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Abstract 
 

22 plots at the Xiaoheijiang base, located in the lower-middle reaches of the Lancang-Meikong River in China, were 
investigated to analyze the understory biodiversity of Jatropha curcas plantations. Two kinds of mixed modes of J. curcas 
(mixed plantation with Macadamia integrifolia and mixed plantation with shrub species) and a pure plantation of J. curcas 
were planted, while the native vegetation served as a control. The plots were distributed along the gradients of forest 
management, succession and elevation by CCA analysis. Species richness was not significantly different for the different 
types of plantation, but the evenness of species could be affected, especially for the total community and the understory by 
planting J. curcas. The diversity and evenness indices of species were affected for the mixed plantation with different 
proportions of M. integrifolia, especially for the shrub layer, the Shannon diversity index and Pilou evenness index showed 
significant differences. And for the different mixed shrub species, only the Shannon diversity index and Pilou evenness 
index were significantly different. Finally, from the perspective of biological diversity, J.curcas plantation with shrub 
species would be a recommended planting model for ecological restoration in a dry-hot valley area, while J. curcas 
plantation with M. integrifolia would be an effective planting model to balance crop yield and food security.  
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Introduction 
 

Biodiversity has long been an important objective of 
forest management because it provides a broader array of 
ecosystem services (Hooper et al., 2005; Carnus et al., 
2006). Forest plantations have increased in area 
considerably in the last decades all over the world and this 
trend is predicted to continue (Anon., 1999; Moore & 
Allen, 1999; Hartley, 2002; Lachat et al., 2006). Forest 
plantations provide a range of forest products on a 
relatively limited land surface and can therefore 
contribute to reducing deforestation and degradation of 
natural forests (Anon., 2001). The biodiversity of 
plantations has been a topic of much discussion 
(Brockerhoff et al., 2008). Especially for fast-growing 
plantations, it has been debated internationally whether 
they cause local biodiversity to increase or decrease 
(Anon., 1989; Tang et al., 2007; Zhao et al., 2007). A 
common perception of plantation forests is that they are 
ecological deserts that do not provide habitat for valued 
organisms (Magura et al., 2000; Raman, 2006; Lachat et 
al., 2006). However, numerous studies in many countries 
have documented that plantation forests can provide 
habitat for a wide range of native forest plants, animals, 
and fungi (Parrotta et al., 1997; Oberhauser, 1997; 
Humphrey et al., 2000; Brockerhoff et al., 2003; Barbaro 
et al., 2005; Carnus et al., 2006). Moreover, it has been 
generally acknowledged that the biodiversity of mixed 
forests is greater than that of pure forests. Carnevale & 
Montagnini (2002) found that species richness and 
abundance were greatest in mixed-species plots. 

Jatropha curcas, a bush/small tree belonging to the 
family of Euphorbiaceae, is a native of tropical America. 
That now also thrives in many parts of the tropics and 
sub-tropics in Africa and Asia. It grows under a wide 
range of rainfall regimes from 200 to over 1500 mm per 

annum (Openshaw, 2000). It has gained attention in many 
countries for its hardiness, easy propagation, drought 
endurance high oil content, rapid growth, and adaptation 
to wide agro-climatic conditions. Thus it has been 
promoted in southern Africa, Brazil, Mali, India, Nepal 
and China etc. (Kumar & Sharma, 2008; Divakara et al., 
2010). In China plans have been made to use this bio-
energy plant to develop a material forest which will 
provide 6 billion litres of biodiesel oil by the end of 2020 
(Stewart & Liu, 2011). In Yunnan, a province in the 
southwest of China, a project began in 2007 to form a bio-
energy forest base of J. curcas with an area of 667 000 
hm2 by 2016 (Liu, 2007). The massive investment in new 
Jatropha plantations worldwide, however, is not 
sufficiently based on a profound scientific knowledge of 
its ecology (Maes et al., 2009). In particular the artificial 
pure forest may present some ecological problems, it has 
been found that water extracts from leaves of J. curcas 
has an allelopathic effect on its seed germination (He et 
al., 2009). J. curcas is susceptible to various diseases and 
insect pests (Shanker & Dhyani, 2006; Wu et al., 2008; Li 
et al., 2008; Xu et al., 2011). Despite some initial 
investigation of the mixed forest and the establishment of 
several models (Ou et al. 2008), there is almost no reports 
about Jatropha plantation biodiversity.  

