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Highlights

*  Vegetation analysis along the west-facing slope of the drought-prone mountain of Manthali was conducted.
*  Based on high IVI value, 8 plant species of different life form were considered for the detailed study.

*  Fourteen functional traits were considered for observation in those species.

*  Annona squamosa and Abrus precatorius can be proposed as candidate species for early succession.

»  This study identifies the suitable plant species for the restoration of degraded areas in a tropical zone.

Abstract

The present study aims to find out the suitable native plant species for restoring degraded land in the mountain from 450
m asl to 819 m asl in Khurkot of Manthali. Altogether thirty quadrats were laid to observe frequency, density and coverage of
plant species present there, and ultimately, IVI was calculated. Eight plant species — 3 trees like Acacia catechu, Aegle marmelos
and Annona squamosa, 3 shrubs like Rhus parviflora, Cipadessa baccifera and Abrus precatorius (woody climber), and 2 herbs
like Uraria lagopodiodes and Polypogon monospeliensis were considered for the detailed study based on their high IVI values.
Altogether fourteen traits (growth form, life-span, phenology, Raunkiaers life-form, canopy height, stem density, mean ramet
distance, leaf size, specific leaf area, leaf thickness, seed mass, propagules mass, seed shape and nitrogen fixation) were studied
in those eight species. Based on these traits, through this protocol, the plants were again categorized into five syndromes, i.e.
establishment syndrome, dispersal syndrome, biomass producing syndrome, persistence syndrome and effect on environment
syndrome. From this study, Annona squamosa and Abrus precatorius can be suggested as candidate species for early succession.
Similarly, Aegle marmelos, Acacia catechu, Annona squamosa, Rhus parviflora and Abrus precatorius can be recommended to
plant for restoration of degraded bushy lands, which are in the phase of secondary succession.
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Introduction

Restoration can be defined as the process by which a disturbed site is restored to a pre-disturbance state, with similar
environmental conditions, ecosystem structure and species complement [1]. Ecological restoration accelerates this process
through a series of active interventions towards the ecological goal [2].

There is a certain process for restoration of the site with appropriate native species. Initially, one should choose appropriate
plant species for plantation, then should prepare the site for restoration (by decreasing or removing invasive plant species,
knowing about soil and making it suitable for plantation) and finally caring of the place [2].

For ecological restoration, it is better to use native plant species than exotic ones. A native (indigenous) species is one that
occurs in a particular region, ecosystem, and habitat without direct or indirect human interactions [3]. Native species survived
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and repeatedly reproduced under the impulses of unstable climates, predation, disease, herbivory, competition, and all the other
limitations and stresses imposed by an environment over multiple generations [4].

A total of sixteen traits were collected to closely mirror essential traits measured in other global studies [5]. Existing protocols
were usually followed for their measurement [5,6] occasionally with slight modifications. The fourteen traits of native plants like
growth form, life-span, phenology, Raunkiaer’s life-form, canopy height, stem density, mean ramet distance, leaf size, specific
leaf area, leaf thickness, seed mass, propagule mass, seed shape and nitrogen fixation were considered by Laurin [1].

Functional plant traits are well-defined characteristics [7] that relate to plant species' patterns of establishment, growth, and
resource allocation and that evolved in response to abiotic environmental conditions and interactions with other species [8].

These plants traits can be divided into various plant trait syndrome, namely dispersal syndrome, establishment syndrome,
biomass producing syndrome, persistent syndrome, effect on environment syndrome. The principal significance of this work is
to find the best candidate species for the restoration of degraded land by dividing the dominant plant species according to its
functional traits in the probable syndrome.

Materials and Methods
Study area
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Fig 1: Map of the study area
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Fig 2: Study site with sampling plots
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Ramechhap has a diversified environment in the different ecological zone. The southern area of Ramechhap falls in the
rain shadow zone of Mahabharat Hill, which extends up to Roshikhola catchment of Kavrepalanchowk [9]. Ramechhap was
announced drought area by District Agriculture Coordination Committee on July 9, 2010.

