIHKKS EKZ RS

4100 Bk « hm * f942 R N AR -2 g 42 L F
Fmg v B bR b AR B KT 2 100 Bk« hm * R
3100 #k « hm * By AR5 (P <C0. 05), % &~ 2 100
Bk« hm* AR A 1T 2 B AR 7 X B R R R b
FlHR (13,3 cm,10. 4 m,0. 0517 m*),3 100 ¥k -
hm ™ AR5 9 & B 3508 T At 2 Fh % FE AR 4 (P <
0.05)(F 3),

2.2 ARAEZEEEARAIRKSEHERST
2.2.1 FRAZESAAIHRLBREH M GZEH
A 2100 8k « hm ° MR REC EZE P TE 6~
18 cm, HiP7E 14 em B A BREC S o fe i, 4 em 42
B9 o5 b e G, B 0 AT IE A 20 i 53 100 Bk + hm
BRI MRE E B AE TR AE 12 cm R FY . 50T L IE &2
fis4 100 Bk « hm ° MR R EZEE P TE 4~16
em, HA 10 em BB 5 e B L 18 em BRI A LE
BAL REEESS M (E 1a),

3100 # « hm * 1 2 100 ¥k « hm * B2 A A
TR 5 43 A5 48 TP AE 10 mos 3 LIE S48 i 54 100
Pk« hm * MR N THB S ZHR 6 m, B2
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EAS G . 3 T BEAZ AR 5 4 A it 4 i A 0
JE B3 R AR i 43 AT e A Sk BEE (& 1h)

2.2.2 RRABEMBAAIKKBLEHHH A
BT R AR N T ARE 1 i W e 452 e
) 6L 2 T AR B R AR RS SR 25 R R (R ),

Horp 3100 #k « hm ™ ? 197 24 56 0 & 35 K HoAh 2
ol 285 BE MK 43, 3 285 B 0 W) el 4R R LE RN e A 3 A B
WFEXER(P<C0.05),4 100 #k « hm * By e % m
FRURIA 568 (A FR 0 3 /N T At 2 b %5 B2 (P <<0. 05),
AN TR BEAZ AR 106 e L s A 2R 5

®3 EARAIRKRSERKEER

Table 3 Growth indices of Chinese fir plantation

W/ (B« hm ) P F N2/ em T/ m R/ m® FERBY/(m® « hm ®)
2 100 13.3£0. 4a 10.4=0. 3a 0.0517=40. 0020a 106.48+7.19b
3100 12.1£0. 3a 10.1£0. 4a 0.0489=0. 0033a 148.53+7. 23a
4100 9.440.4b 7.340.3b 0.021140.0024b 91.4946. 34b

T ARG 5 B 38 78 O [R]85 BE AR 3 A2 A R 22 57 i 35 (P <C0..05 ).,

40 ¢

P& 23 (%)

—
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/N
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ZHr/cm
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80 b —— 4100 £ * hm*
——3100#k * hm™*

60 | ——2100 % * hm
S
3
& 40
i
£ 9

0 : : : .
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B = /m

1 AAZEEAAIRKKEREMTIRSEN
Fig. 1 Diameter structure and height structure of Chinese fir with different densities
R4 EARAINRWELEN
Table 4 Canopy structure of Chinese fir plantation
BRE/ (B« hm™ %) - H)5E RE /m 1% e K /m e 5 L Tt 52 2 17 A2/ m” B 52 A AL/ m®
2 100 2.10£0. 05ab 0.514£0. 30a 5.22+0.02a 0.1740.01c 18.80+1.42a 7.37£0.77a
3 100 2.22+0.09a 0.42+0. 14a 4.1440.03b 0.204+0.01b 15.80+0. 70a 6.52+0.49a
4 100 1.89=+0. 04b 0.44=+0. 04a 3.0740.02¢ 0.22+0.01a 10.29+0. 81b 3.43%0. 34b

TE A [R/ING 58 3278 S [ 95 BE AR 43 22 IR0 e 45 ) PR 2 5 W % (P <<0. 05 ).,

2.2.3 RARZFBEHMAANAIWREZRALEHS>H 3 F
W BEAZ AR N AR RUBE — JT 43 A FRAE HE AR IR M IE 2
oA (B 220 s WS AN B EAE 5 Fhar RS (W, =0,
0.25,0.5,0.75, 1) BYMFE 53 4 ol LU 5, W, =0
W, =1 H3 M BE R HB<<10% . X K WLE X 3 3%
JE R A T o o ¥ S R4 o R H A i 5 R B T R D
AR EELE 0.25.0.5 F1 0. 75 HBUIE 0 20 fi 5 %2, H:
i3 N EERZ RN TR A RO EUE R 0.5 R HESR
TEFTA AR 38 e R R 280 450
FTCARAL T REML A A RAS . AR5 B AZ AR MRk 2 F
Yo A28 TR /I LU AR ) — T8 43 A DR AE B A SR R
SEHCE 2b), IR T 20% . R B E N 2 100
Bk« hm* B R/NECECTE 0. 25 B BUE R K, BN
3100 #k « hm * 7 0. 5 BYHUfH fe K, % h 4 100
B« hm™* 7E 0. 00 M HUMH & K. i b4 5o
21.53%.21.53%.21. 24 %,

AN E R REARN TR AR E 2R E
(£ 5), Hd 2 100 #k « hm * BypRor A KRB 3K
T3 100 #k « hm * AR5 M R (P<C0. 05) ,4 100
Pk« hm ARG A RUREE 5O 2 b BE 0 AR 4
WFHEZEF(P>0.05), 31004k « hm * I AKANT
MRA R 0,501 2, Ui BHIZ % A2 R N MO (R 53
A% R R BE ML 4> A, 2 100 £k « hm * Fl 4 100 £k -
hm * AR ELE 0. 52~0.55, 8 TRES . £~
A% RS AR N TR 2 RN LG B 3 22 5. K
INHERE SR % B 3 100 £k « hm ? (0. 493 1) >4 100
Bk« hm™?(0. 489 6)>>2 100 #k » hm " (0. 488 6),

3 #iwh5iti

&g
ABFGE I L X IE T 3 AR 11 a AR AT
PR3 A A IR AR FbK 23 405 4 1Y 22 S PR R AT R 15

3.1
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Fig. 2 Average neighborhood comparison and uniform angle index of Chinese fir plantations with different densities

K5 AABEEAANAINKSZTEAEHIERER
Table 5 Differences in spatial structure index of Chinese fir

plantations with different densities

W/ (B« hm ™) RE PN

2 100 0.544 0£0.020 5a  0.488 6£0.005 la
3100 0.501 2£0.007 2b  0.493 14-0. 005 0Oa
4100 0.525 840.000 0Oab  0.489 6+0.003 7a

VE RN b 2 A ] B B A 3 22 1] 25 1] 45
FH(P<<0.05),
3.2 itig

C38 A Y 7 YNSRI 7 N U N G ) o = 6
PRAA BRI 249 5 g | A 5t 3 1 AR L AR 5 AR B (3R 3 R
DR AR N TR A K I8 5 8] 47 75 % B2 34
N, BFSESE R B .4 100 Bk« hm ™ ° M2 K A T4k
MR X W A2 LBk A AR LT 35 5 R L A oef % T AR AN
) et A FR S I T HA 2 R B (P <<0. 05) ., HIE
PRITE T 75 25 B /N AR 43 AROR B R T RE 98 3R 15 58
JE B A R 253 () RT3 A 1 S ISR A L mT DA O i AR
FIRE 6 114 A= K 5 T 7 288 3 R Y bR g rh RO X - 3
For KA1 UL KO B A5 5 AT B BN B A AR AR
ARAR ) AR AE XTIk 55 . 31X 5 % B 50 4 3500 1 — i
FUEEARRL 2 B X B Rk b B B R 0 X £ Y
SEMR AN S — B, bR S B B X AROR B R B AR
K5 e 3 e T AR AR A A
X AR 8w e g BIL ) b A2 2%, DAAE O BF ST 450
WA, —Le22 AR AR o2 B XA e AR

iR B S
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SEWAH /)N FAR 3 1 HAB AR K38 AR AH R A R 2 A
SZOPR 3B B AR O AT 2 3 DA Sk AR 43 P
5 v B 2 R R K S B AR A R A AR
FEH 4 100 Bk « hm * B9A2 AR N TARBR 3 F 24 B
AR T Hofth 2 Fh 3 BE (P <C0. 05) 5 5 felt 5k 7
STAEACHE WS (Larix principic-rupprecheii ) W
FEAER B, X RER th T8 R I R AR e
HREEEBAL (4 100 £ « hm * [ AR5 F 25 56 iR Sk
1.89 m MR E ALY 10. 29 m” WK ALY 3. 43
m’ 75 3 FvEE AR A3 T B /N ) AR AR S B AT A
AR 59, P B R B

AR E AR B AR e AR bR A R 3 [
RIE . BRI RRAR AT DIE SEARAR AR A KL R
FARRAE B AEbR 230 SE R BBl 2 v . R B
A8 BRI R A8 A B RO T T SRR B R
e 5 B 7 T B R A A R R, AR
WEFE .3 100 #k « hm * BYMR I &5 B K (148, 53
m’/hm®), H i % K F 2 100 # « hm * (106. 48
m’/hm®) F1 4 100 ¥k « hm 2(91.49 m®/hm*) (P <<
0.05), 3% 5 M B ¥ 78 107 % (Populus X eu-
ramericana ‘ Neva ™) B R 4518 — 8. Ah. 4 100
B« hm* B2 AR N TR Y A2 R 1 465 1 52 4
FIEZ A (] 1), 1X R W 4% B R AR, AR A
PR 8 37 23 (B W 58 4 BN R 2 8OO e k45 21 58
R SBUNEEMRARR L A5 5 N TR S5 14
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Effect of Thinning Retention Density on the Growth of Chinese Fir Plantation//Lu Dehao, Feng Mingchun, Huang
Huangiang, Qiu Zhanpeng, Xie Huiyan, Chen Shiqing, Lin Na( South China Agricultural University, Guangzhou 510642,
P. R. China)//Journal of Northeast Forestry University,2024,52(4) .9-16.

The study focused on an 11-year-old Chinese fir plantation in Qingyuan City, Guangdong Province. It investigated the
dynamic growth patterns, differences in environmental impact factors, and the relationship between stand growth and envi-
ronmental factors in Chinese fir plantations with different retention densities (1200, 1800, 2 500 trees - hm™) over a pe-
riod of 3 years. The results showed that, with the increase of thinning retention density, the average diameter at breast
height, tree height, crown width, 3-year growth volume, and growth rate of individual tree volume in Chinese fir planta-
tions decreased. However, the yield of small and medium diameter trees significantly increased. The stand with a retention
density of 1200 trees + hm™ had the highest yield of large diameter trees at 22.46 m® + hm™>, followed by the stand with 1
800 trees » hm™ at 15.36 m> - hm™. No large diameter timber was produced in stands with 2 500 trees + hm™. The total
yield was highest in stands with 1800 trees + hm™ at 131.55m’ « hm™. As the thinning retention density decreased, cano-
py openness and light intensity increased, with the best light conditions observed in the plantation with a retention density

of 1200 trees + hm™>. The changes in soil physical and chemical properties were consistent across different soil layers, with

the best properties observed at a retention density of 1200 trees

- hm™. The diversity indices of the shrub and herb layers

were highest at a retention density of 1200 trees + hm™. Stand growth was significantly correlated with canopy openness,

leaf area index, understory direct and scattered light, soil pH,

total nitrogen content, soil density, herb layer Shannon-

Wiener index, and Patrick index (P<0.05). A low retention density of 1200 trees + hm™> was found to be the most effec-
tive for stand management, particularly for cultivating large diameter timber. However, for maximizing timber yield, a re-
tention density of 1 800 trees - hm™ was recommended as it resulted in the highest total timber yield.

Keywords Chinese fir plantation; Thinning retention density; Stand growth; Soil physicochemical properties; Un-

derstory vegetation diversity

A MR IR e F R e " 58
2o [ 3R s D RO [ 14 5 T’ﬁﬂf%?ffﬁ%}}ié’]ﬁ
L U Ry AR AR A K B A
M?F?Iii/u%fhtlﬂE‘JMT*E%E%ME%W?@HE%?EJ&
#I  XE NTARAEZS R G P IR RS MR A 7= )
E‘Jifmnﬁj\%ﬁ%ﬁﬁé’ﬂ%%#ﬁﬁﬁ%ﬁ%ﬁ?

1) %48 B2 34 55 (2021A1515011092) 5 1 Z 48 Mol
B A7 B (2023KJCX001) ,

S—AEH A 8N, 55,1998 48 7 H A, HE R ARl R4 s
5 R R MR AEBE , AP AE . E-mail :875363261@ qq.com,

TAFAER PR, AR Ml MR 5 I B AR B, Ui, E-
mail : nalin@ scau.edu.cn,

Wik B :2023 45 11 JJ 26 H,

AT e - Bl Pl

070 BT H B YU P Py

S, BAATRIEIEW, P AL 2 i AR
TR B (UG IR 425 ) 22 527 33T ke A8 4K A
Bl ISR Y PR AR B 2 AR AR K
KECT S MR ETES X R AR
( Cunninghamia lanceolata) N\ T. M HEFT A [6] 58 11
PO RS A, U ARG 't BEAT DA R AR T AE 4
RE P IR S i AR A KA 35
fEIEVEF . Zhou et al."™ FUBIFST 2 A, bR N Mk 2 4E
PG ERE BE MR, BATIIISES
R R, ISR AR AR KR EE N T, 1
AR IR ) B A
M) -+ SRR o S A W) 22 RE P, 2R T S R AR A



10 VA AN

552 4%

FOARARAE 0 R, 3 I AR R 1) AR,
FEA PR R IR B % R T KR A2
— L T LA R bR P O R L A s A
J KT AL RS R 1 AR AR MR K

FEAAETR [ Fb oA 1 AL 9.90x 10°hm? , 5 B
15 7.55x10°m* , 78 4 [N T 75 AbK B i AR L B 5 AR
ERHEL S —  REE AR A R DS
DIREERs I A EEE X A Tk
FER AR 20 55 B IR, A2 R N T alibR iy A= 7= ) ¢
M, A S THRE S A st T RS WA A2 AR N Tk Al
Frel . HLGZ 30 1 [ RS 2R 3% K OF i v, 3
RLHf N N R AR N bR 7 X B Rk
JEXTIZARKAR A B 5 2R, A3k 4 &5 40 2 A5 14 ) 0
Hiage ™ . R, A B i 4 & 18] Ak vl st bk
IR, A A K SRR AR N TARR 205 St
BRGET S BT B AR BRI AR AT
A, 1 A BB AT 7 e AR B B 1 P A AR AT
£ B PR A DA AR SRR S AN R Al
DI b i NI T K S = I AL i e o NI = I S R N
TE) A A B 35 T X A2 AR v e A Tl 225 F S PO AIF 94
FAXFEE > DRI, AR HIF 55 78 375 228 T 08 BB s R 1
3000~4 500 £k « hm™f 11 4R AR N AR BESE
PG TEMGT TR B 3 FPaI IR B % B A AT Ol
BT MR AR BREYS | BG4 BT AS ] A R
TR B8 % A2 AR N AR 19 A KU, 50 RRF D38
B MM AR IR R SR E K IE R,
R T X RS AR N TR I 458 % B, S A
AKEMBE ST, LR N TR S48
%

1 HREMHER

TR T A A 7 (112013717~ 1130197
1"E,24°2'16" ~24°54"16"N) , J& I Pifs = f, BB B
TR , & ZRBAT T W md L R, AR 340 19.5
CAFEFK LN 1900 mm A58 75 1 38 117 42 0
7 (1120577 ~ 113°1'E, 24°8" ~ 24°13'N) | 3 i
(112°45'15" ~ 113°55'38"E, 23°50'31” ~ 24°33/ 11"
N) NEMIZ (112011737~ 112°15'49"E,24°51743" ~
24°56'5"N) IR AR N Taibkrh Ir g . WF5 X Py 1358
22 NRD UL 2 T ) L M B S A 2 o LA v
ol F, 2R 80.0 em 247, AT )Z 3.5~5.0
em, FTRR B 20% 20 47 o IR X A AR AR T £ i
VA B g i BT R TR SR B I SRR AR, AR AR
TIREE . Ui sk 2010 4EE M EZAR AN T

( Pinus massoniana) | 1468 ( Paulownia fortunei) |
ELEk K ( Rhus chinensis ) . # ¥ 1§ ( Machilus chinen-
sis) U (frea chinensis ) 55 ; A JZ 32 A i) £ 1
(Maesa perlarius ) . 7138 Bk ( Ficus hirta) | §5 B A
( Schefflera octophylla) %4 (Indocalamus longiau-
ritus ) 146 =B T ( Rubus leucanthus ) 28 ; AR 2 D),
LR FR ( Pteris fauriei) 2 Tk ( Blechnum orien-
talis) 2310 ( Preris semipinnata) 58 M #5241 ( Selagi-
nella involvens) i F .

