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Abstract. 
Yams (Dioscorea) consist of approximately 600 species in the world. Yams are considered as staple food in Asia, 

tropical and sub-tropical regions. The genetic erosion and unsustainable harvesting practices are among the main 
problems associated with wild yam plants. This study was conducted with the objectives to enumerate wild yam species 
composition and environmental parameters affecting its growth and abundance. Systematic sampling of the study site 
was carried out based on different land aspects. Line transect were laid out in selected land aspects within the elevation 
range of 825 – 1935 m. Five plots in each transects with 100 m plot interval comprising seven transects were laid out in 
the study area. Each plot was divided in sub-plot of 20 x 20 m, 5 x 5 m and 1 x 1 m to enumerate trees, shrubs and herbs 
respectively. Seven species of yams was found from the broadleaved forest and spearman correlation showed negative 
association of yam abundance with tree counts and canopy closure. The areas with higher density of trees had low count 
of yam abundance. Yam grows well in open canopy in lower altitudes comparing to high altitudes. Yam abundance 
was positively related with shrubs, herbs, soil moisture, soil organic matter, soil organic carbon and nitrogen content. 
Analysis of Variance (ANOVA) showed significant difference of yam abundance in 7 different transects due to different 
ecological parameters influencing the abundance in different transects though transect being in a broadleaved forest.

Key words: Abundance; altitude; dominance; environmental parameters; vegetation

Introduction
Yam plants are vines belonging to Dioscoreace-

ae family that is cultivated as staple food in tropi-
cal, sub-tropical and in Asian regions (Garedew et 
al. 2017). Yam is a deeply rooted, tuberous, twining, 
dioecious, perennial vine with distinctly veined cor-
date (heart-shaped) leaves (Garedew et al. 2017). 
Yam plant have long growth cycle, flowers borne in 
different plants (dioecy), poor flowering and mostly 
vegetative propagation (Wu et al. 2019). Degefa & 
Anbessa (2017) reported, it bear single to numerous 
tubers of varying shape and most of them bear bulbils 
in the leaf axils. It has more than 600 species world-
wide and considered as earliest angiosperms origi-
nated in Southeast Asia (Tamiru et al. 2008). How-
ever it had a divergent evolution and reached to West 
Africa and tropical America (Tamiru et al. 2008). 

Yam plant has high cultural value for about 155 
million people in West Africa (Frossard et al. 2017). 
Degefa & Anbessa (2017) stated yam plant is subsis-
tence as well as cash crop in West Africa. In Bhutan 
especially in southern and east central region, yam 

tuber has an important socio-cultural role as an of-
fering to local deity in annual ritual and new year 
celebration (Ugyen & Gurung, 2015). Yam plants 
are a source of food and have many pharmaceutical 
precursors, proteins, vitamins and minerals (Wu et 
al. 2016). 

Yam species are threatened by genetic erosion 
from pest attacks and farming practices (Ngwe et al. 
2015; Muthamia et al. 2016). Harsh weather condi-
tions like flooding, drought and declining soil fertili-
ty are some factors for loss of yam diversity (Aboag-
ye et al. 2015). 

Information on genetic structure, diversity, dis-
tribution pattern and future crop improvement pro-
gram are important for species conservation (Padhan 
et al. 2019). Numerous wild crops are unexplored 
in this world and yam plants got little intervention 
(Kumar et al. 2017).Thirteen species of yam plants 
are recorded in the book flora of Bhutan (Noltie, 
1994). Ugyen & Gurung (2015) recorded seven spe-
cies in Zhemgang district of Bhutan. However, there 
is scanty information on growth pattern of yam and 
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Beteni and Mendrelgang gewog is located at 
26°57’9.23”N 90°9’40.15”E and 26°57’8.09”N 
90°7’57.28”E respectively. Both gewogs harbours 
wide range of floras and faunas (MoAF, 2017). 
Broadleaved forest from both gewogs is selected to 
study the wild yam species (Fig. 1).

