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Abstract 
Cultivation of cash crops, such as cardamom (Elettaria cardamomum) in the 
forest understorey is a common practice in many tropical forests. Over time, 
cultivation may change forest structure and species composition, leading to 
gradual degradation of biodiversity and ecosystem services. Effective conser-
vation of these forests requires an enhanced understanding of the demo-
graphic processes such as soil seed bank that may greatly influence future for-
est composition. We examined how the soil seed bank structure and composi-
tion responds to cardamom cultivation in a high conservation value Sri Lan- 
kan montane rain forest. Soil samples from natural forest with abandoned 
cardamom plantations (CP) and adjacent natural forest (NF) patches without 
cardamom were collected in dry and wet seasons. Soil samples were spread 
out in trays in a shade house and germination was recorded weekly for 19 
weeks. The density of seeds in the soil seed bank was much higher in CP than 
NF. While grasses and forbs contributed the highest number and percentage 
of seeds in soils of both forest types, their densities in the soil seed bank were 
9 and 2 times greater in the CP than the NF, respectively. Seeds of the non- 
native herbs Ageratina riparia and E. cardamomum were 4 and 20 times grea- 
ter in the soil of CP, respectively. Seeds of light demanding tree species such as 
Macaranga indica were restricted to soils of CPs. Overstorey tree community 
of each forest type was poorly represented in their respective soil seed banks. 
The high density of seeds of pioneer trees and non-native herbs in the soil of 
CPs, combined with higher light transmission to the ground floor may exac-
erbate competition for resources with the seedlings of late successional trees of 
high conservation value. To overcome this barrier and enhance conservation 
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value of the forest, restoration strategies may need to focus on transplanting 
seedlings of these species into forest with abandoned cardamom plantations.  
 

Keywords 
Cardamom Cultivation, Forest Restoration, Knuckles, Soil Seed Bank, Sri Lanka 

 

1. Introduction 

Agro-ecosystems are important elements of many tropical landscapes, as they 
contribute to local livelihoods and provide environmental services. As in other 
areas in the tropics where perennial crops have been integrated with forest trees 
(Bhagwat et al., 2008; Parthasarathy, 1999; Pascarella et al., 2000; Rivera et al., 
2000; Rivera & Aide, 1998), in parts of Asia many forests have been cultivated 
with the high-value spice crop cardamom (Elettaria cardamomum (L.) Maton) 
(Buckingham, 2004; Kumar et al., 1995; Reyes et al., 2006). Despite its socio- 
economic benefits, the system of cardamom cultivation in tropical Asian forests 
has been criticised for being incompatible with conservation of forest resources 
(Ashton et al., 2001; Dhakal et al., 2012; Gunawardane, 2003). Cardamom culti-
vation and management involves the selective removal of canopy trees and 
regular maintenance by removal of competing plants in the forest understorey 
(Anon, 2002; Bandaratillake, 2005; Buckhingham, 2004; Kumar et al., 1995). 
This system of cultivation may hinder the capacity of forests to regenerate and 
undermine their conservation value (Ashton et al., 2001). Therefore, research on 
restoration techniques for high conservation value forests affected by repeated 
cardamom cultivation should be a high priority to conserve biodiversity and 
ecosystem services they support.  

Restoration of forests following disturbance hinges on understanding the 
pathways by which plant species colonise the sites and the constraints on re-
cruitment of late successional tree species. The soil seed bank represents an im-
portant source of propagules for regeneration of forests following agricultural 
use (Decocq et al., 2004; Pickett & McDonnell, 1989; Quintana-Ascencio et al., 
1996; Saulei & Swaine, 1988; Swaine & Hall, 1983; Thompson, 1992; Uhl et al., 
1981). A comparison of soil seed banks between undisturbed and adjacent de-
graded forests may contribute to understanding the impacts of disturbance on 
the density and community structure of buried seeds, and the capacity of soil 
seed banks to contribute to forest recovery and/or inhibit tree regeneration. Al-
though the soil seed bank is not likely to represent an important source of 
propagules for regeneration of late-successional trees (Tekle & Bekele, 2000), it 
may contain a higher density of plant groups, such as pioneer trees, grasses, 
forbs and non-native species, which may impact future forest composition 
through competition with newly-emerged tree seedlings (Denslow et al., 2006). 
Thus this assessment contributes baseline knowledge for designing approaches 
to the restoration and management of disturbed forests (Butler & Chazdon, 
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1998; Lemenih & Teketay, 2006; Martins & Engel, 2007; Richter & Stromberg, 
2005; Wang et al., 2009). Several studies have documented a higher density of 
seeds, a higher proportion of early successional species and a greater species di-
versity in the seed banks of tropical forests disturbed by shifting cultivation or 
logging than in adjacent undisturbed forests (Alvarez-Aquino et al., 2005; Are-
valo & Fernandez-Palacios, 2000; Dalling & Denslow, 1998; Leckie et al., 1999; 
Osumi & Sakurai, 1997; Quintana-Ascencio et al., 1996; Saulei & Swaine, 1988; 
Sousa et al. 2017). To our knowledge no studies have investigated the effects of 
cultivating a perennial crop in the understorey of a tropical forest on the density 
and composition of soil seed banks and their implications for forest regeneration 
and the future structure of the tree community.  

The cultivation of cardamom in the understorey of lower montane rain forests 
(altitude between about 1000 m and 1400 m) in Sri Lanka leads to a reduction in 
the density of trees (≥5 cm DBH) and an increase in the relative abundance of 
light-demanding trees that form the forest canopy (Dhakal et al., 2012). These 
changes generate three predictions in terms of their impacts on the density and 
composition of the soil seed bank. First, the reduction in stem density may in-
crease canopy openness and thereby light transmission to the forest floor (Ku- 
mar et al., 1995; Parthasarathy, 1999). An increase in light availability may sti- 
mulate the development of an herbaceous ground flora including non-native 
species comprising both grasses and forbs (Garwood, 1989; Leckie et al., 1999). 
Over time, these herbaceous species may come to dominate the soil seed bank of 
disturbed forests and contribute significantly to an increase in the overall density 
of buried seeds (Lemenih & Teketay, 2006). An increase in the abundance of 
grasses, forbs and non-native species in soil seed banks would be important if 
these species impede regeneration of late-suecessional trees through inhibition 
of tree seedlings, especially once the canopy has been opened (Denslow et al., 
2006; Guariguata & Ostertag, 2001). 

Secondly, the increase in relative abundance of light-demanding species in the 
tree canopy may be reflected in a parallel increase in the density of seeds of these 
species in the soil seed bank. In lower montane rain forest in the Knuckles Forest 
Reserve of Central Sri Lanka, the pioneer tree Macaranga indica Wight. has a 
substantially greater relative abundance in abandoned cardamom plantations 
than in adjacent undisturbed natural forest (Dhakal et al., 2012). As seeds of 
other Macaranga species, such as M. Peltata Roxb., and M. Heynei I. M. Johnst. 
are an important component of the soil seed banks of Asian tropical and sub-
tropical forests (Chandrashekara & Ramakrishanan, 1993; Lin et al., 2006; Met-
calfe & Turner, 1998), we predict that seeds of M. indica will be present in the 
soils that we sampled, but at much higher densities in the soils of abandoned 
cardamom plantations than adjacent natural forests.  

Thirdly, it has been documented that when a landscape undergoes extensive 
change as a result of human activities, plant communities become more suscep-
tible to invasion by non-native plant species (Hansen & Clevenger, 2005). In 
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some cases, these non-native species may increase in abundance in the soil seed 
banks of forests disturbed by human use (Conn et al., 1984; Lin et al., 2006; 
Moffatt et al., 2004; Peterson & Carson, 1996). Hence, we test the prediction that 
forests disturbed by cardamom cultivation manifest a greater abundance and 
species richness of non-native species in the soil seed bank than in adjacent un-
disturbed natural forests.  

The aim of this study was to determine how the composition and structure of 
the soil seed bank responds to the introduction of a cardamom crop in a high 
conservation value lower montane rain forest in Sri Lanka. This research under-
pins the development of strategies for restoration and conservation of forests 
containing abandoned cardamom plantations in the buffer zone of a globally 
significant World Heritage Site. Data on the ecological impacts of cultivating 
perennial cash crops beneath a closed tree canopy are scarce, despite the wide-
spread occurrence of analogous agroforest-ecosystems involving crops such as 
coffee, cocoa and ginger (Bhagwat et al., 2008; Schroth & da Mota, 2013). Spe-
cifically, by comparing the density and composition of soil seed banks in aban-
doned cardamom plantations to those in adjacent undisturbed forests, we tested 
the following predictions: 1) the density of seeds in the soil seed bank has in-
creased in response to disturbance associated with cultivation in the abandoned 
cardamom plantation; 2) this difference is associated with a rise in the abun-
dance of herbaceous plants in the seed bank of the disturbed forest; 3) seeds of 
light-demanding pioneer trees such as Macaranga species are present at a higher 
density in the soil of the abandoned cardamom plantation, reflecting their 
greater abundance in the above-ground tree community; and 4) seeds of non- 
native species are present at a higher density in the soil of the abandoned car-
damom plantation than in the soil of undisturbed forest.  

2. Materials and Methods 
2.1. Study Site 

This study was undertaken in the Knuckles Forest Reserve (KFR, 7˚21'N to 
7˚24'N, 80˚45'E to 80˚48'E), which extends over 21,000 ha in the central high-
lands of Sri Lanka (Balasubramaniam, 1988; Bambaradeniya & Ekanayake, 2003). 
The KFR contains a range of natural vegetation types reflecting steep gradients 
of altitude and climate, as well as patches of human-induced grassland, areas of 
shifting cultivation, and plantations of Pinus caribaea Morelet (Bambaradeniya 
& Ekanayake, 2003). The study site was located in lower montane rain forest at 
1032 - 1274 m close to the settlement of Riverston (7˚31'N, 80˚44'E) in the 
north-eastern part of KFR (Figure 1). The mean monthly rainfall at the study 
site ranges from 93 mm (May) to 673 mm (January) (MSP, 2009). The mean 
annual temperature ranges from 18˚C to 26˚C (Gunaratne, 2007). The dominant 
tree species forming the canopy in the cardamom plantations are Macaranga in-
dica, Neolitsea cassia (L.) Kosterm., Elaeocarpus glandulifer (Hook. Ex Wright) 
Mast., Turpinia malabarica Gamble, and Symplocos cochinchinensis (Lor.)  
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Figure 1. Map of Knuckles Forest Reserve, Sri Lanka, showing different areas and land 
use types. 

 
Moore var laurina, and in the natural forests the most common canopy tree spe-
cies are Calophyllum trapezifolium Thwaites., Syzygium operculatum (Roxb.) 
Nied., Schefflera sp., and Psychotria thwaitesii Hook. f. (Dhakal et al., 2012).  

Cardamom is a perennial spice crop originating in Asia and parts of Africa 
(Buckhingham, 2004). It is a perennial herb with pseudo stems (technically 
leaves) extending to 2 - 3 m in height from a fleshy branched rhizome. Carda-
mom displays an optimum productivity when grown in about 50% shade and es-
tablishes well under the canopy of tropical montane forests. Cardamom gains re-
productive maturity three years after planting, and has an economic life of 10 - 15 
years (Nybe et al., 2007). Pods or seed capsules grow low to the ground and con-
tain the black, green or white seeds. The seed capsules are highly aromatic, which 
explains their use as a spice and in traditional medicine as a tonic or infusion. 

Official records suggest that cardamom has been planted into about 3000 ha 
of natural montane forests within the KFR (Gurusinghe, 1988; IUCN, 1994). 
However, this figure is likely to be an underestimate of the total area under car-
damom cultivation because we observed very few patches of natural montane 
forest that lacked cardamom in the understorey during three years of research. 
Cardamom cultivation in the forest started more than a century ago (Guru- 
singhe, 1988) and the plantations were managed continuously until the Knuckles 
Conservation Area (KCA) was established in 1985. At that time, formal man-
agement of the cardamom plantations ceased because cultivation within the 
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KCA was prohibited (Anon, 2000; IUCN, 1994). By that time cardamom had 
been planted into most of the suitable forest, and remaining patches of natural 
forest without cardamom were small and widely scattered, including some areas 
where there was conflict over land ownership. The average (± SE) density of 
cardamom plants in the abandoned cardamom plantations at the time of this 
study was 7525 (±973) ha−1. 

2.2. Plot Selection and Sampling of the Soil Seed Bank 

Plots (10 m × 10 m) established for tree regeneration studies (Dhakal, 2011) 
were used for locating samples in this study. Forty-eight plots were sampled in 
cardamom plantation (CP), derived from eight blocks of each six contiguous 
plots, and eight non-contiguous plots were sampled in natural forest without 
cardamom (NF). The maximum distances between blocks and between CP and 
NF plots were 1.4 km and 1.8 km, respectively.  

Two soil samples (10 cm × 10 cm × 5 cm deep) were collected from locations 
selected at random within 50 cm of the edge of two opposite sides of each plot 
and mixed thoroughly to make a composite sample of 20 cm × 10 cm × 5 cm. 
This procedure yielded 48 samples from CP and eight samples from NF. Sam-
pling was repeated on two occasions: 15 August 2008 (end of dry season) and 26 
February 2009 (end of wet season). On the day of collection, soil samples were 
spread out in polythene trays to a depth of 5 mm on the surface of sterilised sand 
(4 cm deep) in a shade house at 550 m a.s.l. Two trays 40 cm × 25 cm × 5 cm per 
sample were used to accommodate each sample and the trays were placed ran-
domly in the shade house. The sand was steam-sterilised uniformly to kill con-
taminating seeds. For each set of samples, eight additional heat-sterilized soil 
samples were also spread over sand in trays and monitored to determine the ex-
tent of contamination by seeds blown or carried into the shade house. Four 
seedlings representing three morphotypes (individuals with similar morphology, 
but in some cases and unknown species identity)—one Cyperus, one Biophytum 
and one unknown, and three seedlings of three morphotypes—one Hedyotis and 
two unknown emerged from these control samples during the study of dry and 
wet season seed banks, respectively. As these numbers represented a very small 
percentage of total seedling emergence (<0.08%), contamination was ignored 
during data analysis.  

All trays were watered regularly and germination was recorded weekly for 19 
weeks, which represented approximately 2 weeks since germination had ceased 
in all cases. Emergents were counted and marked using toothpicks, and catego-
rised into different morphotypes. The trays were randomly relocated twice a 
month to reduce the difference in environmental conditions for replicate trays 
during the study period. After 16 or 17 weeks, the soil was turned over to pro-
mote the germination of deeply buried seeds. Herbarium specimens of each 
morphotype were prepared and identified by comparison with specimens in the 
National Herbarium, Peradeniya (PDA).  
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2.3. Measurement of Canopy Openness and Standing Vegetation 

Canopy openness in the forest was estimated from hemispherical photographs 
(Nikon Coolpix 995 camera body with a FC-E8 0.21x Nikon fisheye lens, Nikon 
Corporation, Japan) taken at the centre of each 10 m × 10 m plot between 6 a.m. 
and 8 a.m. to avoid direct sunlight in the field of view. The camera with hemi-
spherical lens was placed in a self-levelling camera mount at a height of 1.4 m above 
ground level, and oriented to true north while taking photographs. The hemi-
spherical photographs were converted to black and white images by using Adobe 
Photoshop (2008 Adobe Systems Incorporated, USA), and percentage canopy 
openness estimated by using the software WINPHOT 5.0 (ter Steege,, 1996).  

To compare the species composition of the seed bank with that of the standing 
tree community in each plot, all trees ≥ 5 cm DBH in each 10 m × 10 m plot 
were recorded and identified following the same procedure used to identify the 
species in the soil seed bank (Dhakal, 2011). Although the soil samples were col-
lected up to 50 cm outside opposite edges of these plots, seed dispersal limitation 
would not be sufficient at this scale to represent a severe constraint to compari-
son of below- and above-ground plant communities.  

2.4. Micro-Climatic Measurements 

Sensors attached to a Skye Data Hog 2 (Model SDL 5490, Skye Instruments Ltd, 
UK) were used to measure photosynthetically active radiation (PAR; SKP 215), air 
temperature (SKTS 200U/I), relative humidity (SKH 2040/I), and soil temperature 
(SKTS 200/I) in the shade house and in plots with abandoned cardamom and in 
natural forests during April-June 2009 to provide contextual information.  

The sensors inside the shade house were located adjacent to the germination 
trays whereas in the cardamom plantations and natural forests they were placed 
in the plots where trees were censused. The soil temperature sensor inside the 
shade house was buried to a depth of ca. 4 cm, in one of the seed trays. Photo-
synthetically active radiation and air temperature were recorded 10 cm above 
ground, and soil temperature in the forests was recorded at 4 cm below ground. 
The air temperature sensor was covered by a white plastic cup to avoid direct 
heating by solar radiation. Data from all sensors were collected at 10-second in-
tervals and averaged over 30 minutes for five consecutive days in each location.  

The mean (±SE) values inside the shade house, in an abandoned cardamom 
plantation and in a natural forest, respectively, were as follows: PAR, 5.13 ± 0.33, 
11.2 ± 1.99, and 8.30 ± 1.81 mol m−2 day−1; soil temperature, 24.4˚C ± 0.05˚C, 
20.9˚C ± 0.03˚C, and 20.5˚C ± 0.06˚C; air temperature, 23.7˚C ± 0.09˚C, 20.6˚C ± 
0.10, and 20.8˚C ± 0.13˚C; and relative humidity, 80.5% ± 0.45%, 91.5% ± 0.31%, 
and 92.7% ± 0.10%. Statistical analysis of these data was not possible because the 
measurements were not made simultaneously and spatial variance within sites was 
not determined, but they suggest that the seed trays may have been exposed to 
lower PAR and relative humidity, and higher soil and air temperature than forest 
floor environments that were sampled for soil seed banks. However, the conditions 
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in the shade house are unlikely to have been limiting for seed germination based 
on published information for tropical plants (Baskin & Baskin 1998), and we do 
not consider that these differences therefore bias our conclusions.  

