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Eucalyptus  tree–Ageratina  adenophora  compound  system  is considered  as  a new  invasion  in Yunnan,  south-
west  China  in  recent  years.  In  this  paper,  the impacts  of  A. adenophora  invasion  on  the  soil  physical  and
chemical  properties  of  Eucalyptus  plantation  were  investigated,  based  on the  exploration  of  its causes,  the
assessment  of its  risk  and  the prediction  of its succession.  The  results  showed  that  the  invasion  had  a  dif-
ferent  impact  on  eight  different  physical–chemical  indexes  of  soil  in  Eucalyptus  plantation,  characterized
with  a certain  complexity.  Its impact  on  soil  water  was  featured  with  seasonal  difference,  namely,  during
the  rainy  season,  the  soil  water  concentration  decreased  significantly,  while,  in  the  dry  season,  the  soil
geratina adenophora
iological invasion
ucalyptus plantation
oil properties
gro-forest ecosystem

water  concentration  increased  significantly  (excluding  the  severely  invasive  sample  on  shadowy  slope).
Meanwhile,  its impact  on soil  organic  matters  (SOM),  soil nitrogen  (TN,  AN),  soil  phosphorus  (TP,  AP)  and
soil  potassium  (TK,  AK)  was related  to seasons,  exposure  and  invasive  degrees  of A. adenophora,  but  there
was  no  unified  rule  for them,  which  should  be studied  further.  It is  expected  to  provide  a  theoretical  basis
for  the  sustainable  operation  and  scientific  management  of Eucalyptus  plantation  under  the  condition  of
A.  adenophora  invasion  for  sustainable  agro-forest  ecosystems.
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. Introduction

Ageratina adenophora, an herbal plant, belongs to Eupatorium
enus of Compositae Family, originated from Mexico and Costa
ica in Central America, now it is a typical vicious invasive weed
orldwide, which is widely distributed in more than 30 countries

nd regions in tropical and subtropical areas (Xie et al., 2001). In the
940s, it was introduced into Lincang, a boundary county in Yunnan
hina, from Myanmar, now, it has been widely spread to Yunnan,
uizhou, Sichuan, Chongqing, Guangxi, even further to Taiwan of
hina (Xie et al., 2001), and it continues to spread further east-

ard and northward at an annual speed of 20 km (Wang and Wang,

006). Its invasion could produce many ecological impacts, such as
hanges in soil quality (Kourtev et al., 2002; Niu et al., 2007), the
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xclusion of local species (Stinson et al., 2006; Mangla et al., 2008),
amages to regional biodiversity (McGeoch et al., 2010; Pritekel
t al., 2006), which has brought about enormous economic losses
Xu et al., 2006; Zhu et al., 2005). Meanwhile, due to the covert-
ess of its invasive impacts on soil construction and quality, along
ith lack of in-depth researches and deficiency in the understand-

ng of its occurrence mechanism and influential factors, there is a
ajor technological challenge on the cause exploration and risk

ssessment of its invasion.
Recently, in parts of Yunnan China such as Kunming, Chuxiong,

u’er, etc., it was  found that in Eucalyptus plantation with rare local
pecies, A. adenophora could not only survive but widely spread,
hus Eucalyptus tree–A. adenophora compound system appeared
Yu et al., 2013). Behind such phenomenon lied some major sci-
ntific issues, e.g., what’s the essential reason for such a compound

ystem? What ecological impacts would it produce, and how would
t go in succession? Based on its great significance, a series of studies
ad been done. In this paper, the impact of A. adenophora invasion
n soil physical and chemical properties (including soil water, soil
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Table 1
Soil water of different invasive samples (%).