Sampling methods
Transects were laid out in different land aspects 

within elevation range from 825 - 1935 masl apply-
ing systematic sampling method. Total of 7 transects 
were laid out in study sites. Systematic method was 
adopted to lay out the plots. Each transect comprise 
of 5 plots with 100 m plots interval comprising 35 
plots in total were laid. Each plots had sub-plots; 20 
x 20 m quadrat for tree, 5 x 5 m for shrubs and 1 x 1 
m for herbs (Fig. 2). Yam plants were enumerated in 
whole plots (20 x 20 m) to assess associations with 
vegetation (Byarugaba et al. 2006).

the environment factors affecting its growth. There-
fore, the present study aims to investigate the wild 
yam species and environmental factors affecting the 
growth and abundance of yam species in broadleaved 
forest.

Materials and Methods

Study Area
Tsirang district located in central-south of Bhu-

tan has 12 gewogs. The district lies between 300 m 
to 4200 m above sea level covering an area of ap-
proximately 637.83 km2. Annually Tsirang receives 
rainfall between 1000 - 3000 mm per year. Approxi-
mately 87.50% of area is under forest cover of which 
77.64% is broadleaved forest. The climate and alti-
tude range provide a wide potential for supporting 
wide range of vegetation growth (MoAF, 2017).

 

 

Figure 1. a) Bhutan map showing whole district, b) Tsirang district showing Beteni and Mendrelgang gewog, c) Beteni 
and Mendrelgang gewog showing study transects

a

b

c
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The soil samples were collected from each plot 
from centre of every plot (1 x 1 m) with soil auger 
(15 cm) comprising to 35 samples in total. 100 g of 
sample from each plot were tested for nitrogen, phos-
phorus, potassium, soil carbon, soil organic matter 
and pH (Diby et al. 2011).

Yam specimen collection and identification
Stem with leaves were collected as specimen 

and made herbarium. The collected herbarium were 
levelled, pressed and taken to National Biodiversi-
ty Centre (NBC) for identification and consultation. 
The herbariums were identified consulting experts 
and tally the existing herbarium and database. Her-

Figure 2. Design for sample plots; 400 m2 = Yams & trees, 
25 m2 = shrubs, 1 m2 = herbs.

bariums of all species were handed over at National 
Biodiversity Centre: Thimphu for future reference. 

Data analysis
Soil pH was determined by maintaining 1:5 (20 

g of soil sample in 100 ml water) using pH meter 
(Maikhuri et al. 2000). Soil phosphorus was mea-
sured using Bray no 2 extract method (Watham et 
al. 2014). Soil nitrogen (N) was calculated using 
Kjeldahl method (Bremner, 1960). Soil potassium 
was determined by flame photo-metric method (Jan-
kowski & Freiser, 1961). SOM and SOC were de-
termined by loss of ignition method (Konare et al. 
2010)

Shapiro-Wilk test was conducted to check nor-
mality of data. One-way ANOVA and correlation 
was done in SPSS version 23. Canonical Correspon-
dence Analysis (CCA) was done in PC-ORD version 
5.1 between the yam species and environmental pa-
rameter.

Results

Relationship between vegetation and wild yam
The total of 1223 individual counts of yam plants 

were recorded. Among the total count, the area had 
a seven different types of yam species (Table 1). 
Spearman rho correlation coefficient result showed 
an inverse relationship between yam abundance and 
trees count (rs = -.59, p < 0.05), indicating more trees 
cause closed canopy which hinder light penetration 
to the ground affecting the growth and abundance of 
yam plants.

