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Abstract: Nine pedons representing the typical landforms of micro-watersheds in Chhachhrauli block of Yamunanagar, Haryana were
exposed to determine the interrelationships and variability of soil characteristics. The colour of pedons was yellowish brown with dominant hue
of 10YR. Soil structure was weak to strong, fine to medium, sub angular blocky across the pedons. The consistency of different pedons varied
from non-sticky non-plastic to sticky plastic and soil texture varied from sand to loam with predominance of sand than clay in all the pedons.
Bulk density, particle density and available water content across all the pedons varied from 1.01to 1.75 Mg m™, 2.50 to 2.65 Mg m*and 1.01 to
16.38%, respectively. The pH ranged from 4.20 to 8.30 across all the profiles indicating acidic to alkaline nature of the soils. The soils were low
to high in soil organic carbon (SOC). In all soils, SOC varied from 0.06 to 2.54 per cent and was higher in surface horizons than subsurface
horizons. The CaCO, contentin pedons 1, 3, 4, 5 and 6 was <1% suggesting nearly complete decalcification in these soils. The exchangeable
complex of the soils was dominated by Ca followed by Mg, Na and K. Broadly the physiography and land use considerably influenced the value
of total exchangeable bases. Relatively higher content of nutrients was observed in the surface horizons compared to subsurface horizons.
The results demonstrated that, in general, varying SOC concentrations are associated with varying slope positions of the pedons, highlighting
the significance of landform location in regulating soil water content as well as the SOC concentration. The geomorphic location of each pedon
across the watersheds has influenced strongly the movement of solutes and therefore soil development. The soils of the study area were
classified as sandy, mixed, hyperthermic, typic Ustipsamments (Pedon 1), fine loamy Ustochrepts (Pedon 2, 3, 5, 6, 7, 8 and 9) and coarse

loamy Ustorthents (Pedon 4).

Keywords: Exchangeable bases, Landform, Micro-watershed, Nutrients, Pedon, Soil development

Soil is indispensable natural resource for sustaining life
on the earth, therefore, appraisal of soil is imperative for
determining productivity and resilience of the ecosystem
(Satish et al 2018). The characterization of soil imparts the
knowledge about morphological, physical, chemical,
microbial and mineralogical characteristics of the soil which
are immensely important for crop growth, nourishing forests
and grasslands. Contrarily, soil classification aids to organize
knowledge, exchange of experience and technology from
place to place and helps in comparison of soil characteristics
(Devietal 2015). Soil is a unique natural resource and should
be used prudently for sustainable development with
minimum environmental risks. On the grounds of meagre
knowledge about soil characteristics, soils are easily
degraded due to misuse and mismanagement. The
pedological assessment and classification of soils of a
specific areais imperative for identification of its potential and
limitations for increased and sustainable crop production.
The purpose of soil characterization is to classify soils and
measure physical and chemical characteristics, that could
indicate the ability of the soil to function, not readily apparent
from field study (Sanchez et al 2003). Therefore, the insight

of soil involves marking its geographic location and extent
besides discerning morphological, physico-chemical and
fertility properties based on its geomorphic-soil relationship
(Kharlyngdoh et al 2015).

Watershed is a naturally occurring hydrologic unit defined
by natural boundaries, classified on the basis of geographical
area, which carries runoff to a common point along a single
waterway (Bhardwaj 2020, Sahoo et al 2021).
Characterization of watershed can be utilised to determine
the limitation and potentials of soil based on detailed
information about the soil properties. Knowledge gained
through characterization of soils can provide basic
information to farmers and indigenous knowledge can be
integrated with scientific approaches for the systematic
management of watersheds. Based on the profile-wise
information, soil management practices specific to that
region can be recommended to farmers and other
stakeholders for its judicious use. Consequently, this will lead
to sustainable agriculture along with environmental
protection (Mohammed etal 2017). Information on the type of
soil, morphological, physical and chemical attributes of
agricultural soils in Haryana, northwest India is essential for
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strategic decision making and sustenance of land
productivity. Therefore, it is important to carry out site-
specific soil characterization in order to identify the existing
heterogeneity of the soil system and generate adequate
information to determine soil potential for proper soail
management practices (Gorai et al 2013). Though,
considerable work has been done in India and Haryana
related to detailed soil survey but much of this information is
available in the form of topographic maps and there is dearth
of knowledge related to the land use of soils of many districts
of Haryana. Moreover, information required for planning
management practices for most efficient use of land
resources is absent or scant in case of micro-watersheds.
Besides, the information about the pedogenesis of soils at
watershed scale in Haryana is available for selected areas
only (Sahoo et al 2019, Sahoo et al 2021). At watershed
scale, the topographic position of soils is considered for soil
classification which is not only used to address land use
management but also soil erosion and formation (Sadiq et al
2021). Watershed management is essential to agricultural
practices because it enables the controlled use of water for
irrigation as per the crop needs besides supplying water for a
variety of other uses (Mahapatra et al 2019). Therefore, the
present investigation was attempted to enhance our
understanding about the morphology, genetic relationships
and classification of soils of micro-watersheds in
Chhachhrauli block of Yamunanagar, Haryana for
developing better strategies for agricultural production and
resource management.

MATERIAL AND METHODS
Site description: The micro-watersheds in Chhachhrauli
block of Yamunanagar lie between 29° 55' 44" N and 30° 28"
34" N latitude and 77° 04' 20"E and 77° 36' 05" E longitude at
an altitude of 274 meters with an average elevation of 258
meters above mean sea level. Major part of the
Yamunanagar district is formed of alluvium rocks of
Pleistocene age. Yamuna is the major river in the study area
and Boli is a seasonal river. The soils of this region are sand
to loamy sand in texture and has sub-tropical type monsoon
climate and Chachhraulli is often termed as "Cherapunijii of
Haryana" as it receives highest rainfall in whole Haryana and
Punjab. The weather data of the study area is presented in
Figure 1. The average rainfall in Haryana is 450mm during
monsoon and Chachhraulli receives 1100 mm. The average
annual temperature in the study area is 32°C with the highest
in June (41°C) and minimum in January (9.1°C) thus
qualifying for hyperthermic temperature regime. The district
has a favourable climate for the growth of rich vegetation
owing to reasonably good rainfall and elevation. Shisham
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(Dalbergia sissoo), kikar (Acacia nilotica), mango (Mangifera
indica), jamun (Syzgium cumini), peepal (Ficus religiosa),
badh (Ficus bengalensis), neem (Azadirachta indica), safeda
(Eucalyptus hybrid) etc. are the important tree species grown
inthe area.

Soil Sampling and Analysis

Field methods: Before exposing soil pedons a
reconnaissance survey was carried out in order to explore
the representative observation sites. The field areas of
villages Dadupur Jattan, Dhakwala, Kot, Fakirmajra,
Fatehgarh forest, Yara forest, Arjun Majra, Kot Mushtarka
and Mahab Aliwala were traversed thoroughly for field
checks and the profile sites were delineated. In the field,
based on morphological properties such as texture, roots,
cutans, consistency, soil colour, pedon reaction, structure
and concretions, different horizons were marked in each
pedon. Nine soil profiles were exposed and studied
morphologically in field by using FAO 2006 guidelines for sail
profile description (FAO 2006). The soil samples of each
profile were collected horizon-wise to study their physico-
chemical properties in the laboratory.