2.5. Data Analysis 

The mean (±SE) density of emergents per square metre was calculated for car-
damom plantations (CP) and natural forests (NF) for both dry and wet seasons 
and for the pooled data from both seasons. To account for the nesting of plots 
within blocks of the CP, generalised linear mixed models (GLMM) implemented 
using the glmmPQL function in the MASS package of R v. 1.11.1 (R Core De-
velopment Team, 2010) were fitted to counts of seeds emerging from the soil 
seed bank. This function fits a generalised linear mixed model with multivariate 
random effects, using penalised quasi-likelihood (Zuur et al., 2009). Models fit-
ting counts of seeds included a log link function and tested the contrasts in seed 
density in the soil seed bank between abandoned cardamom plantations and 
natural forests and between wet and dry seasons with count of seeds emerging 
from the soil seed bank as a fixed effect, and the plots (including nested within 
block) as random effects. In all cases the full model including all main effects 
and their interactions was fitted first and then simplified by sequential removal 
of the non-significant terms. Graphical methods were used to assess how well 
the models fit the data. The mean density per sample of non-native species in the 
soil seed banks of CP and NF during dry and wet seasons and in the data pooled 
across both seasons were analysed by using analogous models. The relative 
abundance of non-native species and the counts of seedling emergents in differ-
ent life-form categories were compared between CP and NF for each season, and 
between seasons for data pooled across both forest types, using Chi-square tests.  

Species richness of seeds in the seed banks of each forest type for dry and wet 
seasons, and in the pooled data, were estimated using EstimateS 7.5.2 (Colwell, 
2006). Species accumulation curves were obtained by plotting cumulative species 
number against the cumulative number of individuals (individual-species curves) 
and comparisons of species richness were made for a standard sample of 400 
emergents, which is the maximum number obtained for the smaller of the two 
samples. Fisher’s alpha diversity index (Williams, 1947) was used for estimation 
of species diversity because it is relatively insensitive to sample size, and to the 
abundance of the most common species (Dalling & Denslow, 1998). Values of 
Fisher’s alpha for buried seeds were compared between CP and NF using analo-
gous GLMM models. The total number of species per sample was compared be-
tween CP and NF for dry and wet seasons and for the pooled data across both 
seasons using the GLMM models with values of alpha diversity as fixed effects 
and the plots as random effects. The species evenness (equitability) was calcu-
lated using the values of Simpson’s index estimated using Estimate S and the 
species richness was compared between CP and NF using GLMM models with 
evenness as fixed factor and plots as fixed effects. 
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We described the patterns of community composition in soil seed banks using 
non-metric multidimensional scaling (NMS) in PC-ORD (McCune & Grace, 
2002). The NMS ordinations were conducted using the Sorensen distance meas-
ure with 50 runs of real data and 50 runs of randomised data to generate a 
Monte Carlo test of significance (McCune & Grace, 2002). The final stress of the 
ordination and coefficients of determination (R2) are reported for each ordina-
tion axis as a proportion of the variation explained. A secondary matrix com-
prising site environmental variables (elevation and canopy openness) was over-
laid on the NMS ordinations to aid interpretation of the distribution of samples 
and species. The strength and direction of the association of each environmental 
variable with variation in tree species composition are indicated by a vector in 
ordination space such that the length of the vector represents the rate of change 
in the weighted average as inferred from the biplot, and indicates how much the 
species distributions and sites differ along that environmental variable. The most 
important variables are those with the longest vector. In order to reduce the 
“noise” (McCune & Grace, 2002) from infrequent species, species that were ob-
served only once or twice were excluded from the NMS analysis. The data used 
in the secondary matrix were relativised (by general relativisation) since canopy 
openness was expressed on a percentage scale (McCune & Grace, 2002). In order 
to analyse the patterns in soil seed bank across seasons and forest types, the data 
were pooled across seasons in CP and NF prior to the NMS analysis. 

The differences in species composition of seed banks between CP and NF 
were also examined separately for dry and wet seasons and for data pooled 
across both seasons, using the multi-response permutation procedure (MRPP) 
(McCune & Grace, 2002), which derives a test statistic, T, and a P value from a 
non-parametric multivariate test of differences among a priori groups. A more 
negative value for T indicates a stronger separation between groups (Elliott & 
Swank, 2008). The Sørenson (Bray-Curtis) index was used as a distance measure 
for the MRPP analysis. 

A comparison of the species composition of the seed bank with that of the tree 
(≥5 cm DBH) community (standing vegetation) was conducted using Sørenson’s 
similarity index for presence and absence data (Cs):  

( )Cs 2j a b= +  

where j is the number of species common to both the seed bank and tree com-
munities, a is the number of species in the seed bank, and b is the number of 
species in the tree community (Dalling & Denslow, 1998). The proportion of 
overstorey species that were represented in soil seed banks in each forest type 
was calculated and analysed by using Chi-square tests.  

3. Results 
3.1. Density of Seeds in the Soil 

The density of seeds was significantly higher in the soil of the abandoned car-
damom plantation than the natural forest (Table 1; Figure 2). A similar pattern  
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Table 1. Mean values (±SE) of species richness per sample, diversity and evenness and 
their statistical significance in the soil seed banks of cardamom plantation (CP) and 
natural forest (NF) during dry and wet seasons, and in data pooled across both seasons. 
The statistical significance is evaluated using P value, considering value < 0.05 as signifi-
cant. In order to avoid pseudo-replication, the GLMM models were used while analysing 
the data. The estimated numbers of species per sample of 400 seeds (with 95% CI in pa-
rentheses) and the values of Sørensen’s similarity index are also given.  

Particulars Seasons CP NF t df P 

Density of seeds (m−2) 

Dry 5883 ± 322 2637 ± 322 4.07 47 0.00 

Wet 3708 ± 337 1825 ± 230 3.44 47 0.00 

Pooled 4642 ± 274 2231 ± 184 3.71 110 0.00 

Species richness 
(Species sample−1) 

Dry 19 ± 0.46 16 ± 0.42 5.95 47 0.00 

Wet 12 ± 0.49 13.1 ± 1.30 −0.92 47 0.38 

Pooled 15 ± 0.52 14 ± 0.75 1.32 110 0.19 

Fisher alpha diversity 

Dry 10.6 ± 0.10 9.88 ± 0.17 2.83 47 0.00 

Wet 6.98 ± 0.80 9.62 ± 0.30 91.9 47 0.00 

Pooled 8.76 ± 0.19 9.75 ± 0.17 −3.8 110 0.00 

Species evenness 

Dry 0.16 ± 0.00 0.44 ± 0.02 47.8 47 0.00 

Wet 0.17 ± 0.00 0.35 ± 0.01 29.6 47 0.00 

Pooled 0.16 ± 0.00 0.40 ± 0.02 −15.8 110 0.00 

Number of species per 
400 seeds (with 95% CI) 

Dry 34 (28.7 to 40.1) 37 (33.5 to 41.9) - - - 

Wet 25 (19.6 to 31.5) 37 (31.5 to 42.8) - - - 

Pooled 30 (23.9 to 36) 37 (35 to 46) - - - 

Sørenson’s similarity 
index 

Dry 0.32 0.00 - - - 

Wet 0.26 0.10 - - - 

 Pooled 0.30 0.08 - - - 

 

 
Figure 2. The density of germinants of trees, shrubs, forbs, grasses and others (un-
knowns, climbers and ferns) that emerged from soil taken from cardamom plantation 
(CP) and natural forest (NF) during dry and wet seasons. Different letters for life forms 
signify differences in densities between cardamom plantation and natural forest in two 
seasons at P ≤ 0.05. The data were analysed using GLMM. 
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was observed in the dry season and the wet season in CP and NF, respectively 
(Table 1). The overall seed density was higher (t = −4.93, df = 110, P < 0.001) in 
the dry season (5420 ± 317 m−2) than in the wet season (3175 ± 299 m−2) (Figure 
2). The interaction between forest types and season on density of seeds in the 
soil was not significant (t = 0.49, df = 108, P > 0.05). 

3.2. Life Form Distribution 

Grasses represented a greater proportion of buried seeds in the CP than in the 
NF, in both the dry (22% vs. 18% respectively) and wet (11% vs. 5%) seasons 
(Figure 3). Forbs contributed the highest number and percentage of emergents 
in both forest types in both seasons (Figure 3). The proportion of tree seeds in 
the soil seed bank was higher in CP (25%) than in NF (13%) in the wet season, 
but it was lower in CP (14%) than in NF (16%) in the dry season (Figure 3). The 
proportional representation of different life-forms in the soil seed bank differed 
between dry and wet seasons in both CP (t = 6.18, df = 94, P < 0.001) and NF (t 
= 4.10, df = 14, P < 0.001), and between CP and NF for the combined data-set 
across both seasons (Figure 3; t = 5.35, df = 110, P < 0.001). 

3.3. Composition and Richness of the Soil Seed Bank 

Emergents from the 48 soil samples taken from the CP represented 72 species in 
30 families, whereas in the eight samples collected in the NF there were only 49 
species in 24 families (Table A1; supplementary data). The season-wise counts 
were different: in the CP the respective counts in the dry/wet seasons were, 66/44 
species in 30/21 families; in the NF they were 36/34 species in 20/20 families, 
which highlights a greater seasonal variation in the number of taxa in soils taken 
from the CP (Table A1).  

 

 
Figure 3. The percentages of trees, shrubs, forbs, grasses and others (unknowns, climber 
and fern species) in the soil seed banks of cardamom plantations (CP) and natural forests 
(NF) during dry and wet seasons.  
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Figure 4. Species accumulation curves against cumulative number of individual sampled 
for emergents from the soil seed banks of cardamom plantations and natural forests for 
dry (a) and wet (b) seasons, and pooled data from both seasons (c). Mean species richness 
was estimated using the computer program EstimateS 8.0 (Colwell, 2006). 

 
Species richness per sample of the soil seed bank was higher in CP than in NF 

in the dry season, but not in the wet season. The pooled data across both seasons 
did not show any difference in species richness of the seed banks between the 
two forest types (Table 1). The rarefaction curves also suggest that species rich-
ness for a sample of 400 emergents was not different between CP and NF, either 
in the dry or the wet season (Figure 4(a), Figure 4(b)), or in the data pooled 
across both seasons (Figure 4(c)). Mean values of Fisher’s alpha diversity in the 
CP in the dry season were higher and in the wet season lower than in the NF 
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(Table 1). For the pooled data, the mean values of Fisher’s alpha were lower in 
CP than in NF. The mean values of species evenness (equitability) of the soil 
seed bank were higher in the NF than in the CP in both dry and wet seasons and 
in the pooled data (Table 1).  

In the soil seed bank of the CP, the most abundant species was Hedyotis nitida 
Wright and Arn. (Rubiaceae), which represented about 20% of all germinants 
(Table A1). In contrast, the most abundant species in the soil seed bank of NF 
was Oldenlandia corymbosa Linn. (Rubiaceae) which represented about 10% of 
all germinants (Table A1). The light-demanding species Macaranga indica, M. 
peltata and Symplocus cochinchinensis emerged only in soils taken from the CP. 
Macaranga indica represented 0.4% and 1.9% of all germinants in the dry and 
wet seasons, respectively. 

The non-metric multidimensional scaling (NMS) ordination recommended 
three dimensions for the final solution. In the combined NMS analysis (data sets 
from both CP and NF sampled in two seasons), the final stress for the three di-
mensional solution was 18.9, which is acceptable for a reliable solution (McCune 
& Grace, 2002). The proportions of variance explained were 31% for Axis 1, 26% 
for Axis 2, and 19% for Axis 3 (cumulative R2 of 76% for the first three ordina-
tion axes, Table 2). The two-dimensional plot representing the first two axes 
suggested that the samples were clustered in the ordination space, according to 
whether the samples were taken from CP or NF and whether sampling was 
conducted in the wet or dry season (Figure 5; Table 2). There was relatively lit-
tle overlap among these four clusters, which suggests that the species composi-
tion of samples from each forest type and season was distinct. Samples from CP 
tended to have lower values along Axis 1 than those from NF in both seasons, 
which reflects a negative association between Axis 1 and canopy openness of the 
plot where the samples originated. Samples taken in the wet season tended to 
have higher values along Axis 2 than dry season samples for both forest types 
(Figure 5). 

The light-demanding species M. indica, Acronychia pedunculata (L.) Miq., 
and S. cochinchinensis had relatively low values along Axis 1, which implies they  

 
Table 2. Correlations of canopy openness and elevation with the first three axes of a 
non-metric multidimensional scaling ordination of seedlings emergence data from car-
damom plantations and natural forests sampled in wet and dry seasons in the Knuckles 
Forest Reserve. Pearson’s parametric (r) and Kendall’s non-parametric (tau) correlations 
with ordination axes (n = 112) are presented, with values of r ≥ 0.30 highlighted in bold. 
Monte Carlo Test for stress in real data was P < 0.05 for all axes shown. 

Variables 
Axis 1 Axis 2 Axis 3 

r tau r tau r tau 

Canopy openness −0.32 −0.17 −0.09 −0.05 0.26 0.15 

Elevation 0.07 0.05 0.19 0.11 −0.28 −0.17 

Coefficients of determination 0.31  0.26  0.19  

Cumulative % variance explained 30  57  76  

https://doi.org/10.4236/ojf.2017.73019


B. Dhakal 
 

 

DOI: 10.4236/ojf.2017.73019 320 Open Journal of Forestry  
 

 
Figure 5. Non-metric multidimensional scaling ordination diagram of plot scores using com-
bined emergence data for seed banks sampled from cardamom plantations (CPD and CPW) 
and natural forests (NFD and NFW) in dry (CPD and NFD) and wet seasons (CPW and 
NFW). The environmental variable associated with the distribution of plots was canopy 
openness (Cop).  

 
were more strongly associated with samples from CP and plots with a higher 
canopy openness. Macaranga peltata was differentiated from M. indica by hav-
ing a higher score along Axis 1 (Figure 6, Table A2). 

The multi-response permutation procedure (MRPP) analyses suggested that 
there was marginally stronger separation between the soil seed bank communi-
ties of CP and NF in the dry season (T = −12.7, A = 0.05, P < 0.001) than in the 
wet season (T = −10.4, A = 0.03, P < 0.001), as a more negative value of T de-
scribes a stronger separation between groups. Analysis by MRPP for data pooled 
across seasons also indicated a strong separation in species composition of the 
soil seed banks of NF and CP (T = −15.5, A = 0.03, P < 0.001). 

3.4. Affinity between Soil Seed Bank and the Standing  
Tree Community 

Only 23% of the tree species (7 out of 30) in the standing vegetation ≥ 5 cm DBH 
in the CP (mean ± SE species richness plot−1: 4.75 ± 0.24) were represented in 
the soil seed bank (4.35 ± 0.19), and in NF only 9% of the tree species (1 out of 
11) of the standing vegetation ≥ 5 cm DBH (4.50 ± 0.33) was represented in the 
seed bank (3.00 ± 0.42) (χ2 = 1.62, df =2, P = 0.44, Table A1, Table A3 and Ta-
ble A4). Values of Sørenson’s similarity index (Cs), comparing the species  
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Species codes: ACPE = Acronychia pedunculata; AELA = Aerva lanata; AGCO = Ageratum conyzoides; AGRI = Ageratina riparia; AMOL = 
Amaranthus oleraceus; AUIN = Austroeupatorium inulifolium; BIPR = Biophytum proliferum; BRMI = Brachiaria miliformis; CETI = Celtis 
timorensis; COIN = Commelina indhiscens; CRCR = Crassocephalum crepidioides; CYCR = Cyanotis cristata; CYCE = Cynotis ceylanica; CYCO 
= Cyperus compressus; CYIR = Cyperus iria; CYRO = Cyperus rotundus; DELO = Debregeasia longifolia; DEHE = Desmodium heterophyllum; 
DESP = Desmodium sp.; DIAD = Digitaria adscendens; ELSC = Elephantopus scaber; ELCA = Elettaria cardamomum; ERPI = Eragrostis pilosa; 
ERUN = Eragrostis unioloides; EUTH = Euphorbia thymifolia; FIHI = Ficus hispida; GLCO = Glochidion coriaceum; HENI = Hedyotis nitida; 
HYJA = Hydrocotyle javanica; ILKN = Ilex knucklesensis; ISKU = Isachne kunthiana; KYBR = Kyllinga brevifolia; LESP = Leucaena sp.; LEBI = 
Leucas biflora; LOTR = Lobelia trigona; LUDE = Ludwigia decurrens; MAIN = Macaranga indica; MAPE = Macaranga peltata; MAESA = Maesa 
indica; MEMA = Melastoma malabathricum; MISC = Mikania scandens; MIIN = Mimosa sp.; NEMO = Neanotis monosperma; OLCA = Old-
enlandia carymbosa; OSRU = Osbeckia rubicunda; OXDE = Oxalis debilis; PHDE = Phyllanthus debilis; PIMI = Pilea microphylla; PLNI = Plec-
tranthus nigrescens; POTR = Pouzolzia triandra; RADE = Rauvolfia densiflora; STIN = Stachytarpheta indica; STVE = Stemodia verticillata; SYCO 
= Symplocos cochinchinensis; TOCY = Torenia cyanea; UN1. = Unknown spp.; and VIPI = Viola pilosa. 