2 WRFIE

2.1 FEHbUEE SR AMRA

TEICST b 25 47— 2, TR] fe i A BRI 3 AR 2 B
A3 000~4 500 #k + hm™ A2 A N TARAE R0 58 %
S BE 3 AR B % B, 4351 12001 800,
2 5008k « hm™, BEAN AL BEBEE 20 mx20 m [{FFHE 3
Yo, b 9 e, F 2020 4% 10 J 43k A7 (AR
B, 7 2020—2022 AE A REAE 11 H A5 %) 45 A H ik
TR 3 YR, 78 2023 4F 8 J iy A7 ks
(55 4 R

PR AR B MROR B A% B 8 BT o
W&, FEREAIHL( Canon EOS 50D Mark IT, H Z4) 4
fR4% 3k (Canon EF 8—15 mm £/4L USM, H 4%) 74§
ANFEHLREHLIE R 3 A5 (IR T 5 m, BT 50
em) |, ARAFIE IR AR B, ARG b R B 4
FRIT . FERSBR I A i U8 Y5 W R 5 o ), Bt
HERE (h) S 0<h <10 em .10 cm<h <20 ¢m 20 em<
h<30 cm 4b() -3 T 13 pH A LB T 5350
SRTR AN E , R TE R 2R 4 3 3R]
FEah, T 3y 3k B . ZEREHBIY 4 - 0
HUD AL B BEE 1 A2 mx2 m PIRE T WA (A
AT I SRR I HE SRS B 5SS T
MR REBE ZFEMEFR B0, 2020 4 11 H AR5 26
1 YR AR 3 HEAE Bk 1 s

F1 HEHER

F it R [ AR AR L % Al NS VA3 74

4% A% BE/bR - bm m_
1 1% B 1150 0.81 593 29
2 1175 0.82 604 28
3 1250 0.81 610 27
4 rh s g 1850 0.84 564 21
5 1825 0.85 580 22
6 1750 0.87 629 23
7 R 2575 0.89 551 25
8 2400 0.90 580 30
9 2550 0.87 580 25

A B T AR S 1200 Bk - b ™ bR SY s A R

AlipR, TEARET 3 AFE IR Tt BIFEBR B, 58 4 AETTFURE 073 ik Jy 1800 bk - hm 2 (b4 5 15 56 1 S - g e £ 56 2

AFIFJEART T 1. P A B Al 200 SR

2 5008 + hm 2 [R5 o



%4

PR A AR B PR A2 AR N AR AE K Y520 11

2.2 by A KRR ST
P G O ) TR e S T S P REN
AN LSRY S AL (EW/ Y N7 A 5O ISE X NS 73 i B2

(EVa (N
-/l
D,= n;dio

D, R4 s d, D5 | BRARAR Y A2 5
n AR BB
RIS E AR R 2 AR
S

1

H=

k

S

A H ORI PRI G 3y AR AR @ AR AROR
WA SIB 55 G, AR I 28 i A= B A i i g
Wi s k Dby rh Az B4

I E AR A A E

™
C =—xC__xXC. XC.,
VT o e li

A C, O ERTRER CL 5§ BRARORZR 74 1)
TR 5 C o 5§ ARMOR AL WS 0R 5 €A 55 @ BRAK
AT s AR EREL

-2 R R U T A R AR R
TCAEARB BRI, AT

V'=0.000 058 777 042x D% x 0046315

b VOB R D gl s H B

AW FE bR M A AR e 4 4 B 3R D < AR
2 2 cm AR H A8 1 2 m AR R G, 4R — R M A
AR R 23 5, 3 0 e T8 A S5 RO By
HTCER, P AR LA AR 5 iR, 75t AR A2
B IR s B AR A

FEATURS b1 SR A6 A A B3 i, 3t
H RIS/ NEARAR I (d) XAy d<8 em; /MaEdt
R IXE N 8 em<d<12 em; PARM AR X ] 14
em<d<18 cm; KIEMIEH X 6] N d>20 cm,

V'=0.000 087 2x "7 35 023t ¥2307

23 ISR

FIF Gap Light Analyzer Version 2.0 Z{4-53#7 B8
FAGFIART SO AR L6 BN OG T ARTE EOR
MR
2.4 LHERRETERINE

TEE N AN L IERE S, KBRS B , 4
AT 2 3, 1 f3ad 80 H (0.178 mm ) [,
PRI (5.000£0.100) mg FIAF b, FITCER 20 B A ( Vario
EL cube, Elementar , {8 [ ) il i + 38 4 & A A LAk 52

FEAMEG 5 10 SRR 16 F (118 mm) RO B5 7

I(10.0+0.1) g £, A 25.0 mL 2 B F/KFLE A 1

BRI, /K EL IR 1.0 = 2.5 45 5 5 min J5 B
Uh, J pH $H(P5S-2F ik, 1) Wiz pH >
ARSI LI R | R K R K IR AL
B Ok AXER S B S, ) B P A R R
T3 AT E
2.5 R FHIB S FEPERRbRVEEL
AT HE 4 Fhvd IR Fh Z FEPE TR ECliR bk
NHBRI PRI Z RN, 7390 Simpson ZAEVEFE AL
Shannon— Wiener £ 4% 4 15 %% . Pielou 5] BE35 5.
Patrick 5%, A WNF -

N

Sp=1- ;Pfo

Sy= 2 PP,

J=S8y/InS,

P, =S,
S MR AR RIS BB P, A L AR
AN R b ) Bl AR B L4515 Sy 2l Simpson
ZHPEFE 40 Sy 4 Shannon —Wiener ZFE M 48 455 J
A Pielou Y5 B84 ; Py M Patrick $5%%,
2.6 Efiabpn

FH Shapiro—Wilk 56 #1 Levene 556 2% & £ 4%

JE A S E AR I3 A RN T 22 551, REAS T A AR A Y
B AT X B At fof i A R A XA R T 22 A A
s, IR IA R J7 2293 B CANOVA ) fF 58 A [+ ]
PR BA 2 B AR 1 2 5 3 IR RS R AR 3
(AR AR bR S P A T AR T AR Bk AR R iR AT
ZHE WK (LSD) , ] Person AH &P 43 # 1] W bR S5
A5 PR AR T PR R 2 R A S
LR LI EAHFAE IBM SPSS Statistics 25.0 0 fF
SERL, BT AT i 22 e P<0.05,

3 FERSHM

3.1 ARG EENEEAR N T A KR
311 FRBRGEESRAIRAMS £ K /E
LB ARG Mo MaAE e AR
PR BRI 388 K 38 2 I 1 B %88 B2 i /b i T (3%
2) o TR R 1200 A « hm ™ (A4 45 101 4
KIGIREEAIELL 3 a W W E 5 TR BB R
2 5008k « hm ™ flpk43(P<0.05) o, i) R A4 B 2
h1200 # « hm > ARG FE4 4% 3 a A KRR AR
TRBE R 2 500 Bk « hm > ARAr89 1.57 £5, bRG3F-35
Wi 3 a AT LAY 1.65 5, 3 FiCAS[RIOR B1 %% BEAK
GrTRI PP RSB B 3 a K 25 R
E(P<0.05) o [ AR B 4 5 Ry 1 2008k « hm
ST IR AR BRI AR 3 a BERKGEAR L TR



12

P/ A N /AN NI S S

552 4%

R EABREE > 1 8002 500

+ hm ARG 1 A
K2 FEARBEEEZARAIMAKS ERRKR

KT 53.82% ,111.60%F149.40% .162.24% ,

/'Tﬁj\ Hg4%/ em B 5/ m
1200 £ « hm™ 1 800 #% + hm™> 2500 f% + hm™> 1200 #% + hm™> 1 800 # + hm™> 2500 # + hm™>
2020 (12.54£0.50) a (11.61+0.40) a (10.11£0.50) a (11.26+0.50) a (10.82+0.40) a (10.03£0.50) a
2021 (14.18+0.80) a (13.26+0.80) ab (10.91£0.40) b (11.84+0.80)a (11.18+0.80) a (10.31+0.40) a
2022 (15.22+0.60) a (14.33+0.40) a (11.68+0.70) b (12.11+0.60) a (11.52£0.40) ab (10.52+0.70) b
2023 (15.91+0.80)a (14.85+0.50)a (12.13+0.40) b (12.55+0.20)a (11.84£0.50) ab (10.81+0.50) b
3a WO K& (3.17+0.60) a (2.64+0.80) ab (2.02+0.20) b (1.29+0.20)a (1.02+0.10) ab (0.78+0.10) b
3a HIK R/ % (27.00£2.38) a (21.77£3.21)b (19.98+1.52)b (11.46+1.36)a (9.43+1.38) ab (7.78+0.83)b
P W AR/ m? FRRA Y/ m?
1200 #% + hm™> 1 800 #% + hm™> 2500 f% + hm™ 1200 #% + hm™> 1 800 #% + hm™> 2500 #% + hm™>
2020 (11.48+1.20)a (10.33+0.80) a (9.4120.60) a (0.1022+0.012)a  (0.091 1£0.011)a  (0.068 8+0.005)b
2021 (12.88+1.40)a (12.24+0.80) ab (9.96+0.50) b (0.1192+0.012)a  (0.101 3£0.011)a  (0.074 9£0.005) b
2022 (14.68+1.30)a (13.13+0.70)a (10.56+0.60) b (0.1317+0.012)a  (0.1122£0.011)b  (0.080 1+0.005) ¢
2023 (15.31£0.50) a (13.82+0.50) a (11.22£2.70)b (0.1397+0.012)a  (0.1162+0.011)b  (0.083 1x0.005) ¢
3a HIK & (3.83+0.20)a (2.49+0.40) b (1.8120.10) ¢ (0.0375+£0.012)a  (0.0251£0.012)b  (0.014 3x0.012) ¢
3a AR/ % (28.48+4.22)a (24.10£3.12)b (19.23£1.38)c  (36.690 0+4.380)a (27.550 0+3.110)b (20.780 0+2.870) ¢

T R BRI ARE 2" B G RIAT AN /NG TR 27 [l — 45 0 AN [7) £ B 95 L i 22 5 [ 35 (P<0.05) ¢

312 RABGEEYRAALHKZY LM FH S
s

R EABRE J 1200 B - hm > ARSI 4 16

B 16 cm , R SMATIEAE N 12 m , BRAE S LA 510

19.58% 47.19% ., 483 %%FF 4 1 800 #k + hm > R #k

SR B SRR T8 4 5 WE A4 16 em 1 12 m, Bk

B0 HLAR 510k 26.03% \45.95% . A5 B2 % 5 My 2 500
B - b BB RS A RIS 25 4 A W (ELAR L T DR
BRI HE N 12001 800 A - han ™ fy Ak 43 B 2 1) Zc i
B, AR S 5 50 A3 B (L3S 9 10 em  BREY L
SR 31.28% 44.64% (£ 3 .3 4)

%3 FRRBEELANTHRERHESLL

IR/ PR L %

k- hm™ 4 cm 6 cm 8 cm 10 cm 14 cm 16 cm 18 cm 20 cm 22 cm
1200 0 4.06+1.29 5.37+1.15 10.98+£2.27  11.67£2.93  19.51+3.35  19.58+2.07  17.59+2.50  8.20+2.21 0.78+0.18
1 800 0 0 6.18+1.48 4.55+0.59  22.99+3.46  24.13+£2.24  26.03+3.01 9.74£1.47  4.53+1.71 1.85+0.15
2500 0.31+£0.03  2.90+0.38  14.00+4.71 31.28+5.71  28.43+6.85  18.60+2.14 3.43+0.07 1.04£0.06 0 0
W RPBAE P EIE AR EZE”

x4 TERBEBEECAANAIHRSHEE S

REE R/ BB /%

Bk - hm™? 4m 6m 8m 10 m 12m 14m 16 m 18 m
1200 0 2.83+0.52 10.74+1.51 30.27+3.38 47.19+5.49 7.49+1.32 1.48+0.21 0
1 800 0 0 5.66+1.06 16.30+2.61 45.95+6.94 24.36+4.11 6.08+1.34 1.66+0.24
2 500 0 0.97+0.24 14.04+2.72 44.64+5.99 33.14+5.43 7.21+£2.63 0 0

Y PO T bR
313 RRA®RGEEHRAAIRMILEMH

H12% 5 I, AR B 8 0 2 500 - hm B, AR
Gy EERF P DUNEM O £ A S S
W S5% UL b, TERARM P . PR B % E D 1800
B - hm AR S EER RS LA JNERE R

BHIE 116,19 m + b, B HE 1) 82.53% , ¢
FERRUBHREDUY 15,36 m® - hm ™, (RETEFIEH1 200
b R4 SRRt B R
FERE B B 22,46 m® + b, %0 R
J& SR Y 20.88%

RS FRRBFEEAAINTHEERHE S BHRELLE]

R EE R 1200 Bk - hm 2

BRI A 8 200 Bk - hm ™2 i

TR K 2 200  « hm i

e HAHE/m® + hm™ i 5 /% HAHE/m?® + hm™ i b /% WAt E/m® - hm™ RS /%
INGA 0.45+0.03 0.42 0 0 0.510.04 0.52
INEEA 14.68+2.25 13.65 22.98+3.45 17.47 56.15+3.84 57.75
Hifekt 69.94+5.96 65.05 93.21+8.95 70.85 40.58+5.30 41.73
KAamt 22.46+2.38 20.88 15.36+3.22 11.68 0 0
b 107.53+8.52 100.00 131.553938 100.00 97.24+6.92 100.00

RN TR R
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321 FRREMRGEEHSARAALHRKT LRSI
Bt () £ B %88 2 A AT, AARoes T Il 32 R ' AR
A FTEG I, W AR AR NG Hod R %
JE 2 2 500 Fk + hm™ R4 bR e T I R A AR g

B E/N TR BE % o 1200, 1 800 £k « hm™ [l Ak
43(P<0.05) s f B 0 1200 Fk + hm™ B Ak 43 B
JEHR B R TR B %5 3 1 8002 500 #% - hm ™ i
M3 (P<0.05) o 3 F ] o fR B 4% BEAR 53 () L5 6 0
RO M & 225 (%K 6) .

%6 FERBEEMAAIHETAAELS
S/ em * em ™ HHHE/mol - m™2 - d7Y HHE/mol s m2 - d7!

BB/ B - hm™ MOETF R/ % MY /mol - m™? - d7!

1200 (69.37+3.66)a (1.61£0.47)a (12.93+0.52)a (5.41+0.42) a (5.2240.16)a
1800 (68.13£9.37) a (1.48+0.10)a (10.52+1.97)b (5.48+1.09)a (5.04+0.89)a
2500 (63.41x4.45)b (1.17£0.11)b (10.63x0.58)b (6.72+0.14) a (6.22£0.41)a

T R BAR A FIEARE " s BORR RS RN G 7 B3R 22 5 .3 (P<0.05) .

322 FRPEMREEEH AN LRI RAFAE
AT O B 4 AR B A HLAK | 2 R R )
SO )2 1oy 3 v AR R R B R D 1200
Bk« hm ™ AAR G P38 A BLBRR 42 BT R B0
KM 22.56.2.12 ¢ - kg™, 4 B E K TR B %
J£ 1 800 # « hm kS (P<0.05) . +3E pH  +

AR TEZREEICRE S HIEEED 10 em<
h <20 cm I, #5045 B 2 BE MR O3 ) 3 S5 B 2 O
L Hoh PR B B 1200 B - hm RSP 1 1
KRR, O 29.01% ; HoyJE O B 48 5 O 2 500
Bk - hm IR SR,y 24.06% ; O BB EE D 1800 #k -
hm ™ [R5 P-4 £ SR DN, B 18.23% (3R 7)) .

HERRE | R FLBR R BE 2 A e e A Ak, B
x7 TRRBEELARNIRTEELER

PR LR R AR g - ke SRR kg L4 pH

th - bm™ 0<h<10 em 10em<h<20em 20 em<h<30 em 0<h<10em 10 em<h<20em 20 em<h<30 cm 0<h<10 em 10em<h<20em 20 em<h <30 cm
1200 (24.58+2.47)Aa (22.32+42.45)Aa  (17.78£0.62)Ab  (2.32#0.15)Aa  (2.19+0.16)Aab  (1.86£0.05)Ab  (4.76£0.04)Aa  (4.80£0.03)Aa  (4.75+0.06)Aa
1800 (19.08£1.23)Ba (16.93+1.27)Bab  (15.07+1.18)Ab  (1.34£0.07)Ba  (1.23+0.07)Ba  (1.11£0.06)Ba  (4.77£0.07)Aa  (4.71x0.02)ABa  (4.65+0.03)Aa
2500 (24.44£2.45)Aa (20.94£2.85)ABab (17.74£2.23)Ab  (1.63£0.21)Ba  (1.39£0.20)Bab  (1.29£0.14)Bb  (4.48£0.10)Ba  (4.51£0.07)Ba  (4.55£0.09)Aa

RER LAk LR/ on” PR

/X 0<h<10 cm 10 em<h<20em 20 em<h <30 em 0<h<l0em  10em<h<20em 20 em<h<30 cm 0<h<10 cm 10cm<h<20em 20 em<h <30 cm
1200 (24.18£1.24)Ab  (31.5242.34)Aa (31.32+2.04)Aa  (1.05:0.01)Ba  (1.06£0.02)Ba  (1.04£0.02)Ba  (45.37+1.00)Aa  (45.99£0.79)Aa  (46.10£0.93) Aa
1800 (18.50£1.09)Ba  (18.37£1.20)Ca  (17.81£1.12)Ca  (1.25:0.01)Aa  (1.2820.03)Aa  (1.32£0.02)Aa  (34.07£2.00)Ba  (37.61£1.37)Ba  (38.39£2.32)Ba

(

2500 (2422£1.34)Aa (24.29£1.19)Ba (23.68+1.38)Ba 1.16+0.02)ABa  (1.17£0.01)ABa (1.17£0.02)ABa (41.55£0.73)ABa (42.31:0.25)ABa (41.57+0.18)ABa

T R PR bR 2E” s Bt 5 AT A RN TR R A [ B R LS (6] R 8] 22 5 B35 (P<0.05) 5 [RFAN R R 5B 3R A

[ L JRA [ O3 B 2 o (] 2 5 W 25 (P<0.05) sh A 12 R
323 FRAMRBEEAHSRA TN THM S K
AR
12 8 WL, R B % 8 2 500 Bk - hm [ bR
S TEARJZ Patrick 8% . Simpson $§ %% . Shannon - Wie-
ner $5 4 . Pielou 3§ £ & /N, 7054 9.00.0.74
1.82.0.84, 3§ /N T HoAl 2 T f B %5 FE ARy (P<

0.05) o FRER% R 1200 Kk - hm " [ bk oy HEAR 2

Patrick $5%% . Simpson §%% . Shannon—Wiener $5 %1

FOR A EC TR B % 2 1.800.,2 500 #k - hm ™ f 4k

SIS T 34.78% ,12.95% \22.73% Fil 47.62% |
1.25% 15.14% , AS[a) % B8 % & K43 BLAS JZ Pielou
ERLREES.

