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ABSTRACT

Objective: To study the growth, accumulation and soil nutrient content of each overseeded species under different
interharvesting intensity treatments of Eucalyptus, and to explore the best re-cultivation method suitable for mixed
overseeded species after Eucalyptus interharvesting. Methods: In Guangxi state-owned Qipo forest, Eucalyptus tailorii
with different planting densities (DH32-29) were mixed with Castanopsis hystrix, Mytilaria laosensis and Michelia
macclurei, and four different treatments (CK, LT, MT and HT) were established for re-cultivation of Eucalyptus
near-mature forests with different logging intensities, and the differences in growth conditions and soil physicochemical
properties of each species were analyzed. Results: (1) As the proportion of Eucalyptus allocation decreased, the growth
of Eucalyptus diameter at breast height, tree height and individual wood volume could be promoted; the growth of the
three parameters of HT and MT Eucalyptus were significantly different from LT and CK. (2) The average wood volume
per plant of the set species in the CK and LT treatments was Mytilaria laosensis > Michelia macclurei > Castanopsis
hystrix, while in the MT and HT treatments it was Mytilaria laosensis > Castanopsis hystrix > Michelia macclurei. (3)
The differences in soil aeration, total saturated water holding capacity, capillary water holding capacity, and field water
holding capacity in soil layers of different depth varied. In the same soil layer, soil aeration, total porosity and capillary
porosity were HT > CK > LT > MT,; saturated water holding capacity and capillary water holding capacity were HT >
CK > LT > MT, while field water holding capacity was CK > HT > LT > MT. (4) Organic matter, pH, total nitrogen,
total phosphorus, total potassium, fast-acting nitrogen, fast-acting phosphorus, and fast-acting potassium changed with
varying soil depth in each treatment.
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tion mode of Eucalyptus intercalation with mixed
species is the best way to re-cultivate Eucalyptus
pure forests, and improving stand structure and reg-
ulating interspecific relationships through intercala-
tion is the key to management!'%. The interplanting
of near mature eucalypts with high quality broad-
leaf species to form a heterogeneous complex
mixed forest can improve the yield per unit area,
target the cultivation of Eucalyptus large-diameter
timber, and make full use of the forest space, which
is an ideal Eucalyptus mixed cultivation mode.

Eucalyptus urophyllaxE. grandis DH32-29 is
an excellent variety of Eucalyptus tailorii, which is
fast-growing and productive with a straight and
complete trunk, and is superior to Eucalyptus cau-
datum in terms of stand growth and economic bene-
fits, and is commonly planted in Guangxi and
Guangdong!*l. Mytilaria laosensis, Castanopsis
hystrix and Michelia macclurei are excellent native
species in Guangxi with strong adaptability and can
also change the environment of the plantation
site™®™5] In order to explore the best mixed growth
pattern of Eucalyptus near mature forests, transform
Eucalyptus low-quality and inefficient forests,
achieve precise quality improvement of Eucalyptus
plantations and sustainable use of forest land in the
future, and bring into play the multiple functions of
Eucalyptus plantations. In this study, we selected
Mytilaria laosensis, Castanopsis hystrix and Miche-
lia macclurei, which have good shade tolerance in
young age, as hybrid species to transform and cul-
tivate Eucalyptus plantation hybrid forests, and ex-
plored the effects of different intercutting intensities
of Eucalyptus on stand growth and soil quality in
the conversion of Eucalyptus near mature forests in
terms of the growth status, accumulation volume
and soil nutrients of each species in different hybrid
patterns, with a view to providing reference for the
cultivation of Eucalyptus pure forests.

2. Materials and methods

2.1 Overview of the study area

The study area is located in the state-owned
Qipo Forest Farm, Nanning City, Guangxi Zhuang
Autonomous Region (22°41'-22°52'N, 108°02'-

108°09'E). The area has a humid subtropical mon-
soon climate with sufficient sunshine, abundant
precipitation, distinct dry and wet seasons, long
summer rainfall, average annual precipitation of
1,300 mm, average annual relative humidity of 80%,
and average annual temperature of 21.6 °C. The soil
type is mainly red loam with a thickness of 1 m or
more; the surface vegetation is rich, It is mainly
composed of Verbenaceae, Araliaceae, Lauraceae,
Moraceae, Dennstaedtiaceae, Euphorbiaceae, and
Rutaceae.