Figure 6. Non-metric multidimensional scaling ordination diagram of species scores and environmental variables. The environ-
mental variables associated with variation in tree species composition was canopy openness (Cop). 
 

composition of soil seed banks with that of the standing tree (≥5 cm DBH) 
communities, were higher for CP than NF in both dry and wet seasons, and in 
the data pooled across both seasons (Table 1). However, values of Sørensen’s 
index were relatively low (≤0.32) in all cases.  

3.5. Non-Native Plant Species in Soil Seed Banks 

The non-native species Austroeupatorium inulifolium (Kunth) R. M. King and 
H. Rob., Ageratina riparia (Regal) R. M. King and H. Rob., Elettaria cardamo-
mum var. cardamomum and Leucaena sp. species constituted 0.4%, 1.4%, 1.1% 
and <0.1% (i.e. 36, 124, 99 and 3 emergents from the total of 8906) of all emer-
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gents respectively in the CP; and 0.7%, 0.6%, 0.0% and 0.3% (5, 4, 0, 2 emergents 
of the total 714), of all emergents in soil from NF, respectively (Table 3). The 
density and relative abundance (%) of A. inulifolium and Leucaena sp. seeds 
were not different between CP and NF, or between seasons. The density and 
relative abundance of A. riparia and E. cardamomum seeds were higher in soil 
from the CP than in that from the NF in both dry and wet seasons. Overall, the 
relative abundance and density of the seeds of all non-native species (pooled 
data) were higher in the soils of CP than NF (Table 3). 

4. Discussion 

The cultivation of perennial crops beneath the canopies of tropical forests is a 
long-standing practice, and the extent of forests affected is increasing as land-
scapes become more intensively used across all tropical regions. In some cases, 
these crops will become subsequently abandoned as at our study site in Sri 
Lanka, although this is rarely quantified. For cardamom, there are published re-
cords of plantations in natural forests in India, Lao, Cambodia, Vietnam, Thai-
land, Costa Rica, Guatemala, El Salvador and Tanzania. Other crops that have 
analogous management regimes include Brazil nut (Bertholletia excelsa Humb. 
and Bonpl.), coffee (Coffea spp.), Benzoin (Styrax paralleloneurum Perkins), 
rubber (Hevea brasiliensis (Willd. ex Adr de Juss.) Muell. et Arg.), cinnamon  

 
Table 3. Relative abundance (%) and mean density (±SE) per sample of non-native species and their statistical significance in the 
soil seed banks of cardamom plantation (CP) and natural forest (NF) during dry and wet seasons, and in data pooled across both 
seasons. The statistical significance is evaluated using P value, considering value < 0.05 as significant.  

Species 
 Relative abundance (%) Mean density 

Seasons CP NF χ2 df P CP NF t df P 

Elettaria cardamomum Dry 1.3 0.0 4.38 1 0.04 1.50 ± 0.33 0.00 ± 0.00 −276 54 0.00 

 Wet 0.8 0.0 4.42 1 0.03 0.56 ± 0.22 0.00 ± 0.00 −595 54 0.00 

 Pooled 1.1 0.0 6.96 1 0.01 1.03 ± 0.20 0.00 ± 0.00 −471 63 0.00 

Austroeupatorium inulifolium 
Dry 0.6 1.2 1.03 1 0.31 0.73 ± 0.31 0.62 ± 0.26 1.77 54 0.12 

Wet 0.0 0.0 0.00 - - 0.00 ± 0.00 0.00 ± 0.00 - - - 

 Pooled 0.4 0.7 0.76 1 0.38 0.38 ± 0.19 0.31 ± 0.15 −0.14 63 0.89 

Ageratina riparia Dry 2.1 0.0 7.86 1 0.01 2.05 ± 0.75 0.00 ± 0.00 −3.01 54 0.03 

 Wet 0.2 1.4 4.01 1 0.04 0.15 ± 0.07 0.50 ± 0.04 2.42 54 0.04 

 Pooled 1.4 0.6 5.47 1 0.03 1.28 ± 0.45 0.25 ± 0.20 −2.97 63 0.00 

Leucaena sp. Dry 0.1 0.2 0.19 1 0.66 0.06 ± 0.04 0.12 ± 0.10 0.61 54 0.54 

 Wet 0.0 0.3 2.31 1 0.13 0.00 ± 0.00 0.12 ± 0.12 3.70 54 0.07 

 Pooled 0.0 0.3 3.71 1 0.06 0.03 ± 0.02 0.13 ± 0.08 1.54 110 0.13 

All non-native species Dry 4.0 1.4 6.47 1 0.01 1.68 ± 0.26 0.10 ± 0.08 2.43 168 0.02 

 Wet 1.0 1.7 0.58 1 0.45 0.18 ± 0.06 0.14 ± 0.12 −1.70 119 0.24 

 Pooled 2.9 1.5 4.03 1 0.04 0.93 ± 0.14 0.11 ± 0.07 −2.47 399 0.04 
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(Cinnamomum verum Presl.) and cocoa (Theobroma cacao L.). The total area of 
these crops under cultivation across the tropics is likely to be substantial and in-
creasing, therefore this study is representative of an increasingly important dis-
turbance regime globally. 

Cultivation of cardamom in the understorey of a Sri Lankan lower montane 
rain forest increased the density and changed the composition and diversity of 
seeds in the soil seed bank. The management adopted for cardamom cultivation 
increased the abundance of seeds of forbs, grasses, some light demanding tree and 
shrub species, and non-native species, and these effects persisted even 25 years af-
ter active management of the cardamom plantation had ceased. These results are 
consistent with other studies showing that frequent and/or intense disturbance to 
forests increases the density and alters the species composition of buried seeds 
(Leckie et al., 1999; Quintana-Ascencio et al., 1996; Sousa et al., 2017), although 
no other studies have demonstrated this phenomenon for forests disturbed by 
cultivation of understorey perennial crops such as cardamom or ginger. 

A direct comparison of soil seed bank densities across studies is difficult be-
cause of the different sampling depths used in different studies and the inclusion 
of surface litter in the samples of many studies (see Garwood, 1989). However, 
the density of seeds in the soil of the abandoned cardamom plantations sampled 
in Sri Lanka is comparable with that in other disturbed or secondary tropical 
forests where seeds of weedy species are predominant. For example, Quintana- 
Ascencio et al. (1996) reported a seed bank density of 4000 seeds m−2 for dis-
turbed tropical rain forest in Mexico, while Butler & Chazdon (1998) found 4535 
seeds m−2 in soils of secondary tropical wet forest in Costa Rica. The density of 
seeds in the soil of relatively undisturbed natural forest at our study site (2231 ± 
184 seeds m−2) falls within the range reported for mature tropical forests in other 
studies, such as the values of 720 - 2341 seeds m−2 for lower montane forest 
(Williams-Linera, 1993) and 873 - 3632 seeds m−2 for tropical cloud forest 
(Alvarez-Aquino et al., 2005) in Mexico.  

The higher density of seeds in the soil of the abandoned cardamom planta-
tions (CP) than natural forest (NF) at our study site is likely to be associated 
with an increase in the canopy openness of the CP and a consequent rise in the 
abundance of forbs and grasses in the ground layer vegetation. Studies elsewhere 
have also documented a positive response of herbaceous plant abundance to an 
increase in resource availability, particularly light, resulting from canopy open-
ing (e.g., Lindgren et al., 2006; Thomas et al., 1999).  

Allochthonous seed rain from adjacent pastures and cultivated areas influence 
the soil seed banks of tropical forest fragments (Dalling & Denslow, 1998; Dupuy 
& Chazdon, 1998; Quintana-Ascencio et al., 1996; Young et al., 1987). Our study 
sites are located within 1 km of extensive grasslands established on abandoned 
tea plantations, and within 600 m of a road. Therefore, it is possible that the 
density of grasses and forbs has been elevated in both forest types compared to 
more remote sites. Hence the dispersal of seeds by animals and wind from 
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sources in adjacent agricultural land, as well as reproduction of plants already 
established within the forest both increase the density of soil seed bank. How-
ever, our data suggest that any influence of these factors was not sufficient to 
obscure the effect of cardamom cultivation. In addition to an increase in the 
abundance of herbaceous plants, higher inputs of the seeds of light-demanding 
trees such as Macaranga indica and non-native species such as Ageratina riparia 
have contributed to the higher density of seeds in the soil seed bank of the CP. 
These higher inputs result from an increase in the relative abundance of adult 
individuals of herbs, light-demanding trees and non-native shrubs in the plant 
community comprising the cardamom plantation (Dhakal, 2011). 

Trees represented only 18% and 15% of all seeds in the soil of cardamom 
plantations and natural forests respectively. Undisturbed forests tend to have a 
higher proportion of tree seeds in the seed bank than disturbed forests (Gar- 
wood, 1989; Leckie et al., 1999). As in studies elsewhere (Kennedy & Swaine, 
1992; Rico-Gray & Garcia-Franco, 1992), seeds of late-successional tree species 
were almost entirely absent from the soil seed banks of either CP or NF, which 
can be attributed to seed predation, their tendency to germinate quickly, and 
their lack of seed dormancy (Dupuy & Chazdon, 1998; Hall & Swaine, 1980; 
Hopkins & Graham, 1983; Leckie et al., 1999; Miller, 1999). In addition, many 
tropical tree species reproduce at irregular supra-annual intervals (Ashton et al., 
1988; Connell & Green, 2000; Hart, 1995; Metz et al., 2008) and a lack of syn-
chrony between fruit production of late-successional species and the time when 
the seed bank was sampled would lead to under-representation of these species 
in the sample. This combination of factors might explain the low correspon-
dence in the composition of tree species in the soil seed banks and the standing 
tree community in both CP and NF (Table 1), which is consistent with studies 
of both disturbed and undisturbed tropical forests (Dalling & Denslow, 1998; 
Dupuy & Chazdon, 1998; Roberts, 1981; Tekle & Bekele, 2000). 

Cardamom plantations had a greater similarity in the species composition of 
trees in the soil seed bank and the standing tree community than natural forests, 
which is partially explained by the representation of light-demanding species in 
both above- and below-ground communities in CP but not NF. For example, the 
seeds of early-successional light-demanding species such as Macaranga peltata 
and M. indica were present in the soils of abandoned cardamom plantations, but 
absent from the seed banks of adjacent natural forests. This result reflects the 
much greater abundance of established trees of these species in the CP (Dhakal 
et al., 2012). Other studies of montane forest have reported an increased emer-
gence of pioneer species after soil-surface disturbance from clearance of under-
storey by humans (Williams-Linera et al., 2016; Osumi & Sakurai, 1997; Wil-
liams-Linera, 1990).  

Seeds of the non-native species A. riparia and Elettaria cardamomum were 
present at higher densities in the soil of cardamom plantation than natural for-
est. The greater abundance of the Elettaria presumably reflects increasing pro- 
pagule pressure arising from reproduction of the residual cardamom plants, 
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while a higher density of A. riparia suggests that disturbance associated with 
cardamom cultivation may increase the likelihood of non-native species invad-
ing the forest community. This finding supports the hypothesis that disturbance 
increases the risk of colonisation by non-native invasive species (Dalling & 
Denslow, 1998; Lin et al., 2006; Tang et al., 2006). Taken together, the higher 
abundance of herbs, light-demanding trees and non-native species in the seed 
banks of CP than NF explains their separation into distinct clusters in ordination 
space, and suggests that they represent distinct floristic communities. This dis-
tinction is not explained by variation in altitude among plots, but is associated 
with differences in canopy openness of plots between the two forest types.  

The pattern of species richness and diversity of the soil seed banks of carda-
mom plantations and natural forest were not consistent between seasons. Soil 
seed banks had higher species richness and diversity in abandoned cardamom 
plantations than natural forests during the dry season, but these contrasts were 
reversed in the wet season. Some studies carried out in disturbed tropical forests 
have found that the addition of pioneer species to the tree community can in-
crease the species diversity and richness of the soil seed bank (Arevalo & Fer-
nandez-Palacios, 2000; Quintana-Ascencio et al., 1996), but in our study system 
the number of light-demanding species added to the tree community is not suf-
ficient to offset the reduction in species richness associated with disturbance. 
This comparison is limited by the relatively low number of samples taken from 
NF, which resulted in the species accumulation curves failing to reach an as-
ymptote. Therefore, it remains possible that the relative difference in species 
richness between forest types for larger sample sizes would be lower than re-
corded by us, or even reversed.  

5. Conclusion and Implications for Conservation 

Cardamom cultivation affected the density and community structure of soil seed 
banks in a tropical lower montane forest in Sri Lanka. The higher density and/or 
percentage of the seeds of grasses and forbs in cardamom plantations might in-
crease the abundance of seedling germinants representing these life-forms rela-
tive to germinants of trees. The low similarity in the composition of the soil seed 
bank and that of the standing tree community, and the absence of most tree spe-
cies from the soil seed bank of the abandoned cardamom plantation, implies that 
the seed bank is an unlikely source of propagules for restoring the tree commu-
nity to its former condition in the undisturbed forest. Instead, restoration strate-
gies that rely on other sources of propagules, such as protection of newly dis-
persed seeds or enrichment planting of seedlings, require further investigation in 
order to define management prescriptions for forest restoration and biodiversity 
conservation. 
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Appendices: Supplementary Data 
Table A1. Total number of emergents from soil seed bank samples taken from abandoned cardamom plantations (CP) and natu-
ral forests (NF) in lower montane forests in Sri Lanka in the dry (August) and wet (February) seasons and for pooled data from 
these two seasons. Late-successional tree species are indicated by an asterisk. 

Family Species Life-forms 

Total number of emergents 

Dry season Wet season Grand 
Total CP NF Total CP NF Total 

Amaranthaceae Aerva lanata forb 6  6   0 6 

Amaranthaceae Amaranthus oleraceus forb 24 4 28 122 20 142 170 

Apiaceae Hydrocotyle javanica climber 10  10 2  2 12 

Apocynaceae Rauvolfia densiflora tree 4  4   0 4 

Aquifoliaceae Ilex knucklesensis tree 8  8  1 1 9 

Asteraceae Ageratum conyzoides forb 81 10 91 111 18 129 220 

Asteraceae Crassocephalum crepidioides forb 140 7 147 43 5 48 195 

Asteraceae Elephantopus scaber forb 18 3 21 10 3 13 34 

Asteraceae Austroeupatorium inulifolium shrub 36 5 41   0 41 

Asteraceae Ageratina riparia forb 117  117 7 4 11 128 

Asteraceae Mikania scandens forb 2 2 4   0 4 

Asteraceae Psiadia ceylanica shrub 2  2   0 2 

Campanulaceae Lobelia trigona forb 295 46 341 222 4 226 567 

Commelinaceae Commelina indehiscens forb 298 22 320 5 1 6 326 

Commelinaceae Cyanotis cristata forb 2  2 7 1 8 10 

Commelinaceae Cynotis ceylanica forb 39 16 55 12 10 22 77 

Cyperaceae Cyperus compressus grass 2 1 3   0 3 

Cyperaceae Cyperus iria grass 561 12 573 282 6 288 861 

Cyperaceae Cyperus rotundus grass 506 49 555 18  18 573 

Cyperaceae Fimbristylis falcata grass 3  3   0 3 

Cyperaceae Kyllinga brevifolia grass 17  17  2 2 19 

Euphorbiaceae Euphorbia thymifolia forb 42 6 48 75 13 88 136 

Euphorbiaceae Macaranga indica tree 26  26 67  67 93 

Euphorbiaceae Macaranga peltata tree 3  3 8  8 11 

Euphorbiaceae Phyllanthus debilis shrub 1  1   0 1 

Fabaceae Desmodium heterophyllum forb 37  37 4  4 41 

Fabaceae Desmodium sp. forb 3  3   0 3 

Fabaceae Erythrina subumbrans tree   0 1  1 1 

Fabaceae Leucaena sp. tree 3 1 4  1 1 5 

Lamiaceae Leucas biflora forb 12  12 32 7 39 51 

Lamiaceae Plectranthus nigrescens forb 40  40   0 40 

Melastomataceae Melastoma malabathricum shrub 63 22 85   0 85 
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Continued 

Melastomataceae Osbeckia rubicunda shrub 9  9 153 4 157 166 

Mimosaceae Mimosa sp. forb 3  3   0 3 

Moraceae Ficus hispida tree 29 2 31   0 31 

Myrsinaceae Maesa indica tree 566 28 594 698 26 724 1318 

Onagraceae Ludwigia decurrens forb 2 5 7 8  8 15 

Oxalidaceae Biophytum proliferum forb 189 7 196 175 19 194 390 

Oxalidaceae Oxalis debilis forb 16 4 20   0 20 

Phyllanthaceae Glochidion coriaceum* tree 6  6  2 2 8 

Poaceae Brachiaria milliformis grass 16 2 18   0 18 

Poaceae Digitaria adscendens grass 6 2 8   0 8 

Poaceae Eragrostis pilosa grass 118 11 129 32 1 33 162 

Poaceae Eragrostis unioloides grass 9 4 13 22 6 28 41 

Poaceae Isachne kunthiana grass 14  14 4  4 18 

Pteridaceae Pityrogramma dealbata fern 50 2 52 6 17 23 75 

Rubiaceae Hedyotis nitida forb 1196 34 1230 575 20 595 1825 

Rubiaceae Neanotis monosperma forb 34  34   0 34 

Rubiaceae Oldenlandia corymbosa forb 344 31 375 246 38 284 659 

Rutaceae Acronychia pedunculata tree 39 1 40 20  20 60 

Scrophulariaceae Scoparia dulcis forb   0 4  4 4 

Scrophulariaceae Stemodia verticillata forb 15 5 20 16 4 20 40 

Scrophulariaceae Torenia cyanea forb 129 10 139 16 6 22 161 

Symplocaceae Symplocos cochinchinensis tree 29  29 1  1 30 

Ulmaceae Celtis timorensis tree 2  2 20 4 24 26 

Urticaceae Debregeasia longifolia shrub 134 13 147 50 7 57 204 

Urticaceae Pilea microphylla forb 41 14 55 88 12 100 155 

Urticaceae Pouzolzia triandra forb 16 2 18 4  4 22 

Verbenaceae Stachytarpheta indica shrub 11 2 13 6  6 19 

Violaceae Viola pilosa forb 10  10 14 7 21 31 

Zingiberaceae Elettaria cardamomum forb 72  72 27  27 99 

Unknown Unknown sp. sbc11 fern   0 6  6 6 

Unknown Unknown sp. sbc22 forb 2  2   0 2 

Unknown Unknown sp. sbc32 forb   0 41 14 41 55 

Unknown Unknown sp. sbc35 forb   0 2  2 2 

Unknown Unknown sp. sbn32 forb   0  4 4 4 

Unknown Unknown sp. sbc3 shrub 37  37   0 37 

Unknown Unknown sp. sbc1 tree 89  89   0 89 

Unknown Unknown sp. sbc25 tree 1  1   0 1 

Unknown Unknown sp. sbc26 tree 3  3   0 3 
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Continued 

Unknown Unknown sp. sbc6 tree   0 3  3 3 

Unknown Unknown sp. sbn21 tree  27 27   0 27 

Unknown Unknown sp. sbn22 tree  10 10   0 10 

Unknown Unknown sp. sbn31 tree   0  4 4 4 

Unknown Unknown sp. sbn33 tree   0  1 1 1 

Unknown Unknown sp. sbc21 unknown 2  2   0 2 

Unknown Unknown sp. sbc23 unknown 1  1   0 1 

 Total  5641 422 6063 3265 292 3557 9620 

 
Table A2. Non-metric multidimensional scaling correlations for the soil seed bank species with the first three ordination axes in 
cardamom plantation and natural forest. Pearson’s parametric (r) correlation with ordination axes, n = 103. Species variable with r 
≥ 0.30 are highlighted in bold. 