Invasive
samples

Rainy season Dry season

Sunny slope Shadowy slope Sunny slope Shadowy slope

SIS (T1) 13.80 ± 2.74a 16.80 ± 3.62b 10.25 ± 2.14b 9.75 ± 1.91a
MIS  (T2) 15.60 ± 3.13b 14.40 ± 3.28a 11.00 ± 2.22b 12.75 ± 2.33c
LIS  (T3) 12.00 ± 2.59a 16.80 ± 3.46b 9.50 ± 1.86a 13.25 ± 2.54c
WIS  (CK) 17.40 ± 3.55c 19.80 ± 3.85c 9.00 ± 1.82a 11.25 ± 2.07b
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rganic matter, soil nitrogen, and soil phosphorus and soil potas-
ium) of Eucalyptus plantation would be mainly explored.

. Materials and methods

.1. A brief introduction to the research area

Humashan Hill in Kunming, Yunnan was selected as the
esearch site, with its geographical coordination of 25◦06′76′′ N
nd 102◦76′51′′ E and an altitude of about 1920 m above sea level.
t goes from eastward to westward, characterized with obvious dry
nd wet seasons. From mid  May  to mid  October, it’s the rainy sea-
on, while from the late October to early May, the dry season, with
n annual average temperature around 16 ◦C and 850–950 mm of
nnual rainfall. The soil in the research site is characterized with
ed earth, with Eucalyptus globules plantation as its main vegetation
ith the invasion of A. adenophora.

.2. Sample sites selecting

Different water and thermal condition of the sunny side and
hadowy side of Humashan Hill and different invasive degrees of
. adenophora into Eucalyptus plantation were taken into consid-
ration, thus 12 sample sites with an area of 10 m × 10 m with a
imilar altitude were selected in Eucalyptus plantation on the sunny
nd shadowy side of the Hill respectively. Among 12 sample sites
n each side of the Hill, 3 of them were severely invasive samples
SIS, with an invasive coverage of 51–70%, served as treatment 1
T1)) and were marked with SIS1, SIS2, SIS3 (represented 3 repeats
f treatment 1), respectively; 3 of them were moderately inva-
ive samples (MIS, with an invasive coverage of 31–50%, served
s treatment 2 (T2)) and were marked with MIS1, MIS2, MIS3 (rep-
esented 3 repeats of treatment 2), respectively; 3 of them were
ightly invasive samples (LIS, with an invasive coverage of 11–30%,
erved as treatment 3 (T3)) and were marked with LIS1, LIS2, LIS3
represented 3 repeats of treatment 3), respectively; and 3 of them
ere weakly invasive samples (WIS, with an invasive coverage

elow 10%, served as treatment control (CK)) and were marked
ith WIS1, WIS2, WIS3 (represented 3 repeats of treatment con-

rol), respectively. All the sample sites were used for soil samples
ollecting.

.3. Soil sample collecting and the test of its physical–chemical
ndexes

In September, 2012 (the rainy season) and April, 2013 (the dry
eason), soils (0–30 cm layer) in each sample site in Eucalyptus
lantation were collected twice as samples for the test of physical
nd chemical indexes. The specific test indexes and methods were
hown as below: water concentration was measured by the Oven
rying Method; the concentration of organic matter was  measured
y Oxidation–Reduction Titration; the concentration of total nitro-
en (TN) was measured with Potassium Dichromate–Sulfuric Acid
igestion and Distillation; the concentration of alkali-hydrolyzale
itrogen (AN) was measured with NaOH–Hydrolyzation Diffu-
ion; the concentration of total phosphorous (TP) was measured
ith Sulfuric Acid–Perchloric Acid Extraction and Molydenum-
ntimony-d-iso-ascorbie-Acid-colorimetry (MADAC); the con-
entration of available phosphorus (AP) was  measured by

mmonium Fluoride Extraction and MADAC; the concentration
f total potassium (TK) was measured with Molten Sodium
ydroxide-Colorimetry; the concentration of available potassium

AK) was measured with Ammonium Acetate Extraction-Flame
hotometry.

E

E
s

ote: Data are mean ± SE; different letters (same letters) stand for significant differ-
nce (no significant difference) when p = 0.05; it is same to Tables 2–4 and Figs. 1–4.