®8 ARARBEELAAIMKTEBSHFME

TREHEIL/ LV N HEAZ

B+ hm™2 Patrick 5% Simpson $5%4¢  Shannon—Wiener 541  Pielou 1541 Patrick 54X Simpson $54  Shannon—Wiener 154  Pielou 1541
1200 (10.33£0.27)a  (0.82+0.03)a (2.08+0.10) a (0.89+0.04)a  (13.67£0.54)a  (0.90+£0.01)a (2.48+0.10)a (0.95+0.03) ab
1 800 (7.67£0.47)b  (0.73£0.04)a (1.70£0.11)b (0.86£0.03)a  (14.33£0.54)a  (0.90+0.02)a (2.5420.08)a (0.96+0.02) a
2500 (7.00£1.25)b  (0.81£0.01)a (1.81£0.11)ab (0.96+0.01)a (9.00£0.94)b  (0.74+0.03) a (1.82£0.16)b (0.84+0.04)b

T R B I ARE2E” s BOR5 RIS /NG T B R AN ) O B 652 [ — 22 A ki i) 22 57 3% (P<0.05) o

3.3 KRNIk o Az K Aihn S5 ma R 1 6 &
FARHEII TR (3 9) , Mhor-F- g te 5 + %
pH | 2 50 20 B0, S R R R IE A G (P <

Wiener 45 #( }¢ Patrick #§ % 2 8 % IE M & (P <
0.05) ; BRI X5 BRR A B S AR T ) B | 3 T |
AR T A3 U B IEAH 96 (P<0.05) 5 R4 F-1Y

0.05) ; kA4 155 5 + HE S JEF 25 AC 22 Shannon— 27O fap e (AR + 52 pH B AC 2 Patrick 5405 73 1



14 P/ A N /AN NI S S 552 4%

A (P<0.05) ,
R MOERKERSEZMEFHEXRY

LIPS AHRER R RL

iES D H v v €0 LAI TL DL SL IN S0C  pH BD MC  GSP GSW  G]  GPR  CSP CSW (] CPR
D 1.00

H 0727 1.00

v 048 045  1.00

cv 078 033 047 100

o -0.08 -040 067" -0.08 100

LAl -052% -057* 013 073 095™ 100

L 0.8 047 -020 0I5 -0.98" -0.98* 100

DL 037 060" -008 025 -0.93"-0.98" 097" 100

SL 020 051 <017 020 -0.97™ -0.97 098 0.93™ L00

N 060" 028 -040 015 -043 -060* 051" 053 048 100

SOC 008 010 065* 002 -025 -040 030 030 028  0.92* 100

pH 057* 028 -0.08 057* -003 -0.3 01 017 018 007 -025 100

BD 0.67* 058* 067 037 007 -002 -003 015 -007 -037 -055* 031 100

MC o -035 042 -037 002 -020 -0.12  063* 000 015 047 058" -025 -080* 100

GSP 026 033 -003 -0.08 035 025 -027 -016 -024 -025 -043 056" 048 -0.79" 100

GSW 027 030 001 -0.07 051* 030 -032 -020 -030 -030 -0.67* 0.54* 052* -0.82* 0.84* 100

GJ 003 020 -0I5 -031  05* 031 -035 -033 -028 -0.03 001 018 002 -049 073 070* 100

GPR 023 027 -007 -0A5 027 021 -021 -0.08 -0.23 -0.27 -058* 0.50  0.57* -0.80"* 0.94™ 095* 052* 100

(P -002 040 022 005 -077*-0.64" 0.68* 061F 074 011 000 -0.06 -003 021 -037 -042 -038 -036 100

CSW 020 053 005 02 -093*-0.88"* 090™ 087* 093 037 017 015 002 017 -028 -033 -038 -025  091* 100

G -047 -022 -015 -041 -003 010 -0.08 -023 000 018 063* -0.36 -064% 061 -042 -047 007 -052* 040 013 LO0

CPR 044 063" 007 055* -0.85* -0.92* 089* 0.92* 092* 056* 020 043 019 003 -014 -018 -033 -013 064* 088* -0.21 100

T+ FoR BFEMR(P<0.05) , = FrR B E AR (P<0.01) ;D ks H e

sH WBRIR IR s TV bk 5039 SR b1 AR 5 CV gy

ST AR s CO BRI TT R BE 5 LAL Sy TR 55 TL Sy AR SO ; DL Dy B 't 5 SL OB 't s TN O b e 42 SUBT 4 /3405 SOC hy R A
BRBTRESH s pH O 8 pH BD Sy L3RR T s MC Oy L3835 /K 4 ; GSP W iEAC)Z Simpson 5 4; GSW i A JZ Shannon—Wiener 15800 GJ: A JZ

Pielou $§%5 ; GPR N AK)Z Patrick $5%§; CSP JEi AR )2
A2 Patrick $8%4,

4 St

9 I R — I T MR G , 7E N AR
ER RPN, AR AR TR ER
SR S AHIESE AR AR B O 1200 KR - hm g
FRAPT-H 22 AT XA 5 3 a 2R K B3 TR
3 2 500 Bk - hm AR (P<0.05) , H BAE
ARG 1] 4 35 5 i S 418 106 R 20 T34 B 20 A - S
B ORI Bk b R 3 IR e T AR B 1k
IIN RO M R v ) R — B (R B T
1200 #f = hm > (bR P35 RRA BRAY 3 a A2 K4y
PR EE 32 A 1 800.2 500 Kk + hm > A9 2.62
15 .1.49 4%, H. 3 Flvf 5 3 BE AR ] bR A bkt B
ﬁﬁ%UkMﬁ> AT AR ARR IV B 8 BE T LA ke
RO RI B S , G ) 1A 7 3 i
ﬁéﬂ%ﬁ%%“ﬂmﬁ$éﬁ*ﬁ%ﬁwmﬁf
W R 2 500 B - hm I, AR L
NI R BB LR 50% 5 2 % B 5 i g =
1 800k + hm™ i, TFH4 A K AR A2, (AR AR 44

Fh it LU AR 11.68% , (i BHTS A AINERE R 077 E’J?F/l‘ﬁ?l‘/lﬁﬁﬁl‘iﬁﬁﬁ%d TH

5 ORI 2 0 B AR B2 5 1 200 Kk - hm B, K

Simpson FE %Y ; CSW H LA JZ Shannon—Wiener $5%5; CJ h A2 Pielou 545 ; CPR iy

PRI A R T/ MER 1 A i, B RD LUK
RR . VTR A X R [  B A B
it N AZARMRA A BT 5T K B, AR 2 Ak B SR T g
BRI . XBIET % Do W, 3 AR
DREE AR R T AP 2 g A B B s i 2R
et T RAEMREC, Lo, A T RAGHM I 7. Bl
HMRITHIASBTAR I, BRA XS 7K 43 O B 3543 1 56 4
H 250 2 ZE R R 0, (IR B % B T L B
FEARR N T AZ AR P IS 368 51 B 4 38 37 73 19 38 4 e
T, AR HE R AR A B9 7 M BB, 32 TH AR A B B AR
JE O AT R T OEIREEE b S bR o K A AR 1Y
RN T REAS AR A MR UEIX — WA o BRI TE F AR
AR R, B TR MR fR P AN BT
TEARARS Sl B AR 5 4 8, BB 70 MR | 5 R
WASBUEREBEA RS o RO AT LA
MOIEJZ B TR 8], DA Z 8] 154, 7850 A%
S a A IR L8717 S o e o S 8= Kl R Z ONE I
I RETR IR A5 (A B, RO AR 18] 368 B ) 5 4
VBRWEN . AR, 4 B85 HE K 2 500 #k - hm™
LAt 2 o E AR O
AL IR B 2 B2 2 500 Ak - hm () bR 4357 2 A
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PR A AR B PR A2 AR N AR AE K Y520 15

TR 3 a A /N TR B 520 1800,
12000k « hm 1y FZJFEH Z —
ARG E T LAGE X TR A2 B B AR ] 3
e R A IR AR T AR 4 22 B L2 ) o3 Af
B MOCBR TSR AR O IR 2 B bR
AR 2 RS2 T A 3
M RERS VR 22 IR BUAKT , DT 12 1k 5 22 Fif
KR AR o AT AR R ER B bR S bk
R FERE IO M A 535 (P<0.05) o i fe" 1
FER B, (AR B 0 BE BN A2 AR R B AR
ROWMOR , HARE HE B0 P i 22 Rk R B o T o
DI, 418 LR B2 2 Sy 900 #k - h B, A2 A
AW Z HEE RO FEE . A, AR
() H i B 2 B 2 500 #k - h ™) (AR AR B2 A
PAEPEAR BRI, 102 O 3 B R MR 3 8
a3 6] {9 58 s AN, R LR MR T AE, [R] s
MO BRI 55 T AR T KA, AR TN ) 2R
K MRS HI R T S AR )2 Shannon ~ Wiener i
B Patrick FERUE R IEM S (P<0.05) , Ak 7312
WOEATR FEA R Patrick £i5 8042 2 35 TEAH 6 (P<
0.05) , XU, &AM AR ] DR A I
ARG B T LA e AR AR R B A S o A
B mARE KR R B . 2 H X AR
RN TARAGBETE PR R B BER 3 2 |
B BT A IR A R
W ARG R B, AN TR B AR L MO
SIEEKR pH &R TR B R AL
JERREI R . AR L2, R — s 3R o0
O DR B R A AR — B, XA TR £
B AR 1 R3SV B oy M R W, R
FEA 1200k + hm ™ bR 53 38 HLAR T 4k 534K
DR KR LB O R, X
DL, B AR Y O B B E (1200 #k - h ) A T
SEBRALE T B0 A SR AR R . ST ik
B, BEE DR B 0 A3 K, 98 pH B i)y, DR T
SRR IR A , KR DN D 4 L O R bR 23 HL R s
R, MAZA B ) v s S R o, A i AR
JRAE I SE W) AR ikt B h e BRI 5, T
AR B 155 2 b, BT LA pH BT
B R, 4 58 4 S AT HLBR R 17 43 50 5 Ak
I FXINAE A R B TE AR O, MR
PR L3 pH 5 8 3 IEAH R (P<0.05) X 5L, [7]
PR P 2 15 P DUE s SE AR N A B A 7 B IR TR )
AR AR A A

ABFFEE L ARG 3 a AR OR B LAY 278

RN TSI AAARDL, LA | 1%

ALY T MK AE B 2 RS PR P 4R AE S5 T
ARG B BE RS AR I IR o 25 SRR T HE AR 2 AN
FARJZ R SRS BOR ZAE R B 2 5 O 1 200
Bk - hm iR, EAZAR B AR T OLIREE R T
Aty 2 Fob DR B BE AR o AN [ P B o BE bR 23 ]
BRANEFAOBE SRR, A B e BN OR B
FERF (1200 #k + hm ™) R8I K. BR T LHEA BLAK
JRCEE SRR, HAt 98 P A S5 52 ] AR fR B o R AR
PERISEIR 0 o MR F- XA P32 BRR A RS
SEIROP 05 AR SO D), AP R e A e AR
MR IEIREE AT A TP ZAEE B M. 254G
Mo AERATOL AR LB | - EEA PR BT AR AR
AR 2R, A R B 1200 #k - hm A
MO EE LRI AR, AT AZAR KM 1 E
WG A U5 SRR = ), B W0 1800 £k -
hm ™ B A EROR

s £ X W
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HWE. [ ARG E£dT & 3 A REHE Diaphania glauculalis 5%, % ik /i  FEIE B | 353
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% )4 A Tllumina NovaSeq 6000 -F & x+ ] 16,48 572 px, & fik A 4% 403 470 5 | 4% ) Trimmomatic #»
Trinity %30 5 B7 13 69 R 46 BB BEAT 37 bo 40 K 49 B 45 R 404 % ; sk xF CDD, KOG, COG, NR, NT,
PFAM #= KEGG % 338 B3k A B B2 8, ih e 52 BALF B2 M £ K B 4& A TPM( transcripts
per million) FEF B ZHALRG R AT, LA RKMAFMERNLBHFELF R X AR
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Abstract: [ Aim] This study aims to establish the adult antennal transcriptome database of Diaphania
glauculalis and mine chemosensory-related genes, so as to provide a theoretical basis for the
chemosensory mechanism of adult antenna of D. glauculalis, and green prevention and control
technology. [ Methods] The antennal transcriptome of D. glauculalis adults was sequenced using an
umina NovaSeq 6000 platform. The raw data were edited using Trimmomatic and Trinity and assembled
to obtain transcriptome data. The transcriptome data were compared to CDD, KOG, COG, NR, NT,
PFAM and KEGG databases to obtain gene annotation information and identify the chemosensory-related
genes. The expression levels of the chemosensory-related genes were assessed using TPM ( transcripts per
million). The phylogenetic tree of the chemosensory-related genes of D. glauculalis was constructed
using the maximum likelihood method. [ Results]A total of 52 705 124 unigenes were obtained from the
male adult antennal transcriptome of D. glauculalis and 55 391 610 unigenes from the female adult
antennal transcriptome. By comparing the annotation with NR database, 24 192 unigenes were annotated ,
among them, the most (10 679) homologous sequences were from Osirinia furnacalis. There were 14 313
unigenes annotated to 204 289 GO functional entries, including 113 387 unigenes annotated to biological
processes, 70 115 unigenes annotated to cellular components, and 20 787 unigenes annotated to
molecular functions. There were 10 721 unigenes annotated to 11 968 functional entries in 25
classifications of the KOG database. There were 12 892 unigenes annotated to five categories of metabolic
pathways in the KEGG database, attributed to 33 pathways, with the largest number of unigenes (1 500)
annotated to signal transduction pathways. A total of 136 chemosensory-related genes were identified,
including 31 odorant-binding protein ( OBP) genes, 24 chemosensory protein ( CSP) genes, 50 odor
receptor (OR) genes, 20 ionotropic receptor (IR) genes, nine gustatory receptor (GR) genes and two
sensory neuron membrane protein ( SNMP) genes. [ Conclusion] In this study, we constructed the
antennal transcriptome database of D. glauculalis adults for the first time, and elaborated the types and
number of chemosensory-related genes. This study lays the molecular foundation for the functional
analysis of chemosensory genes of D. glauculalis and olfactory sensory mechanism, and then provides
theoretical support for the development of new green control technologies based on insect olfactory sensory
mechanism.