J. curcas was planted in the slope area in the valley 
area of southwest China, in the dry-hot valley which is 
typically an ecologically fragile area. This type of region 
features sparse vegetation, dry and barren soil, and serious 
water and soil erosion (Li et al., 2011). Vegetation 
restoration has been considered a serious challenge in this 
area. J. curcas had grown mainly scattered around houses 
or planted for hedgerows before the large-scale 
cultivation in this region began. To improve the 
vegetation restoration, we planned to use the mixed 
plantation model of planting J. curcas with native shrub 
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species, but first we would need to predict the potential 
biodiversity changes caused by planting J. curcas. 

Despite the fact that it is largely undomesticated, 
Jatropha needs resources like any other crop to achieve 
high productivity. If Jatropha has to compete for land with 
food crops or high carbon stocks, it loses its acclaimed 
sustainability advantages. The considerable lack of 
knowledge about the genetics, input responsiveness and 
agronomy of Jatropha makes its yields hard to predict 
(Achten et al., 2008; 2010). Scientists in Brazil and India 
are increasingly concerned as to whether biofuels will 
cause the disappearance of natural habitats or replace food 
production (Schaldach et al., 2011). Because the concept 
and practice of production of feedstocks for biofuels remain 
contested as to the threat they pose to food security, Jingura 
et al. (2011) assessed the availability and suitability of 
various land types as well as agro-ecological conditions for 
the production of Jatropha in Zimbabwe. For the 
sustainable development of Jatropha for bio-energy we 
would need to find a balance between the yield of Jatropha 
fruit and food security. A model that would appear to fit the 
facts would be the mixed model with some economic trees. 
But first we would need to understand any potential 
understory biodiversity change of the mixed plantations. 

So we set out to research the understory biodiversity 
of J. curcas plantation. Taking into consideration the 
afforestation of the barren slope area and the balance 
between planting Jatropha and food security, combined 
with the basic condition of the site, we planted two kinds 
of mixed modes of J. curcas. One was a mixed plantation 
of J. curcas with Macadamia integrifolia (with different 
mixed ratios); the other was a mixed plantation of J. 
curcas with shrub species. A pure plantation of J. curcas 
was also planted. The native vegetation around the site 
was analyzed as a control.  

The objectives of the research are to compare species 
richness, diversity and evenness at the different layers of 
the understory for the different J. curcas plantations and the 
native communities plots, and discuss the different 
plantations in terms of the ecological restoration of the 
planting area and the balance between the Jatropha yield 
and food security from the perspective of biodiversity, i.e., 
whether or not the two kinds of mixed modes are worth 
promoting from the perspective of biological diversity. 
 
Materials and Methods 
 

The object of the study was 4 years’ growth of 
Jatropha curcas plantation at a base in Xiaoheijiang in 
Yunnan province, located in the lower-middle reaches of 
the Lancang-Meikong River in China. The plantation and 
local native vegetation communities had been investigated 
in 2011. The communities were initially divided by CCA 
ordination, and the succession of J. curcas plantation and 
the communities’ biodiversity along environmental 
gradient and forest management had been analyzed. 
Biodiversity differences among the varied mixed 
proportions of J. curcas and the two kinds of mixed 
shrubs in the plantation had been researched. Finally the 
forest management and ecological restoration of the 
plantation had been discussed to provide advice and 
references for its cultivation and management. 

Study site 
 

The experimental area was located in Shuangjiang 
county, southwestern Yunnan province, China. The county, 
through the North Tropic of Cancer Cross, is located at 
99°35′15″-100°09′33″E, 23°11′58″-23°48′50″N, east of the 
Lancang-Mekong River and north of the Xiaohei River 
which is a first level branch of the Lancang-Mekong River. 
The highest elevation in Shuangjiang county is 3223.5m 
and the lowest is 662.0m. The climate is subtropical 
montane monsoon where the mean annual temperature is 
19.5� and the mean annual rainfall is about 1007.4 mm. 
The main rainfall period is from June to October, while the 
period from November to May is relatively dry.  