Laboratory methods: Representative soil samples from
each genetic horizon of the pedons were collected and dried
in shade for laboratory analysis. The air-dried samples were
ground with a wooden pestle and mortar and passed through
2 mm sieve to separate the coarse fragments (>2 mm) and
through 0.5 mm sieve for chemical properties. Bulk density
was determined by core method (Blake and Hartge 1965),
moisture retention at 0.03 Mpa and 1.5 Mpa with Richard's
pressure plate apparatus (Bruce and Luxmoore 1986),
particle density by Pycnometer method (Means and Parcher
1963), mechanical analysis by International pipette method
(Piper 1950) and infiltration rate measured in the field by
using double ring close top infiltrometer (Reynolds 2002).
Soil pH and EC was determined using pH meter and
conductivity meter, respectively in 1:2 soil: water suspension
(Jackson 1973). Organic carbon content was determined by
wet digestion method (Walkley and Black 1934), available
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Fig. 1. Mean yearly weather data of the study area
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nitrogen (N) by alkaline permanganate method (Subbaiah
and Asija 1956), available P content by extracting the soil
samples using 0.5M NaHCO, and analyzed by
spectrophotometer (Olsen et al 1954). Available potassium
was extracted with neutral normal ammonium acetate (pH
7.0) and the content of potassium in the solution was
estimated by flame photometer (Jackson 1973). Calcium
carbonate was estimated by rapid titration method (Puri
1949). Cation exchange capacity was determined in the
extract obtained by leaching the soil with normal sodium
acetate solution (pH 8.2) and sodium in the resultant extract
was determined by flame photometer (Jackson 1973).
Exchangeable calcium and magnesium were estimated by
Versanate titration method (Cheng and Bray 1951) and
micronutrients (Fe, Mn, Cu and Zn) by DTPA (Diethylene
Triamine Penta Acetic acid) using atomic absorption
spectrometer (Lindsay and Norvell 1978). Soils were
classified according to Soil Taxonomy (Soil Survey Staff
2014).

Statistical analysis: The Statistical Package for the Social
Sciences (SPSS) version 20.0 software (SSPS Inc.,
Chicago, IL, USA) was used to carry out the correlation of the
data.

RESULTS AND DISCUSSION
The detailed characteristics of geomorphic units of micro-
watersheds are presented in Table 1. Recent alluvial plain,
old alluvial plain, piedmont plain and Shivalik hills were the
four different physiographic units in the study area (Fig. 2).
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Slope, elevation, drainage conditions, location of the site,
erosion and physiography control the soil formation process
and thus regulate soil physico-chemical properties.
Therefore, the study of soils, particularly in relation to
landscape, is effective in explaining the natural factors and
processes that have direct bearing on soil genesis (Sharma
et al 2011). Seibert et al (2007) evinced that topography
influences soil formation and different soil types are formed
under distinct conditions.

Morphological characteristics: All the pedons were very
deep except pedon 9 which was shallow (Table 2). The
greater depth of the profile indicates prolonged weathering
process which probably began under humid environments
and slowed gradually with the present era moderate
environmental conditions (Sharma et al. 2011). All the
pedons had A-B-C horizons except pedons 5, 6 and 8 which
exhibited A-C horizons. The absence of B horizon in pedons
5, 6 and 8 indicates lack of profile development. The B
horizon in pedon 4 started at greater depth than B horizon in
other pedons due to sola stability in the former. The
distinctness of horizon boundary was abrupt to gradual
between surface and subsurface horizons in all pedons with
smooth topography, exceptin pedons 2, 5 and 8 where it was
clear with wavy topography both in surface and subsurface
horizons. The variations in nature of the horizon boundaries
are the indications of the variability in the soil forming
processes and impacts of anthropogenic activities (Cools
and De-Vos 2010). Among the morphological properties, the
most obvious feature of soil is colour and it is the most useful

Table 1. General characteristics of geomorphic units of studied area

Pedon Physiography Drainage Erosion  Land use Parent material Slope (%) Slope
No. direction
1 Recent alluvial Well drained Moderate Cultivated land Alluvium Very gently sloping N-S
plain (Wheat-Sugarcane (1-3%)
rotation)
2 Piedmont plain Well drained Severe Forest land Alluvium Moderately sloping N-S
(Dek, Bkain, (8-15%)
Sheesham, Teak)
3 Old alluvial plain ~ Well drained Moderate Cultivated land (Poplar) Alluvium Gently sloping N-S
to nil (3-8%)
4 Recent alluvial Well drained Moderate Cultivated land (Poplar) Alluvium Gently sloping N-S
plain (3-8%)
5 Piedmont plain Imperfectly Severe Cultivated land Alluvium Moderately sloping N-S
drained (Kikar, Neem, Shrubs) (8-15%)
6 Shivalik hills Moderately Moderate Forest land Alluvium Gently sloping N-S
drained (3-8%)
7 Old alluvial plain ~ Moderately Moderate Cultivated land Alluvium Gently sloping N-S
drained (Ratoon Sugarcane) (3-8%)
8 Old alluvial plain ~ Well drained Low Cultivated land Alluvium Near to very gently N-S
(Fallow-Wheat in sloping (1-3%)
nearby fields
9 Old alluvial plain ~ Moderately Nil Cultivated land Alluvium Near to very gently N-S
drained (Wheat) sloping (1-3%)
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property for identification and classification of soils. The
colour of the studied pedons varied form dark yellowish
brown to dark greyish brown with predominant hue of 10YR.
The values ranged from 3 to 5, whereas chromas varied from
2to 4. The low chromais the indication of young nature of the
parent material. The variation in the soil colour among
different horizons could be due to variation in texture,
topographic position, mineralogical, chemical composition,
and soil moisture regimes (Dinesh et al 2017a). Broadly,
surface horizons are darker in colour than sub-surface layers
owing to high organic matter content in the top soil layers.
Dinku etal (2014) also observed that the surface horizons are
darker in colour than the subsurface horizons.

There was significant difference in the grade and size of
the soil structure; however, more or less shape remained the
same. By and large, structure of the surface pedons varied
from weak medium sub angular blocky to moderate medium
sub angular blocky while in the subsurface horizons the
structure varied from moderate fine sub angular blocky to
strong fine sub angular blocky which could be attributed to
higher clay content and sufficient exposure to pedogenic
processes in the subsurface horizons than surface horizons.
Furthermore, the variation in soil structure is reflection of
physiographic position of the pedons (Dinesh et al 2017a).
The consistency of different pedons varied from non-sticky

Piedmont plain

shiveika hil

Old Alluvial plain

Height (m)

Piedmont plain
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non-plastic to sticky plastic. The poor consistency of the
studied pedons was due to sandy texture and indicates poor
water holding characteristics of the soils. The greater
variation in the soil consistency could be attributed to the
differences in particle size distribution, predominantly clay
content, organic matter and type of the clay particles. Moradi
(2013) also evinced that soil consistence varied with soil
texture. Mahapatra et al (2019) reported that soils of Buraka
micro-watershed in Haryana were non-sticky to slightly sticky
and non-plastic to slightly plastic in consistence. The roots in
different pedons varied from very fine to coarse (size) and
very few to common (quantity). Root biomass decreased with
the depth because of reduction in biological activity, aeration
and soil management effects. Uwingabire et al (2016)
observed fine to coarse roots in the topsoil and few to
common, medium to fine roots in subsoils of watershed
divide. Coarse fragments were absent in pedons 7, 8 and 9
and formed a considerable volume in the pedons 1, 3, 4 and
increased with depth except in pedons 2, 3 and 5 in which
calcium carbonate concretions were present. Cutans were
absent in all the profiles. The absence of cutans reflect that
eluviation and illuviation were not the dominant pedogenic
processes. Soil reaction with dilute HCI varied from no
effervescence to strong effervescence thereby showing the
presence of calcium carbonate which reflects the
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Id Alluvial plain  ge cent Alluvial plain
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Fig. 2. Landscape-soil relationship of micro-watersheds of Chhachhrauli

block of Yamuna Nagar
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Table 2. Soil morphological characteristics of the studied pedons
Horizon Depth (cm) Horizon Colour Structure  Consistence Cutans Roots Coarse Reaction