However, yam abundance have significant posi-
tive relationship with shrubs (rs = .52; p < 0.05) and 
herbs (rs = .51; p < 0.05) indicating that yam plants 
prefers to grow associated with shrubs and herbs 

Species T1 T2 T3 T4 T5 T6 T7 Total 
count

Dioscorea belophylla 42(+) 36 (+) 45 (+) 18 (+) 27 (+) 50 (+) 20 (+) 238
Dioscorea sp. 32 (+) 37 (+) 53 (+) 0 (-) 34 (+) 35 (+) 33 (+) 224
Dioscorea bulbifera 36 (+) 26  (+) 48 (+) 14 (+) 27 (+) 27 (+) 23 (+) 201
Dioscorea pentaphylla 39 (+) 37 (+) 44 (+) 15 (+) 27 (+) 19 (+) 12 (+) 193
Dioscorea hispida 28 (+) 25 (+) 41 (+) 17 (+) 36 (+) 17 (+) 25 (+) 189
Dioscorea deltoidea 15 (+) 24 (+) 19 (+) 5 (+) 15 (+) 12 (+) 0 (-) 90
Dioscorea prazeri 30 (+) 0 (-) 0 (-) 17 (+) 32 (+) 9 (+) 0 (-) 88
Where, T= Transect, Sp. present (+), Sp. absent(-)             

Table 1. Dioscorea species and the individual count in different transects
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competing for the same nutrient contents. The abun-
dance of yam was negatively related with the altitude 
(rs = -.581, p < 0.05) (Fig. 3). 

Factors influencing growth and abundance 
of yam

The lowest altitude range between 825 – 1211 
m recorded more individual count of yam (n = 662) 
whereas highest altitude range (1235 – 1934 m) re-
corded fewer counts of yam (n = 561) individuals. 
Similarly, there was significant negative relationship 
of altitude with soil organic matter (rs = -.53, p < 
0.05) leading to unequal distribution and growth in 
low and high altitudes (Fig. 3).

Canonical correspondence analysis (CCA) 
showed that the yam abundance has a close relation-
ship with environmental conditions (Fig. 4). The ei-
genvalues of axis 1 (0.043) was greater than axis 2 
(0.020) (Table 2). Eigenvalue measures the most af-
fecting environmental parameters of yam growth and 
abundance. Soil organic matter (rs = 0.500; p < 0.05), 
organic carbon (rs = 0.501; p < 0.05) and nitrogen (rs 
= 0.500; p < 0.05) are the most determining factor for 

yam abundance (Fig. 4). However yam abundance 
has inverse relationship with canopy closure (rs = 
-.479, p < 0.05) (Fig. 4). There was no significant 
relationship of yam abundance with soil phosphorus 
(rs = 0.007; p > 0.05) and potassium (rs = 0.005; p 
> 0.05) resulting that phosphorus and potassium did 
not influence on yam growth and abundance.

Further, there was no significant relationship 
between the yam abundance and pH recorded (rs = 
0.220, p > 0.05) of study sites. The pH in the study 
sites varies from 5.31 to 6.78 which were slightly 
acidic and this range of pH does not show any rela-
tionship with yam abundance nor did it indicate any 
negative effect on growth of yam plants. One way 

Figure 3. a) Abundance of yam along the altitude; b) Soil organic matter along altitude

a b

  Axis 1 Axis 2 Total 
Variance

Eigenvalues 0.043 0.020 0.288
Species-environment 
correlations (Kendall 
corr.)

0.468 0.468

Cumulative 
percentage 14.9 21.9  

Table 2. CCA representing amount of affecting environ-
mental correlations in axis 1&2

P1 - P35 are the plots identity. N = nitrogen, P = phospho-
rus, K = potassium, SMC = soil moisture content, SOM = 
soil organic matter & SOC = soil organic carbon.