Species 
Axis 1 Axis 2 Axis 3 

r r r 

Acronychia pedunculata −0.08 0.05 −0.10 

Aerva lanata −0.12 −0.09 −0.20 

Ageratum conyzoides 0.01 0.12 −0.01 

Amaranthus oleraceus −0.07 0.03 −0.2 

Biophytum proliferum −0.23 0.04 0.12 

Brachiaria milliformis −0.27 −0.24 −0.08 

Celtis timorensis −0.03 0.08 0.27 

Commelina indehiscens −0.43 −0.40 −0.45 

Crassocephalum crepidioides −0.23 −0.14 −0.02 

Cyanotis cristata 0.03 0.03 0.20 

Cynotis ceylanica 0.00 −0.11 −0.09 

Cyperus compressus −0.09 −0.06 −0.06 

Cyperus iria −0.39 0.21 −0.40 

Cyperus rotundus −0.30 −0.22 −0.46 

Debregeasia longifolia −0.17 −0.01 0.08 

Desmodium heterophyllum −0.24 −0.12 −0.24 

Desmodium species −0.14 −0.09 0.06 

Digitaria adscendens −0.10 −0.19 0.00 

Elephantopus scaber 0.03 −0.06 0.00 

Elettaria cardamomum −0.33 0.12 −0.29 

Eragrostis pilosa −0.20 −0.17 −0.07 

Eragrostis unioloides 0.08 −0.01 0.16 

Austroeupatorium inulifolium −0.01 −0.09 −0.21 

Ageratina riparia 0.03 −0.14 −0.19 

Euphorbia thymifolia −0.06 0.27 0.05 
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Continued 

Ficus hispida −0.33 −0.20 −0.30 

Glochidion coriaceum −0.15 −0.19 −0.20 

Hedyotis nitida −0.69 −0.36 0.13 

Hydrocotyle javanica −0.27 −0.12 0.12 

Ilex knucklesensis −0.05 −0.10 −0.15 

Isachne kunthiana −0.07 0.01 −0.10 

Kyllinga brevifolia −0.03 −0.07 −0.10 

Leucaena sp. 0.02 −0.14 −0.15 

Leucas biflora 0.01 0.17 0.14 

Lobelia trigona −0.23 0.12 −0.34 

Ludwigia decurrens 0.14 −0.11 −0.01 

Macaranga indica −0.17 0.03 0.12 

Macarnga peltata 0.08 −0.01 −0.08 

Maesa indica −0.50 0.50 0.22 

Melastoma malabathricum −0.23 −0.22 0.03 

Mikania scandens 0.07 −0.14 −0.11 

Mimosa sp. −0.11 0.05 −0.24 

Neanotis monosperma −0.21 0.01 −0.10 

Oldenlandia corymbosa −0.16 0.09 0.19 

Osbeckia rubicunda −0.05 0.31 0.13 

Oxalis debilis −0.17 −0.23 −0.14 

Phyllanthus debilis −0.05 −0.03 −0.13 

Pilea microphylla 0.09 0.23 0.13 

Plectranthus nigrescens −0.33 −0.10 −0.33 

Pouzolzia triandra −0.11 −0.23 0.01 

Rauvolfia densiflora −0.22 −0.16 −0.02 

Stachytarpheta indica 0.03 −0.24 0.03 

Stemodia verticillata 0.11 0.13 0.09 

Symplocos cochinchinensis −0.30 −0.14 −0.27 

Torenia cyanea −0.19 −0.01 0.09 

Viola pilosa 0.08 0.30 0.07 

Unknown sp. sbc1 −0.08 −0.11 0.01 

Unknown sp. sbc11 0.22 −0.21 −0.21 

Unknown sp. sbc21 0.06 −0.13 −0.07 

Unknown sp. sbc32 0.07 0.35 0.28 

Unknown sp. sbc3 −0.40 −0.15 −0.35 

Unknown sp. sbc6 −0.24 −0.14 −0.17 

Unknown sp. sbn31 0.38 0.07 0.06 

Unknown sp. sbn22 0.30 0.09 0.02 
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Table A3. Abundance of overstorey species recorded in the experimental plots in cardamom plantation. 

Family Species 
 

Abundance of species in experimental plots  

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 Block 8 Total 

 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6  

Anacardiaceae Nothopegia beddomei   2 2 1        2 4  1   4  2  1 3 3 1 4 2 2 1 1 1 4 2 2 1 1 1  5 1  1   2 2 4 63 

Apocynaceae Rauvolfia densiflora   1                                              1 

Clusiaceae Garcinia morella             1                                    1 

Elaeocarpaceae Elaeocarpus glandulifer      1      1                                     2 

Elaegnaceae Elaeagnus latifolia          1                                       1 

Euphorbiaceae Farhenheitia zeylanica                                      1          1 2 

Euphorbiaceae Macaranga indica   2   1 2  1     1 1    1     1      1            1       12 

Euphorbiaceae Macaranga peltata 2 2 2 2 1 2     2      1                   1 1          1 1 18 

Euphorbiaceae Mallotus philippensis    1               1 2   1  1              2   1 2 4 2    17 

Flacourtiaceae Flacourtia indica              1        2 1            1              5 

Lauraceae Actinodaphne elegans  1  3  1 1      1 1 1 2  4 6   2   2  10 4 4 5 3  10 4 4 5  4  2 3 7 3 2 7 1 4 6 113 

Lauraceae Cryptocarya wightiana          1 1   1       1   1                    2  1   8 

Lauraceae Litsea gardneri                                              1   1 

Lauraceae Neolitsea cassia              1   1       1                         3 

Lamiaceae Tectona sp.             1                                    1 

Moraceae Ficus hispida    1    1       1    1                              4 

Myrsinaceae Maesa indica 1 1      2 4 2 1                                      11 

Myrtaceae Eugenia thwaitesii 3 1 1  2  1 1     1    2   1   2  1 3 1  1   3 1  1      6 1   1 2 2  38 

Rubiaceae Canthium coromandelicum                                            1     1 

Rubiaceae Psychotria nigra        1                                         1 

Rubiaceae Psychotria thwaitesii  1  1 1         1 1  2       1  3   1   3   1      2 1    1   20 

Rutaceae Acronychia pedunculata    1 2 7  1 6 2 4   4 1    1 2    2            3 3 7   2 2       50 

Symplocaceae Symplocos cochinchinensis 6 3 4 9   2    2 2 2 1 1 1  2 1     2 1 3 1   3 3 3 1    2 2 11 6   2    2 1 79 

Theaceae Camellia sinensis          2 1         3  1   2 1 6     1 6                23 

Unknown Unknown sp.1       1                                          1 

Unknown Unknown sp.2         1                                        1 

Unknown Unknown sp.3               1         2       1                  4 

Unknown Unknown sp.4                       1                          1 

Unknown Unknown sp.5                       1        1                  2 

Unknown Unknown sp.6                             1  1                  2 

 Grand Total 12 9 12 20 7 12 7 6 12 8 11 3 8 15 7 4 6 6 15 8 3 5 7 13 10 11 22 6 9 10 10 11 22 6 9 10 7 15 13 13 14 13 8 9 10 8 11 13 486 

 
Table A4. Abundance of overstorey species recorded in the experimental plots in natural forest. 

Family Species 
Abundance of individual species in plots 

Total 
1 2 3 4 5 6 7 8 

Anacardiaceae Nothopegia beddomei 8     8 2 1 19 

Clusiaceae Calophyllum trapezifolium 6 10 3 2 3 8 10 14 56 

Lauraceae Actinodaphne elegans 5 6  4  11 13 5 44 

Lauraceae Litsea gardneri  1       1 

Myrtaceae Eugenia sp.    1    2 3 

Rubiaceae Psychotria nigra   7 4 7    18 

Symplocaceae Symplocos cochinchinensis  7  5  4 4 2 22 

Unknown Unknown sp.1  1       1 

Unknown Unknown sp.2   1  1    2 

Unknown Unknown sp.3   2  2  1  5 

Unknown Unknown sp.4    1     1 

 Grand Total 19 25 13 17 13 31 30 24 172 
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Abstract 
A field experiment was carried out at the CSIC Muñovela farm belonging to 
the Spanish National Research Council (CSIC) in order to evaluate the effect 
of sowing orchard grass (Dactylis glomerata var. Trerano) and lucerne (Me-
dicago sativa var. Aragon) in monoculture and in combination. The experi-
ment was based on a randomized block designed with a factorial arrangement 
(5 × 2). Experimental units were 40 plots distributed in four blocks. The 
phosphorus fertilization (P) factor included two types of conditions: basal fer-
tilization without phosphorus (−P) and basal fertilization with phosphorus 
(+P), and the vegetation cover factor (T) included five conditions depending 
on the grass (G) and the legume (L). Above-ground biomass showed statisti-
cally significant differences among seasons and years (P < 0.05). However, no 
statistically significant differences treatments were found among various 
treatments. The presence of the grass species Lolium perenne L. and Poa pra-
tensis L. throughout the three years indicated that both species significantly 
increased their presence over time regardless of the treatments applied. The 
analysis performed for the other plant species (those other than grasses and 
legumes) allowed us to determine that the T1 and T5 treatments, which cor-
respond to single species not treated with the application of phosphorus, in-
fluenced the presence of 70% of other species planted. Our specific aim was to 
explore how changing plant biotic diversity affects productivity under a given 
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set of conditions. We manipulated plant species richness as an experimental 
factor to determine if productivity would be affected by changes in the ratios 
of plants sown. 
 

Keywords 
Above-Ground Biomass, Dactylis glomerata, Functional Groups, Grasses,  
Legumes, Medicago sativa, Plant Species Diversity, Sowing Experiment 

 

1. Introduction 

Several ecosystem processes, such as primary productivity, nutrient retention, 
and vegetation dynamics are affected by changes in plant species diversity 
(Hector et al., 1999; Schläpfer & Schmid, 1999; Tilman, 1999; Chapin et al., 
2000). Experimental data of Tilman et al. (1996), Hooper (1998), Tilman et al. 
(1997) and Hector et al. (1999) show a positive effect of the number of species on 
primary productivity and nutrient retention, but sampling effects may complicate 
the distinction between the effects of species traits and those of species diversity 
(Huston, 1997). 

The earlier results for mesic environments of Gleeson and Tilman (1990), and 
Osbornová et al. (1990) indicate an increase in total aboveground biomass with 
grassland succession. This trend is assumed to be related to successional changes 
in the traits of the dominant plant species. Annuals and perennials plant species 
differ in characteristics related to nutrient retention and turnover, including size, 
relative growth rate resulting from specific leaf area and leaf nitrogen content 
(Garnier et al., 1997), rooting depth, root to shoot ratio, and foliage C/N ratio 
(Hooper & Vitousek, 1997). These characteristics can result in the faster growth 
of annuals as compared to perennials, and hence, greater instantaneous produc-
tivity.  

There is an opposing trend, towards set-aside policies and the abandonment 
of agricultural land in some parts of the world, such as North America and Eu-
rope (Richards, 1990). Land abandonment provides opportunities to restore 
ecosystem properties such as biodiversity and biogeochemical cycles. However, 
recovery of pre-agricultural soil conditions can be very slow about 200 years for 
soil carbon and nitrogen, (Knops & Tilman, 2000). The restoration of former 
species diversity is often constrained by abiotic and biotic conditions, such as 
eutrophization or seed bank depletion (Bakker & Berendse, 1999). In the years 
just after abandonment, unmanaged land may favour nutrient leaching, consti-
tute reservoirs of aggressive weeds damageable to adjacent fields and alter the 
aesthetics of the landscape. 

Williamson (1996) and Vilà & Weiner (2004) suggest that introduction of new 
species is recognized as major environmental problems and one of the major 
threats to biodiversity. The success and impacts of alien species depends on their 
biological attributes, the environmental characteristics of the invaded ecosystem 
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and the biotic interactions with the receptive community. Competition for li-
miting resources is probably the first interaction the species has with the reci-
pient community when a new plant species is introduced. Interspecific competi-
tion is considered as one of the most important processes determining the like-
lihood of plant invasion (Crawley, 1990). Vilà and Weiner (2004) considered 
that high competition ability of new plant species has been stated as a key factor 
promoting successful invasive potential, and competitive exclusion by native 
plant species seems to be a major force resisting exotic plant invasions (Keane & 
Crawley, 2002). 

Seligman (1996) argues that most Mediterranean grasslands grow in soils de-
ficient of one or more nutrients, for example, pasture production is poor in areas 
of low soil phosphorus availability. Although, an increase of legume species in 
the plant cover may be obtained by the addition of phosphorus (Osman et al., 
1991, 1999; Henkin et al., 1998). When there is a nitrogen enrichment (Foster & 
Gross, 1998), the high productivity tends to reduce species diversity (Tilman & 
Pacala, 1993; Janssens et al., 1998).  

The effects of increasing plant diversity often saturate at rather low numbers 
of species (in average 90 % of the known cases, the productivity of the most di-
verse treatment is reached with mixtures of 5 species (Roy, 2001); note that these 
cases may be biased). Since by definition, functional differences are larger be-
tween functional groups than between species, functional group diversity has 
been found to have a larger impact on ecosystem processes than species diversity 
(Hector et al., 1999; Hooper, 1998; Tilman et al., 1997). In these experiments, 
plant functional groups have been identified on the basis of species physiology 
(C3 vs. C4 species, N fixers vs. non-N fixers, woody vs. non-woody species) or 
life history (early vs. late season species, annuals vs. perennials). However, in 
removal studies, plant functional traits were found to have little impact on soil 
communities (Wardle et al., 1999). 

Our specific aim was to explore how changing plant biotic diversity affects 
productivity under a given set of conditions. We manipulated plant species 
richness as an experimental factor to determine if productivity would be affected 
by changes in the ratios of plants sown.  

2. Experimental Methods 
2.1. Experimental Site Description 
2.1.1. Typical Vegetation of the Area 
The Muñovela experimental farm is located in the chorological CARPETANO- 
IBERICO-LEONESA province, province of Salamanca. The climax vegetation 
corresponds to terminal associations of the siliceous Salamantino supra-Medi- 
terranean series of the oak (Genisto hystricis—Querceto rotundifoliae sigme-
tum). This feature has been modified by human intervention, which together 
with the existing morphological situations, has generate considerable hetero-
geneity in the area. 
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2.1.2. Soil 
The soil is a Chromic Luvisol and is located on a hillside with a slope gradient of 
less than 4%. The soil horizons correspond to Ap - Bt1 - Bt2 - B/C1 (Blanco et 
al., 1989). 

2.1.3. Weather Conditions 
The region has a continental dry climate. The temperature values during the ex-
perimental time frame (2009-2011) were similar to the average temperature of 
the 1999-2008. But annual precipitations were different, since 2009 was a partic-
ularly very dry year (240 mm), and had lower than average monthly precipita-
tion as compared to 1999-2008 (390 mm), with the exception of a few months. 
However, in 2010 the annual precipitation (550 mm) was higher than the pre-
viously mentioned years. 

