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Objective: The study aimed to evaluate the population size of Swertia chirayita across different A
Ecosystem; Swertia chirayita

environmental gradients.

Methodology: Systematic sampling was conducted in three locations within the Gorkha district of ARTICLE HISTORY
Nepal (Laprak, Barpak, and Kashigaun), covering elevations from 1860 to 2825 meters above sea level Received 15 August 2024;
(masl). Soil samples were analyzed for pH, nitrogen, organic carbon, and phosphorous content. Data Revised 27 August 2024;
analysis was performed using SPSS, R, and Excel. Accepted 05 September

Results: Soil pH ranged from 3.2 to 5.9, nitrogen content from 0.01% to 0.14%, and organic carbon 2024

from 0.3% to 4.65%. Phosphorous content varied between 47.84 kg/ha and 85.9 kg/ha. The slope
angle ranged from 19.7° to 37.4°. Swertia chirayita density was positively correlated with soil nitrogen
(0.57) and organic carbon (0.61) but negatively correlated with phosphorous content (-0.61). The
plant showed non-uniform distribution, with populations influenced by edaphic factors and invasive
species.

Conclusion: The study found that S. chirayita distribution was either contagious or random,
influenced by soil nutrients and invasive species. This plant grows best in nitrogen-rich and organic
carbon-rich soils but does not thrive in high-phosphorous environments.

Introduction

Nepal harbors 118 ecosystems, encompassing
over 2% of the world's phanerogams, 3% of
pteridophytes, and 6% of bryophytes [1].
Around 23% of the phanerogams in Nepal
possess medicinal properties, with Swertia
chirayita (Roxb. ex Flem.) Karst emerged as a
notable medicinal plant [2,3]. There exist 29
species of Swertia in Nepal, nine of which are
exclusive. S. chirayita holds significant value ©
and is extensively utilized in Nepal and India
[4]. Nevertheless, unsustainable harvesting
practices in recent decades, motivated by
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Survey Design and Data Collection

An initial survey was conducted in June 2019 to map the
distribution of Swertia chirayita across different locations.
Systematic sampling was then carried out in August 2019,
following a resource selection process to identify the structure
of various populations of S. chirayita. Thirty sampling plots
measuring 10x10 m> were established, spaced at least 200
meters apart. To assess population status, each 10x10 m” plot
was further divided into subplots of 1x1 m?, arranged with a
2-meter gap between each subplot.

For population studies, every Swertia chirayita plant within
the quadrats was observed and categorized into three life stages:
rosette, vegetative aerial, and reproductive aerial (following
Lyngdoh [8]). Plants emerging as seedlings were classified as
rosettes, larger plants without inflorescence as vegetative aerials,
and those with inflorescence as reproductive aerials. Associated
species (whether herbs, shrubs, or trees) within each quadrat
were also recorded. The collected samples were identified by
referring to standard literature, seeking scientific consultation,
visiting herbaria (TUCH and KATH), and comparing them
with high-resolution herbarium images from the University
Herbarium at the University of Tokyo (TI) [9-11]. The slope
angle of each study site was measured using a clinometer.

Soil samples were collected following the methodology of
Sherif et al. [12]. The Soil and Fertilizer Testing Laboratory in
Hetauda, Nepal examined air-dried soil samples from each
location to determine the total nitrogen content (using the
Kjeldahl method), total organic matter (OM) (using the
Walkley-Black method), phosphorus content (P20s) (using
Olsen's method), and soil moisture (using the oven-drying
method). The soil pH at the study sites was measured using a
digital pH meter.

The spatial distribution of S. chirayita was determined
according to Whitford [13].

The data was analyzed using both parametric and
non-parametric statistical tests. Non-parametric correlation
analysis was used to identify the general relationships between
population parameters and soil factors. Additional data analysis
was done using tools like SPSS version 25, R, and Microsoft

Excel. Methods such as non-parametric tests, analysis of
variance (ANOVA), and pairwise comparisons were utilized to
identify variations across populations. One-way ANOVA was
utilized to assess variations in plant population density and
composition. The distribution pattern of the species was
analyzed using the ratio of abundance and frequency.