. Results

.1. The impact of A. adenophora invasion on soil water in
ucalyptus plantation

The impact of the invasion of A. adenophora on soil water in
ucalyptus plantation varied greatly with the change of seasons
Table 1). In the rainy season, it reduced the water concentration of
he samples (compared to CK) (Table 1); on the contrary, in dry sea-
on, the invasion of A. adenophora raised the water concentration
f the invasive samples (excluding the severely invasive sample in
hadowy slope) (compared to CK) (Table 1). Such rule was possible
elated to the flexible water use characteristics of A. adenophora (Zu
t al., 2005). However, the relation between soil water concentra-
ion in Eucalyptus plantation and invasion degree of A. adenophora
s not linear.

.2. The impact of A. adenophora invasion on soil organic matters
n Eucalyptus plantation

The impact of the invasion of A. adenophora on soil organic mat-
ers in Eucalyptus plantation was  related to seasons, exposure and
he invasive degrees (Fig. 1).

During the rainy season, on the sunny slope, in SIS and LIS,
oil organic matters increased significantly, by contrast, in MIS,
oil organic matters decreased significantly (compared to CK)
Fig. 1(a)); while on the shadowy slope, in SIS and LIS, soil organic

atters were characterized with no significant difference, by con-
rast, in MIS, soil organic matters increased significantly (compared
o CK) (Fig. 1(a)).

During the dry season, on the sunny slope, soil organic mat-
ers increased significantly in all samples with the invasion of A.
denophora to a different extent (compared to CK), and it is the most
ignificant that the soil organic matters increased in MIS  (Fig. 1(b));
y contrast, on the shadowy slope, in SIS and LIS, though soil organic
atters increased, there was  no significant change, on the contrary,

n MIS, soil organic matters decreased significantly (compared to
K) (Fig. 1(b)).

These vibrations of soil organic matters described above were
ossibly due to the change in the process of humification and min-
ralization of soil organic matters (Huang and Xu, 2010) under the
ondition of the invasion of A. adenophora. Besides, the result was
imilar to the study that showing soil organic carbon dynamics in a
oastal wetland of Eastern China with short-term invasion by exotic
lant Spartina alterniflora (Yang et al., 2013).

.3. The impact of A. adenophora invasion on soil nitrogen in
ucalyptus plantation
The impact of the invasion of A. adenophora on soil nitrogen in
ucalyptus plantation was related to seasons, exposure, and inva-
ive degrees (Table 2 and Fig. 2).
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Fig. 1. Soil organic matter (SOM) of different invasive samples (%). Note: (a) Rainy season. (b) Dry season.
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Fig. 2. Soil AP of different invasive samples

Take soil TN for instance, during the rainy season, on the sunny
ide, in SIS and LIS, soil TN was characterized with significant
ncrease, while in MIS, soil TN was characterized with significant
ecrease (compared to CK) (Table 2); on the shadowy side, in all
amples, soil TN increase to a certain degree, while in MIS, soil TN
as characterized with no significant increase (compared to CK)

Table 2). During the dry season, on the sunny slope, in MIS, the
oncentration of soil TN increased significantly, while the concen-
ration of soil TN in SIS and LIS decreased significantly (compared
o CK) (Table 2); by contrast, on the shadowy slope, in SIS, soil TN
as characterized with no significant increase, while in MIS  and

IS, soil TN was characterized with significant decrease (compared
o CK) (Table 2).

Take soil AN for another instance, during the rainy season, on

he sunny slope, in all samples, soil AN increased, while there was
o significant increase in MIS  (compared to CK) (Fig. 2(a)); by
ontrast, on the shadowy slope, in all samples, soil AN increased

able 2
oil TN of different invasive samples (g/kg).