boundary (moist) fragment
Pedon-1
Ap 0-28 a-s 10YR 4/2 1md sbk NSNP - ffn - -
B1 28-47 c-s 10YR 4/2 1 md sbk NSSP - - <2% -
B2 47-73 c-s 10YR5/2 1 md sbk NSSP - - <5% 1
Cc1 73-91 c-s 10YR 5/4 1 md sbk SSSP - - >10% Pebbles -
C2 91-164+ c-s 10YR 5/2 1 md sbk SSNP - - 10% Pebbles -
Pedon-2
Ap 0-15 c-s 10YR 4/4 2 md sbk SSSP - fc <2% -
B 15-55 c-s 10YR 4/4 2 md sbk SSNP - fc <1% 1
C1 55-71 c-w 10YR 4/3 2 md sbk SSSP - - <1% 1
C2 71-151 c-s 10YR 5/4 3 fn sbk SP - - <1% 2
C3 151-175+ c-s 10YR 5/3 2 md sbk SSSP - - <1% 1
Pedon-3
Ap 0-19 c-s 10YR 4/2 1 md sbk SSNP - fc <1% Pebbles -
B1 19-30 c-s 10YR 4/3 1 md sbk NSNP - fc <1% Pebbles -
B2 30-108 c-s 10YR 4/4 1 md sbk SSSP - - - -
C1 108-163 c-s 10YR 4/3 2 md sbk SP - - - -
C2 163-175+ c-s 10YR 4/3 1 md sbk SSSP - - - -
Pedon-4
Ap 0-38 a-s 10YR 3/4 1 md sbk SSSP - cfn - 1
B 38-57 c-s 10YR 3/3 1 md sbk SSSP - ffn <1% -
C1 57-117 c-s 10YR 5/3 1 md sbk NSNP - - >5% -
C2 117-157 c-s 10YR 5/4 1 md sbk NSNP - - <2% -
C3 157-180+ g-s 10YR 5/3 1 md sbk NSNP - - <1% -
Pedon-5
Ap 0-13 c-w 10YR 3/4 2 md sbk SP - vffn <1% concretion 1
C1 13-28 c-w 10YR 4/3 2 md sbk SSSP - vffn <1% Concretion -
C2 28-175 g-s 10YR 4/3 1 md sbk SSSP - vifn - -
C3 175-212 g-s 10YR 3/4 1 md sbk SSNP - vifn - -
Cc4 212-230+ g-s 10YR 4/3 1 md sbk SSSP - - - -
Pedon-6
Ap 0-14 c-s 10YR 3/3 2 md sbk SSSP - cfn <1% concretion -
Cc1 14-33 c-s 10YR 4/3 3 md sbk SP - cfn - 3
C2 33-57 g-s 10YR 4/3 2 md sbk SSSP - ffn - -
C3 57-170 c-s 10YR 4/4 2 md sbk SSSP - vifn - -
c4 170-190+ c-s 10YR 4/3 2 md sbk SP - - <1% Stones -
Pedon-7
Ap 0-22 a-s 10YR 3/3 2 md sbk SP - ffn - 1
B1 22-48 a-s 10YR 4/3 1 md sbk SSSP - ffn - 1
C1 48-86 c-s 10YR 5/4 1 md sbk NSNP - ffn - -
C2 86-132 c-s 10YR 4/4 1 md sbk SP - - - -
C3 132-184+ c-s 10YR 5/3 1 md sbk SSSP - - - -
Pedon-8
Ap 0-24 c-w 10YR % 1 md sbk SP - cc - 1
C1 24-38 c-w 10YR 4/4 2 md sbk SSSP - ffn - 1
C2 38-72 c-w 10YR 4/3 1 md sbk SSSP - - - 1
C3 72-106 g-s 10YR 6/3 1 co sbk NSNP - - - -
Cc4 106-159+ g-s 10YR 6/4 1 co sbk NSNP - - - -
Pedon-9
Ap 0-21 a-s 10YR 4/3 1 md sbk SSSP - mfn - 1
B1 21-43 c-s 10YR 5/3 1 md sbk SSSP - ffn - 1
B2 43-59 a-s 10YR 4/4 1 md sbk SSSP - - - 1
C1 59-71 c-s 10YR 4/3 3 md sbk SP - - - 1
C2 71+ c-s 10YR 3/3 3 md sbk SP - - - 3
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precipitation regime and leaching environment of these soils
(Sahooetal2019).

Physical characteristics: The physical characteristics of
the studied pedons are shown in Table 3. Particle size
analysis revealed that sand, silt and clay content across the
pedons varied from 50.12-95.53, 1.85-33.25 and 1.6-
32.10%, respectively. Sand content, by and large, showed an
increasing trend with soil depth and constituted the bulk of the
mechanical fractions which may be assigned to siliceous
nature of parent material. This kind of particle size distribution
reflects slow weathering of the parent material. However, no
consistent distribution pattern of silt was observed down the
profile. The clay content exhibited an increasing trend with
depth up to second horizon and thereafter decreased which
could be due to the in-situ weathering of parent material or
vertical migration of clay (Satish et al 2018). The textural
class of soils of pedons 1 and 3 was sand whereas pedons 2,
4,5,6, 7, 8 were loam to sandy loam and pedon 9 loam to
loamy sand in texture. The abrupt change in soil texture in
pedon 8 and 9 indicated lithological discontinuity. Negative
and significant correlation (r = 0.82) was observed between
sand and clay content indicating that appreciable amount of
clay has been formed due to weathering of sand (Sarmah et
al2019).

The particle density varied from 2.50 to 2.65 Mg m™
across all the pedons and did not exhibit any regular trend
with depth. Bulk density of all the pedons ranged from 1.01 to
1.75 Mg m™ and increased with depth which may be ascribed
to progressive compaction due to filling of pores by eluvial
materials, lower organic matter, and less aggregation. It is
well recognized that the variation in bulk density is due to
differences in soil texture, organic matter content and
management practices (Gulser et al 2016). Bulk density was
negatively and significantly correlated with clay content (r = -
0.60) and organic carbon (r = -0.67) which indicates that bulk
density decreases with increasing clay content, partly
because of increasing organic matter with the increment in
clay content (Keller and Hakansson 2010). The pore space
across the pedons ranged from 31.37 to 60.70% and
decreased with soil depth which could be attributed to the
lower organic matter in the lower depths and restricted
penetration of crop roots into subsurface horizons. Moreover,
this could be ascribed to high inter- and intra-aggregate voids
as a result of high organic matter content and isovolumetric
weathering (Chen et al 2001). A significant positive
correlation was observed between pore space and clay (r =
0.60) and organic carbon (r = 0.68) but negative relationship
with sand (r =-0.71; Table 4) suggesting that clay and organic
matter were the principal factors that influenced pore space.
Pore space was negatively correlated with bulk density (r = -
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0.99) but did not show any significant correlation with particle
density thereby reflecting the influence of pore space on bulk
density.

The variations in moisture retention at all the tensions are
mostly linked to variations in soil texture. With increase in
fineness of texture, water retention increased significantly
which indicated that finer particles had greater effect on
retention behaviour of soils as compared to sand content as
explicated by the drainage that occurs when suction is
increased from 0.03 to 1.5 Mpa. Variation in moisture
retention with depth mostly followed the distribution pattern of
clay at all the tensions. Water retained at field capacity and
permanent wilting point varied from 3.91 to 37.45% and 1.17
to 21.07% across all the pedons, respectively. Water
retention was significantly and positively correlated with pore
space. The moisture retention at all the tensions was function
of mechanical components of the soil which is manifested by
highly positive and significant correlation between silt and
clay and negative correlation of silt and clay with sand (Table
4). When suction pressure is increased from 0.03 to 1.5 MPa,
macropores get emptied at once at lower suction range
whereas micropores retain the water even at high suction
pressure and predominantly the effect of clay can be seen
due to greater number of micropores (Nikam et al 2006,
Dinesh et al 2017a). Available water varied from 1.01-
16.38% across the pedons and highest value was observed
in Pedon 8. Almost 75% values of available water content
were lower than 9.5 to 12.5%, values considered by FAO to
support adequate plant growth (Sadig et al 2021). The
correlation between clay fraction and available water (r =
0.60) was significantly higher than the correlation of organic
carbon (r = 0.57) indicating that increase in clay content
increased water retention. However, significantly negative
correlation was observed between sand and available water
content (r = -0.64). Infiltration rate was very high (>1 cm hr")
in all the pedons which could be ascribed to sandy texture of
the soils and higher organic carbon in the surface horizons.
The hydraulic properties of soils, for instance, infiltration is
influenced by soil texture; soil structure, especially shape and
stability, pore space and size distribution and bulk density
(Bhatetal 2022).