2.2 Sample plot setting and management de-
sign

The target of re-cultivation is near-mature Eu-
calyptus urophyllaxE. grandis clone DH32-29. All
the Eucalyptus plantations plot in the study area
were planted in 2010 with a planting density of
1,667 plants /nm? and all the interplanting measures
were carried out in 2012. The thinning method
adopts the lower layer thinning method. According
to the thinning intensity, the trees with poor growth
and poor dry shape are preferentially felled, and at
the same time, the uniformity of the space position
of the reserved wood is taken into account. In Oc-
tober 2014, plots with the same elevation, slope and
orientation were selected to investigate the species,
diameter at breast height, height and crown width of
each tree in the sample plots before the mixed forest
conversion operation. Each sample plot was set up
with an area of 20 m x 20 m. A total of 12 sample
plots, including control plots, were set up. The
sample plots were investigated for stand diameter
at breast height, tree height, height under branches,
crown width, stem shape quality, stand composition,
stand structure, understory regeneration and its soil
nutrients. The stands were divided into four differ-
ent re-cultivation types for the re-cultivation opera-
tion in October 2015: HT (400-450 plants/hm? re-
tained after thinning), MT (750-800 plants/hm?
retained after thinning), LT (1,200-1,250 plants/hm?
retained after thinning) and CK (1,500-1,550
plants/hm?). After clearing the felling residue
properly, blocks were prepared and then planted
with high quality trees, such as Mytilaria laosensis,
Castanopsis hystrix and Michelia macclurei, using
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Table 1. General situation and management operation of each sample plot

Stand Sample Slope/(°) Altitude/m Pre-thinning den- Planed densi- Post-thinning den- (2020) aver- (2020) av-
plot sity/(plant-hm?)  ty/(plant-hm=?)  sity/(plant-hm?)  age DBH/cm erage tree
height/m
HT QP-1 15-20 140 1,061 400-450 411 24.75 30.30
MT QP-2 15-20 160 1,042 750-800 731 24.53 28.91
LT QP-3  15-20 170 1,326 1200-1250 1,224 20.53 25.65
CK QP-4 15-20 155 1,512 1,512 1,512 17.46 24.10

1-year old live seedlings, and planting holes were
dug in the planting zone with the specifications of
50 cm x 50 cm x 30 cm, where the planting density
ratio of each treatment of Mytilaria laosensis, Cas-
tanopsis hystrix and Michelia macclurei was 1:1:1
for 375 plantss/hm? per hectare. The sample plot
setup and management design are shown in Table
1.

2.3 Data survey
2.3.1 Soil nutrient survey

Soil sampling and determination soil samples
were selected by randomly laying 3 points in each
sample plot diagonally from the lower to upper
slope of the microtopography, digging the soil pro-
file and taking soil samples at 3 levels: upper, mid-
dle and lower. 2 kg of soil samples were taken from
each level at each point in plastic bags
and brought back to the room. The samples were
manually ground after 14 days of air-drying to re-
move plant residues and gravels, sieved, and mixed
with the soil samples at the same level by the same
weight. The mixed soil samples were divided by the
method of quartering and sealed in a cool and ven-
tilated place for storage. The physical properties of
soil water holding capacity and aeration are deter-
mined by the ring knife method; the pH of soil is
determined by the potentiometric method; the or-
ganic matter content is determined by the potassium
dichromate volumetric method; the total nitrogen is
determined by the selenium powder—potassium
sulfate—sulfuric acid digestion distillation titration
method; the total potassium is determined by the
flame photometer method; the total phosphorus is
determined by the sulfuric acid—perchloric acid
digestion—molybdenum. The total phosphorus was
determined by sulfuric acid—perchloric acid diges-
tion—molybdenum  antimony  anti-colorimetric

method; the fast-acting nitrogen was determined by
alkaline solution diffusion boric acid absorption
method; the fast-acting potassium was deter-
mined by flame photometer method; the effective
phosphorus was determined by hydrochloric ac-
id—sulfuric acid leaching method, and the deter-
mination method was referred to “Methods for Ag-
ricultural Chemical Analysis of Soil”*¢],