Key words: Diaphania glauculalis; antenna; transcriptome; chemosensory-related genes; bioinformatics
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A6 Neolamarckia cadamba, X Z K, E76
B} ( Rubiaceae ) 18 K AR A, J2 WE Y1 ACHT 1AL BB
Fift, 10 AEZ2 A7 BIAT b, AR 5 3 AR A9 25K, Bl
PRN AT AT | EA A BT A A0 (8 RS FH i
50 m KA, 2021), Bl 46 48 BF B Diaphania
glauculalis 3 J& 1 1% B} ( Pyralidae ) W7 4€ 7 £}
(Pyraustinae ) , 7341 T3 Y i L DX [ Py 220 A
TERERHLIX , Je B L B e T o gy kot 22 36 il i
B, B g i B P AU TR RPER Ik fi
RS B, AR BT S PR AR, 4 e i IR 2
T AZE TR AL 5E , fe T ™ 5 8 1l A1 JE 2 R FE T
(%5, 2015)

A2 IS BT ) B M 9 AR A7 FD B A 28 G
BRI, R A7 2t 2R SERE % 5 B B He -4k
B B R O S Rk TT KL (Field et al.,
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2000) . fil AR by B AR SR AN S SRR B
B Ry, e B AR K 5 B M S A
[T, IX SEAL AR AT A SC R 1 o AL A RS 5 1
H (odorant-binding protein, OBP) 324K (odorant
receptor, OR) . B F % 32 {& (ionotropic receptor,
IR) BRBEZ K (gustatory receptor, GR) fh2# a7 25
1 ( chemosensory protein, CSP) LA K B HUBSE #h 242
JC B H ( sensory neuron membrane proteins,
SNMPs) (Leal, 2013 ) , iT864F B 35 i 16 0 0 PP 452
R & Bk A W15 B 2% 7 4 T B il ff 7 o
LB S E A2 R A G T TR 2 T2 R TT
Z AR B e Y Al 22 RS2 B R Ak AR A 5 R
¥ Heortia wvitessoides filt 1 % s 41 % 4 v i ik € T
124 MEZRIEAZ A SCHE N (R RETE AR, 2021) 5 B
AU Plodia interpunctella fih 1 s 55 21 B4k A 07 18 <2
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67 %

T 172 MEE AL FIRAZ M (L et al.,
2023) ; XF KIEWE Galleria mellonella fib i EA 755 S 40
DY, %5 A5 51 226 A~ WELSEAH SCSE A, 146 52 4
OBP ZE[H | 36 4~ CSP KE[A | 80 /> OR FE[HH | 56 4
IR B 2 4~ SNMP LA (A9, 2022) , X 24k
S RAZ FE R R AE B Ak 2 Bz i 8 T B
HEEMME , 7TVE R R BE T EAR,

HAT, X FHEA I B R EHEA S EA
HRIE (Ma et al., 2015) (H UK EVEE BRI Z
RILRIFEATE 2, PR IL , A6 28 S fih ) T2 2 40
ORHE R A S 0 AT B T ik — 2D WAk 2 Bz L S
Gy F LA, JE AR YRR T BB el Fe kA Ok
IR VRT G258 B R[] 1) T A2 SRk A B T3
P B R e 3 TR IN i Ba - NN ES SN E CE NI
R, A 5T 4 Mlumina NovaSeq 6000 ~F- & X 4]
16245 BY I R A il Ay R AT T SR LN Y R T AL AR 28
HEP I fil 7 1) S 2R B R R AR A 8 2 R M
OBP, OR, CSP, IR, GR Fll SNMP 51k 24 &2 # 56
FEERG R 5 X e 25 SO A BT T R A
TELR BT IR A fb 2 Az I B B 5%, A itk — 2B R A
piaasLig NI I T el ol S
SEl

1 MR5RAE

ik iR
T A28 B A d R [ A m ARl K 2F 2 R
WFEEHE (G99 7775 ,23. 21°N, 113.63°E) , 7E %= N ik
PRI 3R B sese it B i@ aR 2= 3 1R, WAFR& M.
WD IR 50 Sk et 78 a8 T AN T8 B A M
FENLIRBE(25 £1) C,AHXRREE 75% +5% , )6 )H
WI12L 012D ], B K BV L IR U3 IR R
SEREAAET R, BRSPS R 1 H R
AL 45 200 Sk, (R T D EBUCH: filk Ff A R A
it 15 min WASHET -80 CUKMRALRH,
1.2 2 RNA REERERNRXEHERNF
K FH Trizol J75 43 5| £ M 1A 4 25 M ML fe e g o
(MEHESS 200 k) filt /i RNA, i Qubit2. 0 46 ]
RNA e B FIBT 5, B g WHBE A I RNA 58 3% 14 LA
R FE A5 Y B0, AR TIERE
1.3 XEMERNF
I B RNA 3% polyA 4544 S AH G 73+ 4=
P2 AR G % T A4 245 T I e ol PR A A S T
RNA #17 mRNA 705§, i Befb AUk cDNA & 1.

1.1
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cDNA J BeAb At Wik atifh X Fr Befb sk SO
R sE b B, 28 3k A DU A BT 4% JE, 8 5 Mlumina
NovaSeq 6000 FATII T, SCPEHA #E S e iy A T AR
Yy TARE( Bt ) Befn A7 R w52 1
1.4 HFANFEHFAZ R TR

XTI I 4y 590 38 3 FastQC 47 BT 12 PA
FBRARBT T 91, 15 B AR R e 09 A & B, JTbE
HUNA B P 10 000 £5JF7 51 5 NCBI NT 4%
JEPEHETT blastn LLXT, B e<<1 x 107" JF HAHMBLEE >
90% , coverage >80% [ FLXF 45 | TR HYFh 4345
AT RGN, Z J5 A8 ] Trinity $4 A A SEATIR &
PHE 2 UL SR AR transeript , % Trinity P15 3 1Y
transcript 25 TUAR , U S AR SRS vh e K Y 3 o
AAEHN unigene , INAE N R B2 TINS5 751
1.5 BHREAHESITRUFZRIZIEXERLEES
a3

FIF NCBI Blast + + #2245 2| (1Y) unigenes 5
CDD, KOG, COG, NR, NT Fil PFAM %5 £ %45 i
HEFT HOXE, 45 B DI RE TR S . A KAAS 153
BB KEGG THB(R B, 1l DI RE i Bl R
i 1 AT A 25 B A P e e Al 2 2 BE R, O 1] NCBIL
(https: // blast. ncbi. nlm. nih. gov/Blast. cgi) Blastx
PPN R it — A #fIA . {#F pfam (htips: //
www. ebi. ac. uk/interpro) F1 NCBI-CDD ( https: Y
www. ncbi. nlm. nih. gov/cdd ) 5 iiF T # 5 14 1k 2 Sk
ARG PRI 75 B A N I Y 25 A B, e AR AR A
FERF R BEFE ] ( Yang et al., 2020; Mistry et
al., 2021), i F ORF Finder ( https: // www. ncbi.
nlm. nih. gov/orffinder) FlI (i BEIE K ) ORF, i
DeepTMHMM ( DTU/ Deep TMHMM-BioLib ) T il fk 2%
JRREZ AR DG IR 1Y) 55 R 45 A 85, i 1] Salmon 5 5E
(ESSvy Ty R It{di FH TPM (transcripts per million) X
unigenes E@%ﬁﬁﬁﬁﬂﬂ#ﬂa&ifi, e 3 4 32 Ak 2
JRRAZAH DG ke DRI 7 DAL A 2 P AR e ol SRR A v i ek
i (Patro et al., 2017)
1.6 UFBRIEEIKRARGHUMBIEE

M NCBI %04 J& ( hitps : / www. ncbi. nlm. nih.
gov/ ) T B[] 40 11 A 2 JRR A2 A DG 6 PR ) 2
TRy 5 R Al 2 G2 dE AL AW, 0 45 X &8 Bombyx
mori . . M & K B8 Ostrinia furnacalis ., Bt ¥F 18
Conogethes punctiferalis . F§ 2\ 4 M & Cnaphalocrocis
medinalis . it 2 H Helicoverpa armigera | MW
Helicoverpa ~assulta UL & R 4% Drosophila
melanogaster, i MEGA. 11 #£17 ClustalW #17£
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J¥ 50 X% b 4 A, A R B KL AR I ( maximum
likelihood method ) #£47 1 000 YK & & #4 dt H R 4 &
B, {#FH Figtree F1 Photoshop 1 #4) & %) 14 AL A% 1]
AL ( Tamposis et al., 2022) , i H A 1€ 25 By #5231
25 F A 22 £ W FOKIE 23 2% MhlEIE 8 £ FEHL
GIIE 3 2% OBP M2 AR IT 512 5 OBP &40
HEALR A CSP 22 G tEAb ARt o Soil il FH 141 46 4 B
24 55 FA N5 S5 WY E KR 18 4% MhikiE 14 4%,
TGN IE 32 2% CSP M2 EFRIT ), Fof IR 25
TR 7 370 R A 1) 2R 6 320 Ak AR 43 i) 4l ) 1] 4 28 7 0 20
2 KA T 5 YN FEKRIE 19 7% BhidIE 16 5% AF
YENIE 20 S5 LA B BAIE SR 8 2% TR R IEMR TS,
g OR RGEHE AL (AL 25 BT I 50 2% (54 44
N FOKEE 9 4% BkiEIE 56 4% REH\ & I 24
% OR @R ¥4, tHE GR R G ut b F A 46
YRETIE O S% KA 37 Sk AT HU18 AL AR HL 13
% GR @R 751, HH SNMP R Z8 it AL 43 ) {
T AIEREPIE KA WP EOKIE pRidiE FEghs:
HIE A 2 2% SNMP Z LR F 5

2 &R

2.1 MFEEREREITH
VAT A205 B A o fi £ e Sy 2 M AR AT 15 381
JRURE I 18.7 GB, MR AR A 15 2 i 4R 248 19. 6
GB. £t Ml A A RS 52 705 124 FFiLEL,
W U RE AR B A 55 391 610 53R, PIREA Q10
B3 LU 145158 100% , 1 fE i OREAS Q20 fik 3 L 4]
S350 98. 47% F1 98. 52% , Q30 Bl 4 43 )
94.54% 1 94. 71% , GC & i 65351k 47. 41%
F149.949% ; 34K 15 80 093 4% unigenes, K JE H
49 888 890 bp, V¥ K & 622. 89 bp, K & =500 bp
27287 4, K =1 000 bp A 11 483 %5, N50 [
2SN 886 bp, N9O B JEH 260 bp, 2H %& 56 #e Pk
B, UIAEN IG5 i 2% 75, R EdE -
%% NCBI-RSA (5% F & 5% 55 PRINA978985
2.2 HRAEFINBEERE

XN 21 25 3R A5 19 80 093 Z% unigenes 5 £ 1>
B ) B A T D) Re T R, 2R 3 92 942 SUERE
%E\,/E\ZEF'E NR %548 J2e 1 B 2| unigenes HE'iz, A
24192 %, 5 30.2% ., KEGG %% 4% 72 b v B 1y
unigenes fx 0, R 6 535 45,5 8.16% ., CDD,
PFAM, KOG, GO HI NT Z#i e b 43 R 1 7 349
2(159.18%) .8 485 45 (5 10.59% ) .10 721 4
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(5 13.39% ) . 14 313 25( /5 17.87% ) 1 21 347 %
(1526.65% ), XEBLRMILE T BE(E 1),
ER B RA 4 566 2% unigenes [F] B 3 FE 3| NR,
KEGG Hil KOG = REH 4

P AP B e fh o 2 S 2 L TR T
e/ R F N

Fig. 1 Venn diagram of the gene function database

annotation of the antennal transcriptome of

Diaphania glauculalis adults

It 5 NR O PR X LR, T R E At gy A
LR 913k 24 192 2%, 5 B4R 48 BP AR ] 5 3] 4
Z YR JE I KR EE Ostrinia furnacalis , 4 10 679
S RIRT 50 B, 44, 14% , AR — Ak IE
Chilo suppressalis({ER 2 462 25, 5 10. 18% ) , K
BECTERE 1 084 4%, /i 4.48% ) A% HU (TR 724
25,15 2.99% ) IR Amyelois transitella (73 Ff 636
%%, 0 2.63%) | KLHL DT R MK Spodoptera frugiperda
(FRES93 45,15 2.45% ) JAFL Kk Manduca sexta
(VERE 527 4%, 1 2. 18% ) MY BUIR MK Trichoplusia ni
(VFERE 505 4%, (5 2.09% ) \ K [R Wk Arctia plantaginis
(B 486 %, 15 2.01%) ., & #i 4% B Heliothis
virescens (TFFE450 45,5 1. 86% ) , -5 HAh W Fh ] J5
MRS 6 046 2%, i NR B4R 2 1 R 3 R 1Y
25% (Kl2),

FET GO Eds PEXT AT A6 45 B L i fy 5 S A 64
UIRer2Raeit (K 3) , 4 14 313 4% unigenes 13 3] =
KK 204 289 FRINRETRE, 7300 2 5 A ) e kAR
( biological process) Y4 113 387 2% unigenes, = 54
B2 53 ( cellular component) 9 70 115 2% unigenes , %
57> F 31 i€ ( molecular function) ¥ 20 787 4%
unigenes, 254 FINRERIILAE 19 Ny, b5
5254 (binding) (1 £, 7 8 609 2% unigenes, 1K

H =



742 B 223 Acia Entomologica Sinica 67 &

2 AL B Al i A 54 S 2 unigenes 7F NR 08 22 P (X 490 Fh 43 A

Fig. 2 Species distribution of unigenes in the antennal transcriptome of Diaphania glauculalis adults in the NR database

B3 AIAE 4 BT IR Y i 1 5% S 4L unigenes GO DRETH

Fig. 3 GO functional annotations of unigenes in the antennal transcriptome of Diaphania glauculalis adults

(C)1994-2024 China Academic Journal Electronic Publishing I%ﬁﬁe. All rights reserved.  http://www.cnki.net
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N5 5 AHEAL T PE (catalytic activity ) B (5 658 4%
unigenes ) %2 K5 VE (transporter activity ) B (1 286
2% unigenes ) Fl153F-DIHEJE 1757 ( molecular functional
regulator) Y (1 250 2% unigenes) , Fo x5 X KT
1000 %, ZHEYEHRIA 26 o2, b2
540 My 7 B2 ( cellular process ) FJ A 12 502 5%
unigenes , F. YN Z: 58 i #2 ( metabolic process )
#J(9 195 4% unigenes) , 55 HA4Y 5132 AY unigenes 3
filXT 9 000 2% unigenes, = 54IMILH 314 22 453
2L HAH S 5 QM (cell ) FEH AR 5 (cell part) Y
unigenes 52 (¥J°4 12 600 %), kS 5 as

(organelle) AY(10 376 4% unigenes) , &5 H 435037
FY¥5/0F10 000 2% unigenes.,

#4 unigenes F A KOG #1734, 47 10 721 455
PRI BEREARTT 25 15328 11 968 A5 RBfE B (&
4), HiERERNRZWHA T HIF 5% FHLH
(signal transduction mechanisms) (1 659 £%) , Hik A
R 4 X — % I BE 71 P ( general function prediction
only) (1 506 5%) ,O 4B J5 &M | 45 1 5t i 5% L 70
F1¥1H ( posttranslational modification, protein turnover,
chaperones ) (956 2%) K 2H #% 5% ( transcription ) (903
%) BIA S AT IR R KT 900 5%,

4 AL BT I A fh 1 5% S AL unigenes KOG DI RE /32K

Fig. 4 KOG functional classification of unigenes in the antennal transcriptome of Diaphania glauculalis adults

KEGG fRI % 50 JE 45 R W A7 12 892 J% 3k
W& 57T 5 FACHHEE, HE T 33 Mg (& s5),
3 A FLK R 58 (organismal system )3 179 4%, Hr
FRAR I ( metabolism )4 126 2%, 5% {5 B AL ( genetic
information processing) 1 993 2%, ¥ 5% {5 B Ak #f
(environmental information processing) 1 785 2%, 4
M AR (cellular processes) 1 881 4%, HrpiEBEILA
#1000 <A B — D N5 55 T (signal
transduction) 1 500 2%, £ % 500 ~ 1 000 £%3E F A1
138 % ( metabolism pathway ) A 7 KK N . B
(translation ) 857 %%, P43 b 2 4% (endocrine system )
778 4%, iz i A1 53 fif A 8] (transport and catabolism )
754 4, fk K b & W W A ( carbohydrate
metabolism) 749 2%, 3T & . 43 25 I K% f# ( folding,
sorting and degradation ) 619 %%, g 25 18 i} ( lipid
metabolism ) 560 %%, %)% & 4t (immune system ) 542
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4, FLA ARG 6 r T R R S PR I T 500 4%
2.3 OBP XEEHRA

FEVAE 28 B U foh ff e S rp — JR S 5E T 31 A
OBP FE[H 45 1 A8 IR EE A 8 1 GOBP & [K
M5 MERRLSAEARN, D H A 26 4~ HAlh
OBP FE[H, 7054 N DglaOBP1 - 31( GenBank
S50 OR797191 - OR797221) ,Hrf 7 4> OBP
FH RS K, H ORF 4ifd 109 ~ 189 & IR,
MR AL /0 HT , DglaOBP12 |, DglaOBP17, DglaOBP23
Ml DglaOBP24 J& T Plus-C W % J%, DglaOBP7,
DglaOBP15, DglaOBP16, DglaOBP19 1 DglaOBP30
J&T Min-C W%, AR T Class-C WK % (A
6). 4 TPM {8 %> ¥, DglaOBPS, DglaOBPT,
DglaOBP13 , DglaOBP14 # DglaOBP18 Y47t M i it
s Rk, HRBE MR R P2 05,
DglaOBP2, DglaOBP10, DglaOBP20, DglaOBP23
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Fig. 5 KEGG metabolic pathway enrichment of unigenes in the antennal transcriptome of Diaphania glauculalis adults

H DglaOBP27 W 7 1 ji B v 5 AT B S 169 M 1 14
Fik,
2.4 CSP REEHE

it % e T 24 4 Ccsp oA, 4G Ay 4
DglaCSP1 — 24 ( GenBank % 5% 53 %I & OR751334 —
OR751357) , o 3f5 9 2K )P H HIHA 4 4>
PRSP B R PR 45 H , H: ORF i f 108 ~ 185 P&
B, RGBT A B CSP 35 5 /0 i
W H R A T KR Bkl 45 FH A I S5 1
CSP BAIER — 432 B (K 7)., M4 TPM {H 5> Hr
DglaCSP13 M1 14 W FF A rp 34 I 25 3% 38 H TPM
KT 7 000, DglaCSP6 F1 DglaCSP9 TEMERE H1
F s HOTPM fH O o B B rhoig 2 f5 DL
DglaCSP17 Fl DglaCSP21 WIZEME R L HLA B 2 1
Tl PR IR
2.5 IR XKEE

e A1 16 28 B 06 fh oy e S b — R MR T
20 A IR L[, 5390 4 44 0 DglalR1 - 20 ( GenBank
Bk 55k PP216173 — PP216192) , Horp 5 4
DglalR JEH 3815 T 2K 751, H ORF 4t 384 ~
1091 & £ R, ¥ I 45 M B8 ( transmembrane
domain, TMD) #{ i & 2 ~ 3 />, DglalR1, DglalR2,
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DglalR3 il DglalR10 ¥4 3 A5 BEE5F 3, DglalR11
A2 MR, REHFSITERT, 20 4>
DglalR #7280 H IR 19 = K4 % b, Hop
DglalR1 #% 4 25 3| 1R8a 43 3, DglalR8 #f IH 2% |
IR25a 4337, DglalR2, DglalR4, DglalR5, DglalR6,
DglalR7, DglalR9, DglalR12, DglalR16, DglalR18,
DglalR19 Fl DglalR20 #9255 iGluR 4+ % I, HA
7 4~ DglalR #4351 8 25 5| 1R41a, IR87a, IR75q,
IR75p, IR76b LA & TR93a 4337 (E 8), TPM {H %
W, DglalR19 7r b 1 W FE A v 2R 3% 3k, 1T H: A
DglalR & [ &35 5 KRB .
2.6 ORXKEERA

AT — LI E T 51 4 OR LA, 435w 45 0
DglaOR1 - 51 ( GenBank & 5%-5 43| OR797222 -
OR797272) , H:th DglaORA0 T & 41 1 e HES
I P A 25 P AR o o f o7 2 S 2 B 2 i e 6 e 15 )
50 4~ OR A, A7 26 P2 K751, o DglaOR25
AN B RELS L, AR 2 RKIPHH&E 1 ~8 M
4EMgB, HE ORF %t 68 ~ 467 MR KRR, HELMHT
T A 1Y) DelaOR ¥ 585 H () % &8 I £ K
I ki i ARG I AE Y OR [R5 2R 1R AE R —
433 b, Horf DglaOR28 7 38 25 31 < Wk A2 1A 4L 2



e

6 firi

FEAE . I JEZH P USRS i £ e SR A B fl 23z

KL 43 B 745

K6 T2 HERR T 4R 2 14 AT AL 25 B 0 R A Bt B <k

+
ey

HH (OBP) RGEHEALM (FRAUIR L)

Fig. 6 Phylogenetic tree of odorant-binding proteins ( OBPs) from Diaphania glauculalis and other lepidopteran

insects constructed based on amino acid sequence ( maximum likelihood method)
OBP RIEHFH Origin species of OBPs: DglaOBP. F{L 28 B UE D. glauculalis; BmorOBP: ZK#&& Bombyx mori; OfurOBP: LY £ K8 Ostrinia
Sfurnacalis; CpunOBP; BEIF:IE Conogethes punctiferalis; CmedOBP: &2\ 48 Cnaphalocrocis medinalis. ¥5 RR s #i 8, TIF, The scale bar

indicates the genetic distance. The same below.