Chemical characteristics: Soil pH ranged from 4.2 to 8.3
across all the profiles indicating acidic to alkaline nature of
the soils (Table 5). The highest value (8.3) was recorded in
C3 horizon of pedon 8 and lowest (4.2) in surface horizon
(Ap) of pedon 2. The acidic soil reaction was recorded in
pedons 2, 5 and 6 which were under forest land use. The
lower pH of some of these soils could be due to high organic
matter content as the decomposition of OM releases organic
acids thereby lowering the pH of the soil (Nega and Heluf
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Table 3. Physical properties of the studied pedons
Pedon Depth Sand (%) Silt (%) Clay (%)  Texture Bulk  Particle Pore Moisture Available Infiltration
and (cm) density density space (%) retention water (%) rate (mm hr”)
Horizon 0.02-2.0 0.002- <0.002 Mg m™ 0.03 0.15

mm  0.02mm mm MPa  MPa
Pedon-1
Ap 0-28 89.26 4.60 5.90 Sand 1.40 2.57 45.52 7.9 3.92 3.98 27
B1 28-47  89.54 4.10 6.20 Sand 1.45 2.60 44.23 823 41 4.12
B2 47-73  89.06 5.30 5.50 Sand 1.53 2.64 42.04 8.19 4.3 3.89
C1 73-91 91.09 3.70 5.10 Sand 1.55 2.63 41.06 8.17  4.56 3.61
c2 91-164+ 92.02 3.6 4.30 Sand 1.59 2.52 36.90 6.5 3.3 3.2
Pedon-2
Ap 0-15 54.16 27.2 16.3  Sandy loam 1.07 2.61 59.00 29.1 18.6 10.5 21
B 15-55  54.92 255 17.8  Sandyloam 1.10 2.58 57.36 30.2 191 1.1
C1 55-71 53.53 29.8 154  Sandyloam 1.14 2.56 55.46 28.7 19.8 8.9
Cc2 71-151  54.79 304 13.9 Sandyloam 1.19 2.54 53.15 26.2 17.9 8.3
C3 151-175+ 53.33 323 12.7 Sandyloam 1.21 2.54 52.36 27.9 19.8 8.1
Pedon-3
Ap 0-19 88.41 8.86 2.10 Sand 1.10 2.57 57.19 6.21 3.2 3.01 25
B1 19-30 8240 7.02 10.11 Loamysand 1.16 2.61 55.55 7.31 3.87 3.44
B2 30-108 89.66 5.70 4.40 Sand 1.25 2.56 51.17 719 514 2.05
C1 108-163 94.08 3.50 2.20 Sand 1.32 2.54 48.03 6.12 4.16 1.96
Cc2 163-175+ 95.53 2.80 1.6 Sand 1.41 2.52 44.04 534 346 1.88
Pedon-4
Ap 0-38 52.32  30.83 15.5 Sandyloam 1.27 2.57 50.58 26.27 17.7 8.57 20
B 38-57  50.12 322 16.2  Sandyloam 1.29 2.61 50.57 2729 182 9.09
C1 57-117  87.95 5.70 5.90 Sand 1.42 2.56 4453 6.12  4.05 2.07
Cc2 117-157  91.25 3.70 4.90 Sand 1.44 2.54 43.30 5.71 3.7 2.01
C3 157-180+ 94.10 1.85 3.80 Sand 1.46 2.54 42.51 3.91 29 1.01
Pedon-5
Ap 0-13 50.61 30.8 16.5 Sandyloam 1.12 2.57 56.42 26.2 14.7 11.5 21
C1 13-28  50.25 30.2 17.3  Sandyloam 1.18 2.61 54.78 27.3 15.1 12.2
Cc2 28-175 52.90 29.5 15.8  Sandyloam 1.23 2.56 51.95 24.9 14.2 10.7
C3 175-212  51.70 322 15.0 Sandyloam 1.27 2.63 51.71 23.4 13.3 10.1
C4 212-230+ 54.45 29.8 14.8  Sandyloam 1.32 2.65 50.18 21.9 12.6 9.3
Pedon-6
Ap 0-14 50.78 31.25 16.1  Sandyloam 1.10 2.57 57.19 24.6 13.4 11.2 18
C1 14-33  51.28 16.8 30.5 Loam 1.14 2.55 55.29 35 1941 15.9
c2 33-57 5049 30.70 17.80 Sandyloam 1.17 2.56 5429 1044 41 6.34
C3 57-170 51.77 3230 1510 Sandyloam 1.20 2.52 52.38 17.87 10.3 7.57
Cc4 170-190+ 5446 3152 13,70 Sandyloam 1.24 2.54 51.18 16.73 9.8 6.93
Pedon-7
Ap 0-22 53.78 30.10 1510 Sandyloam 1.01 2.57 60.70 1893 7.13 11.8
B1 22-48 5096 31.80 16.40 Sandyloam 1.09 2.61 58.23  20.11 7.4 12.71
C1 48-86  88.55 5.70 4.80 Sand 1.26 2.56 50.39 8.53 3.3 5.23
c2 86-132 5122 3325 1500 Sandyloam 1.29 2.55 49.21 7.81 3.28 4.53
C3 132-184+ 90.82 2.10 6.85 Sand 1.33 2.58 47.84 5.24 1.5 3.74

Cont...
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Table 3. Physical properties of the studied pedons
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Pedon Depth Sand (%) Silt (%) Clay (%)  Texture Bulk  Particle Pore Moisture Available Infiltration
and_ (cm) density density space (%) retention water (%) rate (mm hr”)
Horizon 0.02-2.0 0.002- <0.002 Mg m™ 0.03 0.15
mm  0.02mm mm MPa MPa
Peodn-8
Ap 0-24 53.34 30.75 15.10 Loam 1.03 2.57 59.92  36.11 20.55 15.56 12
C1 24-38 5229  16.66 30.5 Loam 1.14 2.61 56.32 37.45 21.07 16.38
c2 38-72  90.51 4.75 44 Sand 1.26 2.56 50.78 7.12 1.17 5.95
C3 72-106  89.90 71 2.90 Sand 1.45 2.54 42.91 716  3.82 3.34
Cc4 106-159+ 90.15 5.3 3.2 Sand 1.75 2.55 31.37 6.04 365 2.39
Pedon-9
Ap 0-21 58.2 10.24  30.80 Loam 1.18 2.57 54.08 16.67 10.32 6.35 15
B1 21-43 59.9 7.59 32.10 Loam 1.21 2.51 51.79 206 13.37 7.23
B2 43-59  80.76 6.34 12.70 Loamy sand 1.29 2.52 48.80 15.38 11.13 4.25
C1 59-71 84.82 3.81 11.20 Loamysand 1.35 2.50 46.00 13.44 10.05 3.39
c2 71+ 86.48 291 10.50 Loamy sand 1.41 2.59 4555 12.71  10.98 1.73
Table 4. Correlation matrix among physico-chemical properties
Soil property Sand Silt Clay BD PD PS Moisture retention Available OC CEC
0.03 MPa 1.5 MPa water
Sand 1
Silt -0.93" 1
Clay -0.82" 0.58" 1
BD 0.70" -0.63" -0.60" 1
PD -0.21 0.23 0.11 -0.09 1
PS -0.71" 0.64° 060" -099° 0.21 1
Moisture 0.03 MPa -0.65" 057" 0.62° -057° 012 057" 1
retention 15MPa 060" 052" 058" -048" 007 048" 096 1
Available water -0.64" 057" 059" -062° 019 063" 0.92" 0.78" 1
oC -0.69" 0.66° 051" -067 025 0.68" 0.55" 0.48" 0.58" 1
CEC -0.66" 0.60° 0.60° -048" 0.39° 052" 0.49" 0.44" 0.49" 0686 1

** Significant at 0.01 probability level; * Significant at 0.05 probability level

2013, Dinesh et al 2020). Moreover, this could be
substantiated by negative and highly significant correlation
between pH and organic carbon (r -0.86; Table 6).
Generally, it was observed that surface layers have lower pH
than sub-surface horizons which can be ascribed to accretion
of H and Al*"ions released from biochemical weathering or it
could be due to leaching of exchangeable bases from upper
layers under high rainfall (Gogoi et al 2018). Electrical
conductivity of all the pedons varied from 0.03 to 0.23 dS m”
indicating non saline nature of the soils. However, EC did not
exhibit any trend with the depth. Satish et al (2018) evinced
that well drained conditions of soil help in removing excess of
salts by the percolating and drainage water thereby resulting
inlower EC.