2.3.2 Investigation of growth indicators

In June 2020, a random sampling method was
used to conduct a per-wood survey in each Euca-
lyptus mixed forest sample plot separately, and the
neighboring Eucalyptus trees with different sets of
species in each row were tracked and recorded. The
diameter at breast height of each individual plant
was measured with a perimeter ruler with an accu-
racy of 0.1 cm, the height of the tree and the height
under the branch were measured with a laser height
meter (Nikon Rangefinder Ruihao 1000aS) with an
accuracy of 0.1 m, and the crown width was meas-
ured in both east-west and north-south directions
using a tape measure, and the average value was
taken. Crown length = the height of the tree — the
height under the branch. The wood volume was
calculated as*"#):

= 0.0000628767d1:821621 jj0-96436

eucalyptus

=0 0000683297d1.926256H0.8840614
Rice Lao Pai ’
= 0.000052764d188216 [j1.00931

red vertebra

14 — 0.000052764291d1'8821611H0'931923697

Fire Nan

2.4 Data processing

The experimental data were statistically and
analytically analyzed using Excel 2007 and SPSS
23.0 software, and one-way ANOVA was performed
for the main growth parameters and soil physical
and chemical properties.
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3. Results and analysis
3.1 Growth of Eucalyptus trees

We conducted variance analysis on growth in-
dicators such as average tree height and average
diameter at breast height of Eucalyptus after stand
replanting, and the results showed that there was no
significant difference in average diameter at breast
height, average tree height and average volume per
plant of Eucalyptus between HT and MT treat-
ments., but the differences between HT and MT, LT
and CK were significant and increased with de-
creasing density of Eucalyptus trees, which indi-
cated that as the density of Eucalyptus trees de-

creased in the stand, the space for growth of Euca-
lyptus trees in the stand increased substantially.
Sufficient light reduces soil nutrient pressure, which
is conducive to the growth of Eucalyptus DBH and
tree height; the mean branch height of Eucalyptus
does not differ significantly between MT and LT
treatments, but MT and LT differ significantly from
HT and CK, and increases with the decrease of Eu-
calyptus density; the canopy width of Eucalyptus
does not differ significantly between the stands in
each treatment, which indicates that the change of
Eucalyptus density has little effect on the growth of
canopy width under the reasonable structure of
stand level (Table 2).

Table 2. The effect of different cultivation methods on the growth of Eucalyptus'

Stand DBH/cm Tree height/m Height under branches/m Crown width/m Individual volume/m3
CK 17.46 +0.34 c 24.10+0.36 ¢ 16.71+0.26 c 3.02+0.04a 0.2570 £ 0.0116 ¢
LT 20.53+0.39b 25.65+0.39b 17.98+0.25b 3.04+0.09a 0.3649 £0.0161 b
MT 2453+ 0.56 a 28.91+055a 18.99+0.44b 3.13+0.06a 0.5650 £ 0.0319 a
HT 2475+ 1.13a 30.30+1.04a 20.66 +0.44 a 3.22+0.10a 0.6184 £ 0.0610 a

T The letters in each column indicate significant differences (P < 0.05).

Table 3. Effects of different cultivation methods on the growth of interplanting treest

Stand  Varieties of trees Existing densi-  Survival Average DBH/cm  Average tree height/m Average individual
ty/(plant-hm=?)  rate/% volume/m?®
Mytilaria laosensis 323 86.1 7.67+£0.29aC 7.44 +0.28 aC 0.0236 £ 0.0024 aC
CK Castanopsis hystrix 302 80.5 3.21+0.20cC 4.32+0.17 bD 0.0028 + 0.0005 bC
Michelia macclurei 332 88.4 3.95+0.13bC 4.28+0.16 bB 0.0031 + 0.0003 bC
Mytilaria laosensis 335 89.3 8.32£0.26 aC 8.12£0.24aC 0.0283 +0.0020 aC
LT Castanopsis hystrix 316 84.3 3.79+0.17cC 4.92+0.19bC 0.0039 + 0.0004 bC
Michelia macclurei 345 92.0 5.19+0.15bB 4.68 +£0.11 bB 0.0058 + 0.0007 bB
Mytilaria laosensis 340 90.7 9.12+0.27 aB 9.13+0.20aB 0.0366 + 0.0026 aB
MT Castanopsis hystrix 345 92.0 5.51+0.24 bB 6.39£0.21 bB 0.0101 + 0.0011 bB
Michelia macclurei 342 91.3 6.01 £0.21 bA 5.86 = 0.20 bA 0.0091 + 0.0008 bA
Mytilaria laosensis 344 91.7 10.11 £+ 0.25aA 10.95 £ 0.33 aA 0.0526 + 0.0040 aA
HT Castanopsis hystrix 349 93.0 9.46 £ 0.27 aA 9.41 £ 0.23 bA 0.0378 + 0.0030 bA
Michelia macclurei 346 92.3 6.48 £ 0.21 bA 6.07 £0.17 cA 0.0105 + 0.0009 cA