The sampling data were mainly collected at the 
demonstration base of high yield cultivation technique on 
the J. curcas plantation near the Xiaohei River in 
Shuangjiang county. The altitude there ranges from 800m 
to 1500m. The soil belongs to the latosolic red earth 
group derived from schist, phyllite and alluvial deposits 
of ancient rivers, and is light loam in texture, deep and 
hardened (Hu et al., 2010). The main types of forestation 
land are grassland and shrub-grassland which are 
dominated by Dodonaea viscosa, Woodfordia fruticosa, 
Phyllanthus emblica, Heteropogon contortus, and 
Eupatorium odoratum, and some land that had been 
planted with some commercial trees, such as Macadamia 
integrifolia. J. curcas plantation had been planted at the 
site in 2007 and the proportion of J. curcas at the tree 
layer is from 60 to 100 % (Fig. 1). 
 
Data collection: Twenty-two plots were investigated 
during the sampling in August 2011. The sampling plot 
size was 100m2.  

The environmental features of each plot were 
described by altitude, slope, aspect, etc. Any human 
impacts, such as forest management, past logging or 
grazing, etc., were recorded. 

Most of the plant species were identified in the field 
using botanical keys and local knowledge. Species that 
could not be identified in the field were identified at the 
herbarium of Southwest Forestry University. 
 
Data analysis: The height, number and coverage of the 
species and the base diameter of the trees were measured. 
The Important Values (IVs) of each species and some 
diversity indices of each sample were computed. 
 

( ) / 3r r rIVs D H C= + +           (1) 
 
where 
Dr is species relative abundance of a plot, 
Hr is species relative height of a plot, 
Cr is species relative dominance of trees, or species 
relative coverage of the shrubs and herbs at a plot. 
 

According to the computing methods of plant 
community diversity which had used the important value 
(IV) calculated by Ma et al. (1995), four diversity indices 
were selected: the Gleason diversity index (Dg), Shannon-
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Wiener diversity index (Hsw), Simpson diversity index 
(Dsm) and Pielou evenness index (Epi). Their values were 
computed as follows: 
 

/ IngD S A=
    (2) 

21sm iD P= −∑    (3) 
Insw ii

H P P= −∑    (4) 

max/pi swE H H=
   (5) 

max InH S=     (6) 
where  
S is the number of species, 
A is the area of the plot, 
Pi is proportion of the total sample belonging to the ith 
species, 

Hmax is the potential maximum value of Shannon-Wiener 
diversity. 
 

The diversity indices of the shrub layer and herb 
layer were measured by Microsoft Office Excel 2003. 
The environmental factors included elevation, slope, 
aspect of slope and the average height of J. curcas. A 
species matrix of IVs and the environmental factors 
was thus formed. Then CCA ordination of the matrixes 
was performed by CANOCO (Ter Braak, 1986).Next 
one-way ANOVA was used to detect variations of the 
plant diversity indices among the main vegetation 
types reflected by CCA ordination. In this paper the 
ANOVA of the diversity indices was analyzed 
respectively by shrub layer and herb layer and carried 
out by SPSS 13.0 statistical software. And LSD-test 
was used for the comparison, and the significance level 
was set to 0.05. 

 

 
 

Fig. 1. Map of the study site. 
 
Results 
 
CCA ordination: The eigenvalues of the CCA axes and 
the correlations between the vegetation and environment 
axes are listed in Table 1. The CCA axes are closely 
related to those for the environment. The first CCA axis is 
much more significantly correlated with environmental 
variables and incorporated much more ecological 
information, with an eigenvalue of 0.536 (Zhang, 1995). 
The CCA ordination of the 22 plots is shown in Fig. 2. 

Four types of vegetation can be classified from the 
distribution of plots in Fig. 2. One of the types is native 
vegetation of afforestation land, while the others are 

various plantations of J. curcas. The classification of the 
plots is listed in Table 2.  