Results and Discussion

Population structure of S. chirayita in gorkha

The study revealed that S. chirayita populations were most
abundant in Laprak, followed by Barpak and Kashigaun. While
there was a significant difference in the population between
Laprak and Kashigaun, no significant differences were observed
between Barpak and Laprak or between Barpak and Kashigaun
(Table 1). However, the density of the rosette form of S. chirayita
showed significant variation across the study sites, with a
notable difference between Laprak and Kashigaun.

Significant variations in the density of vegetative and
reproductive aerials were observed across the different study
areas, such as Laprak, Barpak, and Kashigaun. Laprak had the
highest A/F ratio at 0.066, followed by Barpak at 0.059, and
Kashigaun at 0.049. Kashigaun has an even distribution with a
ratio below 0.050, while Barpak and Laprak have a clustered
distribution with a ratio above 0.050.

The study unveiled that S. chirayita populations thrived
most abundantly in Laprak, followed by Barpak and Kashigaun.
While a significant variance in population was noted between
Laprak and Kashigaun, no substantial disparities were observed
between Barpak and Laprak or between Barpak and Kashigaun
(Table 1). Nevertheless, the density of the rosette form of S.
chirayita exhibited notable variation across the study sites,
particularly discernible between Laprak and Kashigaun.

The abundance of vegetative and reproductive aerials also
displayed significant discrepancies among the study areas,
encompassing Laprak, Barpak, and Kashigaun. Laprak recorded
the highest abundance-to-frequency (A/F) ratio at 0.066, trailed
by Barpak at 0.059 and Kashigaun at 0.049. This ratio implies
that Kashigaun showcases a systematic distribution (A/F <
0.050), while Barpak and Laprak manifest a contagious
distribution pattern (A/F > 0.050).

Table 1. Comparison of life stages and total population of S. chirayita across study sites, along with the abundance-to-frequency

ratio

Place Rosette (Mean Vegetative aerials (Mean Reproductive aerials Total Popn (Mean A/F
Popn +S.D.) Popn +S.D.) (Mean Popn + S.D.) Popn +S.D.) ratio

Barpak 2.78+2.05 2.37 + 1.66yz 1.75 + 0.82yz 5.55+3.91 0.059

Kashigaun 2.05+£0.87x 2.07 £ 0.74xy 1.39 + 0.92xy 4.59 + 1.48x 0.049

Laprak 2.55+1.58z 2.95+2.14xz 2.09 £ 1.09xz 6.07 + 4.05z 0.066

F value 4.178 5.963 8.29 4.244

P value 0.017 0.003 0 0.015

Note: x = significant difference from Barpak, y = significant difference from Laprak, and z = significant difference from Kashigaun, at p = 0.05 with

df = 2 and n = 90 in a one-way ANOVA followed by LSD

In this research, quadrats were set up according to resource
preference, leading to high occurrences (>90%) of S. chirayita.
The species' adaptability across a wide range of habitats is
reflected in its high frequency. However, the average density of

S. chirayita (4.59-6.07 individuals/m®) suggests that the species
does not grow densely, similar to findings by Bhatt et al. [14] in
the western and northwestern Himalayas of India. The low
population density could result from excessive harvesting of
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wild populations, since the whole plant holds significant
medicinal properties [4,15,16]. The practice of uprooting the
plant before seed development diminishes the likelihood of seed
production, reducing the chances of future rejuvenation. The
higher density of S. chirayita in Laprak, which is at a higher
altitude, supports the observation that the species thrives better
at higher elevations, consistent with Bhatt et al. [14].

Naturalized populations commonly comprise different
groups, with the initial groups having greater fertility and
survival rates. Nevertheless, certain research has shown a
decrease in initial survival rates among new groups [18]. In this
research, the rosette form had a lower density compared to
vegetative and reproductive aerials. The varying distribution of
S. chirayita is influenced by factors like altitude and slope
degree, as reported by Joshi and Dhawan, Phoboo and Jha, and
Sharma et al. [18,19]. Consistent with prior studies, S. chirayita
showed significant and non-random distribution patterns [14].

This phenomenon is frequently seen in natural environments as
a result of the wide range of environmental conditions [20].