Invasive
samples

Rainy season Dry season

Sunny
slope

Shadowy
slope

Sunny
slope

Shadowy
slope

SIS (T1) 0.56 ± 0.15c 0.54 ± 0.16b 0.38 ± 0.10a 0.54 ± 0.15b
MIS  (T2) 0.36 ± 0.10a 0.42 ± 0.12a 0.58 ± 0.16c 0.38 ± 0.12a
LIS  (T3) 0.54 ± 0.14c 0.52 ± 0.14b 0.37 ± 0.12a 0.42 ± 0.13a
WIS  (CK) 0.44 ± 0.12b 0.38 ± 0.10a 0.48 ± 0.13b 0.52 ± 0.14b

i

a
a

T
S

kg). Note: (a) Rainy season. (b) Dry season.

ignificantly (compared with CK), while there was no significant
ifference between SIS, MIS  and LIS (Fig. 2(a)). During the dry sea-
on, in the sunny samples, the concentration of soil AN in SIS and
IS  decreased significantly, while there was  no significant change

n LIS (compared to CK) (Fig. 2(b)); by contrast, in the shadowy
amples, in SIS, soil AN increased significantly, while in MIS  and
IS, soil AN decreased significant (compared to CK) (Fig. 2(b)).

.4. The effect of A. adenophora invasion on soil phosphorus in
ucalyptus plantation

The effect of the invasion of A. adenophora on soil phospho-
us in Eucalyptus plantation was related to seasons, exposure, and

nvasive degrees (Table 3 and Fig. 3).

As for soil TP, during the rainy season, on the sunny side, in
ll samples, soil TP increased significantly (compared to CK), in
ddition, in LIS and MIS, soil TP is significantly higher than in

able 3
oil TP of different invasive samples (g/kg).

Invasive
samples

Rainy season Dry season

Sunny
slope

Shadowy
slope

Sunny
slope

Shadowy
slope

SIS (T1) 0.46 ± 0.13b 0.43 ± 0.11b 0.44 ± 0.10a 0.56 ± 0.11b
MIS  (T2) 0.54 ± 0.10c 0.46 ± 0.10bc 0.48 ± 0.07a 0.42 ± 0.14a
LIS  (T3) 0.58 ± 0.08c 0.55 ± 0.07c 0.46 ± 0.12a 0.51 ± 0.10b
WIS  (CK) 0.39 ± 0.11a 0.36 ± 0.12a 0.43 ± 0.10a 0.41 ± 0.13a
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Fig. 3. Soil AK of different invasive samples

IS (Table 3); by contrast, on the shadowy side, in all samples,
oil TP was characterized with significant increase (compared to
K), in addition, in LIS, soil TP is significantly higher than in MIS
nd SIS (Table 3). During the dry season, on the sunny side, in
ll samples, soil TP was  characterized with no significant increase
compared to CK) (Table 3); by contrast, on the shadowy side, in
IS and LIS, soil TP increased significantly, while in MIS, soil TP
as characterized with no significant change (compared to CK)

Table 3).
As for soil AP, during the rainy season, on the sunny side, in sam-

les with different degrees of invasive A. adenophora, there was no
ignificant change in soil AP (compared to CK) (Fig. 3(a)); while on
he shadowy side, in SIS, soil AP decreased significantly, by con-
rast, in MIS  and LIS, soil AP increased significantly (compared to
K) (Fig. 3(a)). During dry season, on the sunny side, in samples
ith different degrees of invasive A. adenophora, there was  no sig-
ificant change in soil AP (compared to CK) (Fig. 3(b)); while on the
hadowy side, in SIS, soil AP increased significantly, by contrast, in
IS  and LIS, there was no significant change in soil AP (compared

o CK) (Fig. 3(b)).

.5. The effect of A. adenophora invasion on soil potassium (K) in
ucalyptus plantation

The effect of the invasion of A. adenophora on soil potassium (K)
n Eucalyptus plantation was also related to seasons, exposure, and
nvasive degrees (Table 4 and Fig. 4).