Type I is the pure plantation of J. curcas, where the 
proportion of J. curcas at the dominant layer is greater 
than 90%. 

Type II is the mixed plantation of J. curcas with 
Macadamia integrifolia, where the proportion of J. curcas 
at the dominant layer is 60 to 90%. 

Type III is the mixed plantation of J. curcas with 
shrub species, which can be divided into two types: Type 
III-A is the mixed plantation of J. curcas with 
Phyllanthus emblica which is located at the lower altitude 
area, while Type III-B is the mixed plantation of J. curcas 
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with Dodonaea viscosa which is located in an area with 
altitude of above 1200m. 

Type IV is the native vegetation of afforestation land, 
named shrub-grassland according to Jin’s study (Jin, 
1992) and includes two types. Type IV-A, dominated by 
Eupatorium odoratum, Phyllanthus emblica, Woodfordia 
fruticosa and Themeda gigantea, is mainly found in areas 
with an altitude below 1100m. Type IV-B is dominated 
by Dodonaea viscos and Heteropogon contortus, and 
found in areas with altitudes above 1200m. 

The distribution of plots in Fig. 2 reflects the 
influence of environmental factors on vegetation. This 
suggests that the first CCA axis is closely related to the 
height of J. curcas in the plots, and the second axis to 
elevation. This also can be seen from the correlation 
coefficients between environmental variables and CCA 
axes (Table 3). The tree height is an important index to 
reflect the degree of forest management of the 
plantation. The first CCA axis reflects a gradient change 
along the difference of forest management. In Fig. 2 the 
change gradient from native vegetation of afforestation 
land, to the mixed plantation of J. curcas with shrubs 
species, to pure plantation of J. curcas and the mixed 
plantation of J. curcas with Macadamia integrifolia can 
be found along the first CCA axis. For the second CCA 
axis, elevation is an important factor because of its 
influence on the distribution of water and heat, followed 
by species composition, community structure and 
abundance distribution and so on. 

 
 
Fig. 2. Biplot of 22 plots and environmental variables from CCA 
analysis. 
Note: ELE = Elevation, SLP = Slope, ASP = Aspect of slope, 
and Hj = Height of Jatropha curcas at the plots. 
 

Table 1. Eigen values and species-environment 
correlations of CCA axes. 

Axes 
CCA 

Axis1 Axis2 Axis3 Axis4 
Eigenvalues 0.536 0.432 0.319 0.267 
Correlations 0.975 0.960 0.891 0.894 

 
Table 2. Vegetation types classified by CCA. 

Types Name Plots code 
Type I Pure plantation with J. curcas  P1,P3,P7 
Type II Mixed plantation of J. curcas with Macadamia integrifoli P2, P4, P5, P6, P9 

Type III-A Mixed plantation of J. curcas with Phyllanthus emblica P12, P15, P16 Type III Type III-B Mixed plantation of J. curcas with Dodonaea viscos P11,P21, P22 

Type IV-A Shrub-grassland dominated by Eupatorium odoratum, Phyllanthus 
emblica, Woodfordia fruticosa and Themeda gigantea P8, P13, P14, P17, P18Type IV 

Type IV-B Shrub-grassland dominated by Dodonaea viscos & Heteropogon contortus P10, P19, P20 
 

Table 3. Interset correlations of environmental variables with CCA axes. 
CCA axes Environmental variables Axis1 Axis2 Axis3 Axis4 

Slope (SLP) -0.483 -0.298 0.709 -0.143 
Aspect (ASP) 0.167 -0.160 -0.102 -0.862 
Elevation (ELE) -0.611 0.727 -0.148 0.072 
Average height of J. curcas(Hj) 0.867 0.377 0.187 -0.095 

 
Table 4. One-way ANOVA analyzing the diversity indices of four types. 