Physiographic and Soil Characteristics of S. chirayita

Swertia chirayita was observed in open grasslands, slopes, and
old landslide areas at elevations between 1860 and 2825 meters
above sea level (masl) in the Gorkha district. Laprak (2360-2825
masl), Barpak (2080-2790 masl), and Kashigaun (1860-2036
masl) were the locations mentioned. The species favors acidic
soils, with pH levels between 4.29 and 5.1. The total nitrogen
content in the soil was very low (0.032% to 0.061%), while
phosphorus content varied from 62.68 to 76.02 kg/hectare. The
total organic carbon ranged from 1.15% to 2.49%. Slope angles
varied from 27.27° to 29.3°. Despite similar soil nitrogen
content and slope degree across the study sites, other soil and
environmental factors such as pH, organic carbon content,
phosphorus content, moisture content, and altitude varied
significantly (Table 2).

Table 1. Relationship of factors determining the habitat of S. chirayita.

Variables Barpak (Mean+S.E.)  Kashigaun (Mean+S.E.) Laprak (MeantS.E.) P-value F-value
Altitude (masl) 2278.7£75.35" 1956.3£20.015% 2496+56.49** 0 23.867
Moisture content (%)  41.35+10.274* 20.53+2.85Y 41.59+5.005* 0.012 3.16

N (%) 0.061+£0.0156 0.032+0.0071 0.040+0.0096 0.193 1.748
P® (kg/hector) 62.68+3.044 76.02+2.499 66.522+4.098 0.039

pH® 4.72+0.305 5.1£0.159 4.29+0.126 0.034

Slope® (0) 28.53+1.33 26.27+1.65 29.3+£1.73 0.309

Total org. C* (%) 1.48+0.387 1.15£0.112 2.49+0.342* 0.012 5.227

Note: a = One-way ANOVA followed by LSD; b = Kruskal-Wallis test; x= significant difference with Barpak, y = significant difference with Laprak,
and z = significant difference with Kashigaun, at p = 0.05 with df = 2 and n = 10.

S. chirayita is found in the temperate Himalayas, from
Kashmir to Bhutan and the Khasia hills of Meghalaya [21]. It is
distributed across Nepal at altitudes between 1500 and 3000
masl, with a preference for elevations around 2000 masl [22].

However, in this research, Laprak had a greater abundance
of S. chirayita at elevations of 2360-2825 masl, in contrast to
Barpak and Kashigaun. Bhatt and colleagues also found that S.
chirayita performed better at increased altitudes [14]. The
species prefers acidic soils, and the total carbon, nitrogen, and
phosphorous content in the soil observed in this study is
consistent with findings by Barakoti [23]. Similar to Bhatt et al.,
S. chirayita was found growing on open grassy slopes [14]. The
species does well in open areas like grassy slopes, landslide
debris, and moss-covered slopes, potentially because there is
less competition from other species for sunlight, moisture, and
nutrients.

Relationship Between S. chirayita Density and Various
Soil and Environmental Factors
Spearman's correlation was employed to assess the relationship

between the density of S. chirayita and various soil and
environmental factors (Table 3). The study revealed a significant

positive correlation between the presence of Swertia chirayita in
different plant phases and the soil's total organic carbon,
nitrogen, and phosphorous levels. However, a noticeable
negative correlation was observed between the plant density
and the phosphorous levels in the soil. Significantly, the density
of S. chirayita did not display any notable correlation with soil
pH, moisture levels, or altitude.

A strong inverse relationship was found between the
density of S. chirayita and phosphorous content (p=0.001,
-0.613), while a strong positive correlation was observed with
total soil organic carbon and nitrogen content (p=0.001). The
weakest correlations were seen with slope (0.006), while soil pH
(0.076), elevation (0.136), and soil moisture (0.224) came after.
Aerial stage densities, both vegetative and reproductive, had a
small negative correlation with soil pH, while rosette density
and total plant density had a slight positive correlation with soil
pH.

Additionally, the soil's phosphorous content had a
significant negative relationship (0.619) with total nitrogen.
Altitude was positively correlated with soil moisture (0.530) and
slope angle (0.372) and was negatively correlated with soil pH
(-0.367).
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Table 3. Spearman Correlation was calculated for 30 samples to assess the relationship between Swertia chirayita population density

and various soil parameters (n=30).