Soil

Soil organic matter ranged from 1.2 to 2.4 % indicating that some areas at higher altitudes have slightly degraded soil, but
possibly it can help for the survival of the plants [10]. If organic matter is below 1%, then it is not suitable for plantation [11].
Soil texture ranged from sandy to sandy loam. In the present study, soil pH ranged from 6.016 to 7.4 and is mostly within the
optimal range, i.e. 6.5 to 7.5 as suggested by Lauchli and Grattan [12]. Hence, no adverse effect on the establishment of a plant
in the study site is expected. Soil electrical conductivity of our study area ranged from 65.792 to 85.912 pS/cm [10], which is
equivalent to 0.065 to 0.0859 dS/m and is within the range (less than 1 dS/m). Hence, from these results, it can be concluded
that soil properties like soil organic matter, soil pH, soil electrical conductivity has no such adverse effect on the establishment
of plant species.

Sampling procedure

Random sampling along the trail was conducted at Khurkot, Manthali, west-facing slope, ranging from 462 m to 820 m above
sea level. Altogether 30 quadrats of 2020 m? were used for tree species, 60 quadrats of 5x5 m?*were used for shrub species and
60 quadrats of 2x2 m?were used for herb species. The frequency, density and coverage of all plant species present in the quadrat
were recorded.

The analysis of the plant species distribution was conducted using the Importance Value Index (IVI) as the sum of relative
density, relative frequency and relative coverage for comparison of the species dominance [13]. The IVI for a species was
calculated as the sum of its relative frequency (R.F.), relative density (R.D.), and relative coverage (R.C.), using the following
formula.

Importance Value Index (IVI) =R.D. + R.F. +R.C.

Plant trait syndrome

Various plant traits were noted, and candidate plants were selected for multiple trait syndromes like i) establishment syndrome,
ii) dispersal syndrome, iii) biomass producing syndrome, iv) persistence syndrome, and v) effect on environment syndrome [1].
Based on different plant traits, the best candidate species were identified for various trait syndromes.

i. Establishment syndrome: For the establishment syndrome- large seed mass, higher SLA, short ramet distance, evergreen
phenology and annual life span were the selection criteria.

ii. Dispersal syndrome: For the dispersal syndrome, plant traits like - less propagule mass, less seed mass, taller canopy height
and round seed shape were the selection criteria.

iii. Biomass producing syndrome: For the biomass producing syndrome, plant traits like- less SLA, taller canopy height, high
stem density, more leaf thickness, evergreen phenology were selection criteria.

iv. Persistence syndrome: Plant traits like taller canopy height, high stem density, less ramet distance, higher SLA, perennial life
span, phanerophytes are selection criteria for persistence syndrome.

v. Effect on environment syndrome: Plants traits like tallest canopy height, large ramet distance, perennial life span, deciduous
phenology and high leaf thickness were considered to select the candidate species for this syndrome.

Plant traits
Altogether 14 plant traits [5] were collected after the selection of species through sampling as described above.

Traits Methods

Growth form Plants were divided into herbs, shrubs, and trees.
Life-span Plants were divided into annual, biennial, perennial.
Phenology Plants were divided into evergreen and deciduous
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Raunkiaer’s growth form

All species were classified into the Raunkiaer’s classification schemes, i.e. phanerophytes,
chamaephytes, hemicryptophytes, geophytes and therophytes

Distance between ramets

The ramet distances were measured using a measuring tape.

Canopy height Canopy height measured using altimeter.

Stem density It is the dry weight of stem per volume [14].

SLA Specific leaf area (SLA) is the one-sided area of a fresh leaf, divided by its oven-dry mass
[15].

Leaf size Leaf size was measured through Image J.

Leaf thickness Leaf thickness was calculated using micrometer screw gauge.

Propagules were dried at 80°C for 48 hours and then were bulk weighed was taken from a
population. The number of propagules in that bulk weight was counted and then divided
the bulk weight by the number of propagules to determine the mean mass of a propagule.