/737 (odorant receptor co-receptor, Orco) ,DglaOR1,
DglaOR13, DglaOR19, DglaOR27, DglaOR36 #0
DglaOR37 #f 2 48 2 ¥ 15 B &K 32 K 53 3 ( pheromone
receptor, PR) (& 9) . #R¥& TPM {E5¥7, DglaOR19
Fl DglaOR37 7 M B H AN R 35, DglaOR1 FI
DglaOR27 FEMERUHE s 3835, HoFR ik it W 25 o T HE
JHEA
2.7 GR ZKER

AW T 9 4 GR B, 45l 4k
DglaGR1 - 9 ( GenBank % 5% 5 43 Jjll & PP255799 -
PP255807) , Hith DglaGR1 -4 &K 551, H ORF
Hifith 357 ~507 DEIEMR, WU R G KT ALK 7>
BRI 9 4~ GR EHBURER GR 194 Do
' DglaGR3, DglaGR8 Hl DglaGR9 H.47 [a] 7 I 5
EFIFIR 52 /K (biter receptors ) 77 % H, DglaGR1 #
F4E 3] R B A2 /K (fructose receptors ) 4 3C HT,
DglaGR2, DglaGR4, DglaGR6 L)}z DelaGR7 E A [

=)

=
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Tk R4 3] €O, Z 1Kk (CO, receptors) 4332 H7,
DglaGRS R4 2 52 1K (sugar receptors) 4332 H1 (1A
10) . #R4E TPM {E53HT, GR FLPH BRIk E 481K,
Horp DglaGR2 7 M JC 1L v 350 M o He vp g 3R 3K
DglaGR8 TEME R P B HEPEREA g KA
2.8 SNMP HRixER

s T 2 4 SNMP K, 4 B Ay 4
DglaSNMP1 F1 DglaSNMP2 ( GenBank % 555 4351 4y
OR819868 Fll OR819868 ) , H: ORF 435I 4w % 271 Fi
241 NEHERR . NRGIH TR Y] DglaSNMPL F
DglaSNMP2 4353 J& F SNMP A4S W% (1 11) ,
M\ TPM {8 7] K1 A1 46 25 57 5 e I Jle e vh DglaSNMP2
(k1 B E T T DglaSNMP1 B33k |

i

A

3 e

AWFFE 15 Nlumina NovaSeq 6000 -5 X A1 1E
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Fig. 7 Phylogenetic tree of chemosensory proteins ( CSPs) from Diaphania glauculalis and other lepidopteran insects

constructed based on amino acid sequence ( maximum likelihood method)
CSP K5 Fh Origin species of CSPs: DglaCSP. A1 1€ 28 BF 1 D. glauculalis; BmorCSP . KA Bombyx mori; OfurCSP. M E KA Ostrinia
furnacalis; CpunCSP Ak g M Conogethes punctiferalis; CmedCSP; T\ Cnaphalocrocis medinalis.

5 RIS o, Sl A 2 SR AL A TN ) | 20 A ke S AT
931 80 093 4% unigenes, N50 K i 7 886 bp, Q30
TS LG 53310 94. 54% (T ) F 94.71% (M) , GC
St o3 B 47. 41% (HE) F149.94% (M) , %X
i o G ORAIE T AT AR 28 B Ao, o fih £ 2 SR 2H 0040
GBI R AR 27 8% 52 AH DG FE R & 48 19 4 B M ( Yandell
and Ence, 2012) ,

Vo BRAT e S A B0 A 45 B P 1 A A XoF
k., 80 093 2% unigenes JLA55] 92 942 FER(E R,
T NR Bs 12 0 1 B4 S, A6 28 37 165 5 [R) & 0
WA %) S P T K B[] 5 3 e £ (D 2) , X HE ]
10 679 25 [F R T 5, i riE RS 1Y 44. 14% , 5
HIEABFFE S 5 — SRy Fh 26 4% 56 R ARG, FOARUER
HIFE 2 (MET%, 2020) , 2T GO $d e ik
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TR DI RE R HeDIRe n] 43 = K2, il 2 54
Ve b i A2 3 A e T ODRE (1 3) o BRI
3 R0 20 L R R AL, 2 5 AR A AR AR W T
unigenes 1 22 , [A]A 3T KOG 0¥ 2T g/ 2 il 4%
RPFSERIR rEBEEN R Z (K 4), KEGG
BT RS 5 i 2 9 A0E B R 5 5 5 = (A
5) , DSt AT 4 205 S U fik 7 v 5 K R b A
55 IR R AT MER,

AR5 3 DA AT A6 45 P AR ol ik £ 2 S 2 v S
137 MU EAZ A S N, 48 31 4~ OBP JE A
24 4~ CSP FEH | 50 /> OR FEH | 20 4~ IR FEH | 9
A GR LK 2 4~ SNMP 2[R, OBP nJ LIZE &
WA iSRG S R WY, 2K P il s
WL, 2 B A2 B2 S AR 2 R AR B — 20
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Fig. 8 Phylogenetic tree of ionotropic receptors (IRs) from Diaphania glauculalis and other lepidopteran insects

constructed based on amino acid sequence ( maximum likelihood method)
IR SRIHEYIFP Origin species of IRs: DglalR: FATEEEFIE D. glauculalis; BmorlR: K& Bombyx mori; OfurlR: W9 T KIE Ostrinia furnacalis;
CpunlR ; Pk e i Conogethes punctiferalis; CmedIR ; TG\ 0 e Cnaphalocrocis medinalis; DmellR . LEJG S Drosophila melanogaster.

AL R (Rihani et al., 2021; RIS, 2021) 3
W H B AU OBPs AR 77 81 4 AiE A AN [6] 7] 8 53 o 3
H — AWK 45 A & H (general odorant-binding
proteins, GOBPs) , FERREESENA( pheromone
binding proteins, PBPs) FlIHAt OBPs, H:+' PBPs 7
VIR g Z iEW 45 B R 455 (Du and
Prestwich, 1995; Yasukochi et al., 2018) ; GOBP
I TEETIZ W — R, I ) BT
15 B Z K T PBP( Zhang et al., 2014; Zhu
et al., 2022) , 1EPATAEZEEFE R R fik £ 5 SR 20 5080 v
e Y 31 /> OBP 3 A 43514 444 DglaOBP1 =31,
Hrr 5 4~ PBP 3 [H 4 51 8 DglaOBPA, DglaOBPS,
DglaOBP10, DglaOBP14 F1 DglaOBP20, 1 4~ GOBP
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HLIN (DglaOBP1) , Hivh PBP 78 1 i e vp B A5 1A (g
R R Ik, 7N [A R 53 H B dLrh OBP f77F
B T AN ], A 5% 48 7 1 Y T A6 45 BF I OBP
R B > TR TR (44 ), BB
Spodoptera litura 1] 38 1~ OBP & [K K44 HL ) 34 4
OBP F£[H (Gong et al., 2009 ; Gu et al., 2015; Zhang
et al, 2015) , HAE /D JF P A] BEJE o OBP 3£ 14
FEAE T G 2R PR 1) LA A, T AU #E T fi
b (RIFEESE, 2018 Wu et al., 2021)

CSP 5 OBP [Al &A1 A K% 1B 5 OBP AH
L, CSP H3E A 45 A Fz i Ko F 9 5 (Zhu et al.,
2016) , Wi & A7 76 U B8 T4 s AR 22 D B (PR 1R B,
2019) , AHFFEILYE 24 4> CSP, BK B KA
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Fig. 9 Phylogenetic tree of odorant receptors (ORs) from Diaphania glauculalis and other lepidopteran insects

constructed based on amino acid sequence ( maximum likelihood method)
OR KJEHFP Origin speciess of ORs: DglaOR: FAEBEFIR D. glauculalis; BmorOR : FK A Bombyx mori; OfurOR: WY E KU Ostrinia furnacalis
CpunOR ; BkIEIE Conogethes punctiferalis; CmedOR ; FEHLEMIE Cnaphalocrocis medinalis.

PR T) X — RIS RETADTSE CSP 7efb 2@ il
BAT ZIRer9B% (Hu et al., 2022) —2%,

KA OBPs Ml CSPs fL"#{F 5315 ORs J& , #7242
NHAES Ak PR R G0, ATl B ™ 2R A
JOE AT R SOE (IS A4S 2022) , ORs J2IRGE R 5t
{1%) 2 BCER A, AT AR I A 58 v 9 £k 2 g Jo B A
RER . TEARWIIE T S 5E M A 22 RS AHOCHE A
OR HEREH I Z , Jy 50 4>, 5 [F A3 H 1t/
gk Micromelalopha troglodyta JEHIEWAE W Dendrolimus
kikuchii M= RSB Dendrolimus houi #[R] , ¥ 71k
AL A O PR B e 2 (1 B K 5K 1% ( Zhang S et
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al., 2014 ; Zhang Y et al., 2022) , REKEW B~
DglaOR28 RIS TR SF K Orco 4332 (1 9) , KL #E
I DglaOR28 A AIAE 4 B IR 11 Orco, A 6 > DglaOR
(DglaOR1, DglaOR13, DglaOR19, DglaOR27, DglaOR36
il DglaOR37) B2 5] PR 43 % b, X —Hoim g &
HEPIE ) 3 A, 530 T K IR A R (8 )
(Yang et al., 2015; ZEBRERAE | 2021) KRB,

IR J& iGluRs i A Bn)—RE A, A5 R
IR 2 545 B 2O mL5g | bR 58 F1 7 BRAT Ry 56 12 Y
FI AR AL ORs BEARSF (Gao et al., 2015,
T 545 2017 Liu e al., 2018) , AHF5E—3L%
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Fig. 10 Phylogenetic tree of gustatory receptors ( GRs) from Diaphania glauculalis and other lepidopteran insects
constructed based on amino acid sequence ( maximum likelihood method)
GR R IFEYF Origin species of GRs: DglaGR: HIFEBIFIE D. glauculalis; BmorGR; K% Bombyx mori; HarmGR; #5143 M Helicorvepa armigera ;
HassGR: %87 H. Helicoverpa assulta.

P11 BT B IR 1)k A 14 AT A 25 B e At St ) S R i 28T IR 11 (SNMP) R GE A (s R ABLAR )
Fig. 11 Phylogenetic tree of sensory neuron membrane proteins (SNMPs) from Diaphania glauculalis and other lepidopteran
insects constructed based on amino acid sequence ( maximum likelihood method)
SNMP SEJEHIFf Origin species of SNMPs: DglaSNMP: FIFE48EFHE D. glauculalis ; BmorSNMP ;. 5K & Bombyx mori; OfurSNMP; 3 E K I8 Ostrinia
Surnacalis; CpunSNMP ; BhiEE Conogethes punctiferalis; CmedSNMP; R\ IH4E Cnaphalocrocis medinalis.
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FE 20 4N IR BLH, #0460 B R ] 20 4> DglalR #
HZE ] H IR = K532 F (K 8), H,
DglalR1 #% 1 2% 3] IR8a 43 %, DglalR8 # IH 25 5
IR25a 43 %, IR8a F1 IR25a 7£ LA Hi AU BF 55 B & 0
Hi ik A2 K ( Abuin et al., 2011) , 3% B DglalR1
il DglalR8 T figf& 4k 37 1A | If H 78 A 16 45 B i v 2L
FAHRIW DI 68, iX — 251845 75 B2 F — 2B W98 K
DglalR15 I DglalR10 437l 25 %] IR76b F1 Rd1a 43
X b AW FE] IR41a 1 IR76b FEF A REAL TR
WORS I G AN 1, 4-TT e 55 22 e SR A A5 10 i
DglalR15 i1 DglalR10 % % & (1 H A3 AH L D) Ge 9
(Hussain et al., 2016) , DglalR13 %65 & H R4 3|
IR75d , M AT LLFD DglalR8 4 ith 25 4 5 ik R 590 i
Wi (Silbering et al., 2011)

FL U BRI 2R 48 S BN RS A Y
P DX 4378 57 ) o sl S okt 36 0 5, T GR35 7
MR B A A7 R 22 e 3k 08 I A5 i R i
F5, BT G E AN R R, 450 L HA 7 A
P55 LGS A 5 AR AR I 371 SR I o T R AR i 1 22 8
Yoy R 4 25.CO, 2 AR AR AZ AR B2 R R A A7
& ( Agnihotri et al., 2016) , GR F 4347 7E R B
ol ff R T2 P FE R AL 7 U RN % A AL AT
i, AR RS E T 9 4 GR M, DT EH
b I A L R fi £ 7 S 2 P SR E GR R B Bk
N BPE v 17 AN (ZERBRAE, 2021) EIEEAIE o
13 4~(Li et al., 2023) , X Fl 22 55 0] fE & By T 5L g
GR A EHA il fy ik Fe I S8, Bk R %
KB R TR 9 4~ GR #i R &£ F] GR 432
i (E 10) , Hio DglaGRS 58 48 B0 52 (& 4y 32
DglaGR1 % 5 42 21| 5L 32 1k 4 3, BRI 0, 4 0
DglaGR1 F1 DglaGRS W LA M A1 1625 B UE (14 55 £ Fh1
F2H4T M ; DglaGR3, DglaGR8 i1 DglaGR9 HA7 [w] 4
PR RHRZ AR5 30, R AT RS 5iR
SR IX A3 A B TP A R IR A AR DelaGR2,
DglaGR4, DglaGR6 Lk} DglaGR7 HA [a] i1 H 4E
#] CO, ZAK43 37 ( Wanner and Robertson, 2008) ,

SNMP J& T CD36 & K%, X HUllE SR 4T
EXREE, EEHH P SNMP W b 3 2K,
SNMP1, SNMP2 Fl SNMP3, H:f SNMP1 /3 #i 7E 4
BERERRNEMZ I T, T RS 515 B R,
SNMP2 74 Fgds |1z ik, HARTRE i A B 1
SNMP3 X FEL) H 1 iz R S5 3k ( Tanaka et al.,
2022)

PAEZR BT SR AL~ SRS A G P ) M2 5 ik — 22
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WFoEIZ Ak 22 B2 ML S it T R Ak (A —2E 4k
S IRRAZ L R AT A 7 4 3 s A AR B R A T A 1)
TR A2 A S 2R A A AR 28 B AR 2 65 Bl P He R h A
2% 5% ( Zhang et al., 2014; %752, 2021)
Blan, g ILAZ K Orco AT LAREIR 3 A i T4 2F F4E
YIEAT R, A TUER Orco JEPH AR 3K Tt 35 R AIC A
PEARES OGRS B 2R 3 XU RATAT O, MM A 48
XFAF FEAED (D) 177 IR B 8 T O AR e
gl XS A At 2k T (Fan et al., 2022)
VUBR LstrOrco 335 J5, & B JK & Bl Laodelphax
striatellus 77 BT IK FE 411 AL 22 82 FF-48 47 %%
FI N (Li et al., 2019) ;{8 RNA TH 8 A
FrAs 22 5 B R 456 & A A HamPBP1 Al
HarmPBP2 J SMEPEARES et P15 8 3 Uk AR
(Dong et al., 2017) ,