t a: lowercase letters indicate significant differences (P < 0.05) among different tree species with the same treatment. b: capital letters
indicate that there are significant differences (P < 0.05) among the same tree species with different treatments.

3.2 Growth of the crop species
3.2.1 Growth of diameter at breast height

As shown in Table 3, the diameter at breast
height of each tree species increased as the density
of Eucalyptus decreased. Among them, the diameter
at breast height of Mytilaria laosensis and Cas-
tanopsis hystrix did not differ significantly between
CK and LT, and differed significantly between LT,
MT and HT; while the diameter at breast height of

Michelia macclurei did not differ significantly be-
tween MT and HT, and differed significantly be-
tween CK, LT and MT. In CK and LT, the growth of
diameter at breast height of each tree species
showed Mytilaria laosensis > Michelia macclurei >
Castanopsis hystrix, and in MT and HT, it showed
Mytilaria laosensis > Castanopsis hystri > Michelia
macclurei, which indicated that in this indicates that
the diameter at breast height of Mytilaria laosensis
is larger than that of the other two species in each
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treatment, and as the density of the native species of
Eucalyptus continues to decrease, the diameter
at breast height of Mytilaria laosensis and Cas-
tanopsis hystrix changes more and more obviously,
while the opposite is true for Michelia macclurei.

3.2.2 Growth of tree height

As seen in Table 3, the tree height of each set
of tree species increased with decreasing density of
Eucalyptus in different transformation treatments.
The height of Mytilaria laosensis was higher than
that of Castanopsis hystrix and Michelia macclurei
in all treatments and the difference was significant;
the height of Castanopsis hystrix and Michelia
macclurei differed significantly only under HT
treatment among treatments; the difference between
CK and LT under different treatments of Mytilaria
laosensis was not significant, while the differ-
ence between LT, MT and HT was significant, the
height of Castanopsis hystrix trees differed signifi-
cantly between CK, LT, MT and HT, the height of
Michelia macclurei trees differed significantly be-
tween CK and LT, MT and HT treatments The dif-
ferences between CK and LT, MT and HT treat-
ments  were not  significant, but the
differences between LT and MT treatments were
significant, which indicated that the tree height of

each species responded to the continuous reduction
of Eucalyptus density, but the response rhythm of
different species was different, with Castanopsis
hystrix responding the most strongly, followed by
Mytilaria laosensis, and Michelia macclurei the
least.

3.2.3 Growth of wood volume and accumu-
lation

Table 4 shows that the different transformation
modes had significant effects on the three tree spe-
cies; the accumulation volume of Mytilaria laosen-
sis was the largest in all treatments, and its total
accumulation volume was 2.54 times that of the
total accumulation volume of Castanopsis hystrix
and 4.87 times that of Michelia macclurei. As the
proportion of Eucalyptus in the stand decreased, the
increase in the accumulation of rice old row com-
pared to the previous treatment was 0.24%, 31%,
and 45%, respectively; 46%, 182%, and 279% for
red spine; and 94%, 56%, and 17% for Mytilaria
laosensis. This indicates that HT treatment is
the best choice if the main purpose is to operate
Mytilaria laosensis, Castanopsis hystrix, and
Michelia macclureir after Eucalyptus near maturity
forest conversion.

Table 4. Average stand stock volume and total stand stock volume of different interplanting trees m3-hm-2

Mytilaria laosensis stock Castanopsis hystrix stock Michelia macclurei stock

Stand Total stock volume
volume volume volume

CK 7.6228d 0.8456 d 1.0292d 9.4976 d

LT 9.4805 ¢ 1.2324 ¢ 2.0010¢ 12.7139 ¢

MT 12.4440 b 3.4845b 3.1122 b 19.0407 b

HT 18.0944 a 13.1922 a 3.6330a 34.9196 a

TThe letters in each column indicate significant differences (P < 0.05).

