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respectively. Similarly, pH, SM, EC, and MS in transition
zone range from 6.4 to 6.7, 33 to 35%, 0.18 to 0.135
simens/m, and 60 to 80.2 degree of angle, respectively.
In grassland soil, pH, SM, EC, and MS range from 6.9 to
7.5, 15 to 20.5%, 0.036 to 0.071 simens/m, and 18 to
78.6 degree of angle, respectively (Table 2). Although on
the northern hemisphere, north-facing slopes are recog-
nized as rich in biodiversity, but this species richness de-
creases with an increase in the altitudes (Grytnes 2003).
In our study, we tried to investigate the relationship
between four environmental variables with species di-
versity at three sub-slopes of the north face. Data
analysis reveals that the NE and NW faces are rich in
terms of the herbaceous tracheophytes than pure
north sub-slopes (Table 1). pH, SM, EC, and MS also

differ on each sub-slopes (N, NE, and NW) as well as
on each community (forest, ecotone, and grassland)
(Table 2).

Relationship of environmental variables and biological
assemblage
The results of the CCA are presented in Fig. 4, where
lines represent the soil properties and small circle repre-
sents the tracheophytes. Forest cover is characterized by
stands of coniferous species predominated by Cedrus de-
odara (Roxb. ex D. Don) G. Don trees. Other tree spe-
cies like Picea smithiana (Wall.) Boiss., Abies pindrow
(Royle ex D.Don) Royle, and Pinus wallichiana A.B.
Jacks co-dominate the tree vegetation in the study area.
Berberis lycium Royle, Viburnum grandiflorum Wall. ex

Fig. 3 Percentage of commonality among the species of the studied sites. This figure indicated the percentage of variations among the studied sites

Table 2 Environmental variables at different sites among three communities

Site
communities

pH
of the soil

Moisture
contents of soil
(in %)

Electrical
conductivity of soil
(in simens/m)

Steepness
of the
mountain
(in angle)

I F 6.1 36.5 0.016 63

E 6.7 33 0.024 60

G 7.4 15 0.036 18

II F 6.4 39 0.015 79

E 6.4 35 0.018 80.2

G 7.2 16 0.04 78.6

III F 6.5 37 0.008 78

E 6.6 33 0.135 62.2

G 7.5 15.5 0.038 48

IV F 6.4 35 0.046 6.9

E 6.7 34 0.053 20.5

G 6.9 20.5 72 47.2

F, forest; E, ecotone; G, grassland
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DC., Quercus baloot Griff., Rubus ellipticus Sm., Rosa
webbiana Wall., and Prinsepia utilis Royle form the
shrub layer in forest as well as at transition zone be-
tween forest and grassland. CCA map reveals that the
studied environmental variables influence the herb-
aceous species at NE and NW mountain faces. Herb-
aceous tracheophytes like Morina longifolia Wall.,
Bromus patulus var. falconeri Stapf., Anemone tetrase-
pala Royle are the most significant species at NW face,
and important environmental variables contributing
maximum in setting the ecology at this face are MS and
SM. However, Bistorta affinis Greene., Medicago lupu-
lina L., Agropyron repens (L.) P. Beauv., and Cardamine
impatiens L. are significant species on NE face. The
most significant environmental variables at NE face are
identified as EC and pH of the soil. At pure N face,

species like Fumaria parviflora L., Gnaphalium hypoleu-
cum DC., and Geranium wallichianum D. Don ex Sweet.
are significant species (Fig. 4). CCA being a strong statis-
tical tool helps to comprehend the role of soil pH, SM,
soil EC, and MS on the biotic variable (density of herb-
aceous tracheophytes). CCA reveals that environmental
variables like soil EC-pH and MS-SM have high degree
of impact on the species composition at NE and NW
sub-faces, respectively. CCA at 999 random permuta-
tions visualized simultaneously the biotic variables and
the environmental variables at different mountain as-
pects on two axes (Fig. 4). Critical analysis on the CCA
map indicates that the EC of the soil has more signifi-
cant role than the pH of the soil on NE face. However,
on the NW face, MS is recognized as a chief environ-
mental variable than SM. Herbaceous tracheophytes are

Fig. 4 Triplot of the first and second canonical correspondence analysis (CCA) axis of herbaceous tracheophytes environmental variable and their
corresponding sampling sites. Full name for abbreviation codes of herbaceous tracheophytes are given in Additional file 1: Table S1. Site codes:
KHA, Khanitop; BP, Below Padhri; BRK, Budh Ro Kut; Gul, Guldanada; G, grassland; E, ecotone; F, forest, N, pure north; NW, north west; NE, north
east; and KHA-GN, Khanitop grassland north
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insensitive to any of the studied environmental variables
on pure north face in Lesser Himalaya. Among herb-
aceous tracheophytes, few species are more significant
on their specific site of occurrence.