Factors Type I Type II Type III Type IV F Value Sig. 
Shrub layer 2.027(0.663)a 1.520(0.595)a 1.665(0.224)a 1.439(0.505)a 1.124 0.365 Dg Herb layer 2.895(1.026)a 2.779(0.622)a 2.570(0.254)a 2.579(0.317)a 0.435 0.731 
Shrub layer 0.731(0.043)a 0.727(0.163)a 0.690(0.110)a 0.673(0.203)a 0.165 0.918 Dsm Herb layer 0.665(0.310)ab 0.839(0.065)a 0.730(0.116)ab 0.652(0.122)b 1.849 0.175 
Shrub layer 1.683(0.237)a 1.475(0.379)a 1.511(0.303)a 1.477(0.532)a 0.200 0.895 Hsw Herb layer 1.739(0.865)ab 2.133(0.34)a 1.741(0.315)ab 1.551(0.324)b 1.973 0.154 
Shrub layer 0.770(0.039)a 0.777(0.090)a 0.741(0.112)a 0.806(0.223)a 0.192 0.900 Epi Herb layer 0.657(0.260)ab 0.842(0.070)a 0.706(0.126)ab 0.627(0.117)b 2.695 0.077 

Note: F Value is the F statistical value, Sig. is the significance difference with LSD test at p<0.05. Type I is the pure plantation of 
Jatropha curcas, Type II is the mixed plantation of J. curcas with Macadamia integrifolia, Type III is the mixed plantation of J. 
curcas with shrub species, Type IV is the native vegetation of afforestation land. Dg = Gleason diversity index, Dsm = Simpson 
diversity index, Hsw = Shannon-Weiner diversity index, and Epi = Pielou evenness index 
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Biodiversity of the different types: The diversity 
indices comparison of the four types of vegetation is 
listed in Table 4. Differences among the various types 
were not significantly different at p<0.05 for both 
shrub and herb layers. 

The indices did not differ significantly among four 
types, and value of significance test were exceed 0.05, but 
comparing every two types, the Dsm, Hsw and Epi of the 
Type II herb layer were significantly higher than for Type 
IV. In other words, the diversity and evenness of the herb 
layer would be improved by employing the mixed 
plantation with Macadamia integrifolia, but it would not 
affect the species richness of the herb layer or the 
diversity of the shrub layer. Furthermore the modes of 
mixed plantation with shrub species and of pure 
plantation would not bring about significant change for 
understory diversity. 
 
Biodiversity of the mixed plantation of Jatropha curcas 
with Macadamia integrifolia: The diversity indices 
comparison of 1) the pure plantation (Type I), 2) two 
mixed plantations with different proportion of 
Macadamia integrifolia (Types II-A and II-B) and 3) two 
native communities (Types IV-A and IV-B) is listed in 
Table 5. For the different mixed plantations, 2 Dgs and 2 
Hsws were not significantly different, and only Dsm and Epi 
of the shrub layer were significantly different at p<0.05.  

The Dgs of the plantations (including both mixed 
plantations and pure plantation) were not significant 
different from native vegetations except that Type II-B 
was significantly higher than Type II-A.  

For the herb layers, the Dsm, Hsm and Epi of Type II-B 
were significantly higher than Type IV-A, but not 
significantly different from Type IV-B. Meanwhile for the 
shrub layer, the Dsm and Epi of Type II-B were 
significantly higher than Type IV-B. And while the Dsm 
and Hsm of the Type II-B shrub layer were not 
significantly different from Type IV-A, the Epis of the 
plantation was significantly lower than for Type IV-A. 

In other words, we found that the understory diversity 
of the different mixed proportions of Jatropha curcas 
were not significantly different. The plantation with the 
higher mixed proportion of Jatropha curcas with 
Macadamia integrifolia could affect the understory 
diversity for native vegetation, but there were different 
effects on different layers (herb or shrub). 
 
Biodiversity of the mixed plantation of Jatropha curcas 
with shrub species: The diversity indices comparison of 
1) pure Jatropha plantation (Type I), 2) the mixed 
plantation with different shrub species (Types III-A and 
III-B) and 3) the native vegetation types (Types IV-A and 
IV-B) is listed in Table 6. For the different mixed 
plantations, 2 Dgs and 2 Hsws were not significantly 
different, and only Dsm and Epi of the shrub layers were 
significantly different at p<0.05. 