2.2. Design of the Field Experiment 

Experimental plots were established within the agricultural land of the Muñovela 
experimental farm. Forty plots of 9 m2 were set up. The distance between plots 
and blocks was 0.6 m and 1 m respectively. The orchard grass (Dactylis glome-
rata var. Trerano) and lucerne (Medicago sativa var. Aragón) were sown in mo-
noculture and in combination. 

The experimental design was in randomized blocks with a factorial arrange-
ment (5 × 2) that was asymmetrical and balanced and had a fixed effect and re-
peated measures over time. The experimental units consisted of 40 plots distri-
buted into four blocks. The phosphorus fertilization (P) factor included two 
conditions: basal fertilization without phosphorus (−P) and basal fertilization 
with phosphorus (+P). The vegetation cover factor (T) included five conditions 
depending on the grass (G) and legume (L). The different treatments were: 

T1: D. glomerata—without phosphorus (−P) 
T2: D. glomerata: M. Sativa (75:25) (−P) 
T3: D. glomerata: M. Sativa (50:50) (−P) 
T4: D. glomerata: M. Sativa (25:75) (−P) 
T5: M. Sativa (-P) 
T6: D. glomerata—with P (+P) 
T7: D. glomerata: M. Sativa (75:25) (+P) 
T8: D. glomerata: M. Sativa (50:50) (+P) 
T9: D. glomerata: M. Sativa (25:75) (+P) 
T10: M. Sativa (+P) 

2.3. Vegetation Analyses 
2.3.1. Root Sampling 
Nine consecutive samplings were carried out from 2009 to 2011, during April, 
July and October. These samples were later called spring, summer and autumn 
samples, respectively. The soils were extracted with a steel cylindrical probe (4.8 
cm internal diameter) that was introduced into ground to a depth of 10 cm 
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depth. Four extractions were performed randomly in each plot. The final soil 
sample was composed of the four sub-samples, which were combined and ho-
mogeneously mixed. 

2.3.2. Biomass Sampling 
The biomass was measured in each plot during the nine consecutive samplings, 
where 0.25 m2 frames were used for each of the two samples taken. The plants 
were separated into three functional groups: grasses, legumes and others. They 
were dried in a forced air oven at 60˚C for 48 hours. The dry weight of each 
group of samples was determined. 

Inventory of different kind of species: 
A framework of 1 m2 was used for taking the inventory of the different plant 

species present, and the percentage of coverage was directly determined in each 
of the field plots. 

2.4. Statistical Analyses 

An experimental randomized block design was used, with unbalanced fixed ef-
fect. We considered the associated factors with the interactions (treatment/year 
and treatment/season). The effect of the season was nested in the effect of the 
year. This model was built using the generalized linear model incorporated into 
the multivariate analysis of variance (MANOVA) with orthogonal contrasts. The 
objective was to compare the effect of treatments according to the response va-
riables under study.  

Quantitative variables were transformed by the box-cox transformation fami-
ly. The analysis was supplemented with descriptive statistics for determining the 
arithmetic mean, standard deviation and variation coefficient according to the 
determining factors (year, treatment and season). The data were analyzed using 
the “SAS University” program. 

Multiple correspondence analysis (MCA) with indexed ranking, was used to 
characterize the presence or absence of the different species. This analysis was 
supplemented by the effect of the seasons and evaluated treatments. Data were 
analyzed using SPAD 3.5 statistical package. 

3. Experimental Results and Discussion 

No statistical difference was detected between treatments, when the percentage 
of coverage was between 77.1% and 81.1% (P > 0.05). But statistical differences 
were found between seasons (P < 0.05) (Table 1) and between years (Table 2). 

Different phosphorus fertilization treatments involving two different condi-
tions (basal fertilization without phosphorus (−P) and basal fertilization with 
phosphorus (+P)) on different percentages of dactylo (Dactylis glomerata L) and 
lucerne (Medicago sativa L.) plants show statistically significant differences 
among seasons (P < 0.05) (Table 1) and years (Table 2). However, some of the 
different treatments did not show statistically significant differences among 
them. 
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Table 1. Comparison of above-ground biomass in the three seasons evaluated. 

By seasons By years 

Season 
Above-ground  
biomass (%) 

Tukey* Year 
Above-ground  
biomass (%) 

Tukey* 

Spring 82.5 c 1 77.4 b 

Summer 80.5 b 2 83.2 c 

Autumn 74.7 a 3 77.1 a 

*Different letters indicate statistical difference (P < 0.05). 
 

Table 2. Evaluation of above-ground biomass for each experimental year. 

Treatment and season Year 1 Year 2 Year 3 

D. glomerata—without phosphorus (P) 74.2ab 80.2a 79.6ab 

D. glomerata: M. Sativa (75:25)—without P 75ab 83.9a 77.1ab 

D. glomerata: M. Sativa (50:50)—without P 77.5ab 83.5a 78.3ab 

D. glomerata: M. Sativa (25:75)—without P 80b 86a 77.5ab 

M. Sativa—without P 78.3ab 83.9a 74.2ab 

D. glomerata—with P 70.8a 80.4a 80b 

D. glomerata: M. Sativa (75:25)—with P 79.1ab 85.2a 77.9ab 

D. glomerata: M. Sativa (50:50)—with P 78.7ab 82.5a 75.8ab 

D. glomerata: M. Sativa (25:75)—with P 80b 84.3a 77.9ab 

M. Sativa—with P 80b 81.9a 72.5a 

Comparison among seasons:    

Summer 71.4a 89.2b 81c 

Autumn 71.5a 80a 72.4a 

Spring 89.3b 80.4a 77.9b 

 
Teixeira et al. (2015) report that legumes require phosphorus for better de-

velopment in Mediterranean ecosystems. Our results show this not to be the 
case, at least in biomass production. Our experimental plots were not weeded, 
and for that may introduce hidden forms of treatment, such as soil disturbances 
that may affect soil mineralization and other abiotic and biotic soil processes, 
which could in turn affect productivity, being in agreement with the results of 
Wardle (2001). Oliveira et al. (2015) have found that phosphorus fertilization 
has only small effects on grassland composition an Ultisol at Southern of Brazil, 
which was evaluated over a period of sixteen years and during different seasons, 
as well as Henkin et al. (2006) established during a five year study that phos-
phorus application significantly increased the productivity and the richness of 
annual legume species in a Mediterranean community.  

van Ruijven & Berendse (2005) and Lanta & Lepš (2006) published studies 
executed on smaller spatial scales indicating that sowing also increased produc-
tivity, and, on average, plots with high levels of diversity had the highest produc-
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tivity of all the treatments carried out. Thus, in our experiment, high productiv-
ity was connected with high diversity species, not with the total diversity of the 
plant community, supporting the views that biodiversity-functioning relation-
ships are highly species and context dependent (Wardle & Zackrisson, 2005), or 
using similar conditions, treatments with other species could increase the bio-
mass production depending on the specific conditions of each area (Hedlund et 
al., 2003). Possible differences in productivity between sown diversity plots could 
be attributed to the respective capacity of the treatments to modify the relative 
proportion of the component species. Thus, biomass increased with increasing 
dominance of perennials in the community as a consequence of sowing and 
successional process.  

The higher level of productivity found in both cases indicates that the initial 
diversity of the plots was greatly increased by sowing different species. Plots 
where more species were sown were those that eventually went on to present 
higher biomass; however the highest level of productivity was observed during 
the second year, which may be due to the weather conditions, and was not ac-
companied by higher levels of diversity. In addition to inherent production ca-
pabilities of each species, the evenness of the distribution (the relative propor-
tion of the component species) can have an influence on productivity (Nijs & 
Roy, 2000), especially the relative contribution of dominants and codominants.  

The two essential resources in productivity may be mineral nutrients and light 
(Tilman, 1982). Plant species differ in their ability to grow under different phys-
ical/chemical conditions that vary spatially, competing for several resources at 
any given spatial location. The mechanisms for increased competitive exclusion 
at high productivities are based on the fact that higher productivities will reduce 
spatial heterogeneity in the relative supplies of different resources. 

Changes within the types of grass species present for the three years evaluated, 
indicated that among the grasses found, only Lolium perenne L. and Poa praten-
sis L. significantly increased their presence over time (Table 3), independently of 
the treatments applied (Figure 1). With respect to the other species only the 
presence of Cardus tenuiflorus Curt. was significant over time. 

The multiple correspondence analysis (MCA), carried out to characterize the 
presence or absence of species according to the seasons and treatments, deter-
mined that planting D. glomerata did not influence the presence of the grasses 
identified. Species such as P. pratensis, V. bromoides and L. perenne grew inde-
pendently of the presence of D. glomerata and the treatments applied (Figure 1). 

During the experimental period some grass species significantly increased 
their presence over time (Table 3), specifically Lolium perenne L. and Poa pra-
tensis L. regardless of the treatments applied (Figure 1). In contrast, other spe-
cies, with the exception of Carduus tenuiflorus Curt., did not exhibit significant 
changes. Furthermore, there were no sampling effects, which may help to par-
tially explain the amount of total biomass (Huston, 1997). This effect predicts 
that the total biomass was determined by the increase of probability which com-
prise a particular species in a community. Species that were dominant in natural  
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Table 3. Presence of plant species for the three years according to different treatments. 

Variable 

Year 1 Year 2 Year 3 

Treatment* 

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

D. glomerata L. a a a a b a a a a a a a a a b a a a a a a a a a b a a a a b 

M. sativa L. b a a a a b a a a a b a a a a b a a a a b a a a a b a a a a 

B. maximus Desf. a a a a a a a a a a b b b b a b b b b a a a a a a a a a a a 

C. bursa-pastoris M. b b b b a b b b b a b b b b a b b b b a b ab ab ab ab b b b ab a 

C. tenuiflorus 
Curt. 

a a a a a a a a a a a a a a a a a a a a a b ab b b ab ab b b b 

C. canadensis (L.) a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

L. serriola L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

L. amplexicaule L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

L. perenne L. a a a a a a a a a a a ab b b b a ab b b b a bc c c c ab bc c c bc 

P. rhoeas L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

P. lanceolata L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

P. media L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

P. pratensis L. a a a a a a a a a a a ab ab ab ab ab b ab b b ab bc c c bc a bc c c bc 

S. nigrum L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

S. oleraceus L. b b b b a ab ab b b ab ab ab b a a ab b b b ab a b ab ab ab ab b ab b ab 

T. hispida Roth a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

T. pratense L. c c abc abc a c bc abc ab abc b ab a ab ab b ab ab a ab b ab ab ab a b a ab ab ab 

T. repens L. a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

V. floccosum  
(Benth.) Kuntze 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

V. persica Poiret a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

V. bromoides L  
(Gray) 

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a 

*Treatment: 1 = D. glomerata—without phosphorus (P). 2 = D. glomerata: M. Sativa (75:25)—without P. 3 = D. glomerata: M. Sativa (50:50)—without P. 4 
= D. glomerata: M. Sativa (25:75)—without P. 5 = M. Sativa—without P. 6 = D. glomerata—with P. 7 = D. glomerata: M. Sativa (75:25)—with P. 8 = D. 
glomerata: M. Sativa (50:50)—with P. 9 = D. glomerata: M. Sativa (25:75)—with P. 10 = M. Sativa—with P. 
 

conditions were remove from the sown species Lolium perenne was the domi-
nant species, whereas the group of “other forbs” made up most of the dominant 
species one year after the experimental plots were established. Cardus tenuiflo-
rus was the only species that was positively influenced by the soil seed bank. 
Similar to the experiment of Lepš et al. (2001), our results support the hypothesis 
that plant species diversity may have idiosyncratic effects on soil communities, 
even though long-term studies may reveal time lags in response to changes in 
the plant composition. Also, the improvement of these communities depends on 
the stronger competing species (Clarke et al., 2005).  

Some arable weed species are considered rare and endangered, and their sur-
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vival is usually dependent on regular ploughing. Some of the arable weeds are 
highly undesirable (e.g. Cardus teniuflorus), and some species, present in arable 
field seed bank or those invading the arable field spontaneously from adjacent 
communities, are also commonly found within meadow communities. The use 
of D. glomerata suppressed annual noxious grasses and increased the control of 
the group of other-forbs. Although these species are also noxious weeds, they 
may be substituted with other perennial species of the same functional group 
throughout the whole experimental period, similar to what had occurred with 
the other-forb perennial C. tenuifolius, which was the strong dominant present 
at the end of experimental period in all of the sown and unsown plots.  

Bekker et al. (1997) argued that the first plant species to become established 
within abandoned arable land are weedy species that are already present in the 
soil seed bank. These plants are opportunists with relatively poor root exploita-
tion capacity. After the initial stage of land abandonment, the initial colonizing 
plant species are replaced by persistent perennials (Hansson & Hagelfors, 1998; 
Kosola & Gross, 1999). The presence of a strong competitor in a mixture not 
only suppresses the colonizers, but also leads to reduced survival of the other 
species sown. 

The multiple correspondence analysis (MCA), for the legumes species found 
showed that planting lucerne (Medicago sativa) did not influence the presence of 
other legume species that appeared over time (Figure 2). 

By using multiple correspondence analysis (MCA) we found that planting D. 
glomerata did not determine the presence of grasses. Species such as P. pratensis, 
V. bromoides and L. perenne grew independently of the presence of D. glome-
rata and the treatments applied (Figure 1). Another study indicated that there is 
a weak relationship between native and planted species (Bennett et al., 2012). In 
the same way, planting lucerne (Medicago sativa) did not influence the presence 
of other legume species that appeared over time (Figure 2). 

The analysis performed for the other species (other than grasses and legumes) 
also showed that T1 and T5 sowing treatments (corresponding to single species 
without phosphorus application) influenced the presence of 70% of other species 
(Figure 3).  

The treatments corresponding to single species without phosphorus applica-
tion (T1 and T5 treatments) allowed us to determine their influence on the pres-
ence of 70% of the other types of species, such as Carduus tenuiflorus, Lactuca 
serriola, Conyza canadensis and Sonchus oleraceus, and their perennial life cycle 
(Figure 3). Another study showed that the specific composition of the commun-
ities and the presence of one particular functional group, such as legumes, had 
significant effects in the biomass production and also in nitrogen accumulation; 
therefore, legumes contributed to biodiversity and productivity depending on 
the species present and environmental conditions, such as nutrient availability 
(Spehn et al., 2002). 

The biomass of the different groups changed over time during the three sea-
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sons evaluated, and decreased during the autumn and spring (Figure 4). The 
legume biomass had a similar pattern (Figure 5). However, there was an in-
crease during the summer season. Variations in the growth of different species 
could be due to a complex mix of concordant and discordant responses to envi-
ronmental factors over time (Bennett et al., 2012). 

 

 
Figure 1. Factorial correspondence analysis of the presence or absence of grasses species 
(Conventions: ■ Season ● Presence of the species ○ Absence of the species). 

 

 

Figure 2. Factorial correspondence analysis of the presence or absence of the legume 
found species. 
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Figure 3. Factorial correspondence analysis of the presence or absence of the other found 
species. 

 

 

Figure 4. Biomass of grasses from different treatments according to the season. Vertical 
letters indicate significant difference (P < 0.05). 
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Figure 5. Biomass of legumes from different treatments according to the season. Vertical 
letters indicate significant difference (P <0.05). 

4. Conclusion 

In this experiment, the result of the aboveground biomass showed a similar pat-
tern between the sowing treatments and natural colonization, therefore the treat-
ment-year interaction was not significant. However, the biomass of different groups 
changed over time during the three seasons and years evaluated. It was observed 
that the biomass of grasses decreased significantly during autumn and spring 
(Figure 4), where the biomass of legumes also showed a similar pattern (Figure 
5). Both figures show an increase in biomass during the summer season. 

The establishment of Medicago sativa and Dactylis glomerata independently 
influenced the presence of some perennial species. Local conditions and species 
identities affect the suppressive capacity of plant communities towards other 
species, which complicates the generalization of any relationship between the 
diversity of communities and their susceptibility to invasions. This issue is one 
of the most critical factors that should be taken into account when planning fu-
ture restorations of areas such as woodlands, as there is no guarantee that late 
successional plant species will remain in the areas in which they are planted. The 
loss of dominance of the species sown due to inappropriate management is quite 
likely and will inevitably lead to the convergence of species composition with the 
proliferation of noxious annual weeds. 

The use of Medicago sativa and Dactylis glomerata suppresses annual noxious 
grasses and increases the control of the “other forb” group. Although these spe-
cies are also noxious weeds, they may be replaced by other perennial species of 
the same functional group throughout the whole experimental period, similar to 
what occurred with the other forb perennial C. tenuiflorus, which is appeared as 
a strong dominant at the end of the experimental period in all of the sown and 
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unsown plots.  
Changes regarding the presence of grass species for the three years evaluated 

indicated that only Lolium perenne L. and Poa pratensis L. significantly in-
creased their presence over time. However, these changes did not depend on the 
treatments applied. 

Acknowledgements 

COLCIENCIAS and Universidad de Antioquia (Colombia) fellowship to M. Me-
dina-Sierra supported this work and GRICA Sustainability Project 2016-2017. 

References 
Bakker, J. P., & Berendse, F. (1999). Constraints in the Restoration of Ecological Diversity 

in Grassland and Heathland Communities. Trends in Ecology & Evolution, 14, 63-68.  
https://doi.org/10.1016/S0169-5347(98)01544-4 

Bekker, R. M., Bakker, J. P., & Thompson, K. (1997). Dispersal of Plant Species in Time 
and Space: Can Nature Development Rely on soil Seed Banks and Dispersal? In A. 
Cooper, & J. Power (Eds.), Species Dispersal and Land Use Processes, 6th IALE Conference 
(pp. 247-255). Groningen: University of Groningen.  