AHETE B A T AT AL 20 B R ai H fih o e SR 24
B R TR L S AR T 2R B A
RFED RS RIZE AL | Ay A1 4628 P 06 A 27 832 AH 5%
FE K DI RE 53 BT S Al 27 ISz AL 25 7 4 LAk, 2 i
TR AR 2R BAZ SOV LR T AR Y Sk (L 4
AP HEHS
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Abstract: To understand the niche characteristics and succession status of subtropical evergreen broad-leaved
secondary forest community in Dongguan, Guangdong Province, three 1 hm? plots were set up. Levins niche width
and Pianka niche overlap are used to analyze the niche characteristics of the dominant tree species of the evergreen
broad-leaved secondary forest community in Mashan and Yinpingshan Nature Reverses in Dongguan. The results
showed that the secondary forest communities in Mashan and Yinpingshan were mainly composed of Lauraceae,
Rutaceae, Theaceae, Iteaceae, Rubiaceae. The niche width of Acronychia pedunculata, Shichima superb, Machilus
chinensis, Cinnamomum parthenoxylon, Itea chinensis in communities was large, and the niche width was closely
related to the frequency, the niche overlap of dominant tree species ranged from 0 to 0.53, indicating that the
competition of dominant tree species was weak. The succession stages of the three plots are different. The niche
width and the niche overlap of heliophytes were large in Yinpingshan communities, while those of mesophytes in
Mashan community were relatively larger, reflecting the replacement process of evergreen broad-leaved forest
from heliophytes to mesophytes, these would provide scientific basis for the protection and management of
secondary forest in this area.
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o0 AR, R A S AL S A LA R B AL 2 —, R BRI AR AL AR A B 2 BB
AU, A B FEAN A A5 T B fIR A S R AL (0 AR ER, T LR RO SR BRI R T 6E 1 A
PRI SE SRR, SMLPFh (a] LA HLEIC ). A3 056 B S 7 M iont T IR B IR A R AR, AR AL 5 FE
BORHI PR R X SR R BN ge ar, BRI A B B A SR AE N s AR A FE R U e P ()% T34
BEREF AR EES NN, £ LR RIPIFEE R i B R,

OCE MO IR [ AR AR B B B A o, SLBEORF T RUR AR B0 ALl o 5 A58, 5 TR G AR AR
EAS A MR AP . M BRI AR S D BE 55 5 T AFAE R 2 R A, BRI R R 51 i Ak
WABRG R Z PRI T REUS 100, JRE Ay M X o3 A 45 KR R AR WA AR, 56T #Aas th X I A
AR TTE S, BRI I K LR 2o B - 2 R e A [ 36 R e R 4 A S R R AR AT R AT
R T WG O E MR AR A R T AR S LR E A A s PSSR P Dt Y A S L S B S AR A i
B, WGE TR =R CEMR T EW AR E RSO, JFa 7 AT St ghd E R Al miEA
SFUOLREE LR & IR AE AR AR BEREAT AL S S PP RS B 9T, 70 T 45 0 A LB 8 RAE MRREVE R Ik, 38
ST EEPATER B B ARF R HAESCEE. S ESMAESCAHMUE, ®it T REHE
Fz WKERKAEFIUR, AFE S LR XA RS UREBR O TR 205 i3 5500 B g 7 1k
PEAR T I B AR S A R R RS HEAT 1 EhAAAWE ST, R B R A MR e A 1) 5 AR 1E AR TR B AR
€ S AL s B BT ) AR o I FCHE SRR B AR S LR, X T AR S B I A AR R R Y DA S
BES A ER EERNE L AR T RAEMBEEE S O/ 16 it A ) E

REWNALT T ARE PR, WA RME A, eSO WA T RE SR, BEELFR
PR A A T AR B IR, AR SETT AR B RS2 B TR, MBURZEERNAESE D, R4
PERRMIE RIRIR, DURAEAF R B W 2 B i A AR 221, e oI o, RO S5 R O B o oe B, iR
LR 2 o 288 93 A1 7 2R TE B FLARERE ) . L 4 SR 0F 7 5E 1l 43¢ il 1 B 2 2 PR 0 T 9 285 4 v A B 7 2L
BB MO LG, EgR 22 LRGP T, N TSR AT R+ sk . A
BIF 8 LA T IR0 1y S SRR Ly 4 I A 8 o Bl i IR AR ORI X B, W REVE AL ) S5 RV IR BB R AR 2
BLRFAE, BAI X% (X Sk i CE BT A S AL R R A AR, DAz X TR Ay 5 4l i AR R O R
o A A B S RO, B AR SR S 2.

1 MERTT
1.1 5T XA

WXL T 2R 8 AR SE 110 R0 Ll 1 5 1L 77 4% B AR R X B R LU (W BB LL i 4 B SRR AP (B 1), Horfr
il i g E AR PR [X (113°40'42.18"~113°48'6.57" E, 22°50'48.76"~22°54'52.85" N) M #! 2 457.46 hm?; 4R
Ll T 2% AR IR X (114°9'55.47"~114°15'15.93" E, 22°52'31.98"~22°56'11.90" N) & [HI A4 2 518.30 hm?. J&
WHAZ KSR, E PR 23.1 °C, FE P KE 18025 mm, AEFEE, WERH, TEEHE. #F
5 X 1 7 AR A 2 2R D o AR R XURE SR R AR, AH R 2 R T A AR, I AR B B i
TERIRE S, UM 55 ) Bl (Fagaceae). #%F}H(Lauraceae). 11175 F}(Theaceae). K FH(Euphorbiaceae).
Pk 4B (Myrtaceae). 9k} (Elaeocarpaceae). LLIHLE}(Symplocaceae). #5HF}(Sterculiaceae)Zs 194 F £H hk .
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Fig. 1 Distribution of sample plots

1.2 B b3 8RR

23 BCI KM #5751, % E 3 /4N 1 hm? (100 mx100 m)FI A TERE M, ok 1AMy F S i H 8k
O X Bty B g R AE AR, 2 ANRE TR L T 2 B AR PR X A 3 o SR R A AR . Sl FERB
B )8 2021 4F 7 A AR L RE b v B I ()R 2022 457 H—8 H 8 A Al CH BN FEHL 23 BR 100 4> 10 mx 10
m PR . WA ESE RS E, AN A IR(DBH)=>3 em 1AM AR AT AE, W
FORMAL . M1e, B R AR, R SRR R, ., FIESERRER . PRt
AEENZE 1.

1 OFRMELARE B

Table 1 Basic information of sample plots

e Hh 221 (E) HE o A (m) Y R ©) el FHIE (em)  CFHERE (m)

Plot Longitude Latitude Aliitude Slope aspect Slope Number Mean DBH Average height
111 Mashan 113°46'36" 2205315 456 <78 Southeast 11 2176 6.9+0.09 5.0+0.04
1L 1 Yinpingshan | 114°13'44" 2275424" 280 # P Southeast 22 1 401 9.5+0.15 8.1£0.10
HLAE L 2 Yinpingshan 2 114°13'50" 22°53'59" 260 #7 Southeast 26 2058 8.9+0.11 7.320.06

1.3 H R G ik Mmoot
1.3.1 EEMHITHE

K H 5 i (importance value, IV 7~ B FH7EFE M b (K4 24 2130321, 4p5fh 88 Z2 (R (IV)=(CHI T 28 2 +AH 6 43
FE+ AR A RT3 R T B (FIV)=(HI %t 2 FEIE + A0 % 35 FE+ AL 34 B3
1.32 SRR FH

DARE A R B AL, DL EAE AR R i B IR AR A, KA Levins #8%0(BL) vH 55 &40 i A2 A5 07 56 BE
5331, By = 1/X, Py Py = nyy /Ty, b, Py i i 76 j B P EBE SRR i EFTE R P EEES
2, ng AR i LESE jAE T EIE S, o NRETRL
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1.33 S ESITHH
A A7 H 8 s RS b 22 (8] ) ) 0 05 BRI 58 I i T IO AR AR P, 38 T o A 25 A5 AR 0 R ot 8 0 5
25 6 B 4y B ok 4 . K Al Pianka 8 B Kot W OFh (A A A i E B B OE B,

OmZZLJh&MJ@LJﬁf@LJ@f,ﬁ¢wh%ﬁﬁiﬁmﬂkmi§ﬁﬁ%ﬁﬁ,ﬂmﬁ@%w,

1, HEEKRRESNESRERERS. Py 5 Py al @M e i Ak 1E j BT P EZE S g BT E2E
SRR, AR T

5t e K FR AR T B Excel 2019 5 AESAAFEHIE R 4.2.2 F5Eml, Ho A 2847 38 A4
spaa T[] niche.widthQ R IT 5, A7 L E{EH] spaa €+ 1 niche.overlap( BT .

2 gERFIT

2.1 YR p A R ELE

Dl Re LAY 42 Fp, SRJE 22 B 37 8, JL2 176 Bk, B 1| FEHH R 43 F, SR 23 £ 36
J&, 1401 Bk, HUHL 2 FEHERY 41 F, RIE 27 #1398, 2058 #k. ME 2 T, 3 AMFEHhE EERE K
MR AR, EEMELN 20%, RBKHE, JHRFANEER (Machilus chinensis) M3 F #% (Litsea
rotundifolia var. oblongifolia). =7 KL, ARG FOR E EEMEKR, WHE 5%. himfH(Acronychia
pedunculata). FEIE(Zanthoxylum avicennae). AAaj(Schima superba). MM 4 (Eurya nitida) 48 %
(Diplospora dubia). Y& (Gardenia jasminoides). W3JHIA (Schefflera heptaphylla)ft 3 NFEMIIA HEL. il
FEdirp, ZERHED BEMEZEE ERABEOC, SURWL 1R 2 PR SRR A BEROR, HAEHUR L 1| FEH
WIS 2, EEEMAE 3 RN 2 P 2 HBORILHE, HERE 1, HEEAREE 2.

F2 WEAT S HIF

Table 2 Top 5 family of importance value

¥ i &4 Tt £ HEH /%
Plot Family Number of genus Number of species Abundance Importance value
iily Mashan HiEL Lauraceae 3 3 537 17.29
2% F Rutaceae 4 4 416 14.59
35 F Theaceae 5 5 316 12.37
7R Aquifoliaceae 1 3 270 10.46
HE R Rubiaceae 3 3 157 8.03
L 1 Yinpingshan | Hikl Lauraceae 4 4 380 20.43
flL B EL lteaceae 1 ! 301 11.71
135 F Theaceae 3 3 197 11.38
=1 F Rutaceae 4 4 97 8.64
#HF Rubiaceae 3 3 76 6.39
#LA L 2 Yinpingshan 2 HiFl Lauraceae 4 4 471 18.82
BlEE Iteaceae 1 ! 791 17.59
% # Rutaceae 3 3 143 8.83
W #F Theaceae 3 3 80 6.19
s HF Fagaceae 2 2 70 4.73

2.2 R P A AL T

A 25 T BE AT LR B 25 M Feont SRR R O L, R A AR W RE K, R BAX BT LA AR P& RERE )
IR RS A S A AT 1S MW AE AR AT SRS R, 3 APt h A S0 % S R EHE A AT 3 M
FRAEE, ER ISR A ) BB E 5B REHE A A — (K 3). WS IIFEH AT, BRI 1 FFRLA 3
¥i(Cinnamomum parthenoxylon). 7 2 (Choerospondias axillaris). = JFE¥:(Pinus massoniana), FI11 2 £
Hb I £TAE 4T (Rhodoleia championii)®, XSS BB ER, EABEUD, EEMEEER /N . BRAFAES
B8 FE o3 ) 5 B A ARG AT 2 Ve B 9 0 A, S5 SRR AL 08 B s A AN &2 B 2 IEAH G S R (A
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2). RUIWFEIZME. MECHOK, AECRE R, EASMEE SR RCATNEY. wS il
A8 45 (Ficus variolosa)« 34 BE R J)-5 58, B 1 BEHL I LTS (Psychotria asiatica) B 5E(Aporosa dioica),
L 2 FEHB T L AR (Pentaphylax euryoides)< -

3 B FEHL ORI Rl R R A A B AL

Table 3 Importance value and Niche width ranking of dominant tree species in plot

FfEHl HE4 =t WEME /% A 4 A L B
Plot Rank Species Importance value Frequency Niche width (8;)
&y 1 il Acronyehia pedunculata 20.33 82 60.48
Mashan 2 TSR Machilus chinensis 14.62 82 5281
3 —AEE Hex triflora 8.64 77 46.02
4 tatil Adinandra milletii 6.08 67 43.59
5 BT Schima superba 5.89 17 12.91
6 A Schefflera hepraphylia 5.42 48 28.34
7 IS Litsea cubeba 3.95 39 25.07
8 EIER Myrsine seguinii 3.76 42 27.68
9 WS Fieus variolosa 3.66 49 3184
10 ST Litsea romundifolia var. oblongifolia 3.57 50 3166
11 fH 4 Diplospora dubia 355 44 33.96
12 EIFH Diospyros morrisiana 3.33 18 8.94
13 L Psychotria asiatica 2.22 29 21.38
14 —HiE Melicope preleifolia 2.11 29 17.73
15 i DA Enonymus laxiflorus 2.05 26 13.88
B 1 1 A Schima superba 2111 86 66.57
Yinpingshan 1 2 Ll Tea chinensis 12.71 77 4955
3 S EHR Litsea rotundifolia var. oblongifolia 9.41 69 4427
4 WRE Cinnamomum parthenoxylon 9.02 46 31.26
5 A Schefflera heptaphylla 8.58 51 31.87
6 Y84 Machilus chinensis 7.25 50 36.11
7 i Acronyehia pedunculata 4.80 37 22.96
8 FEE4 Choerospondias axillaris 3.39 20 16.17
9 LR Pinus massoniana 3.31 22 17.29
10 LAY Psychotria asiatica 3.26 35 24.92
11 58 Aporosa divica 3.03 3 24.26
12 WHEEAERL Zanthoxylum avicennae 1.76 21 11.02
13 ABEE R Quercus myrsinifolia 1.55 10 7.09
14 WA Cratoxyium cochinchinense 1.22 12 6.53
15 R R EE Archidendron lucidum 1.08 1 5.94
Hll 2 1 LS Trea chinensis 22.14 84 61.87
¥inpingshan 2 2 HFE Cinnamomum parthenoxylon 15.49 87 59.73
3 e84 Machilus chinensis 7.56 6l 38.42
4 Uit Acronvehia pedinculata 6.38 54 35.67
5 EL4ETT Rhodoleia championii 4.86 28 13.39
6 At Schima superba 4.64 29 24.20
7 HLHIA Cratoxylum cochinchinense 4.61 40 2443
8 WEE: Pinus massoniana 3.63 19 15.96
9 #4EA Cratexylum cochinchinense 3.05 39 16.72
10 WiEH Diospyros morrisiana o 28 17.28
11 AT Quercus myrsinifolia 297 27 17.57
12 WA Schefflera hepraphyila 2.48 28 19.13
13 £IHE Castanopsis hystrix 241 17 9.07
14 ¥t Adinandra millettii 2.11 24 17.34
15 WHHEAEA Zanthoxylum avicennae 2.05 27 14.49
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Fig. 2 Correlation of niche width with importance value and frequency

23 MPBMESNES

MNFE 4 BT WL, L A 3 b A 2 Ao B A8 (R B K 2 Ll il i 5 280 15 96(0.53) , JL IR =48 475 (lex triflora)
5 ¥iti(Adinandra millettii)(0.52). =A% 54 H44(0.50), Kiuf 5% FHi(Diospyros morrisiana)fiz/»0.01).
ML 1 FEI RS 554 B AR 0.52) I AE S BB R, HAMNEFA BR(Irea chinensis)5 5 FE#2(0.50) 4
SMNESENT 05, H4MURESMKERERN O, 7 NEERE ST (Archidendron lucidum)
R 5 /W5 K(Quercus myrsinifolia). /N X554 K (Cratoxylum cochinchinense). /N X 5 520
BHA . B 2 B AR R S BB DT 0.5, BRI RES (Ll0.45), /bR aie
fif 5 21 #E(Castanopsis hystrix)(0.01).

3AFEHR BRI SO E B On £0~0.53, BN 0.22. 315 ANFIXFH 04<0.5 (A 311 XF, UH 4
MR 03>0.5. 0a<0.2 BIFPXTA 152 X, LEXTEL 48.25%, HAF 4 DX 0u=0. 3 MR FIES
P SR HES, XTEEAFHERBOR, BN ESA B E R SRR 5 PR R .