There was no significant difference among Type III-
A, Type III-B and Type I for the 4 indices for the 2 layers. 
In other words, for both the mixed plantations and pure 
plantation, the diversity indices were not significantly 
different for the shrub and herb layers. 

The Dgs of the plantations (including both mixed 
plantations and pure plantation) were not significantly 
different from the native vegetation, except for the shrub 
layer. The Dsm, Hsm and Epi of the plantations were 
significantly higher than shrub-grassland dominated by 
Dodonaea viscosa and Heteropogon contortus (Type IV-
B), but not significantly different from Type IV-A, shrub-
grassland dominated by Eupatorium odoratum, 
Phyllanthus emblica, Woodfordia fruticosa and Themeda 
gigantea.  
 
Discussion 
 
Biodiversity changes with different types of 
plantations: Compared to native vegetation, the Gleason 
index of Jatropha curcas plantation was not significantly 
different. It indicated that the change of communities did 
not significantly affect the number of species in plots. For 
the plant diversity index and evenness index, the 
biodiversity of the shrub layer did not change 
significantly, but for the diversity of the herb layer there 
are significant differences. For the J. curcas plantation 
mixed with Macadamia integrifolia, the Simpson 
diversity index, Shannon-Weiner diversity index and 
Pielou evenness index were all significantly higher than 
those for pure forest and native vegetation. When the J. 
curcas plantation was mixed with shrub species, the 
diversity index and evenness index were higher than those 
for pure forest and native vegetation, but the difference 
was not significant. The diversity and evenness indices 
for the pure forest also did not differ significantly from 
the native vegetation; most indices were slightly less than 
the native vegetation. The outcome of planting J. curcas 
was that while species richness was not significantly 
affected, the evenness of species could be impacted.  

When the J. curcas plantation was mixed with 
different proportions of M. integrifolia, Jatropha pure 
forest and native vegetation, the amount of species 
richness among the types did not change significantly, 
i.e., the impact of species abundance for mixed 
proportion changes was not significant. Differences in 
diversity were also insignificant among Jatropha 
plantations with different mixed proportions of M. 
integrifolia. Compared to the relatively pure forest of 
Jatropha, however, mixed forests showed a significant 
increase in both the diversity evenness indices. For the 
diversity index, the differences between the two kinds of 
Jatropha plantation mixed with M. integrifolia and two 
kinds of original vegetation were not significant. For the 
evenness index, however, both mixed forest plantations 
were significantly higher than one of the native 
communities (the Phyllanthus emblica, Eupatorium 
odoratum community), but showed no significant 
difference compared to the other (the Dodonaea viscosa, 
Heteropogon contortus community). The findings 
showed that species richness was not significantly 
different, but the diversity and evenness indices of 
species could be affected by the mixed plantations with 
different proportion of M. integrifolia, especially for the 
shrub layer, where the Shannon diversity index and 
Pilou evenness index showed significant differences. 
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Table 5. One-way ANOVA analyzing the diversity indices of the pure Jatropha plantation, the mixed plantation with 
Macadamia integrifolia and the native vegetation types. 

Factors Type I Type II-A Type II-B Type IV-A Type IV-B F Value Sig. 
Shrub layer 2.027(0.663)a 1.158(0.332)b 2.063(0.461)a 1.433(0.626)ab 1.448(0.332)ab 1.561 0.252 

Dg Herb layer 2.895(1.026)a 2.606(0.783)a 3.04(0.307)a 2.475(0.329)a 2.751(0.251)a 0.436 0.780 
Shrub layer 0.731(0.043)a 0.659(0.157)ab 0.828(0.149)a 0.796(0.097)a 0.468(0.155)b 4.264 0.025 

Dsm 
Herb layer 0.665(0.310)ab 0.818(0.080)ab 0.872(0.023)a 0.588(0.107)b 0.760(0.036)ab 1.905 0.180 
Shrub layer 1.683(0.237)ab 1.315(0.422)ab 1.715(0.168)ab 1.735(0.462)a 1.049(0.347)b 2.035 0.159 