3.3 Stand structure and stand quality status

The distribution of stand diameter order can
reflect the growth condition of the stand and the
competition between stands, which is an important
indicator of the stability of stand structure!*®!. From
Table 5, it can be seen that: the skewness of the
diameter order frequency distribution plot of Myti-
laria laosensis becomes smaller as the density of
Eucalyptus in the stand decreases, and the diameter
order distribution under HT and MT treatments is
closest to normal distribution; the skewness of the

diameter order frequency distribution plot of Cas-
tanopsis hystrix is significantly higher under CK
and LT treatments than the other two types of trees,
indicating that the stand growth is abnormal under
these two treatments and the competition among
trees is highly differentiated, and gradually tends to
the skewness of the diameter distribution diagram
of Michelia macclureir was not significantly differ-
ent among the treatments, but the kurtosis was sig-
nificantly higher than the other two species in each
treatment, indicating that the diameter distribution
deviated from the normal distribution, and the main
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feature was that there was greater differentia-
tion between stands smaller than the mean diameter
and stands larger than the mean diameter. The ver-
tical and horizontal structure of the stand did not
adversely affect the trees in each diameter class.

3.4 Effect of different re-cultivation treat-
ments on changes in physical properties of
soil in forest stands

Roots can improve physical properties such as soil
structure, porosity and permeability and help the
soil to form agglomerate structure?”. Soil porosity
and soil water content reflect the water holding and
water supply capacity of the soil and are important
indicators of soil structure; the larger the value, the
stronger the ability of the soil to contain water and
maintain water and soil. As can be seen from Table
6, soil venting quality, total porosity, capillary po-
rosity, saturated water holding capacity, capillary
water holding capacity, and field water holding ca-
pacity of 0-20 cm soil layer in each model were
greater than those of 20-40 cm soil layer; in the
same soil layer, soil aeration, total porosity, and ca-

pillary porosity all showed HT > CK > LT > MT; in
0-20 cm soil layer, saturated water holding capacity,
capillary water holding capacity, and field water
holding capacity showed HT > CK > LT > MT, but
in 20-40 cm soil layer, saturated water holding ca-
pacity, capillary water holding capacity showed HT >
CK > LT > MT, and field water holding capacity
showed CK > HT > LT > MT. The differences be-
tween the groups were not significant, but in the
20-40 cm soil layer, the saturated water holding
capacity and capillary water holding capacity were
HT > CK > LT > MT, and the field water holding
capacity was CK > HT > LT > MT, and the differ-
ences were significant. This indicates that in the 20—
40 cm soil layer, the physical properties of soil in
the mixed forests tended to decrease and then in-
crease with the decreasing proportion of Eucalyptus.
HT and CK were generally better than the LT and
MT treatments. HT and CK were more advanta-
geous than LT and MT in improving the internal
soil structure and increasing soil permeability.

Table 5. Diameter class distribution of interplanting trees in different cultivation methods

Stand Varieties of Number of Average Coefficient of Skewness Kurtosis Minimum  Maximum
Trees plants DBH/cm variation/% DBH/cm DBH/cm

CK Castanopsis hystrix 39 3.21+0.196 40.94 0.850 0.505 13 6.7
Mytilaria laosensis 36 7.67£0.287 25.08 0.070 -0.421 3.1 11.3
Michelia macclurei 40 3.95+0.135 22.83 -0.107 -0.828 21 5.7

LT Castanopsis hystrix 40 3.79+£0.167 29.58 0.329 0.153 1.6 6.8
Mytilaria laosensis 38 8.32+0.280 23.57 0.029 -0.278 4.1 12.6
Michelia macclurei 41 5.19+0.150 19.40 0.061 -0.722 3.2 7.2

MT  Castanopsis hystrix 41 5.51+0.242 29.42 0.129 0.076 19 9.5
Mytilaria laosensis 40 9.11+0.265 9.51 -0.019 0.154 44 12.8
Michelia macclurei 41 6.01+0.219 2442 0.196 -0.841 3.6 8.9