Figure 4. CCA showing the influence of environmental 
factors in distribution of yam abundance
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ANOVA showed significant differences of yam abun-
dance in seven different transects; F (6, 42) = 3.13, 
p < 0.05 indicating that yam abundance depends on 
elevation and different land aspect (Table 3).

the study conducted by Ugyen & Gurung (2015) in 
broadleaved forest of Zhemgang reported all the yam 
species present in the current study site including ex-
tra three yam species Dioscorea alata, Dioscorea ro-
tundata and Dioscorea cayenensis. Singh & Kumar 
(2015) recorded 9 yam species from Khunti district 
of India including D. bulbifera and D. hispida that 
was also recorded from the current study. Despite 
the study being conducted in broadleaved forest, the 
ecological and climatic factors affect the diversity of 
yam species (Singh & Kumar, 2015).

Relationship between associate vegetation and 
wild yam abundance

The presence of tree species in the plots where 
transects was laid out for yam species enumeration 
showed a significantly inverse association. Where 
ever there was higher density of trees the yam abun-
dance was low. Similarly, Paul & Yavitt (2010) found 
that trees with big diameter which have closed can-
opy affects yam vine to gain the vertical growth. 
Abundance of yam plants decrease with rise in the 
forest canopy and tree counts (Paul & Yavitt, 2010). 
Yasuoka (2013) reported that competing trees reduce 
light intensity on the forest floor which negatively 
affects the propagation of yams through true seeds 
(sexual propagation). 

But a positive association was shown between 
yam abundance with shrubs and herbs in an open 
canopy. It was observed that the yam abundance was 
high along with higher amount of herb and shrubs 
where there was less amount of trees leading to open 
canopy.  Yasuoka (2013) explained that shrubs and 
herbs do not hinder the light intensity at forest floor 
as it is shorter than 5 m height. Maximum diame-
ters a yam vine can twine around was about 10 cm 

Source df MS F P

Between Groups 6 482.46 3.13 .013

Within Groups 42 154.12

Total 48      

* p < 0.05

Table 3. ANOVA  showing difference within and between 
yam abundance in seven transects

The abundance was found more in 3rd transect 
(n = 250, 20%) which was located in north facing 
aspect (Fig. 5). It was observed that the 3rd transect 
facing towards north was laid out along the stream 
with good amount of moisture and organic matters. 
Leading to significant relationship between soil 
moisture content and yam abundance (rs = .447, p 
< 0.05). Thus, it indicated that the soil moisture has 
the positive effects on the growth and abundance of 
yam species.

Discussion

Variation in wild yam species in 
broadleaved forest

The current record of seven yam species (Table 
1) from the broadleaved forest showed that the yam 
species can differ within a similar habitat. Since, 

Figure 5. Effect of aspects on yam abundance along transects: T1 = South, T2 = North West, T3 = North, T4 = North 
East, T5 = South East, T6 = South West & T7 = West
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(shrubs) and exposes their leaves towards sunlight 
(Paul & Yavitt, 2010). In absence of support; yam 
growth rate reduces and formation of harvestable tu-
bers ceases so it grows well associated with shrubs 
and herbs (Byarugaba et al. 2006). 

Influence of environmental factors on growth 
and abundance of wild yam

The abundance of yam showed a significant neg-
ative relationship with altitude (Fig. 3). Higher count 
of yam was found in lower altitude. This could be 
due to higher temperature in lower altitude and lower 
altitude providing essential growth materials (Diby 
et al. 2009). 

While performing CCA (Fig.4), it was found 
the canopy closure, soil organic matter, organic car-
bon and nitrogen were the main factor that lead to 
the variation of yam abundance in various transects 
and altitudes. Diby et al. (2009) stated that nitrogen 
is primary nutrient that is essential for growth of yam 
plants. Nitrogen helps in growth and development 
of yam plants but has minimum effect on its yields 
(Diby et al. 2011). Robert & Cornet (2010) reported 
that the soil organic matter and organic carbon are 
required in good quantity for growth of yam plants. 
Similarly, Siqueira et al. (2014) highlighted that 
farmers of Brazil usually keep their land fallow for 
few years to restore soil fertility. Whereas Frossard et 
al. (2017) experimentally found forest area was good 
for yam growth than the open land as forest has the 
capacity to replenish the organic matter.  Ehirim & 
Obike (2017) reported that greater number of yam 
seedlings observed in soil with rich organic matter 
content than any other soil. The canopy cover of the 
tree also influences the yam abundance. There were 
fewer number of yam vines in the area present with 
trees. The tree canopy hinders the light penetration 
to the ground as yam is a light demanding species 
(Yasuoka, 2013). Paul & Yavitt (2010) reported that 
the counts of the yam plants decrease with rise in the 
forest canopy. 