Hsw 
Herb layer 1.739(0.865)ab 2.015(0.418)ab 2.31(0.093)a 1.369(0.263)b 1.855(0.089)ab 2.037 0.158 
Shrub layer 0.770(0.039)b 0.785(0.126)b 0.766(0.002)b 0.960(0.028)a 0.548(0.119)c 13.424 0.000 

Epi Herb layer 0.657(0.260)ab 0.818(0.073)a 0.877(0.069)a 0.564(0.104)b 0.731(0.023)ab 2.897 0.073 
Note: F Value is the F statistical value, Sig. is the significance difference with LSD test at p<0.05. Type I = the pure plantation of 
Jatropha curcas where proportion of J. curcas at tree layer is from 90 to 100%, Type II-A = the plantation of J. curcas with Macadamia 
integrifolia where proportion of J. curcas at tree layer is from 75 to 90%, Type II-B = the plantation of J. curcas with M. integrifolia
where proportion of J. curcas at tree layer is from 60 to 75%, Type IV-A = shrub-grassland dominated by Eupatorium odoratum, 
Phyllanthus emblica, Woodfordia fruticosa and Themeda gigantea, Type IV-B = shrub-grassland dominated by Dodonaea viscosa and 
Heteropogon contortus. Dg = Gleason diversity index, Dsm = Simpson diversity index, Hsw = Shannon-Weiner diversity index, and Epi = 
Pielou evenness index 

 
Table 6. One-way ANOVA analyzing the diversity indices of the pure Jatropha plantation, the mixed plantation 

with different shrub species and the native vegetation types. 
Factors Type I Type III-A Type III-B Type IV-A Type IV-B F Value Sig. 

Shrub layer 2.027(0.663)a 1.810(0.125)a 1.520(0.217)a 1.433(0.626)a 1.448(0.332)a 0.965 0.462 Dg Herb layer 2.895(1.026)a 2.389(0.000)a 2.751(0.251)a 2.475(0.329)a 2.751(0.251)a 0.637 0.646 
Shrub layer 0.731(0.043)a 0.708(0.163)a 0.672(0.054)a 0.796(0.097)a 0.468(0.155)b 4.292 0.022 Dsm Herb layer 0.665(0.310)a 0.685(0.138)a 0.774(0.093)a 0.588(0.107)a 0.760(0.036)a 0.908 0.490 
Shrub layer 1.683(0.237)ab 1.650(0.360)ab 1.372(0.204)ab 1.735(0.462)a 1.049(0.347)b 2.113 0.142 Hsw Herb layer 1.739(0.865)a 1.587(0.375)a 1.895(0.190)a 1.369(0.263)a 1.855(0.089)a 1.031 0.431 
Shrub layer 0.770(0.039)b 0.777(0.155)b 0.705(0.061)b 0.960(0.028)a 0.548(0.119)c 11.351 0.000 Epi Herb layer 0.657(0.260)a 0.662(0.156)a 0.750(0.099)a 0.564(0.104)a 0.731(0.023)a 1.031 0.431 

Note: F Value is the F statistical value, Sig. is the significance difference with LSD test at p<0.05. Type I = the pure plantation of 
Jatropha curcas, Type III-A = the mixed plantation of J. curcas with Phyllanthus emblica, Type III-B = the mixed plantation of J. curcas
with Dodonaea viscos, and Type IV-A = shrub-grassland dominated by Eupatorium odoratum, Phyllanthus emblica, Woodfordia 
fruticosa and Themeda gigantea, Type IV-B = shrub-grassland dominated by Dodonaea viscos and Heteropogon contortus. Dg = 
Gleason diversity index, Dsm = Simpson diversity index, Hsw = Shannon-Weiner diversity index, and Epi = Pielou evenness index 
 

Diversity changes in herb layers species were not 
significant when comparing diversity among the two 
types of J. curcas plantation with shrub species, the 
Jatropha pure forest, and the two kinds of native 
vegetation. However, for the shrub layer, while the 
Gleason richness index and Shannon-Weiner diversity 
index did not show significant change, the Simpson 
diversity index and Pielou evenness index revealed 
significant changes. The Pielou evenness index of J. 
curcas plantation mixed with Phyllanthus emblica was 
higher than for the Dodonaea viscosa, Heteropogon 
contortus community, but significantly lower than that for 
the Phyllanthus emblica, Eupatorium odoratum 
community. Therefore, species richness was not 
significantly different for different mixed shrub species; 
only the Shannon diversity index and Pilou evenness 
index for the shrub layer showed significant differences. 
 