The soils were low to high in organic carbon. Across all the
soils, organic carbon varied from 0.06 to 2.54 per cent and
was higher in surface horizons than subsurface horizons.
The results showed that organic carbon content was less
under cultivated land (0.06%) than forest land (2.54%). This
variation among the soils could be ascribed to the differences
in vegetation cover, land use and human activities among the
sites. Moreover, the higher organic carbon in the pedons 1, 8
and 21 might be attributed to the abundance of slow
decomposition compounds like lignin of organic matter as
these pedons are under forest cover. Organic carbon was
positively and significantly correlated with clay (r=0.51) and
silt content (r = 0.66) whereas negatively correlated with sand
(r = -0.69;). This relationship could be adduced to higher
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Table 5. Chemical characteristics of the studied pedons
Pedon Depthn pH EC OC CaC Ca* Mg® Na° K CEC ESP BSP N P K Zn Fe Cu Mn
and (cm) (1:2) (dS % o,
Horizon m") cmol (+)kg” kg ha” mg kg
Pedon-1
Ap 0-28 8.0 0.07 0.24 Nil 250 1.00 047 0.21 5.82 8.07 7182 173 19 227 0.41 4.01 0.17 0.84
B1 28-47 79 0.07 0.16 Nil 200 0.50 0.26 0.17 6.56 3.96 4466 157 14 198 0.34 3.77 0.13 0.55
B2 47-73 80 0.12 0.14 050 1.70 0.50 0.26 0.15 5.78 4.49 4515 125 11 177 0.28 3.20 0.07 0.48
C1 73-91 81 0.08 0.11 Nil 1.00 0.50 0.34 0.20 4.84 7.02 4214 94 9 163 0.27 2.95 0.05 0.32
Cc2 91-164+ 8.0 0.05 0.08 0.63 1.00 0.50 0.17 0.25 297 5.72 64.64 78 5 152 0.25 1.78 0.02 0.1
Pedon-2
Ap 0-15 42 0.07 234 Nil 470 230 056 0.38 8.92 6.28 89.01 188 20 431 048 4.63 1.60 5.27
B 15-55 51 0.07 1.78 0.62 3.00 1.50 0.61 0.64 7.11 8.58 80.87 157 16 312 0.46 4.56 1.22 4.05
C1 55-71 51 010 1.27 1.00 3.50 0.50 0.69 0.35 6.50 10.62 77.54 125 13 170 0.42 3.61 1.01 3.87
Cc2 71-151 55 0.13 0.91 4.05 3.00 0.50 0.75 0.38 5.56 13.49 83.27 94 19 143 0.39 3.05 0.80 3.48
C3 151175+ 59 0.10 0.67 0.87 1.50 1.00 0.62 0.35 4.44 13.96 78.15 78 5 124 0.34 293 0.50 2.71
Pedon-3
Ap 0-19 76 0.05 0.63 Nil 1.00 050 0.56 0.15 5.14 10.89 43.00 204 18 275 0.94 4.59 0.20 0.84
B1 19-30 7.5 0.03 0.47 Nil 450 150 0.47 0.12 6.98 6.73 9441 173 15 141 0.88 4.35 0.17 0.67
B2 30-108 7.4 0.08 0.24 Nil 070 030 0.30 0.85 4.71 6.37 4565 125 11 124 0.81 3.32 0.11 0.25
C1 108-163 7.5 0.04 0.22 Nil 1.75 0.65 049 046 3.55 13.80 94.37 86 8 105 0.75 2.19 0.07 0.14
Cc2 163-175+ 7.9 0.09 0.07 Nil 0.55 0.23 0.37 0.21 2.79 13.26 48.75 70 5 88 0.63 0.12 0.03 0.06
Pedon-4
Ap 0-38 76 0.14 148 0.50 5.00 2.00 0.61 0.30 10.04 6.08 78.78 212 19 170 0.95 8.11 0.48 1.96
B 38-57 7.3 0.09 138 Nil 550 2.00 0.68 0.53 10.23 6.65 85.14 204 17 133 0.89 6.58 0.33 1.08
C1 57-117 7.3 0.03 045 Nil 034 0.16 0.17 0.17 1.20 14.17 70.00 173 12 105 0.81 529 0.21 042
Cc2 117-157 7.2 011 0.15 Nil 014 0.23 0.25 0.30 1.89 13.23 48.68 141 10 57 0.72 4.17 0.18 0.11
C3 157-180+ 7.8 0.14 0.30 Nil 1.50 0.50 0.35 0.33 3.89 9.00 68.89 110 6 19 0.65 3.87 011 0.91
Pedon-5
Ap 0-13 43 0.09 225 050 500 250 1.08 0.53 10.54 10.25 86.43 236 18 275 0.91 9.86 0.47 4.97
C1 13-28 44 0.05 2.09 Nil 6.00 160 0.53 0.56 15.01 3.53 87.21 204 15 190 0.88 9.32 0.41 4.94
Cc2 28-175 4.7 0.03 1.80 Nil 4.00 150 0.39 0.79 7.48 521 89.30 169 13 135 0.79 9.06 0.35 4.92
C3 175-212 53 0.04 1.10 Nil 3.00 2.00 0.26 0.84 7.10 3.66 8592 110 10 111 0.71 8.26 0.26 4.17
C4 212-230+ 59 0.04 095 Nil 270 150 0.26 0.84 6.10 4.26 86.89 78 8 95 0.68 5.23 0.21 3.80
Pedon-6
Ap 0-14 59 0.05 1.87 Nil 350 0.80 0.95 0.51 9.40 10.11 61.28 243 17 181 0.88 8.09 0.55 5.38
C1 14-33 6.1 011 142 450 430 1.10 0.91 0.23 10.10 9.01 64.75 220 15 170 0.76 6.78 0.48 5.17
Cc2 33-57 6.4 0.07 1.01 Nil 3.10 0.50 0.69 0.51 7.60 9.08 63.16 196 12 162 0.70 6.26 0.36 5.01
C3 57-170 6.7 0.08 0.83 Nil 240 1.10 0.71 0.30 7.30 9.73 61.78 153 10 157 0.65 6.15 0.24 4.34
C4 170-190+ 7.0 0.07 0.32 Nil 240 1.10 0.17 0.35 6.70 2.54 60.00 94 7 67 0.56 4.92 0.12 4.07
Pedon-7
Ap 0-22 6.3 0.23 1.02 0.35 200 0.20 0.66 0.35 4.56 14.47 70.39 195 19 227 0.90 8.33 045 4.42
B1 22-48 6.0 019 0.84 050 3.03 1.13 0.73 0.38 6.58 11.09 80.09 173 15 200 0.86 7.14 0.38 4.14
C1 48-86 6.2 0.10 0.69 Nil 1.00 0.50 0.47 0.38 3.41 13.78 6891 157 13 143 0.74 517 0.32 3.49
Cc2 86-132 7.3 0.23 0.52 Nil 150 0.30 0.68 0.69 4.67 14.56 67.88 70 10 133 0.66 3.61 0.29 3.46
C3 132-184+ 7.1 0.20 0.23 Nil 1.70 0.80 0.57 0.51 4.01 14.21 89.28 62 8 68 0.61 1.84 0.16 3.28

Cont...
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Table 5. Chemical characteristics of the studied pedons
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Pedon Depthn pH EC OC CaC Ca* Mg® Na° K CEC ESP BSP N P K Zn Fe Cu Mn
and (cm) (1:2) (dS % o,

Horizon m") Cmol (+)kg” kg ha” mg kg
Pedon-8

Ap 0-24 76 0.16 0.81 0.50 0.60 1.40 0.54 0.38 4.33 1247 67.44 212 18 300 0.52 4.53 0.19 1.1
C1 24-38 80 0.12 0.55 0.75 3.00 2.00 0.56 0.30 6.86 8.16 8542 188 13 252 0.47 4.15 0.14 0.96
Cc2 38-72 79 012 0.34 1.25 150 0.50 0.61 0.30 4.23 14.4268.79 141 10 161 0.31 3.93 0.12 0.75
C3 72-106 8.3 0.06 0.10 Nil 2.00 150 0.39 0.12 4.56 8.55 87.94 110 6 145 0.22 3.53 0.05 0.62
C4 106-159+ 8.2 0.07 0.06 Nil 1.00 0.50 0.34 0.12 246 13.82 79.67 78 4 105 0.14 2.41 0.08 0.22
Pedon-9