L4 IR R AR R

Table 4 Niche overlap of dominant tree species

fli')f qul';\ 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Bl 2 0.46
Mashan 3 037 048
4 042 046 052
5 014 006 009 016
6 033 020 035 030 019
7 023 028 030 037 047 017
8 036 032 042 044 006 032 024
9 043 025 050 033 018 033 022 035
10 043 036 040 045 043 029 026 026 021
1 053 038 037 020 012 036 021 023 046 034
12 013 024 007 009 001 005 010 007 007 009 006
13 037 028 030 029 007 028 017 022 019 018 023 037
14 026 025 025 031 015 016 023 026 032 02 014 017 014
15 020 027 023 036 004 024 015 028 021 0.14 019 010 018 022
L 1 2 0.43
Yinpingshan 3 0,52 0.48
: 4 038 037 037
5 037 028 032 028
6 0.45 043 030 030 020
7 0.25 029 018 009 019 017
8 027 016 028 014 023 034 012
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FEs Wt | 2 3 4 5 6 7 8 9 10 " 1213 14

Plot Species
9 022 050 038 021 015 013 018 001
10 028 021 022 016 042 029 034 039 005
1 040 015 024 022 045 023 027 0.1 009 042
12 016 008 015 014 017 014 042 005 016 034 035
13 017 018 007 029 009 012 014 008 000 001 0.01 0.10
14 012 006 014 008 013 010 026 002 015 010 013 029 000
15 017 009 009 005 027 009 011 000 003 043 019 012 000 003
L 2 2 0.44
Yinpingshan 3 042 047
2 4 045 037 041
5 020 018 013 0.8
6 038 034 030 014 020
7 037 034 034 020 005 018
8 0.31 020 017 016 023 018 007
9 020 040 010 019 004 011 032 010
10 0.31 029 013 024 016 008 010 020 020
1 013 044 026 016 008 020 017 024 017 010
12 023 033 033 040 002 009 023 011 020 006 028
13 012 019 019 015 001 014 013 033 007 004 008 015
14 026 030 024 012 027 010 014 027 007 014 030 018 029
15 024 027 012 037 008 016 006 015 024 043 012 027 009 0.0
SRR R 2 3.

The species of each plot see Table 3.
3 gt

M A EAE B, D BEE L AR A FE AR S R B, RV A, R
PHA B Rl e, AT, SERRE. W Fiiss, B EMERMCE LM PO, M, LTS, BH
A B AR A PR R O EE A 2, AR RIER R AR, AT DABH AR AR R B i) DL A AR R R
Folt 10 5 5 i b PR B BT OB 2 MPEMBISAEAE SRR, X TR R RE BB S, R E S
SR FIERFVE PR R . BRI 1 FEb A P AR R GO for . B4 B, ARIEAESEI B, 5P AN
P A B B, PORIORSE A B BEE A Y, (BRI B K T AR A, FEREE R, R
Kb LA RF AR B b A T (K 1 A IR A AR BB RO 2 B RURI AN AR A EEEROR, U kR EGE £
FHALWF, HEEAE, 2RHERSDTFARER, BEEES LT UENAERBEE, a6t E A
WP, SRANRNTINERZ, SEHFEEG RS . e BUE 3 AN A R 9iE & P51,
TSP B IR B B R o ORI L 2 BERE ., BRI | FEdE . Skt

A 2567 B 55 ] S B A0 Bl 7E AR ARBE VR T A M 7 5 1 FE AR A font B I 4 AR FE R 0 R R B B 3 N AR
U031 AL S B EAMY A g, B 5 HAERIEM P ISR EA K, YFE & SR AL 7 A i
By5y, AEAARTEREROC,  RISIAC AL S A A B /N S B R ER,  ARUHSGER O U A A A B KB,
w3 ML E A AT 3 MW AR RAEROR, SRR S FE R R fa B AR 3R 5, KUY
14, EEMREENEDN, EEE R DOMBEA. LXSH(Litsea cubeba). FEALW (Myrsine seguinii)-
AR S RN AR R, AR T BT K, AR S LA 10 mx10 m BIRETT VR PR URAT, AR i A Kk ok
B BLFIRE T BB, TEREMN A S, (AR 2 M BEIRAL, R A A0 5 B K21 32 A 5120y
BT 7 BRI MRS AL, W 9 i S A A A B R B 34 b T T g DR ZE AR B N Lk
e ARWFF LA, S KT, BSEIARSERANE 3 ANFEH PRI BRI S TR, RIFIX L
PR ) P ) 36 L )RR o I AR e AR R X LAY 2 R, ARiEAE . LA S R, MR SR
B, WHREEF: R, ERER WA LI ERA S, A ES, EEE %R
HF 1K Ry b Y LA X IR A AR I AR TR

AL E B RPN BE MR — A B A SRS [F R R AR L, 8 A AT B R A R A A
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i, UH 5 AR 0620.5, 0a<0.2 FIFIRTA 152 X, 295804 48.25% . BUMAESM EREERY 3 4
L AR AR LR (0 SRR BE U401 ORI B e 5 op R ] AR S B EAETE 22, Tl
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DEMAWAHARE T REFFHERES
BERYRERXER

BEE, FTEK, 0 H, 7 #, XK, BB B K B
(HREXF RFHREFBRER, TF 7 M 510642)

# E: [EM] ATSEFRSNMBEEREENFRS SBNER, ASERMATHEREIER )RR AR %
3. (] DURBILPA R AARE (T RMAIMRAID AL - EBIRIH) AN R, XHLAHT 0~ 60 cm
TENLEFS S BN ERE YRS SENER, RRAEEYRENAYMLERS. [FHR] D HEX
HHEANR . SENTRBSERAEEYN (P <005) , X HEABE. THMEK. Ca¥ fl Mg” HHREEHM
(P<00D) , BXHLEFRSEE (RBESETENTHRE T FEUMN) IR TFHR. 2) HEAKIAEL
BRI EFSEBRERREE (P<0.0D , HY, BEFHRANLESEELENINRTER, HEEREE
0~ 10cm /&, REZNT4WE. 3) dHREAERDFHR. 28, ONILBEEES TRk, HREKE
NEMEEEEYENE. 2ENEESREREER (P<0.05) , WRIARMEER > LMHEE > BHERE.
4) TSRS 5B EEEYR RN RDA MERH, 0~ 10 cm 22 HERS 5BEREREA N EREE
(P<001D) , 5BMEFRECNERZERMRX (P<005) ; 7£10~20 om 1B, +FH4E5REFER K
ERBEEFMR (P <005 . [£it] ARHIBRFSET RN EERERRAHREED LGB R CN
AN E.

XA BEM: AT %S BERVEER: Sl

hESAS: S714.8 NHEIRER: A NERS: 1673-923X(2020)02-0054-10

Study on the soil nutrient characteristics and their relationship with litter
quality in two forest types of Pinus massoniana

PAN Jiawen, LI Jiyue, HE Qian, SU Yan, LIU Xiaodong, QIU Quan, LIN Na

(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] Studying the differences in soil nutrient and ground cover litter nutrient content can provide a scientific basis
for the forestry measures and soil fertility maintenance of Pinus massoniana plantations. [Method] Taking two typical forest types
(Pinus massoniana and mixed forest of Pinus massoniana and Castanopsis fissa) in Dinghushan as the research object, the differences
of soil nutrient content and litter nutrient content in 0-60 cm soil were compared and analyzed, and how the litter quality was affected
soil nutrients. [Result] 1) Forest type has significant effect on soil organic matter, total nitrogen and sulfate content (P << 0.05), and
on soil total phosphorus, exchangeable K', Ca®" and Mg*'(P << 0.01), the soil nutrient content of mixed forest (except nitrate nitrogen
and exchangeable H' content) is higher than that of pure forest. 2) The difference of soil nutrient content between different soil layers of
the same forest type is very significant (P < 0.01), among which, the content of soil organic matter and total nitrogen decrease with the
deepening of soil layer, and mainly concentrated in the 0-10 cm soil layer, the surface accumulation effect is very obvious.3) The content
of organic carbon, total nitrogen, C/N and total phosphorus in pure forest litter are higher than that in mixed forests; there are significant
differences in litter organic carbon, total calcium and total magnesium in different decomposition layers (P < 0.05), all appear as fresh
litter > fragmented litter > humified and amorphous litter.4)RDA analysis of soil nutrients and litter quality of ground cover show
that,soil nutrients in 0-10 cm soil layer are significantly negatively correlated with organic carbon in humified and amorphous litter
(P < 0.01), and negatively correlated with C/N in humified and amorphous litter(P << 0.05); in 10-20 cm soil layer soil nutrients are
significantly negatively correlated with organic carbon in humified and amorphous litter (P << 0.05). [ Conclusion] The main reason for
the low soil nutrient content of pure forests is that the pure forest litter has higher C/N and organic carbon content.

Keywords: Pinus massoniana; plantation; soil nutrient; litter quality; Dinghushan
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KUREENRREES LY. REDERED
HIFE T o R rT YRR F 7R 2 T R
RTEEFRNEBRE Y. Ht, BAEWENR
HAESRGHEMEM IR -GN, 35T4E
BRGRENFSHBRIIRE, EFES5ERAS
gifa e KL R RIEEEEER P.

LB Pinus massoniana 3 ERFA HEAEE
PR, HRBRELREEEMMX SAAR. B
FEEEEME MM S, EEKR, BEDREMRE
MERBREY K, B—f 2K R RO 2
B, GREMAKFEEDIRRSSEANNAE,
FHABAELRE, FEMHIZREARAR, &
WAEF=FTRRE, I EH AFE ML R R R 7,
NTBEHFHMRERKNZ RS, RERTH
PR e, RESERATHELGETEAS
ALEARKILFEESR, F2EERANNEER
REZLERN, B RERED S FEMFIRIER,
BRELEE PR, RESHHARESRSGR
EMRMBERRENER /P, ZEEY AR
B 3 fhARE 3RAE MR, &5 BB
SRBHRAN: DRM - RFRIHK>SLER -
PRBH > D Bk, HESE PV HAERER
RS - AR AR 3T KPR AL RS
AR TAMEE MR H S LBES TR EL
L% . BEHRS Y EDBIRATHRERM
RIKKE. B, EEE, RIREBRNER, B4
WERZA, X 5SMBEZRKEEDNT HAESTLE
7E 174.22 ~ 367.00 kg-hm™ Z [8], i BIAZIMRN
130.05 kg-hm?. B#% " R RERFAME
FAEY SR ENSEC 'S D B - AHRER
THhEE, BARANTHERRE #HHEERTK
A EREKBFESIFHEERE, WERRABEDFT
SR BRT, SIARFITRAS R LR DA%
MRISEERCHWZRE, MHEEYN 2
FRIF IR L] MR — P A .

Hith, A#FRSEEL AL EMAT
AR5 B - B Castanopsis fissa 1835 W T
AR, B EWRFHARE O~ 60 cm LEK L
BRAMSEUAMBEREDR T EE, KBS
WRMRELEFR S SRAENFRITEESRNE
7, WNAEZEKRXRR, BT THEENS L
B RREAMER LB, UHARRLE
MALHARFELERE—ENSEMNE.
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1 fAEXERSA

BB ERZERFRF XA RERE L
A, MTTREERMBXERN, HMBEARN
23°09'21" ~ 23°11'30"N, 112°30'39" ~
112°33'41"E. AX KN EEME L, BIKE
100 ~ 700 m. {58 R I Hiy 2= MBI 2 <A,
FFHR[E214C, RARA AR A/HA 7
) KEHSES AN 12.6 CTHI28.0 C. ZHF
BERKERN 1678 mm, 4—9 ANEE, 10 AE
FBE3IAANRE, KA 80% MEKFAERE,
FRFESY . FFHRRERN 1115 mm, FFY
FXHEEN 82%, REMRSFERRHAER.
TR EBEONFOBRER, FHLEEEY
50 ~ 80 cm!">'¥, EIHILRMBEEEA 78%, FE
MR TGEMAR. & R E 5
Wk, DEMMWAANTTHE, EERKGTRE,
REBH RN . A EZHKE T ERER R
FEER, FEAALIRERNDS MK, SE—%
W AR RO BTN R T B SATE AT R YR Ak 17

AHARFEESH LD ER AR (Pinus
massoniana forest, PF) 1 5 B ¥4 - B 3 1B & Ak
(Mixed forest of Pinus massoniana and Castanopsis
fissa, MF) 3 1T, 2017 4E 1 3 % iX % Fb # &Y
MEBITRSEE SHMREREI S 20m
X20mEEET. GERMAKRTARERDER
Pinus massoniana; V&K BERTFAH B Mallotus
paniculatus. 4L & W Bk ¥F Alchornea trewioides-
= X 7 Melicope pteleifolia %5, EXERHBFHF
T H Dicranopteris pedata. T W & & Mussaenda
pubescens. T4 Clerodendrum fortunatum %. 5
B - BRI EMBR L BMARESR, FTREE
EHLEN. ¥ Castanopsis fissa. EAWKE; A
BRFAMEEHN . LT Psychotria asiatica. JeARAE
Ixora chinensis % BEASMEFMETEH., EH &1L,
5,5 Blechnum orientale %, FEHUSEHILE 1.

2 MRIE7EE

21 TRESMNRESIE

20171 B, ZBRRL EBEHZHOMEEH,
FANZEANScm M EESMEHE S B L.
0~5cm. 5~10cm. 10 ~20 cm. 20 ~ 40 cm
140 ~ 60 cm, FENLEL 24 Nk, 486 LA
A—BHB— N EBEER, BBk RAR
S5z, THERREFHEELRE, AKX
TiE, AR#MBHERATL, I2mmif, WMEt



56 BEX, 5. DEMAFHHKREITHESFOFERL SHEEWRERNRX R

F2M

BHENR. £%8. 28, SHREEETF K.
Ca®™. Mg™) . WM. AR WHEE. Ttk
B (H fAP) BEE.

F1 FHAREREFR
Table 1 Basic situation of two forest types

[RF Factor PF MF
i Stand age /a 50 ~ 60 70 ~ 80
¥HR Altitude /m 58 51
P Slope /(°) 22 23
3% Slope aspect R R
FHEE
+ +
Average density / #-hm” 475.00+25.00 712.50+12.5
P54 Average DBH /cm 24.86+1.21 17.54+1.38
FHM# Average tree height/m  10.09+0.18 8.814+0.23
HRHAE Canopy density /% 0.77 0.91
+3EKA] Soil type pigAR: VIYAR:
+3% pH Soil pH 3.15 3.02
TRAE
+ +
Soil bulk density /(g-cm™) 1.48+0.03 1.42+0.03
LRERAKE 26.13+1.07  26.77+1.03

Soil natural water content /%

t PR AL RN, MFADRER - BIHRZK, TH.

PF is pure forest of Pinus massoniana, and MF is mixed forest of Pinus
iana and Castanopsis fissa, the same below.

TEENRRA TR AEERAEN - AR
% TEAEEKHITK - BER ek LB
SEAARL - BT Y OMBEE, BS:
UV-754) ; R¥MHPEEF (K C& M Mg H
AR - XIBR TR B BRERR A
BER L - FEERICEN - BRERULLLIhis; BESENHE
RASIERE - 8 - RREBRESEMWE: X
Bt BR (H 1 AP )R SAL A2 4 - PR e s

22 FEYHERHRESNE

2018 £ 1 A, A£&EHES (24 cm X 24 cm)
AR B A B VAR, 5 NREE OL (
wor. HEREER, BOeTAARRAE, SR
T RWIIRI) | 43R 2 OF (M- 5e RS AL B
ZHRE DO, EURPEHEME, BN
BIBE) FNEHEEE OH (ZHIEEY O R
e, R 3 8, B 24 M8, B34
MR . BEMREFEWRLEE 40 CHTEER
B, FAMmiEmET 0.2 mm HEEA B3R,
WEEIHR. £8. 8. &8, 285, £858.

FE DA K BRI AERBRAENL - B
B 2GR - WEKEE - REH e &
BEFBRRR - DUE/KE A - UHE ik (e
BE: UV-754) 3 &HAME - WEUKHEE - K&
FRFRI N EE CRIGRFRE Y E TS
5. 722300, HAHMATR) ; £BMEE8EHT

KA. - FEERERIEAR - KGR TR e i T,
23 BUESH

2 H Microsoft Office Excel 2007 SPSS 19.0
A Origin 8.1 FATHIE R, HHAEE, CHH
BEBHBE + mERERR. RANERETE
58T (Two-way ANOVA) LB PR A 357 4
K BREDHR T SENERMY, BEMHKE
BerE N @=0.05 T Canoco 4.5 KITT L& MT (RDA)
X} T IFR 4 S TREY R B F R RIAT 44 .