HT Castanopsis hystrix 41 946 £0.270 19.14 0.088 0.066 5.0 135
Mytilaria laosensis 42 10.11 £ 0.252 6.73 -0.020 0.097 6.3 13.8
Michelia macclurei 42 6.48+0.213 2201 0.085 -0.844 3.8 9.1

Table 6. Soil physical properties of different soil layers in different cultivation methods

Soil lay- Stand Venting quali- Total porosi-  Capillary po- Saturated water  Capillary water Field water hold-
ers/cm ty/% ty/% rosity/% holding capacity/% holding capacity/% ing capacity/%
0-20 CK 2461+037ab 24.78+0.38ab 23.85+0.73a 35.73+1.14a 34.36 £0.88a 23.31+0.37a
LT 24.04+0.38ab 24.17+0.23ab 2260+1.09a 36.98+1.50a 3452+158a 19.58 +0.61a
MT 23.07+118b 2322+1.19bh 2243+116a 35.10%+3.96a 33.92+3.83a 22.26+2.01a
HT 26.44+090a 26.60+0.90a 2527+1.03a 41.64+3.6la 39.67+4.06a 24.62+3.79a
20-40 CK 2412+121ab 2430+1.21ab 2353+0.67ab 32.65+274ab 31.58 +2.03 ab 23.90+1.65a
LT 23.01+048b 23.14+0.82b 2212+037b 3247+052ab 31.03+£0.37 ab 1856 +1.77 b
MT 2230+0.81b 22.44+139b 21.20+1.19b 29.30+1.24b 27.69+1.72b 18.18 + 0.06 b
HT 26.46+0.33a 26.62+0.59a 26.07+1.06a 37.02+0.80a 36.25+1.64a 21.72+1.88ab

TThe letters in each column indicate that there are significant differences between different treatments in the same soil layer (P < 0.05).
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3.5 Changes in soil nutrient content under
different re-cultivation methods

3.5.1 Changes in soil ph and organic matter
content under different cultivation methods

The pH of the soil can affect some chemical
reactions in the soil and is a response to the differ-
ent free ion ratios in the soil. As seen in Table 6,
there were different degrees of differences in
ph between different patterns of the same soil layer,
which showed that HT > MT > LT > CK, indicating
that the acidity of the soil in the stand diminished as
the density of Eucalyptus in the stand decreased.
Soil organic matter is one of the important indica-
tors for evaluating soil properties and can improve
the effectiveness of soil nutrients. As shown in Fig-
ure 1, the soil organic matter of 0-20 cm was sig-
nificantly higher than that of 20-40 cm in each
model. The differences in soil organic matter con-
tent among different treatments in the same soil
layer all reached significant levels. It showed a
trend of increasing and then decreasing with the
decrease of Eucalyptus density, which showed MT >
LT > HT > CK. It can be seen that the HT and LT
models have higher soil organic matter content
and better fertilizer retention and supply capacity,
which may be related to the reasonable mix of stand
structure, which can produce more dead leaves and
higher fern cover in the forest understory.

3.5.2 Changes in soil total N, total P, and to-
tal K contents under different re-cultivation
methods

The content of soil total N, total P and total K
is an important indicator to respond to the long-term
fertility level of soil. From Figure 1, it can be seen
that the contents of total N, total P and total K per
unit soil volume in the same soil layer differed to
different degrees among different modes. The con-
tents of total N, total P, and total K in the 0-20 cm
soil layers were greater than those in the 20-40 cm
soil layer in each model. In the 0-20 cm soil layer,
the performance of soil total N was MT > LT > HT >
CK, which was similar to the performance of or-
ganic matter content, while in the 20-40 cm soil

layer, LT was better than other treatments, and there
was no significant difference in total N content
among other treatments; in terms of total P content,
it was MT > HT > LT > CK in the 0-20 cm soil
layer, and in the 20-40 cm In terms of total K con-
tent, CK > MT > LT > HT in the 0-20 cm soil layer
and CK > LT > MT > HT in the 20-40 cm layer,
and the total K content showed a trend of decreas-
ing with decreasing density of Eucalyptus in the
stand. The results of the analysis of the total N, P
and K contents of different soil layers in different
treatments showed that the conversion treatments
with smaller Eucalyptus densities were favorable to
the increase of total N and P nutrients, while the
conversion treatments with higher Eucalyptus den-
sities were favorable to the increase of total K nu-
trients.