Variables 1 2 3 4 5 6 7 8 9 10 11
1. Rosette plant density (m-2) 1

2. Vegetative aerial density (m-2) 0.60** 1

3. Reproductive aerial density (m-2)

4. Total density (m-2) 0.83** 0.84** 0.68** 1

5. Total nitrogen (%) 0.58** 0.42* 0.60%*  0.57** 1

6. Phosphorous content (kg/hector)  -0.510**  -0.463* -0.52** -0.61** 0.62** 1

7. Soil pH 0.12 0 -0.01 0.08 -0.2 0 1

8. Total organic carbon (%) 0.37% 0.63**  0.53**  0.61** 0.3 0 -0.2 1

9. Altitude (masl) 0.02 0 0.21 0.14 0.2 0 -037% 0.18 1

10. Moisture content (%) 0.143 0.2 0.16 0.2 0.3 0 -0.3 0.33 053" 1

11. Slope Angle (0) -0.36 0 -0.15 -0.2 0 0 -0.1 -0.1  0.37% 02 1

Note: **= Correlation is significant at the 0.01 level and *= Correlation is significant at the 0.05 level

Figure 2 shows how Swertia chirayita population density,
altitude, and different soil properties are connected in a scatter
plot using PCA. The PCA biplot shows a strong correlation
between the density of S. chirayita and the levels of total soil
organic carbon and total nitrogen. Nevertheless, it
demonstrates minimal correlation with elevation or other soil
factors.

0 2 4

00 02 04
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-0.4

00 02 04

Comp.1

Figure 2. PCA analysis of Swertia chirayita density about various soil
properties (Moc = Moisture Content, N = Total Nitrogen Content of the
Soil, OrgC = Total Organic Carbon in the Soil, PdT = S. chirayita
Population Density, pH = Soil pH, P = Soil Phosphorus Content).

The density of Swertia chirayita was significantly correlated
with the total nitrogen content, phosphorus content, and total
organic soil carbon in all plant forms - rosette, vegetative aerials,
and reproductive aerials. The relationship between the density
of S. chirayita and the levels of soil phosphorus, total nitrogen,

soil pH, soil organic carbon, altitude, soil moisture, and slope
angle is equally significant across all stages of life. This might be
due to the fact that the soil sample came from one plot with all
stages of life, without specifically collecting data for each stage
in different seasons. To induce flowering, the right soil pH and
adequate phosphorous levels are necessary [24]. This could
explain why there is a strong connection between phosphorous
levels and plant density, since the research took place during the
flowering season. There was a strong positive correlation
between the amount of nitrogen in the soil and the density of S.
chirayita, suggesting that Swertia chirayita thrives in
nitrogen-rich soil.

There was no association found between S. chirayita's
population density across various life stages and soil pH,
altitude, moisture content, or slope. This might explain why the
plant has the ability to thrive in a wider range of habitats than
other forest plants.

At the current altitude, there was a notable direct
relationship between soil moisture content and altitude. In his
1979 study, Smith found that higher altitudes in mountain areas
are associated with more precipitation, possibly explaining the
strong connection between altitude and soil moisture content in
the current research. In the current study, it was also found that
there is a strong inverse relationship between altitude and total
soil organic carbon. This could be because higher altitudes
receive more rainfall, which leads to the washing away of
above-ground organic matter in the soil, consequently reducing
soil microbial activities. Bangroo et al. also documented a
decline in soil microbial activities as altitude rose [25].

Conclusions

The research found that the Gorkha region has ample
opportunities for growing Swertia chirayita because of its varied
and appropriate environments. S. chirayita populations show
flexibility in different light, moisture levels, and soil conditions,
flourishing mainly in regions with acidic soil and high organic
matter content. Plant density was discovered to be the greatest
when compared to Barpak and Kashigaun because of the
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favorable climate, good soil quality, and optimal microhabitat
characteristics in those areas.

In Barpak and Kashigaun, there was a significant difference
in density between reproductive aerials and rosette and
vegetative aerials. The decline could be due to the plant being
harvested before it can reproduce. Moreover, S. chirayita
demonstrates a liking for soil abundant in nitrogen, suggesting
that it flourishes in areas with high nitrogen levels.
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