Ap 0-21 76 01 08 01 25 05 04 02 41 95 879 212 18 259 0.63 528 0.91 1.78
B1 21-43 78 01 04 02 32 17 05 03 69 75 830 188 12 212 054 466 0.89 0.80
B2 43-59 78 01 02 05 19 05 06 04 43 141 788 125 11 190 0.26 3.55 0.78 0.46
C1 59-71 76 02 02 08 15 04 05 04 42 124 670 110 9 165 0.19 2.65 0.41 0.26
Cc2 71+ 78 02 01 45 11 05 04 02 36 108 608 78 7 143 0.05 1.12 0.20 0.25
Table 6. Correlation matrix among physico-chemical properties

Soil property pH EC OC CaCO, CEC Ca” Mg* Na* K ESP BSP  Sand Silt Clay
pH 1

EC 0.37 1

ocC -0.86" -0.17 1

CaCoO, -0.33*  0.32 0.08 1

CEC -061" -0.18 069" 0.05 1

Ca* -060° -0.19 065" 0.03 0927 1

Mg -0.45"° -020 048 -0.05 062" 055 1

Na’ 0.22 0.27 0.29 0.13 0.31 0.20 0.25 1

K’ -050" -0.12 045" -017 0.30 0.25 0.26 0.09 1

ESP 0.16 0.377  -0.19 0.04 -038 -0.35 -0.300 0.60° -0.09 1

BSP -0.33°  0.04 031 -0.01 0.19 0.39" 050" 043" 026 0.32 1

Sand 059" -0.03 -069° -0.16 -0.66" -0.58" -0.55" -0.377 -0.44" 014 -0.36 1

Silt -0.61"  0.10 066" 0.04 060" 0517 048" 041" 050" -0.06 0.31 -0.93" 1

Clay -0.39"  0.10 051" 033 060" 052" 054" 023 0.25 -0.20 028 -0.82° 058" 1

surface area of fine silt and clay fractions that results in the
formation of organo-mineral complexes which protect carbon
form microbial oxidation. Moreover, organic matter
decomposes more rapidly in sandy soil as compared to
clayey soil (Zhang and Liu 2010). In addition, the findings
demonstrated that varying SOC concentrations are
associated with varying slope positions of the pedons,
highlighting the significance of landform location in regulating
soil water content was well as the SOC concentration.
Calcium carbonate (CaCO,) content across all pedons but
pedon 3 ranged from 0.12 to 4.50% showing an increase with
increasing soil depth. The relatively higher concentration of
CaCQ, in the subsurface than the surface horizons can be
attributed to the leaching effect and calcitic parent material.

The CaCO, content in pedons 1, 3, 4, 5 and 6 was <1%
suggesting nearly complete decalcification in these soils.
Satish et al (2018) adduced that the downward movement of
calcium and its subsequent precipitation as carbonate and/
or decomposition of calcium carbonate is responsible for
higher CaCO, at lower depths. Negative correlation was
observed between CaCO, and P (r =-0.12) which can be due
to fixation of P as calcium phosphate and CaCO, and pH (r =
0.13) because higher pH causes the saturation of calcium
carbonate (Bhatetal 2017).

The exchangeable bases exhibited non-uniform trends
as a result of variations in soil depth and topographic position
(Table 5). The exchangeable complex of the soils was
dominated by Ca followed by Mg, Na and K which is in
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agreement with the findings of Sadiq et al (2021).
Exchangeable Ca with values ranging between 1.00 to 2.50
cmol (p*) kg” dominated other cations sites which could be
adduced to its affinity for exchange sites or as a result of
calcium bearing parent material (Nahusenya et al 2014).
Exchangeable Mg was medium to high (Landon 1991) and
overall exhibited an increasing trend with depth up to second
horizon and thereafter decreased with depth which could be
ascribed to higher clay content in these horizons which
contributes easily to the retention of Mg*. The significant and
positive correlation between clay and Ca” (r = 0.52; Table 6)
and Mg® (r = 0.54) reveals that clay contributed to the
retention of divalent cations. Exchangeable Na and K varied
between 0.17 to 1.08 cmol (p*) kg™'and 0.12 to 0.85 cmol (p*)
kg™, respectively across the pedons and exhibited irregular
distribution with soil depth. The variation in exchangeable
cations across the pedons might also be due to the
preferential adsorption of divalent cations over monovalent
cations on the variable negative charges on soil organic
matter surfaces as well as limited development of the charge
sites in the sandy soil (Yusoffetal 2017).

The CEC, by and large, was low and varied from 1.20 to
15.01 cmol (p) kg™ in all the pedons and decreased with
increase in depth due to decrease in organic matter and
lower clay content in underlying horizons with an increase in
sand proportion (Mandal 2014). Dinesh et al (2017b) evinced
that low CEC of the soils could be due to the dominance of
illite or low charge minerals besides low organic matter.
Cation exchange capacity was higher in pedons 2, 5, 6
because these soils were under forests having high organic
matter. A significant positive correlation was observed
between CEC and clay (r = 0.60), CEC and OC (r = 0.69)
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whereas negative correlation was observed between CEC
with sand (r = -0.66) which suggest that colloidal fractions
were key factors that influenced CEC. Bhat et al (2017) also
reported positive relationship between colloidal fractions and
CEC of the soils of Gohana Haryana. Broadly the
physiography and land use considerably influenced the value
of total exchangeable bases. The exchangeable sodium
percentage varied from 2.54 to 14.56% indicating the non-
sodic nature of the soils and followed irregular pattern with
the increase in depth. The lower ESP in soils could be
adduced to masking effect of Ca and Mg vis a vis Na on
exchange complex whereas the higher ESP in some
horizons could be attributed to precipitation of Ca by
carbonates, bicarbonates and hydroxide ion concentrations
in the soil. These results are affirmed by the significant and
positive relationship between ESP and Na ions (r = 0.60)
while a negative correlation of ESP with Ca (r=-0.35) and Mg
(r =-0.30). The base saturation percentage was medium to
high (Landon 1991) and ranged from 42.14 to 94.41% across
all the pedons. Base saturation percentage exhibited an
irregular distribution pattern with soil depth. Calcium, Mg, Na
and pH significantly influenced the base saturation
percentage of the soil. The differences in CEC, base
saturation and water retention properties among the soils
could be attributed largely to the type and content of the soil
colloids and soil pH values (Sharma et al 2011). The
geomorphic location of each pedon across the watersheds
has influenced strongly the movement of solutes and
therefore soil development.

Amongst the available macronutrients, nitrogen was low
and varied from 62 to 243 kg ha™. The availability of nitrogen
was high in surface horizons and decreased with increase in