Propagule mass

They were dried at 80°C for 48 hours. They were weighed individually (15 seeds in total
for each species per site) or counted and bulk-weighed for smaller seeds (300 seeds) at
0.1 mg precision.

Seed mass

Leguminous plants were recorded as nitrogen-fixing plants, and non-leguminous plants

Nitrogen fixation were searched for nitrogen fixation ability through Plants database [16].

Seed shape Various shapes of seed were identified and related with seed banks in soil.

Data analysis:
To know if the plant species differ significantly or not for each plant trait, the data obtained (N=30 to 45) were analyzed
statistically using one way ANOVA followed by Duncan’s multiple range test at P=0.05 using SPSS version 27.0.1

Results and Discussion

Our result shows only 16 species from 450 masl to 819 masl. Based on IVI, eight plant species having high values were
selected for further detailed study. Trees like Acacia catechu, Aegle marmelos and Annona squamosal, shrubs like Rhus parviflora,
Cipadessa baccifera, Abrus precatorius (woody climber), and herbs like Uraria lagopodiodes and Polypogon monospeliensis
were considered for the detailed study. Though the IVI value of Lantana camara and Ageratina adenophora were recorded very
high but were not considered for detailed study because of their invasive nature [17].

a. Plant trait syndromes
i. Establishment syndrome
In the present study, among tree species, out of five traits (for establishment syndrome) three traits i.e.larger seed mass,

highest SLA and evergreen/semi-deciduous, are fulfilled by Annona squamosa (Table 1). Hence, Annona squamosa can be
considered the best establisher.

Table 1: Plant traits (seed mass, Specific Leaf Area, Ramet distance, Phenology, Life span) of establishment syndrome in
dominant plants of Khurkot, Manthali

Life
Plants’ name Seed mass (g) SLA (cm?¥/g) Ramet distance (m) | Phenology sI;an
Trees
Acacia catechu 0.031+0.008 A 91.944+3.65 B 4.83£2.61 A Deciduous Perennial
Aegle marmelos 0.058+0.003 B 57.86£437A 5.06+2.89 A Deciduous Perennial
Evergreen/ .
Annona squamosa 0.183+0.001 C 129.29 £7.07 C 3.76 £0.92 A ) . Perennial
Semi-deciduous
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Shrubs/ herbs

Rhus parviflora 0.0560+0.002 B 62.82+4.06 A 296+ 1.66 B Evergreen Perennial
Abrus precatorius 0.151£0.047 C 184.77£2.41D 2.86+0.70 B Deciduous Perennial
Cipadessa baccifera 0.030+0.022AB 13525+ 248 B 393+ 145B Evergreen Perennial
Uraria lagopodiodes 0.003 £0.0009 A | 149.18+ 9.26 B,C | 0.616 +0.125 A Deciduous Perennial
Polypogon monospeliensis | 0.0005 = 0.0008 A | 157.01 £20.84 C 0.206 = 0.055 A Deciduous Annual

Same capital letters followed after mean + Standard deviation in a column do not differ significantly at P=0.05 according to
Duncan’s Multiple range tests followed after ANOVA.

The shrub Abrus had the highest seed mass and Specific Leaf Area value. Among herbs, Polypogon had the lowest ramet
distance and annual life span (Table 1). Among shrubs and herbs, Abrus precatorius, Polypogon monspeliensis can be considered
as good establisher.

ii. Dispersal syndrome

In the present study, among tree species out of four traits (for establishment syndrome), three characteristics, i.e. less
propagule mass, less seed mass and large canopy height is fulfilled by Acacia catechu (Table 2). Hence, Acacia catechu can be
considered to have the best dispersal syndrome.

The shrub Rhus parviflora had less propagule mass and round seed. Hence, it can be considered to have the best dispersal
syndrome. Among the herbs, Uraria lagopodiodes and Polypogon monospeliensis had higher dispersal capacity as they had
lowest propagule and seed mass. Among shrub and herbs; Rhus parviflora, Uraria lagopodiodes and Polypogon monospeliensis
are the best dispersers (Table 2).