It was fascinating to know that yam abundance 
showed significant poor relationship with soil phos-
phorus, potassium and pH. It showed that the yam 
requires such nutrients in low amount and does not 
influences the yam growth and abundance. Diby et 
al. (2009) found content of phosphorus in shoot and 
tubers of yam plants was low. The potassium does 
not affect the yam growth but increase the tuber yield 
by increasing tuber bulking rate, bulking phase and 
earlier tuber initiation (Diby et al. 2011). The pH of 
soil in the current study site of 5.31 to 6.78 does not 

influences the yam abundance and growth. Similar-
ly, Diby et al. (2009) recorded pH range of 5.8 to 
6.5 of forest soil taking the soil sample from 10 – 20 
cm depth had found no relationship with yam growth 
and abundance. Moreover, Schiwachi et al. (2015) 
experimentally maintained the alkaline soil (pH = 8), 
and found no effect on total vine length, number of 
leaves on the plant and yam growth. 

Variation of yam abundance in 
different transects

The yam abundance was different in different 
transects. Even though they share a similar vegeta-
tion (broadleaved). It could be base on the location 
of plots in different elevation and aspects (Table 3). 
Similarly, Gong et al. (2009) found that the differ-
ences in chemical properties of soil between the two 
aspects (north and south) results in variation of veg-
etation abundance. 

Zurich & Adeoluwa (2017) experimentally found 
exposure of leaves towards sunlight is necessary for 
growth and higher yield was recorded when expose 
to sunlight. However, it was found the 3rd transect lo-
cated in north facing aspect (Fig. 5) had higher abun-
dance. It was mainly due to presence of stream which 
was providing moisture to the yam. The soil moisture 
content affects the propagation, shoot development 
and productivity of yam plants (Diby et al. 2009). 
However, Nyadanu & Agyeman (2015) found that 
some accessions of yam species were tolerant to 
drought. Ehirim & Obike (2017) stated that yam need 
high soil moisture for growth but with proper drain-
age system and compacted soil results in low growth 
due to less water holding capacity. 

Conclusion
The ecological aspects of yam abundance in var-

ious transects in broadleaved forest gave a insight 
into its performance with various environmental con-
ditions. Yam abundance was recorded more in lower 
elevation than higher elevation. Yam is the light de-
mander species and recorded growing more in south 
facing than north facing aspects. Yam plants had 
negative relationship with tree abundance and can-
opy. Yam species grows well when associated with 
shrubs and herbs due to open canopy and more light 
intensity. Yam species had the positive correlation 
with the organic matter, organic carbon and mois-
ture content. Nitrogen had positive relation with yam 
growth as it was essential for stem and crown devel-
opment. However there is need to study the influence 
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of phosphorus and potassium on yam plants mainly 
through the tuber yield assessment as this nutrient 
affects the tuber development. Although an ecolog-
ical study was conducted by this research in winter 
season, the study of yam plants in other seasons are 
strongly recommended to associate with wide range 
environmental conditions. More over this study as-
sessed only the wild yam species in the broadleaved 
forest thus assessment of domesticated yam species 
is still strongly recommended. There is need to study 
human perception on yam species diversity trends 
(species richness & abundance) over the past to the 
present. The study of human perception of yam plants 
will record the social, cultural and economic benefits 
of yam to the farmers. Furthermore, the human per-
ception will aids in implementation of conservation 
strategies.
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