Take soil TK for instance, during the rainy season, on the sunny
ide, in SIS and LIS, soil TK was characterized with significant
ncrease and no significant increase respectively, while in MIS, soil
K decreased significantly (compared to CK) (Table 4); by contrast,

n the shadowy side, in all samples, soil TK was characterized with
ignificant increase with the invasion (compared to CK) (Table 4).
uring the dry season, on the sunny side, in all samples, soil TK was
haracterized with significant decrease, with an order as follow:

able 4
oil TK of different invasive samples (g/kg).

Invasive
samples

Rainy season Dry season

Shadowy
slope

Sunny
slope

Shadowy
slope

Sunny
slope

SIS (T1) 5.93 ± 1.32c 6.81 ± 1.31c 4.51 ± 1.03ab 6.52 ± 1.26c
MIS  (T2) 4.37 ± 0.85a 6.42 ± 1.08bc 4.02 ± 0.75a 5.05 ± 0.73a
LIS  (T3) 5.25 ± 1.10b 6.10 ± 0.91b 4.35 ± 0.93a 6.38 ± 1.19c
WIS  (CK) 5.11 ± 0.96b 5.35 ± 0.77a 5.28 ± 1.25c 5.73 ± 0.88b

L
M
e
(
P
p
C
n
(
P
t
a
o
a
a

kg). Note: (a) Rainy season. (b) Dry season.

IS  > LIS > SIS (compared to CK) (Table 4); by contrast, on the shad-
wy side, in SIS and LIS, soil TK was  characterized with significant
ncrease, while in MIS, soil TK decreased significantly (compared to
K) (Table 4).

Take soil AK for another instance, during the rainy season, on the
unny side, soil AK increased significantly in all the samples (com-
ared to CK), with the order as below: LIS < SIS < MIS  (Fig. 4(a));
y contrast, on the shadowy side, soil AK also increased signifi-
antly in all the samples (compared to CK), with the order as below:
IS > SIS > MIS  (Fig. 4(a)). During the dry season, on the sunny side,
n SIS and MIS, soil AK increased significantly, while in LIS, there

as no significant change in soil AK (compared to CK) (Fig. 4(b));
n the shadowy side, in SIS and LIS, soil AK decreased significantly,
hile there was no significant change in soil AK in MIS (compared

o CK) (Fig. 4(b)).

. Discussion

At present, biological invasion throughout the world has greatly
ffected and changed the ecological environment which is of great
ignificance for human existence, and threat to its health and stable
nd sustainable development as well (Wang et al., 2013; McGeoch
t al., 2010; Celesti-Grapow et al., 2010; Wan  et al., 2009; Reaser
t al., 2007; Matthews, 2005; Matthews and Brand, 2004). Thus,
cholars and governments worldwide have paid high attention to
he global issue (Walpole et al., 2009; Barnard and Waage, 2004;
AB International, 2004; Mooney, 1999) and made great efforts in
ome relative fields such as researches on biological invasive mech-
nism (Wang et al., 2011; Feng et al., 2009; Handley et al., 2008;
unk and Vitousek, 2007; Callaway et al., 2004; Torchin et al., 2003;
ennedy et al., 2002; Callaway and Aschehoug, 2000), investigation
n eco-environmental impacts (Zhang et al., 2013; Yang et al., 2013;
i et al., 2013a,b; Chen et al., 2012; Cui et al., 2011; Zhou et al., 2009;
angla et al., 2008; Niu et al., 2007; Stinson et al., 2006; Pritekel

t al., 2006; Pimentel et al., 2005) and socio-economic impacts
Emerton and Howard, 2008; Colautti et al., 2006; Xu et al., 2006;
imentel et al., 2005), improvement of management strategies and
ractices (Chang et al., 2013; Shine, 2008; Wan  et al., 2008a,b;
AB International, 2004; Commission SAUSoAB-N, 2000), and tech-
ologies exploration on prevention and control of invasive species
Alday et al., 2013; Wan  et al., 2008a,b; Macdonald et al., 2003;
allewatta et al., 2003; Shine et al., 2002). However, compared with
he spreading range and developing speed of the invasive species

nd their damages as well, the width (depth) and developing speed
f human recognition and counter measures towards its invasion
nd spread have lagged far behind its development. By taking A.
denophora in this paper as an example, its invasion began around
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Fig. 4. Soil AN of different invasive sample