Table 2: Plant traits (propagule mass, seed mass, canopy height, seed shape) of dispersal syndrome in dominant plants of
Khurkot, Manthali

Plants’ name Propagule mass (g) | Seed mass (g) Canopy height (m) Seed shape
Trees

Acacia catechu 0.59+ 0.05A 0.031 £0.008 A 8.7+ 1.38B Ovate

Aegle marmelos 7422 +4.12C 0.058+0.003 B 7.64+ 1.39B Oblong
Annona squamosa 34.17+3.66 B 0.183 £0.001 C 503+ 0.74 A Obovoid or elliptic
Shrubs/Herbs

Rhus parviflora 0.0049 = 0.0036 A | 0.056+ 0.0026 B 547+ 0.68C Round

Abrus precatorius 0.151+ 0.047 B 0.151+0.047C 855+ 124D Oval
Cipadessa baccifera 0.21+ 0.017C 0.0302+ 0.022AB | 1.75+ 047 B Ovoid

Uraria lagopodiodes 0.0031 + 0.0009 A 0.0031 £0.0009A | 0.06+0.01 A Kidney-shaped
Polypogon monospelieensis 0.0005 £0.00008 A | 0.0005+ 0.00008 A | 0.05+ 0.01 A Oblong

Same capital letters followed after mean + Standard deviation in a column do not differ significantly at P=0.05 according to

Duncan’s Mutiple range tests followed after ANOVA.

ii. Biomass producing syndrome

In the present study among tree species, out of five traits, two traits, i.e. lower SLA, higher leaf thickness, are fulfilled by
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Aegle marmelos (Table 3). Higher canopy height and higher stem density is fulfilled by Acacia catechu (Table 3). Hence, Aegle
marmelos and Acacia catechu are considered to have the best biomass producing capacity.

Among shrubs and herbs, out of five traits, three traits, i.e. less Specific Leaf Area, evergreen phenology and higher leaf
thickness, are fulfilled by Rhus parviflora (Table 3). Hence, Rhus parviflora will produce the best biomass among shrubs/herbs.

Table 3: Plant traits (Specific Leaf Area, canopy height, stem density, leaf thickness and phenology) of biomass producing

syndrome in dominant plants of Khurkot, Manthali

Plants’ name SLA(cm?/g) Canopy height (m) | Stem density (g/ml) | Leaf thickness (mm) | Phenology
Trees

Acacia catechu 91.94+3.65B 87+ 138B 0.87+ 0.05C 0.01+ 0.00 A Deciduous
Aegle marmelos 57.86 £4.37 A 7.64+ 1.39B 0.75+ 0.05B 0.56+0.10B Deciduous
Annona squamosa | 129.29+7.07 C 5.03+0.74 A 0.64 + 0.05A 043+ 0.13B Deciduous
Shrubs/Herbs

Rhus parviflora 62.82+ 4.06 A 547+ 0.68 C 0.54 £ 0.005C 0.61+£0.12C sub-deciduous
Abrus precatorius | 184.77+ 241D | 855+ 1.24D 1.21+ 0.005 E 0.07 £ 0.005 A Deciduous
Cipadessa 13525+2.48 B 1.75+ 047 B 0.62+ 0.003D 0.0202+0.024 B Evergreen
baccifera

Uraria 149.18 £ 9.26 | 0.06+0.01 A 0.02+ 0.005B 0.19+ 0.040B Deciduous
lagopodiodes B,C

Polypogon 157.01 £20.84C | 0.05+ 0.01 A 0.01 £ 0.00 A 0.05+ 0.02A Deciduous
monospeliensis

Same capital letters followed after mean + Standard deviation in a column do not differ significantly at P=0.05 according to
Duncan’s Multiple range tests followed after ANOVA.

iii. Persistence syndrome

In the present study, among tree species, out of five traits, four traits, i.e. larger canopy height, higher stem density,
phanerophytes growth form and perennial life span, is fulfilled by Acacia catechu. (Table 4). Annona squamosa also fulfills four
traits among five, i.e. less ramet distance, higher SLA, perennial life span and phanerophytes (Table 4). So, Acacia catechu and
Annona squamosa had the best persistence syndrome.