Table 7. Correlation matrix among nutrients and physico-chemical properties

Soil property N P K Zn Cu Mn Fe oC CaCoO, pH Sand Silt Clay
N 1

P 0.75" 1

K 0.60" 061" 1

Zn 067" 063 052" 1

Fe 0.40° 034 057" 0.16 1

Mn 0.56" 0.26 0317 044" 045 1

Cu 073" 053" 042" 033 047" 0.64" 1

ocC 054" 029* 053" 055 022 055 039" 1

CaCo, -0.03  -0.22* 0.06 -0.01 -0.09 0.07 -0.05 0.08 1

pH -026 -003 -028 -041" -010 -0.41" -012 -0.86" -0.33* 1

Sand -046" -017 -0.36 -027 -0.17 -0.62° -055" -0.69° -0.16 0.59" 1

Silt 0.32 0.13 0.25 0.22 0.02 0.53" 042" 066 0.04 -061" -0.93" 1

Clay 0.47" 0.1 0.36' 0.23 0.27 056" 050" 0517 033 -039° -0.82" 0.58" 1
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depth which might be due to decreased organic carbon
content with increasing depth and prevailing high
temperature. Nitrogen showed significant and positive
correlation with organic carbon (r = 0.54) indicating that N is
closely linked with organic matter. The positively significant
relationship between nitrogen and clay (r = 0.47) and
negatively significant correlation with sand content (r =-0.45)
indicated that the finer fractions influence the availability of
nitrogen than coarser fractions. A positive and significant
correlation was observed among N, P and K which suggests
the synergistic effect. The significant relation of N with OC, N,
P and K is similar to the findings reported by Dinesh et al
(2020). Available phosphorous was low to medium and
varied from 4 to 20 kg ha”. The pedons under forested land
use had higher available P as compared to agriculture land
use. Available phosphorous decreased with the increase in
depth which might be due to the external application of
phosphatic fertilizers in soils under cultivation and higher
organic matter in the surface horizons of the pedons under
forest land use. The results agree with those of Sahoo et al
(2020) who reported higher available P content in the surface
horizons of different pedons. Positively significant correlation
between P and OC (r = 0.29) indicates that organic matter
serves as reservoir of available P. This could be adduced to
the synthesis of easily accessible organophosphate
complexes, acidulation effect of organic matter, phosphorus
release from organic complexes and reduced phosphorus
fixation by humus through formation of iron and aluminium
oxide coatings (Sadiq et al 2021). Available potassium varied
from 19 to 431 kg ha™ and showed decreasing trend with the
soil depth. Available K was medium to high across all the
pedons. The higher content of K in surface horizons could be
due to greater exposure of surface soil to weathering
agencies at surface than subsurface thereby resulting in
higher release of potassium in surface soils. The correlation
analysis showed that available K exhibited positive and
significant correlation with organic carbon (r = 0.53) and clay
(r=0.36) due to the availability of enough exchange sites and
high specific surface area while sand and available K were
negatively correlated (r =-0.36). The results agree with those
of Dinesh et al (2020) who reported positive and significant
correlation between available K and OC and clay. Reza et al
(2014) reported that available potassium increases with
increase in clay and silt due to presence of potassium bearing
minerals like feldspars, illite, mica in clay and silt fractions.
However, available K was negatively correlated with sand
which may be due to presence of quartz which is the
dominant mineral in the sand fraction and does not retain K.
The DTPA extractable Zn content varied from 0.05 to 0.95
mg kg™ across the pedons. Considering 0.6 mg kg™ (Lindsay
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and Norvell 1978) as the critical limit of DTPA extractable Zn
for normal plant growth, it was observed that surface
horizons of all the pedons except pedon 8 were sufficient in
zinc content. Zinc exhibited a decreasing distribution pattern
down the profile which could result from biomining and
turnover by plant residues (Dinesh et al 2020). The
distribution pattern of DTPA extractable Zn in these profiles
suggests that during the early stages of soil development the
pedochemical weathering of soils released zinc from soil
minerals. Portion of the released Zn combined with clay by
strong adsorption on the surface and some part got
complexed with organic matter. However, complex formation
with organic matter was more dominant as evinced by
significant and positive correlation (r = 0.55). The DTPA
extractable Fe content ranged from 0.12 to 9.86 mg kg
across all the pedons. Considering 4.5 mg kg™ (Lindsay and
Norvell 1978) as the critical limit of DTPA extractable Fe for
normal plant growth, it can be inferred that soils of the study
area were sufficient in Fe except pedon 1 and lower horizons
of few pedons. Relatively higher content of available iron was
observed in the surface horizons compared to subsurface
horizons which could be adduced to mobility of Fe in the soil.
The mobility of Fe is governed by its redox potential and
several soil characteristics such as pH, organic matter and
moisture regimes (Sharma and Jassal 2013). The DTPA
extractable Cu content varied from 0.02 to 1.60 mg kg’
across all the pedons. Considering 0.2 mg kg™ (Lindsay and
Norvell 1978) as the critical limit of DTPA extractable Cu for
normal plant growth, it can be adduced that all pedons were
high in Cu content except pedons 1 and 7. Relatively higher
content of available Cu was observed in the surface horizons
compared to subsurface horizons which could be ascribed to
higher OC in surface horizons as Cu is strongly complexed
with organic matter even to a greater extent than other
micronutrients (Sharma et al 2015). The DTPA extractable
Mn content varied from 0.06 to 5.38 mg kg™ across all the
pedons. Considering 2.5 mg kg™ (Lindsay and Norvell 1978)
as the critical limit of DTPA extractable Mn for normal plant
growth, it is observed that all surface horizons were high in
Mn content except pedons 1, 3, 4, 8 and 9. It was high in the
surface horizons and gradually decreased with depth which
might be due to higher biological activity and organic carbon
in the surface horizons. Manganese was positively and
significantly correlated with clay (r = 0.56) indicating that fine
textured soils had higher Mn compared to coarse textured
soils which may be due to higher adsorption and retention of
Mn by finer fractions (Dinesh et al 2020).

Soil classification: The soils under study were classified in
accordance with USDA Soil Taxonomy (Soil Survey Staff
2014). Based on climate variation, geomorphic position,
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morphology, physico-chemical characteristics, the soils of
the study area were classified into different orders. Soil
moisture regime is a function of climate, soil and landform
and it is important for not only understanding pedogenesis
and nutrient availability, but also in the classification of soil at
different categoric levels, such as Soil Family and Suborder.
There are two dominant kinds of soil moisture regimes based
on rainfall, evaporation and geomorphic position. The soils of
the watershed were grouped into two moisture regimes i.e.,
Ustic (rainfall 300-1000mm) and Udic (rainfall >1000 mm).
Based on soil temperature and mixed minerals the soils were
placed under hyperthermic (22° to < 28°) and mixed
mineralogy family, respectively.

The soils of pedons 2, 3, 5, 6, 7 and 9 were placed under
the order Inceptisols whereas pedons 1, 4 and 8 were
classified as Entisols. The soils under Entisols were
immature, lacked pedogenic development and horizon
differentiation. The soils of the pedon 1, 4 under the order
Entisols were formed from recent alluvial parent material.
Pedon 1 was placed under great groups of Ustipsamments
due to presence of ustic soil moisture regime in this area.
Entisols that are coarse-textured, have excessive drainage,
low available water-holding capacity and would need
frequent and lighter irrigation are placed under suborder
Psamments. Pedon 4 was placed under suborder Orthents
because this pedon was better drained and show regular
decrease of organic matter with depth. The soils of the pedon
2,3,5,6, 7,8 and 9 were placed under the order Inceptisol
formed from old alluvial parent material and suborder
Ustochrepts because they have ustic soil moisture regime.
Dinesh etal (2017a) classified soils of north-eastern Haryana
into Entisols and Inceptisols as the former lacked pedogenic
development and latter had cambic subsurface horizons.

CONCLUSION

The different landscape positions alongside variation in
land use substantially determine differences in
morphological, physical, and chemical properties of soils in
the selected micro-watersheds of Chhachhrauli block of
Yamuna Nagar, Haryana. The geomorphic location of each
pedon across the watersheds has influenced strongly the
movement of solutes and therefore soil development. By and
large, the morphological, physical and chemical
characteristics of the soils indicate a moderate stage of soil
development, which is characteristic of Inceptisols. The soils
were classified into two soil orders that is Entisols and
Inceptisols on the basis of soil properties. The study reveals
the significance of soil characterization and classification for
understanding similarities and relationship among soil
attributes for better agronomical evaluation within the region.
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Abstract: Astudy was conducted in the year 2021 to evaluate spatial variability and irrigation water quality of groundwater in Praksam district,
Andhra Pradesh. Representative 261 samples with GPS locations were collected. The groundwater samples were analyzed for pH, EC, Ca”,
Mg’ Na"and K'; CO,? HCO,, Cl'and SO,”. The pH, electrical conductivity, SAR and RSC of groundwater ranged from 6.6-9.1,0.5-31 (dSm™),
0.42-40.6 (mmol I")", -146 -19.4 (me I"). The concentration of cations viz., Ca®?, Mg*?, Na" and K" varied from 0.8-48.0, 0.4-105, 0.7-355 and
0.004-30.04meq I". Anions viz., CO,? HCO,, ClI'and SO, varied from 0.0-1.4, 1.6-21.8, 0.8-318 and 0.21-17.08 meq L. Abundance of ions in
ground water samples were Na"> Mg”>Ca"> K" for cations and HCO,>CI> SO,?> CO, for anions. According to CSSRI classification of
irrigation water, 37.16, 27.20, 2.29, 8.81, 9.19, 6.89 and 8.42 per cent samples were good, marginally saline, Saline, High SAR Saline,
marginally alkaline, alkali and highly alkali, respectively. Spatial variability maps of pH, EC, SAR, RSC and quality of groundwater for
Prakasam were developed for monitoring of irrigation groundwater quality of the district.