3.5.3 Changes of soil fast-acting N,
fast-acting P and fast-acting K contents un-
der different cultivation treatments

Soil fast-acting nutrients are the guarantee of
high crop yield and can be directly absorbed and
used by crops. The results of Figure 1 show that the
content of fast-acting nutrients in the 0-20 cm soil
layer of each model is higher than that in the 20-40
cm soil layer. In terms of fast-acting N, HT > LT >
MT > CK in the 0-20 cm soil layer, LT was signifi-
cantly higher than other treatments in the 20-40 cm
soil layer, and there was no significant difference
among other treatments; in terms of fast-acting P,
the effect among soil layers was: HT > MT > LT >
CK in the 0-20 cm, MT > HT > LT > CK in the 20-
40 cm, and the fast-acting P content in all soil layers
continued to increase with decreasing density of
Eucalyptus. In terms of fast-acting K, the differ-
ences among soil layers were not significant, with
LT significantly higher than other treatments in the
0-20 cm soil layer and no significant differences
among other treatments. The results of the analysis
showed that the effect of soil fast-acting nutrient
content was better in the treatments with smaller
Eucalyptus density.
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Figure 1. Soil chemical properties of different soil layers in different cultivation methods.
Note: The letters on the column indicate that there are significant differences (P < 0.05) between different treatments in the same soil

layer.

4. Conclusion and discussion with decreasing density in mixed stands, which is
similar to the results of previous studies®?”. Euca-

lyptus is a former silvicultural species, which
has been above the canopy for a long time, and the
reduced density of silviculture and reduced compe-
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The present study showed that the diameter
at breast height, tree height and individual wood
volume of Eucalyptus in mixed stands increased



tition among individuals, together with the in-
creased light penetration in the forest, lead to a
great advantage in resource acquisition and thus
changes in growth. The differences in diameter
at breast height and tree height between MT and HT
eucalypts are not significant, and the reasons for
this are: first, after the eucalypts grow to a certain
age, the respiratory consumption of the tree in-
creases and the supply of nutrients required for tree
height growth decreases; second, during the growth
of Eucalyptus stands, the available soil nutrients are
reduced due to the overgrowth of other mixed spe-
cies, which eventually limits the growth of tree
height; third, Chen mentioned in his study that un-
derstory ferns would Third, Chen mentioned in his
study that understory ferns promote the growth of
Eucalyptus?, and it was observed that the greater
depression of the stand at MT and the wetter soil
surface layer than HT resulted in ferns being the
dominant ground cover plant in its understory,
which indicates that the growth of Eucalyptus near
mature age is influenced by its biology.

After thinning of Eucalyptus trees, 3 kinds
of broad-leaved trees, namely Mytilaria laosensis,
Castanopsis hystrix and Michelia macclurei, were
interplanted in a strip-like pattern of Eucalyptus
and broadleaf. The three broad-leaved trees are
shade-tolerant when young, neutral shade after
middle age, prefer a warm and humid environment,
and have high preservation rates in all treatments.
Among them, Mytilaria laosensis has the best
growth status and stand structure in all treatments.
Castanopsis hystrix growth was significantly sup-
pressed in CK and LT treatments, but improved in
MT treatment and reached the optimum in HT
treatment. Michelia macclurei, on the other hand,
responded least to different density configurations
of Eucalyptus in the stand. In terms of stocking
volume of each tree species in the set, the treat-
ments with different intercutting intensities of Eu-
calyptus did not significantly increase the woody
growth of Michelia macclurei, but the treatments
with smaller Eucalyptus densities had a significant
effect on the woody growth of Mytilaria laosensis
and Castanopsis hystrix. This indicates that to
transform Eucalyptus near-mature forests into mul-

ti-species mixed forests and to cultivate Eucalyptus
large-diameter timber at the same time, the small
density of Eucalyptus in a stand can have better
ecological and economic benefits.