Discussion
Both north and south slopes of Lesser Himalayan moun-
tain abode coniferous forest at low and grassland commu-
nities at high altitudes. Behavior of the mountain’s north
face coupled with the environmental variables toward
herbaceous tracheophytes has been elucidated by dividing
the north slopes into three sub-slopes (pure north, north
east, and north west). NE and NW faces are observed as
the paramount habitat for the growth of herbaceous tra-
cheophytes. Data collection on the number of species on
vertical belt transects from forest to grassland communi-
ties intersecting perpendicularly transition zone helped in
the identification of 3 communities namely forest, eco-
tone, and grassland. Presence or absence of individual spe-
cies indicated that the transition zone is characterized by
the maximum number of species and their individuals.
Climate, topography, aspect, inclination of slope, soil type,
and land use pattern are recognized as the major con-
tributor to vegetation type (Maren et al. 2015). Further-
more, insolation and light intensity also put down a range
of microclimates at the multifaceted landscape. These fac-
tors are responsible for the diverse type of vegetation at
different mountain aspects (Gillingham 2010). Variation
in vegetation between two contrasting aspects (mountain
faces) is the result of the difference in reception of solar
radiation (Ghimire et al. 2010; Paudel and Vetaas 2014).
On the northern hemisphere, south-facing slopes receive
more sunlight and become more xeric and warmer.
Therefore, such slopes support drought-resistant vege-
tation and are less favorable for tree growth. How-
ever, north-facing slopes hold moisture and remain
cold as well as humid, thus supporting moisture-
loving plants (Nevo 2001; Maren et al. 2015). It has
also been implicated that south-facing slopes receive
six times higher solar radiation than north-facing
slopes. Therefore, the microclimatic conditions on
both slopes differ considerably and uphold different
levels of biodiversity (Auslander et al. 2003). Ecotones
are described as dynamic zones and play several im-
portant roles in ecosystem functioning (Pandita and
Dutt 2016). Himalayan treeline ecotones show consid-
erable differences in altitudinal position, physiognomy,
and species composition (Schickhoff 2005). Detection
of ecotones can be done using field data gathered
along transects (one dimension) or across a grid (two
dimensions). During the current study, data collection on
one dimension reveals that the species composition at
ecotone varies drastically from site to site. This indicates
that beside species interaction other factors also play

imperative role in ecotones. Few species act as ecotonal
specialists; therefore, the strongest process for species
richness in Lesser Himalaya can be additive blending.
Additive blending may be because of an intermediate
type of microhabitat with respect to pH, moisture
content, EC, and steepness of the mountain at eco-
tone (Table 2).
Out of studied communities, ecotone is a well-studied

community because of its unique characteristic features
(Erdos et al. 2012). Mohd-Aizat et al. (2014) while work-
ing on soils of Ayer Hitam Forest Reserve reported a pH
range of 3.12 to 5.28 which is lower compared with the
present work. Ashraf et al. (2012) reported a range of
pH 5.90 to 6.23, moisture content 13.3 to 19.3%, and EC
207 to 239 �S/cm in grassland soils of Yusmarg Hill Re-
sort. Fauze et al. (2015) in their confirmation on soils of
Yamuna Biodiversity Park, Delhi, found that pH varied
from 6.82 to 7.90; EC, 96 to 1679 �S/cm; and moisture
content, 8.7 to 29.7%, and corroborate with the current
findings.

Conclusions
The present work showed that species have very less simi-
larity (ca. 6%) among different sites, indicating that each
mountainous habitat is characterized by high species diver-
sity at a coarse scale. EC-pH of the soil on NE-facing slopes
and SM-MS are vital variables on NW-facing slopes. The
insolation and period of solar energy are also dependent on
the position of the slope. The north east slopes receive
maximum insolation, since the studied area is placed on
the northern hemisphere. The availability of solar light in-
creases air and soil temperature on the north east–facing
slope. All the environmental variables (soil pH, moisture,
EC, and mountain steepness) are insignificant at pure north
face for the species composition. Therefore, it can be con-
cluded that some other environmental variables may influ-
ence the species composition which are needed to be
further discovered.
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Additional file 1: Table S1. Herbaceous species encountered in all the
transects at study sites. The data collection reveals that ca. 84 herbaceous
species exist in such regions in Lesser Himalayan part of western Himalaya.
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