Bennett, J. R., Dunwiddie, P. W., Giblin, D. E., & Arcese, P. (2012). Native versus Exotic 
Community Patterns across Three Scales: Roles of Competition, Environment and In-
complete Invasion. Perspectives in Plant Ecology, Evolution and Systematics, 14, 
381-392. https://doi.org/10.1016/j.ppees.2012.10.001 

Blanco, A., Forteza, J., Rico, M., & Sánchez Rodríguez, J. A. (1989). Estudios de la finca 
experimental “Muñovela” (IRNA/CSIC, Salamanca). In Anuario del Instituto de Re-
cursos Naturales y Agrobiología de Salamanca, XIV (pp. 150-189).  

Chapin III, F. S., Zavaleta, E. S., Eviner, V. T., Naylor, R. L., Vitousek, P. M., Reynolds, H. 
L., Hooper, D. U., Lavore, l. S., Sala, O. E., Hobbie, S. E., Mack, M. C., & Diaz, S. 
(2000). Consequences of Changing Biodiversity. Nature, 405, 234-242.  
https://doi.org/10.1038/35012241 

Clarke, P. J., Latz, P. K., & Albrecht, D. E. (2005). Long-Term Changes in Semi-Arid Ve-
getation: Invasion of an Exotic Perennial Grass Has Larger Effects than Rainfall Varia-
bility. Journal of Vegetation Science, 16, 237-248.  
https://doi.org/10.1111/j.1654-1103.2005.tb02361.x 

Crawley, M. (1990). The Population Dynamics of Plants. Philosophical Transactions of 
the Royal Society B, 330, 125-140. https://doi.org/10.1098/rstb.1990.0187 

Foster, B. L., & Gross, K. L. (1998). Species Richness in a successional Grassland: Effects 
of Nitrogen Enrichment and Plant Litter. Ecology, 79, 2593-2602.  
https://doi.org/10.1890/0012-9658(1998)079[2593:SRIASG]2.0.CO;2 

Garnier, E., Navas, M. L., Austin, M. P., Lilley, J. M., & Gifford, R. M. (1997). A Problem 
for Biodiversity-Productivity Studies: How to Compare the Productivity of Multispe-
cific Plant Mixtures to That of Monocultures? Acta Oecologica, 18, 657-670.  
https://doi.org/10.1016/S1146-609X(97)80049-5 

Gleeson, S.K., & Tilman, D. (1990). Allocation and the Transient Dynamics of Succession 
on Poor Soils. Ecology, 71, 1144-1155. https://doi.org/10.2307/1937382 

Hansson, M., & Hagelfors, H. (1998). Management of Permanent Set-Aside on Arable 
Land in Sweden. Journal of Applied Ecology, 35, 758-771.  
https://doi.org/10.1046/j.1365-2664.1998.355350.x 

https://doi.org/10.4236/ojf.2017.73020
https://doi.org/10.1016/S0169-5347(98)01544-4
https://doi.org/10.1016/j.ppees.2012.10.001
https://doi.org/10.1038/35012241
https://doi.org/10.1111/j.1654-1103.2005.tb02361.x
https://doi.org/10.1098/rstb.1990.0187
https://doi.org/10.1890/0012-9658(1998)079%5b2593:SRIASG%5d2.0.CO;2
https://doi.org/10.1016/S1146-609X(97)80049-5
https://doi.org/10.2307/1937382
https://doi.org/10.1046/j.1365-2664.1998.355350.x


M. Medina-Sierra et al. 
 

 

DOI: 10.4236/ojf.2017.73020 349 Open Journal of Forestry  
 

Hector, A., Schmid, B., Beierkuhnlein, C., Caldeira, M. C., Diemer, M., Dimitrakopoulos, 
P. G., Finn, J. A., Freitas, H., Giller, P. S., Good, J. Harris, R., Hogberg, P., Huss-Danell, 
K., Joshi, J., Jumpponen, A., Korner, C., Leadley, P. W., Loreau, M., Minns, A., Mulder, 
C. P. H., OʼDonovan, G., Otway, S. J., Pereira, J. S., Prinz, A., Read, D. J., Scher-
er-Lorenzen, M., Schulze, E. D., Siamantziouras, A. S. D., Spehn, E. M., Terry, A. C., 
Troumbis, A. Y., Woodward, F. I., Yachi, S., & Lawton, J. H. (1999). Plant Diversity 
and Productivity Experiments in European Grasslands. Science, 286, 1123-1127.  
https://doi.org/10.1126/science.286.5442.1123 

Hedlund, K., Santa-Regina, I., Van der Putten, W. H., Leps, J., Diaz, T. A., Korthals, G. 
H., Lavorel, S., Brown, V. K., Gormsen, D., Mortimer, S. R., Rodriguez-Barrueco, C., 
Roy, J., Šmilauer, P., Šmilauerová, M., & van Dijk, C. (2003). Plant Species Diversity, 
Plant Biomass and Responses of the Soil Community on Abandoned Land across Eu-
rope: Idiosyncracy or Above-Belowground Time Lags. Oikos, 103, 45-58.  
https://doi.org/10.1034/j.1600-0706.2003.12511.x 

Henkin, Z., Sternberg, M., No’am, G. S., & Noy-Meir, I. (2006). Species Richness in Rela-
tion to Phosphorus and Competition in a Mediterranean Dwarf-Shrub 
ty. Agriculture Ecosystems & Environment, 113, 277-283. 

Henkin, Z., Seligman, N. G., Noy-Meir, I., Kafkafi, U., & Gutman, M. (1998). Rehabilita-
tion of Mediterranean Dwarf-Shrub Rangeland with Herbicides, Fertilizer and Fire. 
Journal of Range Management, 51, 193-199. https://doi.org/10.2307/4003207 

Hooper, D. U. (1998). The Role of Complementarity and Competition in Ecosystem 
Responses to Variation in Plant Diversity. Ecology, 79, 704-719.  
https://doi.org/10.1890/0012-9658(1998)079[0704:TROCAC]2.0.CO;2 

Hooper, D. U., & Vitousek, P. M. (1997). The Effect of Plant Composition and Diversity 
on Ecosystem Processes. Science, 277, 1302-1304.  
https://doi.org/10.1126/science.277.5330.1302 

Huston, M. A. (1997). Hidden Treatments in Ecological Experiments: Re-Evaluating the 
Ecosystem Function of Biodiversity. Oecologia, 110, 449-460.  
https://doi.org/10.1007/s004420050180 

Janssens, F., Peeters, A., Tallowin, J. R. B., Bakker, J. P., Bekker, R. M., Fillat, F., & Oomes, 
M. J. M. (1998). Relationship between Soil Chemical Factors and Grassland Diversity. 
Plant and Soil, 202, 69-78. https://doi.org/10.1023/A:1004389614865 

Keane, R. M., & Crawley, M. J. (2002). Exotic Plant Invasions and the Enemy Release 
Hypothesis. Trends in Ecology & Evolution, 17, 164-169. 

Knops, J. M. H., & Tilman, D. (2000). Dynamics of Soil Nitrogen and Carbon Accumula-
tion for 61 Years after Agricultural Abandonment. Ecology, 81, 88-98.  
https://doi.org/10.1890/0012-9658(2000)081[0088:DOSNAC]2.0.CO;2 

Kosola, K. R., & Gross, K. L. (1999). Resource Competition and Suppression of Plants 
Colonizing Early Successional Old Fields. Oecologia, 118, 69-75.  
https://doi.org/10.1007/s004420050704 

Lanta, V., & Lepš, J. (2006). Effect of Functional Group Richness and Species Richness in 
Manipulated Productivity-Diversity Studies: A Glasshouse Pot Experiment. Acta Oe-
cologica, 29, 85-96. 

Lepš, J., Brown, V., Diaz, T. A., Gormsen, D., Hedlund, K., Kailova, J., Korthals, G. H., 
Mortimer, S. R., Rodriguez-Barrueco, C., Roy, J., Santa-Regina, I., van Dijk, C., & van 
der Putten, W. H. (2001). Separating the Chance Effect from Other Diversity Effects in 
the Functioning of Plant Communities. Oikos, 92, 123-134.  
https://doi.org/10.1034/j.1600-0706.2001.920115.x 

Nijs, I., & Roy, J. (2000). How Important Are Species Richness, Species Evenness and In-

https://doi.org/10.4236/ojf.2017.73020
https://doi.org/10.1126/science.286.5442.1123
https://doi.org/10.1034/j.1600-0706.2003.12511.x
https://doi.org/10.2307/4003207
https://doi.org/10.1890/0012-9658(1998)079%5b0704:TROCAC%5d2.0.CO;2
https://doi.org/10.1126/science.277.5330.1302
https://doi.org/10.1007/s004420050180
https://doi.org/10.1023/A:1004389614865
https://doi.org/10.1890/0012-9658(2000)081%5b0088:DOSNAC%5d2.0.CO;2
https://doi.org/10.1007/s004420050704
https://doi.org/10.1034/j.1600-0706.2001.920115.x


M. Medina-Sierra et al. 
 

 

DOI: 10.4236/ojf.2017.73020 350 Open Journal of Forestry  
 

terspecific Differences to Productivity? A Mathematical Model. Oikos, 88, 57-66.  
https://doi.org/10.1034/j.1600-0706.2000.880107.x 

Oliveira, L. B., Soares, E. M., Jochims, F., Tiecher, T., Marques, A. R., Kuinchtner, B. C., 
& de Quadros, F. L. (2015). Long-Term Effects of Phosphorus on Dynamics of an 
Over-Seeded Natural Grassland in Brazil. Rangeland Ecology & Management 68, 445- 
452. 

Osbornová, J., Kovárová, M., Lepš, J., & Prach, K. (1990). Succession in Abandoned 
Fields. Studies in Central Bohemia (169 p.). Dordrecht: Czeckoslovakia. Kluwer Aca-
demic Publishers. 

Osman, A. E., Cocks, P. S., Russi, L., & Pagnotta, M. A. (1991). Response of Mediterra-
nean Grassland to Phosphate and Stocking Rates: Biomass Production and Botanical 
Composition. Journal of Agricultural Science, 116, 37-46.  
https://doi.org/10.1017/S0021859600076127 

Osman, A. E., Salkini, A. K., & Ghassali, F. (1999). Productivity and Botanical Composi-
tion of Mediterranean Grassland in Relation to Residual Phosphate. Journal of Agri-
cultural Science, 132, 399-405.  
https://doi.org/10.1017/S0021859699006462 

Richards, J. F. (1990). Land Transformation. In B. L. Turner II, W. C. Clark, R. W. Kates, 
J. F. Richards, J. T. Mathews, & W. B. Meyer (Eds.), The Earth as Transformed by Hu-
man Action (pp. 163-178). Cambridge: Cambridge University Press. 

Roy, J. (2001). How Does Biodiversity Control Primary Productivity? In H. A. Mooney, B. 
Saugier, & J. Roy (Eds.), Global Terrestrial Productivity: Past, Present and Future (pp. 
169-186). San Diego: Academic Press. 

Schläpfer, F., & Schmid, B. (1999). Ecosystem Effects of Biodiversity: A Classification of 
Hypotheses and Exploration of Empirical Results. Ecological Applications, 9, 893-912.  
https://doi.org/10.1890/1051-0761(1999)009[0893:EEOBAC]2.0.CO;2 

Seligman, N. G. (1996). Management of Mediterranean Grasslands. In J. Hodgson, & A. 
W. Illius (Eds.), The Ecology and Management of Grazing Systems (pp. 359-392). Wal-
lingford: CAB International. 

Spehn, E. M., Scher-Lorensen, M., Schmid, B., Hector, A., Caldiera, M. C., Dimitrako-
poulos, P. G., Finn, J. A., Jumpponen, A., O’Donnovan, G., Pereira, J. S., Schulze, E.-D., 
Troumbis, A. Y., & Korner, C. (2002). The Role of Legumes as a Component of Biodi-
versity in a Cross-European Study of Grassland Biomass Nitrogen. Oikos, 98, 205-218.  
https://doi.org/10.1034/j.1600-0706.2002.980203.x 

Teixeira, R. F., Proença, V., Crespo, D., Valada, T., & Domingos, T. (2015). A Conceptual 
Framework for the Analysis of Engineered Bio-Diverse Pastures. Ecological Engineer-
ing, 77, 85-97.  

Tilman, D. (1982). Resource Competition and Community Structure. Princeton, NJ: 
Princeton University Press.  

Tilman, D. (1999). The Ecological Consequences of Changes in Biodiversity: A Search for 
General Principles. Ecology, 80, 1455-1474.  
https://doi.org/10.2307/176540 

Tilman, D., Knop,s J., Wedin, D., Reich, P., Ritchie, M., & Sieman, E. (1997). The Influ-
ence of Functional Diversity and Composition on Ecosystem Processes. Science, 277, 
1300-1302. https://doi.org/10.1126/science.277.5330.1300 

Tilman, D., & Pacala, S. (1993). The Maintenance of Species Richness in Plant Communi-
ties. In R. E. Ricklefs, & D. Schluter (Eds.), Species Diversity in Ecological Communi-
ties: Historical and Geographical Perspectives (pp. 13-25). Chicago, IL: University of 
Chicago Press. 

https://doi.org/10.4236/ojf.2017.73020
https://doi.org/10.1034/j.1600-0706.2000.880107.x
https://doi.org/10.1017/S0021859600076127
https://doi.org/10.1017/S0021859699006462
https://doi.org/10.1890/1051-0761(1999)009%5b0893:EEOBAC%5d2.0.CO;2
https://doi.org/10.1034/j.1600-0706.2002.980203.x
https://doi.org/10.2307/176540
https://doi.org/10.1126/science.277.5330.1300


M. Medina-Sierra et al. 
 

 

DOI: 10.4236/ojf.2017.73020 351 Open Journal of Forestry  
 

Tilman, D., Wedin, D., & Knops, J. (1996). Productivity and Sustainability Influenced by 
Biodiversity in Grassland Ecosystems. Nature, 379, 718-720.  
https://doi.org/10.1038/379718a0 

van Ruijven, J., & Berendse, F. (2005). Diversity-Productivity Relationships: Initial Ef-
fects, Long-Term Patterns, and Underlying Mechanisms. Proceeding of the National 
Academic of Science of the United States of America, 102, 695-700.  
https://doi.org/10.1073/pnas.0407524102 

Vilà, M., & Weiner, J. (2004). Are Invasive Plant Species Better Competitors than Native 
Plant Species?—Evidence from Pair-Wise Experiments. Oikos, 105, 229-238.  
https://doi.org/10.1111/j.0030-1299.2004.12682.x 

Wardle, D. A. (2001). Experimental Demonstration That Plant Diversity Reduces Invisi-
bility: Evidence of a Biological Mechanism or a Consequence of Sampling Effect? Oi-
kos, 95, 161-170. https://doi.org/10.1034/j.1600-0706.2001.950119.x 

Wardle, D. A., Bonner, K. I., Barker, G. M., Yeates, G. W., Nicholson, K. S., Bardgett, R. 
D., Watson, R. N., & Ghani, A. (1999). Plant Removals in Perennial Grassland: Vegeta-
tion Dynamics, Decomposers, Soil Biodiversity, and Ecosystem Properties. Ecological 
Monographs, 69, 535-568.  
https://doi.org/10.1890/0012-9615(1999)069[0535:PRIPGV]2.0.CO;2 

Wardle, D. A., & Zackrisson, O. (2005). Effects of Species and Functional Group Loss on 
Island Ecosystem Properties. Nature, 435, 806-810.  
https://doi.org/10.1038/nature03611 

Williamson, M. (1996). Biological Invasions. London: Chapman and Hall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals). 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles  
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact ojf@scirp.org 

https://doi.org/10.4236/ojf.2017.73020
https://doi.org/10.1038/379718a0
https://doi.org/10.1073/pnas.0407524102
https://doi.org/10.1111/j.0030-1299.2004.12682.x
https://doi.org/10.1034/j.1600-0706.2001.950119.x
https://doi.org/10.1890/0012-9615(1999)069%5b0535:PRIPGV%5d2.0.CO;2
https://doi.org/10.1038/nature03611
http://papersubmission.scirp.org/
mailto:ojf@scirp.org


Open Journal of Forestry, 2017, 7, 352-371 
http://www.scirp.org/journal/ojf 

ISSN Online: 2163-0437 
ISSN Print: 2163-0429 

 

DOI: 10.4236/ojf.2017.73021  Jul. 28, 2017 352 Open Journal of Forestry  
 

 
 
 

Structure and Natural Regeneration Status of 
Woody Plants of Berbere Afromontane Moist 
Forest, Bale Zone, South East Ethiopia; 
Implication to Biodiversity Conservation 

Tesfaye Bogale1*, Demeke Datiko2, Shiferew Belachew3 

1Mettu Biodiversity Center, Ethiopian Biodiversity Institute (EBI), Mettu, Ethiopia. 
2Hawassa Biodiversity Center, Ethiopian Biodiversity Institute (EBI), Hawassa, Ethiopia. 
3Biology Department, Madda Walabu University, Bale-Robe, Ethiopia 

 
 
 

Abstract 
The study was conducted on Berbere Forest in Bale Zone of Oromia Regional 
State, south east of Ethiopia with the objective of determining the structural 
analysis and natural regeneration status of the forest. Systematic sampling 
method was used to collect vegetation data. Seventy two nest quadrat sizes of 
400 m2 (20 m × 20 m) for trees and shrubs were used. Within the main qua-
drat, two opposite side of each sub-quadrat of 25 m2 (5 m × 5 m) for sapling, 4 
m2 (2 m × 2 m) for seedling of woody plants. The diameter and height were 
measured for all individual trees and shrubs having DBH (Diameter at Breast 
Height) ≥ 10 cm thick and ≥2 m height by using a diameter tape or caliper 
and clinometer respectively. For description and analysis of vegetation struc-
ture Diameter at Breast Height (DBH), basal area, tree density, height, fre-
quency and important value index were used. Structural analysis of some se-
lected tree species was revealed four different population patterns (bell shaped, 
inverted J-shaped, irregular and U-shaped). The total basal area of Berbere 
forest was 87.49 m2/ha, but most of the basal area was contributed by few large 
sized Moraceae family (Ficus vasta, Ficus ovate and Ficus thonningii) plant 
species. Analysis of regeneration status of woody plants in the forest showed 
37.09% trees/shrubs species exhibited “good”, 19.35% showed “fair”, 6.45% 
showed “poor” and 25.81% trees/shrubs species were “not regenerating” at all 
and 11.29% trees/shrubs species were available only in sapling or seedling stage. 
Studies on the structure and regeneration of the forest indicated that there are 
species that require urgent conservation measures. Therefore, based on the 
results of this study, we recommended detail regenerating studies of seed 
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bank in relation to various environmental factors such as soil type and prop-
erties. 
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1. Introduction 

Ethiopia is an important regional center for biological diversity due to its wide 
ranges of altitude, its great geographical diversity with high and rugged moun-
tains, flat-topped plateaus and deep gorges, incised river valleys and rolling plains 
(Kelbessa et al., 1992; Woldu, 2008). These make Ethiopia have about 6500 - 
7000 species of higher plants that are estimated to exist in the country of which 
about 12% plants species are estimated to be endemic (Gebre-Egziabher, 1991; 
Kelbessa et al., 1992; WCMC, 1992; Bekele et al., 1999; Vivero et al., 2006; Hed-
berg et al., 2009). However, deforestation and habitat fragmentation pose a se-
rious threat to the conservation of biodiversity in general and forest genetic re-
sources in particular. The ultimate cause that has to be addressed for the forest 
destruction in Ethiopia is poverty, population growth, agricultural land expan-
sion, extensive deforestation and encroachment (Kelbessa et al, 1992; Woldema-
riam et al., 2002).  