3 HER5Sth

3.1 FEHHETSRESSEER

XEEMAREARF L2 R LRSS BT
WEESH, ERNE2. KRB TIBEIRKR. £
FNRBRREEFEZER W (P <005 , Xk
BEAB., THMEK. C M HREERH
(P<001) . ME1M2R, SEMR-EHE
THREERITE (BRESESTENTHRMEH &
BUS) BETIREMREMK, Hf, BEKEE
LR 28 &8, 455, WK, Xk
K's Ca¥. Mg MIX#HMRR. K#HHE A SESH
BRI 1.31.1.25.1.22.1.23.1.33.1.63. 1.98.
1.75. 1.05 F1 1.06 £%; B AR LA E A2
HEH & 2K T4k, 25 240RH 0.85 F10.95 £

F—REAFELBEZE LR RESSEERRK
BE (P<00D) . H¥, +EFHFEHNEESE
b ER R mm RS (E 1. B2, BEE
REX 020 cm LEF, REBNHAR, HHERH
MK Rtk Ca” WM (H AP S
A4k s B R R B B, T IR
BB & B A B BE L R VR B PR3 I i 3 A

32 HHEBERAEMFEITRSE

BREMANRMEG BN - BRI R EED A
BALESESEFRE (P<005) RREEER
(P<001), MEVKE. £28. &2HNELES
BEERAEE (3. B3 . Hi, dikE@EED
Fh. 2%, 28, 2B 5EE TR
P, SBIWINT 4.67%. 2.45%. 12.89%. 27.08%
2028%, &HSEEZINBRHE TR, 4
S A 3.18 g-kg” M 1.59 g'kg?s B — KB AR F 4>
REREDENR. EFNLESERREER
(P<0.05) , WRILARMEE > X RE>TR
EERE, BEEY S EEESES BRI,
REDEEMEHS BESBEZAES—,
A5 & BRI Yy oy FRRE B B IR T B W R AR
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£2 HENIERENLEFSSERENAESH'
Table 2 Analysis of variance of forest type and soil depth on soil nutrient content

o S # 4> Forest type T ZE Soil depth Foﬁsﬁyﬁciﬁ ﬁﬁfpﬂa

Soil mutrient BEEd  F P EEES F P HEES F P
HHLE Organic matter 1 7.087 0.013* 4 35913 0.000** 4 0.213 0.929
A4 Total nitrogen 1 6.658 0.016* 4 23.596  0.000** 4 0.194 0.939
47 Total phosphorus 1 21214  0.000** 4 4314  0.009** 4 0.244 0.911
A% Ammonium nitrogen 1 2.805 0.106 4 2.659 0.056 4 0.215 0.927
H#A % Nitrate nitrogen 1 0.595 0.448 4 0.355 0.838 4 0.173 0.950
BEERIR Sulfate radical 1 4.821 0.038* 4 18435  0.000%* 4 0.534 0.712
¥k K" Exchangeable K* 1 52909  0.000%* 4 2.670 0.056 4 0.197 0.938
¥k Ca® Exchangeable Ca®* 1 10268  0.000%* 4 8976 0.000** 4 0.722 0.585
A ¥ Mg®* Exchangeable Mg 1 13811 0.004** 4 2747 0.051 4 0.702 0.598
A ¥R Exchangeable acid 1 1.822 0.189 4 50310  0.000** 4 1.896 0.142
A2 #: P H" Exchangeable H 1 1.036 0.318 4 102.282  0.000** 4 0.577 0.682
A #itte AP Exchangeable A 1 2,631 0.117 4 33464  0.000** 4 2.330 0.084

T s RREP <00l KPTERESE, *RPEP <005 KFETEREE.

** indicates that the difference is significant at the P < 0.01 level, and * indicates that the difference is significant at the P << 0.05 level.

o

= 60

& 50 50

i B 30 =

[}
(=}

AL
matter content /(g-kg")

—
o o

Liss

Ad

5~10 10~20

0.25
0.20 -
0.15
0.10
0.05

4T i Total

20~40

+ 2R Soil depth /cm

Aa
I I ]

40 ~ 60

phosphorus content /(g-kg™")

5~10 10~20

20~40

+JZ ¥ Soil depth /em

Aa
Aa Aa

Al A A& 1 Nitrate
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40 ~ 60

Aa

nil

nitrogen content /(mg-kg")

0~5 5~10 10~20

20~40

+)JZ ¥ Soil depth /cm

REREFHFRAEHREMARLEEP < 005 KFFEREE. FRPEFRHERE—HRERELEE P <005 KFTFEFEE, TH.
Different lowercase letters indicate that the different soil layers of the same forest type have significant differences at P < .05 level, the same below.

&1

40~ 60

L1 PF

Tcu 2.0
~ 18
=3 1.6
g ld
we 12
W= 1.0
Lo 0.8
® = 0.6
H & 04
° 0.2
5 0
a 0~5
=
E2 8P
EE s
eE 6
E < 5
=
24
<m:8 3
® 5 2
wel
®=e0
= 0~5
F
2~ 100
& oo
=< 80
2 &
o £ 60
41 S
%g 40
g2 20}z
?50
0
0~5
B MF

5~10
+EIRE

10~20 20~40

- Soil depth /cm

AbAc

5~10

10~20 20~40

+JZ R Soil depth /cm

5~10
+ 2R

AR RANR. &. ¥ PNRRRSE

Fig.1 Soil organic matter, nitrogen, phosphorus, potassium and sulfate content of two forest types

HE 44, DREMEK C/N R C/P 45N 4RI 40.54 F1 1 328.94. ZEMBEEK CN K
TR, RMEER2LDEE R C/P/NTFIRAHK,

42.82 11 137.10, L EM - EFHBEHM C/N Fl C/P
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BEE, % DRELFHMKRELEFMERL AR RENRR

E2 M

58
5 =
e A E
o —~ 45 o™ 120
&7 Aa 0 "gp
=g 2l . 22 Aa Aa E¥ 100
= 60 35 Aa = 0
g E 30pBa ' zE 80 Abc
m =" 25 Ba A e
=E 20 - Ba Ba il i § 60 Ac
a2 15 ! “E 40 Bb Ac >
v § 10 3.5 ap ] Bb- o LA
24 + 5 Q a ok T
& M 0 3 8 0 ‘ ’—- [
1‘7:( 0~5 5~10 10~20 20~40 40~60 % 0~5 5~10 10~20 20~40 40~60
+ 2% Soil depth /cm & + 2 Soil depth /em
C D
i~ 10 Aa 2 =~ 12 Aa
et B~ - - Aa
ey Aa o W 10T Aa Ab
= @ el A 80 -, =
o ;S é‘) 6 - Aa Aa :TE;( gﬂ g 8 Ab < AbAd  Ab
= &S I Ab Aa HES 6 &3 o Absd
i Bb S = on e
g 4 Bb I £
¢ @ 0 & . Ab B0 m 4
%28 T B Bt
XEE 2 | | | REE 2
Y =" 8
0~5 5~10 10~20 20~40 40~60 0~5 5~10 10~20 20~40 40~60
+ 2 Soil depth /em . + JZIR ¥ Soil depth /cm
L s
= E s _
8 A A
5o o0 1.8 Ad 4 )
ET T e 53 Aa Aab
% 14 Ab Ab S 2 ~ I
B L T 2 Ac
B 14 Ac Ac —u—j P — Abgy AP ge
oM = 0.8 e Acd Ac o E
4T 8 0.6 - Ac Ad 41 2
= & 0.4 B =
5503 | 53
= 0 & <
by 0~5 5~10 10~20 20~40 40~60 @ 5~10 10~20 20~40 40~60
+ 2R Soil depth /cm i +JZE Soil depth /cm
L1 PF N MF
2 AFRE TR MR TR R RS E
Fig.2 Exchange cations and exchangeable acid content of two forest types
®3 HREMBEYIBREN ARSI TRESEFMNSEDH
Table 3 Analysis of variance of the influence of forest type and litter decomposition layer on nutrient element content
aim BRI 28, 28 e e e
F[g? g Organic carbon  Totalnitrogen  Total phosphorus  Total potassium Total calcium Total magnesium
actor
f F P F P F P F P F P F P
HE 1 1553 0236 0255 0.623 20434 0.001** 3.080 0.105 9.326 0.010* 4464 0.056
Forest type
YHZ@%E 2 11.549 0.002** 1456 0271 5403 0.021** 2597 0.116 31.569 0.000%* 28.332 0.000**
Litter layer
AREL X H‘JE%}%’ 2 1214 0331 1254 0320 0.057 0.945 0.256 0.778 0.593  0.568 0.386 0.688
Forest type X Litter layer

&R ZR C/P K TR M. H—HETEZH
fRJZ C/N 1 C/P BRI KD RIE > RORE >
BHEEE, BESREZREREE (P<0.05) .

TRADSHRBEAEMRENXR

RDA HE/F BB 4k LBk T B R AR AL 0 ~
20 cm 2B LEFR oM EREYREXRE
Z (B 4f1E5) . RDAMHTER, #£0~10cm
TEwd, BHEBEEAIK. BERZE C/N fisg
REE NIRRT BRSO RERET. W
Bl 4 Fin, RDASE 1 MR 2 HAHBETEE
] 66.0% M 22.4%. SRR ZH IR LEF 5

33

MEmRX, EREFEAMHER, HERET LR
23354k 58.0% (P=0.002) , HIXABHFEE C/N,
S5+BANSERERML, BRT IERITH
K] 24.0% (P=0.042) .

RDA &R, #£10~20cm LEF, /&
HREANE. LaBER RS EE CN
R EF ST RBE . WE S T,
RDA %5 1 BiF1%E 2 B FIAERE T BB K 62.9% M
21.0%. JREEEB YN L EF MK,
EREENMR, HERT LEFITHH 51.0%

(P=0.002) , HIRRNFHEBER IR fEE
C/N.
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A £ B
— 600 :
2 e a a b 2 16 ab a a
§% S00F[ —a & ¢ p S& l4r b 2 = .
5T 400 I e Brr=
=5 300 M2 10}
41 8 4 8 8 r
# S 200 ®e Of
= § 48 4r
IE £ 100 g 2f
L 20
e i 2 JEE 3 I 2 & ROl Z 03 fife )2 i 7 )2
Ui 759 51 f# ]2 Litter decomposition layer J&7% W) 77 fi# ]2 Litter decomposition layer
“up _ @ oy D
F.:) 0.6 5 5 ;0 7 L "
i 0.5 E) " = a —t a 32 6} )
S5 04F e% 5t i
E 03} e 4f
o E ’ 8 3|
& s 0.2 B g 9 |- a b
#E o} <4'M-bli
2 : i — |
3 20
c ARy filk 2 B0 i) Jo 5 )2 £ ROk Iz B0 fife )2 o 7 5T )2
Ji 759151 f#]Z Litter decomposition layer J&7% %) 77 f# ]2 Litter decomposition layer
~ N N F
w 12rTa T 07k a
T 0F—| a a = 06 f 1
e 8p| 7k £ § 05F ab
e oL g 04 b
4t 8 a ar o g3 | i b
ie O 4 L b w8 T
4 5 c 2 02} b
50 2
ROyt 2 B i) J 5 T )2 &8 R )2 2B fife )2 o 7 T )2
1754 /3 f# )2 Litter decomposition layer Ui 7% W) 7 f# ]2 Litter decomposition layer
] PF B MF
3 AHREEIREREIFRATRSE
Fig.3 Nutrient content of litter in each decomposition layer of two forest types
#®4 FERHRETRESHRE CN R C/P'
Table 4 Different decomposition layers C/N and C/P of two forest types
PF MF
4}fi# )2 Decomposition layer
C/N C/p C/N C/p
K4 fEZ Fresh litter 42.82+1.18a 1137.10£19.58 a 40.54+0.68 a 1328.941+60.34 a
2 M#E Fragmented litter 3491£1.59b 942.74+13.51b 3411073 b 1050,611+43.82b
JB# 2 Humified and amorphous litter 31.12+0.51b 895.92+23.30b 30.53+1.13 ¢ 891.97+65.88b

t FEFHFRRA—HEREHMER CONRICP R P <005 THREE.
Values are represented different letters indicated significant differences of C/N and C/P contents of the same forest type between different decomposed layers (P << 0.05).

ERENERES, FoELREPHER O

4 FER5Sitie
41 HERLERER RSO0

EBRAN L EFRSEH+4EE S, H
KEFRARA, BEALHEFSEERANE,
s LER RO AT HERMS. HET
1% P B S 45 R B R T R AA S I RS L
SEMESERNER T F— XKD B4R,
BRFH2 S5 ™ BB AL T MWL D B, 41H
BT RFE SR AR EEEE (0~ 20 cm)
FHLR. &8, ERHEFERTRNETE, KA
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BN EABEINKES, BDEMKR<E R
BREA<EREZETHK. LEES S RAREH
REBEFERNRRERNEFSENHERTIR
ARFIRR . REFFR P, BRRLEEHR.
2R 2B, XBEHEETF (K. ¥, Mg M
RRRSENTTREZF TN, —HETRE
EHTREIAEBZ®, MAER, FETRE
REEY, EENTEERINRED; B—F
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FE2M

RD2 (22.4%)

OH-C/N

OH-C:58.0%, F=5.420, P=0.002

OH-C/N:24.0%, F=3.100, P=0.042

-1.2 1.5
RD1 (66.0% )

-1.2

SOM: HIEHEHR Soil organic matter; TN: T34 Soil total nitrogen;
TP: 134 Soil total phosphorus; C/N: HIEBRELL Soil carbon to
nitrogen ratio; C/P: 3%BRBELL Soil carbon to phosphorus ratio; NH,'-N:
L8R Soil ammonium nitrogen; NO3--N 3884 % soil nitrate State
nitrogen; OL-OC: R4 #ZEH HLBK organic carbon of fresh litter; OF-OC:
3£ SMEZHT HLBE Organic carbon of fragmented litter; OH-OC: R E
F BB Organic carbon of humified and amorphous litter; OL-N: R4FEZE
£ Nitrogen of fresh litter; OF-N %4M#ZE & Nitrogen of fragmented litter;
OH-N: %5 =& Nitrogen of humified and amorphous litter; OL-P: k4
##Z8% Phosphorus fresh litter; OF-P: 24} 2 8% phosphorus fragmented
litter; OH-P: J&%E /% /25 Phosphorus humified and amorphous litter; OL-C/
N: RAOMBEBE L Carbon to nitrogen ratio fresh litter; OF-C/N: ¥4MEE
AL Carbon to nitrogen ratio fragmented litter; OH-C/N: JERELR ZHRE L
Carbon to nitrogen ratio humified and amorphous litter; OL-C/P: R4 #EH
B Carbon to phosphorus ratio fresh litter; OF-C/P: 24MBE8:E L Carbon
to phosphorus ratio fragmented litter; OH-C/P: JEHELH EBHBEH Carbon to
phosphorus ratio humified and amorphous litter.

B4 0~10cm TEETRFSSHHEEAEVREN
RDA HEFFE
Fig. 4 RDA ranking of soil nutrients and existing litter
nutrients in 0-10 cm soil layer

1.0

RD2 (21.0% )

OH-C:51.0%, F=4.190, P=0.002

-1.0

-1.2 1.5
RD1 (62.9% )

E5 10~20cm TEELRFSSHERBEDRER
RDA HiFFHE
Fig. 5 RDA ranking of soil nutrients and existing litter
nutrients in 10-20 cm soil layer

PRI, TR AR E Y AR, BEAMA
REFFa. THETHNE H FERINAR R
TR, WHDEMMEHEZRERAKS
B RN AR S, LIRBESRE
HMEERTESENSE, XAEF ALK

B LB AEYIE R &, AR T S E
A, SREBEFFZHNESEHLAHSE P,
BAARK T BHSESER TRIZK, X58A
5 R LB SEAENRFALERA
XA EERFANBR R LB S AT B,
TR AEK, ATTEEHSASTELW
BAK. WA TIREBS BRI, FHA
B S L R B R A AR R, RS
LI R AR T BEAELE B BR 1 0 [ R ), TG X R
Z P HABHBOARNEERATHRIRES RS
YK EEAE ST EMREIHE T

TSI S EERAALIEMNZREE, X
BEAE0~20cm 12, RAHBPBHREMS
MBEESAARFIEY . AR, BHRAKEO~
10 cm LEF ML EEGIRMNERSERRRN T
EE (P<0.05 , HibFEsSEHEIXFE
BUR, XEXNA% P, LRGSR R
R—H. XREAEVPIRREZE S AT LBER
B, BHRWEED S BRI MIF BT SN L
BRE, FRLIBREFRSEERE, MELE
BRI, EYIRRS AR, FRERD,
WMERHREHLER S EEELBERERZN
H RN, B R B R 3 T 3 R s 3 U2
TIEARE. RHM K Tt Ca¥ IR HAEER (H
AP SEEA 2D ERE TR
P, ELERRESERNHEMHRES,
BUBE - BRI N s n, W RE & FOABRER IR
G ERER MR, FHELBEEEET XK
BIHRBIR.

42  HERSREEXAEMTR SR

AFRERE, M EEEDFITTENSE
DAEHERER R, HIRASENES, X58%KE ™
MARLER . LERGHRAEDENR. £8.
28, EFN2ESERAONTTLER -EH
B, SHESBETIREK, dikiAIERN
CN HRP T HAEY > REREHE, TR
BoE%EE, w7 LERSEE, XHERETHA
L EFEMET RSN R . HEMARET,
ARAMEEREDEIR. EENESESEE R
EER (P<0.05 , ¥RIAKRMEE>L0E
E>BHEE, X 5ikEERE O M R 2R,
B EFEME%E BEEREY S F T EEH
>, Bl BEVE Y o R AR K s i N 8,
AMAFTFH. WEGSHSEREED AR
BERNREERZHER, MEEZNEBESERS
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REEEMERNEY, XE5R5% P HAER
A=, BEo& BEES IR T ZH G, 25
BT BNERAEDN > ETRR, X RAE
HAi R R MR T FA EWFAFHE M FH
it I NE

43 IRFHSHBERAEVMRENXR

REVDERBR BRSSP FZEREZ —, &
TEFNER N EBELARI S, FHEWR S EM
HROBMK RIS E - E RS TR IAE ARG
PRI, RIS B AR AR A = B2 405
RBEAMF B, DUEBRLEY (KRR, 44
BFMETE) . EFSLE N.PHKE B
“&. C/N. C/P. KRE /N FBZRYFRFRER
B0 e A0 B I R B PR R W A R B R E A,
MmiEmLERSSE D, AHARE, £0~
10 em L2, LIEFSERBEREFIKZERE
ZHHERX (P<00D) , 5SREFRECNERE
AR (P<0.05) ; M 10~ 20 cm +ZEH,
TB|AES ERERER IR EREE A X
(P<0.05 . REHMHARLGR B, WEHRK
LPIMAERY, SRMERDERREM g
S IERREE, AEYF CONELBEEIRE
BEAMHERX, HEEBREBAFFLBEHHEY
FERk, TEEFSRBEMMB. HRED DDER
AIHARFRS ZHRIT HBENBRESEED R E
FHRER, GRERAEVARIBZECEER
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