A planting model for ecological restoration: Jatropha 
curcas plantation with shrub species: Reforestation’s 
contribution to the acceleration of natural succession and 
the recovery of late-successional vegetation has been 
widely recognized (Honnay et al., 2002), and specifically 
the restoration of degraded lands by the reintroduction of 
woody species (Keenan et al., 1997; Lugo, 1997; 

Carnevale & Montagnini, 2002; Maestre & Cortina, 2004; 
Li et al., 2005). J. curcas has been grown mainly in 
tropical regions, especially the dry-hot valley area with its 
hot and dry climate, sparse vegetation, dry and barren 
soil, and serious water and soil erosion (Li et al., 2011). 
The vegetation is mainly dry-hot shrub-grassland. 
Representative types are shrub-grassland dominated by 
Eupatorium odoratum, Phyllanthus emblica, Woodfordia 
fruticosa and Themeda gigantea, and shrub-grassland 
dominated by Dodonaea viscos and Heteropogon 
contortus. Restoration of the vegetation has long been an 
important goal, but the restoration cost is very high, 
Francis et al. (2005) proposed that J. curcas could play a 
special role, as it is can produce biofuel and enhance 
socioeconomic development while reclaiming marginal 
and degraded lands in (semi-)arid regions in India. 

This study has shown that J. curcas plantation with 
shrub species would not cause the decrease of community 
biodiversity, but could even improve the biodiversity of 
the area. J. curcas plantation with shrub species has the 
potential to achieve certain economic goals, at the same 
time as it can be used as an important plant for ecological 
restoration. Therefore the planting model of J. curcas 
plantation with shrub species would be highly suitable for 
the ecological restoration of the dry-hot valley area. 
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A planting model which attempts to balance crop 
yield and food security: Jatropha curcas plantation 
with Macadamia integrifolia: Macadamia integrifolia 
is an important nut tree, which is mainly planted in 
tropical areas in China. In Yunnan province, the 
planting area was more than 3000hm2 in 2000. At the 
study site the spacing of row planting is about 3 meters 
and the array pitch is about 4 meters. The soil for 
planting M. integrifolia is hypertrophy. In the study 
area the spacing of the J. curcas plantation is about 
1square meter. For improving the yield of J. curcas, it 
must be planted in fertile soil, but there is a shortage of 
fertile soil. Intercropping J. curcas at the understory of 
M. integrifolia plantation would be the best solution to 
save soil resources and ensure the best yield of J. 
curcas. In this paper, we found that species richness of 
the mixed plantation was not significantly different, 
but the diversity and evenness indices of species could 
be positively affected. Especially for the shrub layer, 
the Shannon diversity index and Pilou evenness index 
were significantly higher than for the native vegetation 
alone. From the perspective of biological diversity, the 
planting mode of J. curcas plantation with M. 
integrifolia could prove to be a successful model to 
balance crop yield and food security.  
 
Conclusions 
 

The plots investigated were divided into four forests 
and changed along the gradients of forest management, 
succession and elevation by CCA analysis. Species 
richness was not significantly different for the different 
types of plantation, but the evenness of species could be 
affected, especially for the total community and the 
understory by planting J. curcas. The diversity and 
evenness indices of species were affected for the mixed 
plantation with different proportions of M. integrifolia, 
especially for the shrub layer, the Shannon diversity 
index and Pilou evenness index showed significant 
differences. For the different mixed shrub species, only 
the Shannon diversity index and Pilou evenness index 
were significantly different. Moreover, from the 
perspective of biological diversity, J. curcas plantation 
with shrub species would be a recommended planting 
model for ecological restoration in a dry-hot valley area, 
while J. curcas plantation with M. integrifolia would be 
an effective planting model to balance crop yield and 
food security. 
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