Population structure is the distribution of individuals of each species in arbi-
trarily to provide the overall regeneration profile of the study based on tree den-
sity, height, frequency, diameter at breast height, species importance value and 
basal area (Peters, 1996; Tesfaye et al., 2002; Shibru & Balcha, 2004). Information 
on population structure of a tree species indicates the history of the past distur-
bance to that species and the environment and hence, used to forecast the future 
trend of the population of that particular species (Peters, 1996). From the popu-
lation dynamics point of view, examination of patterns of species population 
structure could provide valuable information about their regeneration and/or 
recruitment status as well as viability status of the population that could further 
be employed for devising evidence-based conservation and management strate-
gies (Teketay, 2005; Tilahun et al., 2011). 

The regeneration status/potential of species in a community can be accessed 
from the total population dynamics of seedlings and saplings in the forest com-
munity (Tesfaye et al., 2002; Duchok et al., 2005). The overall pattern of popula-
tion dynamics of seedlings, saplings and adults of a plants species can exhibit the 
regeneration profile, which is used to determine their regeneration status (Khan 
et al., 1987; Bekele, 1994). A population with sufficient number of seedlings and 
saplings depicts satisfactory regeneration behavior, while inadequate number of 
seedlings and saplings of the species in a forest indicates poor regeneration 
(Khan et al., 1987; Tripathi & Khan, 2007). 
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2. Materials and Methods 
2.1. Study Site 

Berbere forest is administratively located in Berbere district, Bale zone, Oromia 
National Regional State, Ethiopia, and 530 km from Addis Ababa and 100 km 
from capital of Bale zone, Robe. The study area is located at longitudes between 
UTM 0742254 to 0751912 E and latitude 37N 0619214 to 37N 0629989 and alti-
tude between 1100 m and 1880 m (Figure 1).  

Climate: The mean annual temperature is about 20.0˚C and the mean annual 
minimum and maximum temperatures are 8.9˚C and 30.44˚C respectively. There 
is a slight difference in the temperature throughout the year. The hottest month 
is February with maximum temperature record 30.44˚C and the coldest month 
is December with minimum temperature of 8.91˚C. The mean annual rainfall of 
the study area is 771 mm. It is characterized by bimodal rainfall with the main 
rainy season occurring early March through May and the short rain late August 
through November.  

2.2. Sampling Design 

Following a reconnaissance survey, a systematic sampling technique was used to 
collect vegetation data in the Forest. Seventy two nest quadrat size of 400 m2 (20 
m × 20 m) were used. Within the main quadrat two opposite side of each sub- 
quadrat of 25 m2 (5 m × 5 m) for sapling of woody plants, 4 m2 (2 m × 2 m)  

 

 
Figure 1. The study area map. 
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for seedling of woody plants. Plots were laid systematically at every 300 m along 
transect lines, which were 200 m apart from each other (Chauhan et al., 2008; 
Yineger et al., 2008; Adamu et al., 2012; Tiwari et al., 2010; Gebrehiwot & Hun-
dera, 2014; Sharma & Ahmad, 2014). 

2.3. Data Collection 

Data collection was conducted from October 05 to November 25, 2015. The di-
ameter and height were measured and recorded for all individual trees and 
shrubs having DBH (Diameter at Breast Height) ≥ 10 cm thick and ≥2 m height 
by using a diameter tape or caliper and clinometer respectively. The woody 
plants <10 cm DBH and <2 m height were also recorded. If the tree branched at 
breast height or below, the diameter were measured separately for the branches 
and averaged (Bharali et al., 2012; Dibaba et al., 2014; Gebrehiwot & Hundera, 
2014). 

Regeneration status (seedling and sapling) density of woody plants was car-
ried out with two opposite sub-quadrat with in the main quadrat. For sapling 
data, the sub-plot of 25 m2 (5 m × 5 m) for individual’s woody plant <10 cm 
DBH and >0.5 m <2 m height were recorded. For seedling data, the sub-plot of 4 
m2 (2 m × 2 m) with individual’s woody plant species ≤0.5 m height was rec-
orded (Chauhan et al., 2008; Bharali et al., 2012; Dibaba et al., 2014). 

2.4. Data Analysis 
2.4.1. Structural Data Analysis 
• Diameter at Breast Height (DBH): The structural data of DBH was ana-

lyzed based on eight DBH classes (i.e., 10 - 20 cm, 20.1 - 30 cm, 30.1 - 40 cm, 
40.1 - 50 cm, 50.1 - 60 cm, 60.1 - 70 cm, 70.1 - 80 cm, >80 cm) (Hundera et 
al., 2007). 

• Basal area is the area outline of a plant near ground surface. It is expressed in 
square m/hectare (Mueller-Dombois & Ellenberge, 1974).  

( )2
2πdBasal area m where, π 3.14

4
= =                (1) 

d = DBH by m 

• Density is a count of the numbers of individuals of a species within the qua-
drat (Kent & Coker, 1992). Afterwards, the sum of individuals per species were 
calculated and analyzed in terms of species density per hectare (Mueller- 
Dombois & Ellenberge, 1974).  

( ) number of above ground stems of species countedD density =
sample areaha

     (2) 

( ) Density of species ARD relative density 100
Total density of all species

= ×        (3) 

• Frequency is defined as the probability or chance of finding a species in a 
given sample area or quadrat. It is dependent on quadrat size, plant size and 
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patterning in the vegetation (Kent & Coker, 1992). It was calculate with this 
formula: 

( ) the number of plots where which that species occursf frequency 100
total number of plots

= ×  (4) 

( ) frequency of species ARf relative frequency 100
total frequency of all species

= ×       (5) 

• Importance Value Index (IVI): It combines data for three parameters (rela-
tive frequency, relative density and relative abundance) or it often reflects the 
extent of the dominance, occurrence and abundance of a given species in re-
lation to other associated species in an area (Kent & Coker, 1992). 

IVI Relative density Relative frequency Relative dominance= + +  

total basal areaDominance
area sampledby ha

=                  (6) 

Relative Dominance (RDO) was calculated as: 
Dominance of species of ARDO 100

Total dominance of all species
= ×              (7) 

Height: Individual trees and shrubs having height greater than or equal to 2 m 
within sampling quadrats were collected and analyzed by classifying into ten 
classes (2 - 6 m, 6 - 9 m, 9 - 12 m, 12 - 15 m, 15 - 18 m, 18 - 21 m, 21 - 24 m, 24 - 
27 m, 27 - 30 m, >30 m) (Hundera et al., 2007). 

2.4.2. Regeneration Data Analysis 
The regeneration status of sample species in the forest was analyzed by compar-
ing seedling with sapling and sapling with matured trees data (Shankar, 2001; 
Dhaulkhandi et al., 2008; Tiwari et al., 2010; Gebrehiwot & Hundera, 2014) in 
the following categories: 1) “good” regeneration, if present in seedling > sapl-
ing > mature tree; 2) “fair” regeneration, if present in seedling > sapling < ma-
ture tree; 3) “poor” regeneration, if a species survives only in the sapling stage, 
but not as seedlings (even though saplings may be less than, more than, or equal 
to mature); 4) “none”, if a species is absent both in sapling and seedling stages, 
but present as mature; and 5) “new”, if a species has no mature, but only sapling 
and/or seedling stages. 

3. Result and Discussions  
3.1. Vegetation Structure 
3.1.1. Tree and Shrub Density 
Tree and shrub density, expressed as the number of individuals with DBH 
greater than 10 cm was 355.2/ha and those individuals with DBH between 10 
and 20 cm and with DBH greater than 20 cm were 216.58/ha and 138.62/ha re-
spectively. The ratio described as a/b, is taken as the measure of size class distri-
bution (Grubb et al., 1963). Accordingly, the ratio of individuals with DBH be-
tween 10 and 20 cm (a) to DBH > 20 cm (b) was 1.56 for Berbere Forest. This  
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Table 1. Comparisons of tree densities with Diameter at Breast Height (DBH) between 10 
and 20 (a) and tree density with DBH > 20 cm (b) from Berbere forest with 10 other fo-
rests in Ethiopia. 

Forests 
Density 

Ratio Sources 
(a) (b) 

Masha Anderacha 385.7 160.5 2.40 Yeshitela & Bekele, 2003 

Bibita 500.5 265.6 1.88 Denu, 2006 

Dodola 521.0 351.0 1.48 Hundera et al., 2007 

Menna Angetu 292.0 139.0 2.10 Lulekal et al., 2008 

Jima 335.0 184.0 1.80 Kenea, 2008 

Alata-Bolale 365.0 219.0 1.67 Enkossa, 2008 

Komto 330.0 215.0 1.53 Gurmessa et al., 2013 

Jibat 124.7 220.6 0.56 Burju et al., 2013 

Belete 305.7 149.0 2.04 Gebrehiwot & Hundera, 2014 

Kimphe Lafa 183.9 135.3 1.36 Aliyi et al., 2015 

Berbere 214.6 140.6 1.56 Present study 

 
indicates that the proportion of medium-sized individuals (DBH between 10 and 
20 cm) is larger than the large sized individuals (DBH > 20 cm). When compare 
ratio (a/b DBH) of Berbere forest to the other forests of Ethiopia is relatively 
larger than that of Dodola, Jibat, Komto and Kimphe Lafa forests but Ala-
ta-Bolale, Jima, Bibita, Menna Angetu, Belete and Masha Anderacha forests have 
more a/b ratio values than Berbere forest indicating that there is more predo-
minance of trees in the lower DBH class in these forests than in Berbere forest 
(Table 1). 

3.1.2. Diameter at Breast Height (DBH) 
The patterns of diameter class distribution indicate the general trends of popula-
tion dynamics and recruitment processes of a given species (Steininger, 2000). 
The distribution of trees in different DBH classes was analyzed. The DBH was 
classified into eight classes: 1) 10.0 - 20.0 cm; 2) 20.1 - 30.0 cm; 3) 30.1 - 40.0 cm; 
4) 40.1 - 50.0 cm; 5) 50.1 - 60.0 cm; 6) 60.1 - 70.0 cm; 7) 70.1 - 80.0 cm; and 
8) >80.0 cm. The majority of the tree individuals are distributed in the first DBH 
class (10 - 20 cm) with 216.58 ha−1 (60.02%). The distribution of trees in DBH 
classes of 2, 3, 4, 5, 6, 7, 8 was 73.61 individuals ha−1 (20%), 43.05 (12.12%), 14.93 
(4.20%), 3.82 (1.07%), 1.74 (0.49%), 0.69 (0.19%) and 2.78 (0.78%) individuals 
ha−1 respectively. As the DBH class size increases, the number of individuals 
gradually decreases toward the higher DBH classes. Similar results were reported 
by Lulekal et al. (2008) from Mana Angetu, Burju et al. (2013) from Jibat and 
Gebrehiwot & Hundera, 2014 from Belete forest. 

The general pattern of DBH class distribution of Berbere woody plant species 
was showed an inverted J-shaped distribution (Figure 2). However, this pattern 
does not describe the general trends of population dynamics and recruitment  
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Figure 2. Diameter at Breast Height classes versus the number of individuals/ha of woody 
plant species in Berbere forest. 

 
processes of a given individual species. Analysis of population structures for 
each individual tree and shrub species could provide more realistic and distinc-
tive information for forest conservation and management activities (Kelbessa & 
Soromessa, 2008; Yineger et al., 2008; Didita et al., 2010; Dibaba et al., 2014). 
The population structure of selected species of Berbere forest followed four gen-
eral diameter class distribution patterns, which indicated different population 
dynamics among species.  

The first pattern was an inverted J-shaped distribution showed a pattern 
where species frequently had the highest frequency in low diameter classes and a 
gradual decrease towards the higher class. Species such as Combretum molle, Fi-
licium decipiens, Mimusops kummel, Psydrax schimperiana and Maesa lanceo-
lata were characterized by this distribution pattern. As Ayalew et al. (2006), Kel-
bessa & Soromessa (2008), Yineger et al. (2008) and Dibaba et al. (2014) indicated 
in different forest such pattern is normal population structure and shows the ex-
istence of species in healthier condition.  

The second pattern was Bell-shape, which showed that the number of indi-
viduals were high in the middle classes and decreased towards the lower and 
higher diameter classes. Example Podocarpus falcatus, Warburgia ugandensis, 
Diospyros abyssinica, Celtis africana, Tamarindus indica, and Buddleja polys-
tachya were characterized by such. This pattern indicates a poor reproduction 
(Senbata, 2006) and recruitment of species, which may be associated with the 
over harvesting of seed bearing individual (Senbata, 2006).  

The third pattern was formed by species having irregular distribution over 
diameter classes. Some DBH classes had small number of individuals while other 
DBH classes had large number of individuals and even some were missed. This 
irregular pattern distribution was might be due to selective cutting by the local 
people for construction and firewood. Overgrazing which affects the seedlings 
under the mother tree could be another reason for such irregularities. This pat-
tern is exemplified by Oleacapensis subsp. hochstetteri and Pouteria adolfifrie-
derici.  

The fourth pattern was with no individual in DBH class one and two and five 
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relatively equal numbers in DBH class 3 and 4 and DBH class 6 and 8, example 
Ficus ovate. This pattern represents abnormal population dynamics. The under-
lying reason for such pattern is may be due to the nature of seeds germination 
and recruitments of its seedling. The seeds of this plant germinate on the stems 
of other plants and the seedlings also grow on stems of other plants as parasite 
until they become larger and replace the host plant by killing it (Putz & Hol-
brook, 1989; Kelbessa & Soromessa, 2008). 

Information on population structure of a tree species indicates the history of 
the past disturbance to that species and the environment and hence, used to 
forecast the future trend of the population of that particular species (Bekele, 
1994; Teketay, 1997). 

3.1.3. Height Class Distributions 
The woody species individuals obtained in the study were classified into 10 
height classes: 1) 2.0 - 6.0 m; 2) 6.1 - 9.0 m; 3) 9.1 - 12.0 m; 4) 12.1 - 15.0 m; 5) 
15.1 - 18.0 m; 6) 18.1 - 21.0 m; 7) 21.1 - 24.0 m; 8) 24.1 - 27.0 m; 9) 27.1 - 30.0 m; 
10) >30.0 m and these were described. There is higher number of trees/shrubs 
individuals in the height class 2, 3, 4, 5 and 6 which accounts 75.85% of the total 
height classes. The rest lower and upper class intervals are accounts 24.15%. The 
woody species height class distribution of all individuals in different size class 
was more or less showed an inverted J-shaped like DBH distribution pattern 
(Figure 3). As Tesfaye et al. (2002) indicated the decrease in number of each 
height class towards the highest classes showed that the dominance of small- 
sized individuals in the forest, which was the characteristic of normal rate. 

3.1.4. Vertical Structure 
The vertical structure of the woody species occurring in the Berbere forest was 
analyzed using the IUFRO classification scheme (Lamprecht, 1989). The scheme 
classifies the storey into upper, where the tree height is greater than 2/3 of the 
top height; middle, where the tree height is in between 1/3 and 2/3 of the top 
height and the lower storey where the tree height is less than 1/3 of the top 
height. The top height for trees in Berbere forest was 40 m (Podocarpus falca-
tus). Accordingly, the emergent tree species that occupied the upper storey in- 

 

 
Figure 3. Height classes versus density of individual species per hectar in Berbere forest.  
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Table 2. Density, species number and individuals to species ratios by Storey. 