Eucalyptus  mixed with the  above
three broad-leaved trees can improve the nutrient
content of soil in Eucalyptus succession stands to a
certain extent, among which pH, organic matter,
total phosphorus, total nitrogen, fast-acting phos-
phorus, fast-acting nitrogen, and fast-acting potas-
sium perform better in the conversion stands with
smaller Eucalyptus densities. However, in terms of
soil physical properties, the MT and LT treatments
performed significantly worse than the HT and CK
treatments, which may be due to the poor root de-
velopment caused by the growth inhibition of the
overseeded native species in the CK treatment,
which occupied less space horizontally and had less
contact area with the root system of Eucalyptus and
no obvious growth competition, resulting in a more
reasonable horizontal distribution of the root system
in the mixed forest. In contrast, in LT and MT
treatments, the growth of the set species gradually
tends to normalize, the root system is well devel-
oped, the horizontal occupation of space gradually
increases, there is horizontal overlap, and the roots
mostly cross each other, causing root fracture and
division, distortion or even necrosis, and the soil
subsurface structure is damaged to some extent,
which is similar to Farooq’s study®??; Sarto and
Sudmeyer, on the other hand, both found in their
studies®?4 that the number of Eucalyptus roots
decreases significantly with increasing forest com-
position, while with the appearance of its lateral
extent of roots and maximum root density within
0.5 m of the soil surface will be in fierce competi-
tion with other species, and because of these rea-
sons dead and untimely decayed vegetation may
cause short-term deterioration of soil physical
properties. In the HT treatment, the soil structure
was rationalized again and soil physical properties
were significantly improved due to the significant
reduction of Eucalyptus density in the stand, which
led to an increase in the distance between the root
system of Eucalyptus and the root system of the
overgrown broadleaf forest. This aspect may also be
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related to the chemosensory effect of plants, where
mutual constraints between plants may switch to
mutual facilitation with the decrease in the number
of one of them[®28],

The differences in growth and various indica-
tors of soil physicochemical properties in the mixed
forests with different conversion methods are
mainly caused by different treatments of Eucalyptus
intercalation intensity, while the ecological differ-
ences in the mixed forests are amplified by the bio-
logical ecological properties of Mytilaria laosensis,
Castanopsis hystrix and Michelia macclurei them-
selves. For soil improvement, it is generally be-
lieved that mixed forests affect soil microbiological
traits and root secretions through decomposition of
apoplastic material®®™. It has been shown that Cas-
tanopsis hystrix with high amount of apoplastic
material and short decomposition cycle of apo-
plastic material has a great effect on soil improve-
ment and water conservation?l. The results of this
experiment showed that the physical properties of
the soil in the HT treatment where Castanopsis
hystrix grew better were significantly better than
those in the other stands, which may be related to
this reason. In the case of Mytilaria laosensis, some
studies showed that its promotion of soil sucrase,
protease and acid phosphatase were all significantly
higher than that of Eucalyptus, Castanopsis hystrix
and Michelia macclurei®®®3%, as well as significant
enhancement of soil microbial biomass carbon, ni-
trogen and phosphorust*. The strength of soil en-
zyme activity and the content of microbial biomass
carbon, nitrogen and phosphorus will directly affect
the soil nutrient content, which may lead to the re-
sults of this experiment in which LT, MT and HT
soil nutrient content, except for total potassium,
were significantly better than CK in the better
growing Mytilaria laosensis.

In this paper, we conducted a study on the ex-
periment of planting native species under different
intercutting intensities, focusing on the selection of
the best conversion treatment for the conversion of
Eucalyptus near-mature forest to multi-species
mixed forest, and we observed and analyzed the
growth and accumulation of Eucalyptus and three
native species, and measured and analyzed a series

of soil physical properties and nutrient contents,
which are of guiding significance for production.
Throughout the paper, the HT treatment was evalu-
ated highly in terms of the growth performance of
each species, stand structural performance, and soil
physical and chemical properties in the transition
period of the conversion of Eucalyptus near-mature
forests to multi-species mixed forests. However,
due to the large number of tree species involved in
this trial, there are limitations in the study of the
specific effects of chemosensory effects and root
distribution patterns among tree species on the
growth and soil physicochemical properties of
mixed forests. In addition, the experiment was
conducted for a short period of time, and there was
a lack of comparison between different years for
each index, so further research is needed on the
growth of mixed stands, changes in understory veg-
etation diversity, dynamic changes in soil physico-
chemical properties, and changes in soil enzyme
activity and soil microbial diversity.
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