The shrub Abrus precatorius had a taller canopy height, higher stem density, higher SLA, perennial life span, phanerophytes
growth form (Table 4). So, Abrus precatorius is the species having the best persistence syndrome.

Table 4: Plant traits (canopy height, stem density, ramet distance, Specific Leaf Area, Life span, Raunkiaer s growth form) of
persistence syndrome in dominant plants of Khurkot, Manthali

Canopy Stem density Ramet . Raunkiaer’s
Plant’s name . . SLA(cm?/g) Life span
height (m) (g/ml) distance(m) growth form
Trees
Acacia catechu 87+138B | 0.87+0.05C 483+261A 91.944+3.65B Perennial | Phanerophytes
Aegle marmelos | 7.64 +£1.39 B | 0.75 £0.05 B 506+2.89 A 57.86 £437A Perennial | Phanerophytes
Annona .
5.03+0.74A | 0.64£0.05 A 376+ 0.92A | 129.29+7.07 C | Perennial | Phanerophytes
squamosa




S. Poudel et al., 2021

Amvrit Research Journal, June 2021, Vol. 2

Shrubs/Herbs
Rhus parviflora 5.74+0.68C | 0.54£0.005C | 2.96 £1.66 B 62.82+4.06 A Perennial | Phanerophytes
Abrus )
. 855+1.24D | 1.21+0.005E | 4.60+1.10 B 184.77+2.41 D | Perennial | Phanerophytes
precatorius
Cipadessa .
) 1.75+047B | 0.62+0.003D | 3.93+1.45B 135.25+2.48 B | Perennial | Phanerophytes
baccifera
Uraria 149.18 + 9.26
. 0.06 +0.01 A | 0.02+0.005B | 0.61 £0.125 A Annual Chamaephytes
lagopodiodes BC
Pol
OIPOSON 10 0540.01 A | 0.01£0.00A | 0.206+0.055A | 157.01+20.84 C | Annual | Chamaephytes
monospeliensis

Same capital letters followed after mean + Standard deviation in a column do not differ significantly at P=0.05 according to
Duncan’s Mutiple range tests followed after ANOVA.

iv. Effect on environment syndrome

In the present study, among tree species out of five traits, four traits, i.e. most extensive ramet distance, largest leaf thickness,

perennial life span and deciduous phenology, are fulfilled by Aegle marmelos (Table 5). Hence, Aegle marmelos is the best

candidate for the effect on the environment.

The shrub Abrus precatorius had the highest canopy height, perennial life span, deciduous phenology and nitrogen-fixing

ability (Table 11). So among the shrubs, Abrus precatorius is the species having the best effect on environment syndrome.

Table 5: Plant traits (canopy height, ramet distance, leaf thickness, life span, and phenology) of effect on the environment

syndrome in dominant plants of Khurkot, Manthali

. . Nitrogen-
Canopy Ramet distance | Leaf thickness . ]
Plant’s name . Life span Phenology fixing
height (m) (m) (mm) .
capability
Trees
Acacia catechu 87+ 138B 483+261A 0.01 £+ 0.00 A Perennial Deciduous Yes
Aegle marmelos 7.64+139B 5.06+2.89 A 0.56+0.10B Perennial Deciduous Not known
A
nond 503+074A | 376+ 092A | 043+ 0.13B | Perennial Deciduous | Not known
squamosa
Shrubs/herbs
. ) Evergreen /Sub-
Rhus parviflora 5.47+0.68C 2.96+ 1.66 B 0.61+£0.12C Perennial . Not known
deciduous
Abrus precatorius | 8.55+ 1.24D 2.86+0.70 B 0.07+0.005 A Perennial Deciduous Yes
Cipadessa :
. 1.75+ 0.47B 393+ 145B 0.0202+ 0.024 B Perennial Evergreen Not known
baccifera
Uraria .
) 0.06 £0.01 A | 0.616 +0.125 A 0.19+ 0.040B Annual Deciduous Yes
lagopodiodes
Pol
OIPOEON 1005+ 0.01A | 0.206= 0.055A | 005+ 0.02A | Annual Deciduous | Not known
monospeliensis