Storey Height (m) Density/ha (A) Density % Species no. (B) 
Species 

% 
Ratio of 
A to B 

Lower 2 - 13.33 176 49.58 35 50.72 5.03:1 

Middle 13.34 - 26.67 156 43.94 25 36.23 6.24:1 

Upper >26.67 23 6.48 9 13.04 2.56:1 

 
clude Podocarpus falcatus, Warburgia ugandensis, Pouteria adolfi-friederici, 
Diospyros abyssinica and Buddleja polystachya etc. In addition, only few indi-
viduals attained the upper storey as the ratio of individuals to species is lower. 
From this it is important to note that the highest proportion of species was con-
centrated in the lower storey (49.58%) followed by the middle (43.94%) and up-
per storey (6.48%) of the vertical structure of the forest given in Table 2. 

3.1.5. Basal Area and Density 
The total basal area of Berbere forest was 87.49 m2/ha. About 49.67 m2/ha 
(56.77%) of the total basal area was contributed by eleven tree species. The basal 
area of family Moraceae (Ficus vasta, Ficus ovate and Ficus thonningii) had con-
tribute 27.76 (31.73%) of the total basal area of the study area. This is might be 
due to the Ficus species is not currently used for wood, charcoal and construc-
tion materials. In addition the society of the area has respected the Moraceae 
family plant species culturally.  

The basal area of Berbere Forest is much greater than that of Chilimo forest 
(Bekele, 1993), Donkoro forest (Ayalew et al., 2006), Alata-Bolale forest (Enkossa, 
2008), Komto forest (Gurmessa et al., 2012) and Jibat forest (Burju et al., 2013). 
But it was much less basal area than that of Dodolla forest (Hundera et al., 2007), 
Menna Angetu forest (Lulekal et al., 2008), Belete forest (Gebrehiwot & Hundera, 
2014) and Kimphe lafa forest (Aliyi et al., 2015) (Figure 4). 

Basal area provides a better measure of the relative importance of the species 
than simple stem count (Cain & Castro, 1959), cited in Bekele (1994). Thus, spe-
cies with the largest basal area can be considered the most important woody spe-
cies in the study area. Accordingly, Ficus vasta, Ficus ovate, Ficus thonningii, 
Pappea capensis and Podocarpus falcatus species were the most important spe-
cies in the study area. Species like, Diospyros abyssinica, Warburgia ugandensis, 
Celtis africana and Tamarindus indica although they have high density; their 
basal area is not as high as their density (Table 3). This is due to the nature of 
the plants not to grow to higher basal area and the level of exposure to human 
activities. It also indicates that species with the highest basal area do not neces-
sarily have the highest density, indicating size difference between species 
(Bekele, 1994; Shibru & Balcha, 2004; Denu, 2006). 

3.1.6. Important Value Index (IVI) 
Important value index is the degree of dominancy and abundance of a given 
species in relation to the other species in the area (Kent & Coker, 1992). The re- 
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Figure 4. Basal area (in m2/ha) of different forests in Ethiopia. 

 
Table 3. Basal area, density and their percent contribution of trees/shrubs species with 
greater than two BA m2 ha−1 in the Berbere forest. 

Species BA BA m2 ha−1 % Density % 

Ficus vasta 32.17 11.17 12.77 1.04 0.29 

Ficus ovate 29.87 10.37 11.85 1.39 0.39 

Ficus thonningii 17.91 6.22 7.11 0.35 0.10 

Pappea capensis 12.86 4.47 5.11 0.35 0.10 

Podocarpus falcatus 8.86 3.05 3.49 36.46 10.45 

Warburgia ugandensis 8.03 2.79 3.18 54.17 15.52 

Erythrina brucei 7.68 2.66 3.04 0.35 0.10 

Olea europaea subsp.cuspidata 7.22 2.51 2.87 3.13 0.89 

Diospyros abyssinica 6.44 2.23 2.55 70.14 20.09 

Celtis africana 6.13 2.13 2.43 7.99 2.29 

Tamarindus indica 5.95 2.07 2.37 6.59 1.89 

Other 44 species 108.94 37.81 43.22 167.04 47.69 

Total 252.06 87.48 99.99 349 99.8 

 
sult of IVI which is calculated from relative density, relative basal area (relative 
dominance) and relative frequency, of woody species is shown in Table 4. It is 
useful to compare the ecological significance of species and for setting conserva-
tion priority (Lamprecht, 1989). 

The output of IVI analysis showed that Warburgia ugandensis 33.91 (11.32%), 
Diospyros abyssinica 29.85 (9.96%), Podocarpus falcatus 18.21 (6.08%), Com-
bretum molle 17.92 (5.98%), Filicium decipiens 16.27 (5.43%) and Ficus vasta 
13.59 (4.53%) were the first six most dominant species (Table 4). These species 
constituted 43.30% of the total importance value index; while the majority of the 
species (87.27%) had important value indices of less than 10 (Figure 5). Distri-
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bution of species among different IVI classes indicated that 7.27% less than 1, 
60% 1.1 - 5.0, 20% 5.1 - 10.0, 3.64% 10.1 - 15.0, 5.45% 15.1 - 20.0 and 3.64% 
greater than 20.0 had importance value indices in the study forest. 

 
Table 4. Importance Value Index (IVI) of the dominant tree species of Berbere forest 
(RD = Relative Density, RF = Relative Frequency and RDO = Relative Dominance IVI = 
Important Value Index). 

Scientific Name RF RD RDO IVI %IVI 

Acacia brevispica 1.59 1.39 0.24 3.22 1.07 

Acacia robustasubsp. usambarensis 1.33 0.69 2.33 4.35 1.45 

Bersama abyssinica 1.33 0.59 1.45 3.37 1.12 

Buddleja polystachya 1.33 2.09 2.06 5.48 1.83 

Celtis africana 3.73 2.29 2.43 8.45 2.82 

Combretum molle 6.93 10.55 0.44 17.92 5.98 

Diospyros abyssinica 7.20 20.09 2.55 29.85 9.96 

Erythrina brucei 0.27 0.09 3.04 3.40 1.13 

Euclea racemosa subsp. schimperi 2.13 1.19 0.42 3.74 1.25 

Ficus ovate 0.53 0.39 11.85 12.77 4.26 

Ficus thonningii 0.27 0.09 7.11 7.47 2.49 

Ficus vasta 0.53 0.29 12.77 13.59 4.53 

Filicium decipiens 9.07 6.27 0.94 16.27 5.43 

Grewia ferruginea 1.33 1.39 0.30 3.02 1.01 

Maesa lanceolata 1.59 0.69 1.32 3.60 1.20 

Mimusops kummel 1.87 0.69 1.29 3.86 1.29 

Olea capensis subsp. Macrocarpa 1.87 1.59 0.83 4.29 1.43 

Olea capensis subsp. hochstetteri 2.40 1.99 1.97 6.36 2.12 

Olea europaea subsp. cuspidata 1.87 0.89 2.87 5.63 1.88 

Olinia rochetiana 3.73 1.89 0.39 6.02 2.01 

Oncoba spinosa 2.40 2.98 0.28 5.66 1.89 

Pappea capensis 0.27 0.09 5.10 5.46 1.82 

Podocarpus falcatus 4.27 10.45 3.49 18.21 6.08 

Pouteria adolfifriederici 1.33 0.99 0.89 3.21 1.07 

Psydrax schimperiana 3.73 1.89 0.28 5.90 1.97 

Rothmannia urcelliformis 1.59 1.39 0.23 3.21 1.07 

Tamarindus indica 3.73 1.89 2.36 7.98 2.66 

Terminalia brownii 2.13 1.09 1.91 5.13 1.71 

Warburgia ugandensis 15.20 15.52 3.19 33.91 11.32 

Other 26 species 14.437 8.24 25.6 48.31 16.12 

Total 100.00 100.00 100.00 300.00 100.00 
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Figure 5. IVI classes and individual species of woody plants in the Berbere forest. 

 
Table 5. Frequency distribution of dominant woody species in Berbere forest. 

Species No. of Plot Frequency Relative Frequency 

Warburgia ugandensis 57 79.17 15.20 

Filicium decipiens 34 47.22 9.07 

Diospyros abyssinica 27 37.5 7.20 

Combretum molle 26 36.11 6.93 

Podocarpus falcatus 16 22.22 4.27 

Psydrax schimperiana 14 19.44 3.73 

Tamarindus indica 14 19.44 3.73 

Olinia rochetiana 14 19.44 3.73 

Celtis africana 14 19.44 3.73 

Other 46 species 159 220.84 42.397 

Total 375 520.81 100.00 

3.1.7. Frequency 
Frequency is the number of quadrats in which a given species occurred in the 
study area. The four most frequently observed species were Warburgia uganden-
sis which occurred 57 times out of 72 quadrats which having 15.20 relative fre-
quency, Filicium decipiens 9.07 relative frequency, Diospyros abyssinica 7.20 
relative frequency and Combretum molle 6.93 relative frequency. The nine most 
frequently occurred species together contributed 57.59% of total relative fre-
quency of the forest (Table 5). The least occurred species were Trema orientalis, 
Cordia africana, Olea welwitschii, Erythrina brucei, Berchemia discolor, Acaccia 
abyssinica, Acacia seyal, Acacia bussei, Cassipourea malosana, Ficus thonningii, 
Ziziphus spinachristi, Rhus natalensis, Rhus ruspolii, Dichrostachys cinerea, 
Pappea capensis and Combretum collinum subsp. Binderianum each having 0.27 
relative frequencies and a total of 4.32 relative frequencies. 

3.2. Regeneration of Woody Plants in Berbere Forest 

The future composition of the forests depends on the potential regenerative sta-
tus of individual species within a forest stand in space and time (Henle et al., 
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2004). The population structure, characterized by the presence of sufficient pop-
ulation of seedlings, saplings and adults, indicates successful regeneration of 
forest species (Saxena & Singh, 1984), and the presence of saplings under the 
canopies of adult trees also indicates the future composition of a community. 
Climatic factors and biotic interference influence the regeneration of different 
species in the vegetation (Henle et al., 2004; Dhaulkhandi et al., 2008). 

In this study it has been observed that 37.09% tree/shrubs species exhibited 
“good” regeneration status, 19.35% showed “fair” regeneration condition and 
6.45% showed “poor” regeneration status. A total of 25.81% tree species were 
“not regenerating” at all and 11.29 % tree species, which were available only in 
sapling or seedling stage, were considered as “new” in Berbere forest (Appendix 
1). The “poor” regenerating tree species were Schrebera alata, Pappea capensis, 
Olea europaea subsp. cuspidata, and Acacia bussei. Species which were found in 
“not regenerating” category were Pouteria adolfifriederici, Lannea rivae, Ficus 
vasta, Ficus thonningii, Diospyros abyssinica, Tamarindus indica, Warburgia 
ugandensis, Erythrina brucei, Combretum aculeatum, Cordia africana, Buddleja 
polystachya, Fagaropsis angolensis, Caesalpinia volkensii, Nuxia congesta, Olea 
welwitschii and syzygium guineense. “New” regeneration status included Rosa 
abyssinica, Myrsine africana, Maytenus gracilipes, Acalypha volkensii, Aspara-
gus aridicola, Carissa spinarum and Croton dichogamus. These species may 
have reached or colonized to the study site by different mechanisms like disper-
sal of seeds through drooping of birds and animals.  

The “poor” and “none” regenerating categories which constitute around 
32.26% of the woody plant in the study area have many important and useful 
tree species namely Pouteria adolfifriederici, Diospyros abyssinica, Warburgia 
ugandensis, Erythrina brucei, Combretum aculeatum, Cordia africana, Buddleja 
polystachya, Schrebera alata, Pappea capensis, Olea welwitschii and Acacia bus-
sei etc. which have certain economic, medicinal and ecological values.  

The overall regeneration status of the tree species of the study site is satisfac-
tory at community level showing “good” regeneration status (Figure 6), but as 
stated above 32.26% trees/shrubs species, falls under “poor” and “not regenerat- 

 

 
Figure 6. The regeneration status of woody plant in the Berbere forest. 
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ing” status. Such condition might have been occurred due to existing distur-
bance in the study site like, over grazing, firewood collection and poor biotic 
potential of tree species which either affect the fruiting or seed germination or 
successful conversion of seedling to sapling stage. Moreover, individuals in 
young stages of any species are more vulnerable to any kind of environmental 
stress and anthropogenic disturbance (Tesfaye et al., 2002; Nagamatsu et al., 
2002). Hence, such human-induced activity may alter the future structure and 
composition of the Berbere forest 

4. Conclusion and Recommendations 

The general variability in population structure and regeneration status indicates 
the history of the past disturbance to that species and the environment. The pat-
tern of DBH and Height class distribution of woody plant species in the Berbere 
forest showed an inverted J-shaped distribution. Overall analysis of population 
structure of most common species of trees and shrubs revealed different patterns 
of population structure, indicating a high variation among species population 
dynamics within the forest. The regeneration status of the tree species of the 
study site is satisfactory at community level which shows “good” regeneration 
status but 32.26% trees/shrubs species, falls under “poor” and “not regenerating” 
status. Therefore it needs urgent great conservation priority and management. 
The following recommendations were made; in woody plants which are cur-
rently not regenerating themselves as well as depleted tree population, it is better 
to think of enrichment planting of indigenous tree species and understanding 
the natural regeneration potential of these forests is crucial to have detailed in-
formation on soil seed bank in the forest; in addition, fourteen tree species need 
detailed regeneration study and conservation priority, since they have no seedl-
ing or saplings. These are Buddleja polystachya Caesalpinia volkensii, Combretum 
aculeatum, Cordia africana, Diospyros abssinica, Erythrina brucei, Fagaropsis 
angolensis, Ficus vasta, Nuxia congesta, Olea welwitschii, Pouteria adolfi-friede- 
ricii, Syzygium guineense, Tamarindus indica and Warburgia ugandensis. 
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Appendix 1. Regeneration Status of Woody Plants in the 
Berbere Forest Number of Seedling, Sapling and Mature Tree, 
Shrub, Tree/Shrub per Hectare 

Scientific name Habit 

Number of individual species per hectare 

Seedling Sapling 
Mature  

tree/shrub 
Status 

Acaccia abyssinica T 9 3 1 Good 

Acacia brevispica T 12 6 5 Good 

Acacia bussei T 0 3 1 Poor 

Acacia mellifera T 3 9 5 Fair 

Acacia robusta subsp. usambarensis T 486 84 3 Good 

Acacia seyal T 12 3 1 Good 

Acalypha volkensii S 0 6 0 New 

Asparagus aridicola S 0 6 0 New 

Berchemia discolor T 3 0 1 Fair 

Bersama abyssinica T 35 8 2 Good 

Buddleja polystachya T 0 0 7 None 

Caesalpinia volkensii S 0 0 3 None 

Carissa spinarum S 18 11 0 New 

Cassipourea malosana S 6 3 1 Good 

Celtis africana T 12 3 8 Fair 

Combretum molle T 72 39 37 Good 

Combretum aculeatum T 0 0 1 None 

Combretum collinum subsp. Binderianum S 6 0 1 Fair 

Cordia africana T 0 0 1 None 

Croton dichogamus S 415 131 0 New 

Croton macrostachyus T 52 36 2 Good 

Dichrostachys cinerea S 21 6 1 Good 

Diospyros abyssinica T 0 0 70 None 

Erythrina brucei T 0 0 1 None 

Euclea racemosa subsp. schimperi T/S 18 8 5 Good 

Fagaropsis angolensis T 0 0 3 None 

Ficus ovate T 1 0 1. Fair 

Ficus thonningii T 0 0 1 None 

Ficus vasta T 0 0 1 None 

Filicium decipiens T 61 32 22 Good 

Grewia bicolor S/T 18 3 2 Good 

Grewia ferruginea S 6 3 5 Fair 

Lannea rivae T 0 0 1. None 
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Continued 

Lannea triphylla T 9 3 2 Good 

Maesa lanceolata T 75 19 3 Good 

Maytenus gracilipes S 157 50 0 New 

Mimusops kummel T 24 12 3 Good 

Myrsine africana S 35 0 0 New 

Nuxia congesta T 0 0 2 None 

Olea capensis subsp. hochstetteri T 38 6 7 Fair 

Olea capensis subsp. macrocarpa T 6 3 6 Good 

Olea welwitschii T 0 0 1 None 

Oleacapensis subsp. macrocarpa T 0 3 1 Poor 

Olinia rochetiana T 18 6 7 Good 

Oncoba spinosa S 35 8 10 Fair 

Pappea capensis T 0 3 1 Poor 

Podocarpus falcatus T 47 38 37 Good 

Pouteria adolfifriederici T 0 0 4 None 

Psydrax schimperiana T 18 3 7 Good 

Rhus natalensis T 8 3 1 Good 

Rhus ruspolii S 3 5 1 Fair 

Rosa abyssinica S 0 3 0 New 

Rothmannia urcelliformis S 18 12 5 Good 

Ruspolia seticalyx S 18 6 4 Good 

Schrebera alata T 0 3 3 Poor 

Syzygium guineense T 0 0 2 None 

Tamarindus indica T 0 0 7 None 

Terminalia brownii T 18 3 4 Fair 

Trema orientalis T 12 0 1 Fair 

Warburgia ugandensis T 0 0 54 None 

Ziziphus spinachristi S/ T 9 3 1 Good 
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