0 years ago, but the research on its prevention and control just
egan 30 years ago, up to till now, there was no effective way
o deal with it (Wan  et al., 2010). Therefore, 2 problems will be

ainly discussed further in combination with the above result of
his paper.

.1. Monitoring the evolution of invaded soil environment quality

It’s well known that soil is a rather stable environmental media;
ts reaction towards the abrupt change of external nature is charac-
erized with a certain buffer (Huang and Xu, 2010). In this study, the
mpact of the invasion of A. adenophora on the soil chemical index
f Eucalyptus plantation is characterized with irregular changes,
hich is possibly due to the buffer effect of the invaded soil. How-

ver, whether such kind of irregular changes is a universal effect
n the soil of Eucalyptus plantation due to the long term invasion
f A. adenophora or not is not yet decided with sufficient evidence,
hich should be monitored and studied further in the future. In

ddition, the impact of A. adenophora invasion on biological char-
cteristics of soil in Eucalyptus plantation should be explored, since
t is helpful for a comprehensive understanding of soil environment
ffects of invasive species. Therefore, a long-term and systematic
onitoring on the evolution of invaded soil environment quality

hould be strengthened in the near future.

.2. The ideological and methodological transition of the
revention and control towards invasive species

In the past decades, invasive species were considered as harmful
pecies to agriculture and forestry, thus more attention was  paid
o its prevention and control. While at present, continuous major
ndings related to the benefits of some invasive species worth
eveloping have been observed. For instance, the typical aquatic
lant Eichhornia crassipes, which invaded into Asia, can be used to
ngineer soil nutrient availability in a low-land rain-fed rice farm-
ng system of north-east India (Balasubramanian et al., 2013), as

ell as the function of the powder of its root as absorbing and
liminating water heavy metal pollutants (Li et al., 2013a,b); S.
lterniflora, a typical invasive species in China has the potential
s biofuels, besides, it also has strong carbon sequestration capa-
ilities (Lu and Zhang, 2013); and the list can go on. Such cases
ave provided significant enlightenment for environment protec-
ionists – invasive species should be treated as raw materials to be

eveloped further to control its development rather than directly
reventing and controlling it in vain. Therefore, scientific outlook
nd technological methods to the prevention and control of inva-
ive species should be adjusted and changed as well. A. adenophora,

C

C

kg). Note: (a) Rainy season. (b) Dry season.

or example, its negative ecological environment effect is
niversally recognized, but it cannot only be used to produce for-
ge, methane, active carbon, and biomass, and can also be treated
s composting material or an ecological recovery species for a cer-
ain phrase in extremely environment, which indicated that it is
f a certain recycling value. It can be forecast that in the way  of
ecycling and consuming its biomass, the effective prevention and
ontrol over A. adenophora population can be realized eventually.

. Conclusions

The impacts of the invasion of A. adenophora on eight differ-
nt physical-chemical indexes of soil in Eucalyptus plantation were
haracterized with great differences and a certain complexity as
ell. Its impact on soil water was  featured with seasonal difference,
amely, in the rainy season, soil water concentration decreased
ignificantly, while in the dry season, soil water concentration
ncreased significantly (excluding the severely invasive sample in
hadowy slope). Its impact on soil organic matters (SOM), soil nitro-
en (TN, AN), soil phosphorus (TP, AP) and soil potassium (TK,
K) was  related to seasons, exposure and invasive degrees of A.
denophora, whereas, there was  no unified rule suitable for all of
hem, thus its influential mechanism required for further study.
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