Same capital letter followed after mean = Standard deviation in a column does not differ significantly at P=0.05 according to
Duncan’s Multiple range tests followed after ANOVA.
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b. Synopsis of all syndromes
From all the above syndromes the name of plants which scored as a suitable candidate species are listed in Table 6.

Table 6: Name of suitable candidate species of plants obtained from different syndrome for restoration

. Biomass . Effect on
Growth Establishment . . Persistence .
Dispersal syndrome producing environment
form syndrome syndrome
syndrome syndrome
Aegle

. Acacia catechu/
Trees Annona squamosa | Acacia catechu marmelos/ Aegle marmelos

) Annona squamosa
Acacia catechu

. Rhus parviflora
Abrus precatorius/ Uraria | diodes/
raria lagopodiodes
Shrub /Herb | Polypogon gop Rhus parviflora | Abrus precatorius | Abrus precatorius
L Polypogon
monospeliensis L
monospeliensis

i. Early succession

The present study suggests that Annona squamosa is suitable for early succession. Annona squamosa being very hardy,
survives well under drought, salinity and marginal soil conditions. It grows very well, even on shallow soils at the mercy of nature
[18]. The present study also suggested Abrus precatorius to be suitable for early succession, which had spread into new places
very quickly, harmed other local plants in the area and became ‘potentially invasive’ very easily [19]. Abrus precatorius has an
oceanic mode as the primary means of dispersal [20]. Abrus precatorius is already a key threat to the other plant communities
in other parts of the world. For example, in certain places in Australia, it acts as a transformer species, changing the nature of
the plant communities by smothering existing vegetation, both in the ground layer and canopy, altering the light climate and
suppressing the regeneration of native species [19].

So, it might not be wise to use Abrus precatorius for early succession as it will harm any other species growing there. It might
be wise to grow herbs like Polypogon monospeliensis that can be used for early succession.

ii. For the land which already has few species

The present study suggests Aegle mamelos, Acacia catechu, Annona squamosa, Rhus parviflora and Abrus precatorius as
candidate species for the succession of land with few plant species. As we already discussed that it might not be wise to use Abrus
precatorius for succession; it might be excluded.

Aegle marmelos has a reputation for thriving in a place where other plants cannot survive [21]. Aegle marmelos grows well
in dry places [22], and it is distributed throughout the dry forest in hill and plain areas [23]. Annona squamosa (Sugar apple)
grows well in hot, dry climates and adjusts in any kind of soil [24]. Sugar apple grows from sea level to 1,000 masl and requires
no cold periods; and so, develops and grows well in relatively stable conditions of temperature [25]. Acacia catechu is one of the
very few species which grows well in the degraded lands and could be very useful for the community plantations in Nepal [26].

Conclusions

On the basis of different syndrome studied, it can be concluded that the tree species like Annona squamosa is the best plant
candidate for the establishment and also for persistence in the environment. Acacia catechu shows high dispersal as well as
persistence syndrome. But the tree species Aegle marmelos is a good candidate for the high biomass producing syndrome, and
hence its effect on environment is prevalent.

Among the shrubs, Abrus precatorius is a good establisher. It also persists and influences the environment. Rhus parviflora
is candidate for dispersal and biomass production. The herb Polypogon monospeliensis is a good candidate for establishment.

In highly degraded areas, plantation of Annona squamosal among the trees, Abrus precatorius among shrubs and Polypogon
monospeliensis among herbs should be encouraged to restore the bare land. For the restoration of less degraded areas i.e land
with few plant species, tree species like Adegle marmelos, Acacia catechu and Annona squamosa, and among shrubs, Abrus
precatorius and Rhus parviflora should be encouraged for plantation.

8
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