Keywords: Prakasam ground water quality, EC, RSC, SAR, IWQl, Spatial variability

Agriculture is largely dependent on resources like soil and
water. Water is very crucial for profitable crop production.
Irrigation water quality affects the soil production by limiting
the nutrient use efficiency of crop through salt buildup in the
rhizosphere zone. In semi-arid and coastal regions due to
limited or non-availability of good quality surface water
increases the demand on poor quality groundwater as
alternate source for irrigation (Gupta et al 2019).
Groundwater plays a crucial role in agriculture for doubling of
farmers income through intensification of crops on a unit land
round the year. Good quality groundwater increases the crop
production, sustains soil health and improves the nutrient use
efficiency of crop. Farmers can accommodate more number
crops and cropping systems along with suitable farming
systems for sustaining farm income throughout the calendar
year. In this context it is necessary to assess quality of
groundwater in arid and semi -arid regions for irrigation.
Keeping this in view a study was conducted to evaluate
spatial variability and irrigation water quality of groundwater
in Prakasam district of Andhra Pradesh.

MATERIAL AND METHODS
Study area: Prakasam district is located in Eastern coastal
plain of hot sub humid to semiarid eco -region and lies in
between 14°57' 00” and 16° 17' 00” of Northern latitudes and
78°43'00” and 80°25' 00”Eastern longitudes occupies central
part of Andhra Pradesh. Prakasam has a total geographical

area of 17,626 km”. The district is bordered by Guntur district
in North, east by Bay of Bengal with a coastal line of 102 km
and on the South by Nellore and Kadapa districts, west by
Kurnool district. Prakasam district has of 41163 tube wells
and filter points and 22783 dug wells covering nearly 60
percent irrigated area of the district. Groundwater recharge
for district is 142485 ha m. Total utilizable groundwater is
41499 ha m and present irrigation use is 8610 ha m.
Groundwater development for district, considering all uses, is
29 percent. The major minerals of soil in weathered and
fractured zone are granite, magnetite, quartz, silica sand,
barytes, feldspars, slate stone, lime shell, laterite. Alluvial
and colluvial materials are dominant in river plains and valley
low lands. Shallow Red soils occupy 51%, deep black cotton
soils in 41%, Sandy loam soils 6% and sandy soils 2% of the
total area. Coastal line has fresh water in the areas around
Chirala, Vetapalem, Chinnaganjam, Nagaluppalapadu,
Kothapatnam, Ulavapadu and Tanguturu with thickness of
15.0 m due to presence sandy soils.

Analysis of groundwater: A total of 261 groundwater
samples from different sources like bore wells and open wells
collected. Around 5 to 6 samples were randomly collected
from each mandal of Prakasam district with GPS coordinates
(Fig. 1). Preconditioned clean high density polythene bottles
were used for sampling, rinsed three times using sample
prior to sample collection. The dug wells waters were lifted to
the ground surface by rope and bucket while tube well waters
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were pumped to the surface by using hand pump. The pumps
were run for 5-6 minutes prior to collection of water samples.
Samples were collected in polyethylene bottles and
immediately toluene was added to avoid microbiological
deterioration. Standard procedures were (Table 1) followed
to analyze the quality of water. Sodium Adsorption Ratio
(SAR), RSC were calculated by using the formulas given by
Richards (1954) such as SAR = Na/ ((Ca*+Mg*)/2)** and
RSC=(CO,* +HCO,)-(Ca* +Mg®). The Na’, Ca* and Mg2"
areinmel”. RSC,CO,”,HCO,, Ca*and Mg*areinmeqlL’
'.The RSC, SAR, KR, SSP, Pl was computed for irrigation
water quality index (IWQl).

Kelley's ratio: Kelley's ratio was used to classify the
irrigation water quality (Kelley 1940), which is the level of Na*
measured against calcium and magnesium. The formula for
calculating the Kelley's is as follows

Where the concentration ofions is in mg/L
Soluble sodium percentage (SSP): Sodium concentration
in groundwater is a very important parameter in determining
the irrigation quality. The formula used for calculating the
sodium percentage (Wilcox 1955)

Na% = (Na" +K")/(Ca™”+Mg”+K"+Na") x100

Where all ionic concentrations are in meq/L.
Permeability index: Long-term use of irrigation contains
Na’, Ca” Mg” and HCO, ions greatly influence the soil
permeability. Doneen (1964) expressed the degree of sail
permeability in terms of permeability index (P1).

Pl = (Na' +YHCO;)

= x100
(Ca”+ Mg™?+Na")

Where all ionic concentrations are in meq/L.

Statistical analysis and mapping: Research data were
analyzed in SPSS 20.0 using Pearson correlation coefficient
matrix to know significant variations between the
physicochemical properties. Descriptive statistics were
calculated using Microsoft Excel (Microsoft, WA, USA)
spread sheet. Spatial distribution of groundwater quality was
depicted in figures using Q-GIS 3.16.10.

RESULTS AND DISCUSSION
Spatial variability in pH of groundwater: The pH of water
varied from 6.6 to 9.1(Table 2) with a mean of 7.6. The low pH
may be due to presence of forest areas in certain pockets.
Performance crops will be good at pH of groundwater is >6.5.
Higher pH (>8.5) of ground water may be due to dominance
of Na*, Ca™, Mg and CO, and HCO,ions and increases the
clogging problems in emitters in pressurized irrigation

P. Venkata Subbaiah et al

system (Gupta et al 2019). The spatial variability of pH in
groundwater in Prakasam (Fig. 2) indicate the suitability of
groundwater for irrigation in majority of the district. Significant
positive correlation observed between pHand CO,”and RSC
of groundwater. Vinothkanna et al (2020) with groundwater of
Dindigul district and Naidu et al (2020) with Nellore district of
Andhra Pradesh also expressed the same correlation with
pH.

Spatial variability in electrical conductivity (EC) of
groundwater: The EC values in water of various mandals of
Prakasam district ranged from 0.5 to 31.0 dS m™ with a mean

Table 1. Methods used for estimation of different

hadrochemical parameters of groundwater
Method used

Parameters

pH Glass electrode (Richards1954)

EC(Electrical Conductivity Bridge method (Richards1954)
conductivity)

Na" (Sodium) Flame Photometric method (Osborn and

Johns 1951)

Flame Photometric method (Osborn and
Johns 1951)

EDTA titration method (Richards 1954)
Mg“?(Magnesium)  EDTA titration method (Richards 1954)
CO,%(Carbonate)  Acid titration method (Richards1954)
HCO, (Bicarbonate) Acid titration method (Richards1954)
CI" (Chloride) Mohr's titration method (Richards1954)

S0O,” (Sulphate) Turbidity method using CaCl, (Chesnin and
Yien 1950)

K" (Potassium)

Ca"*(Calcium)

Table 2. Range and average of quality parameters in
groundwater of Prakasam district

Parameter Range Mean
pH 6.6-9.1 7.6
EC (dSm™) 0.5-31.0 2.26
CO,”” (me L") 0.0-1.4 0.07
HCO, (me L") 1.6-21.8 8.7
Cl'(me L") 0.8-318 11.92
SO,*(me L) 0.21-17.08 2.01
Ca”(me L") 0.8-48.0 4.93
Mg* (me L") 0.4-105 5.83
Na'(me L") 0.7-355 15.0
K'(me L") 0.004-30.04 0.69
RSC (me L") -146-19.4 -1.98
SAR 0.42-40.6 7.40
KR 0.16-25.0 2.35
SSP 12.8-94.5 53.0
Pl 27.3-119 68.8
wal 34-280 128
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of 2.26 dS m” (Table 2, Fig. 3). Electrical conductivity is
customarily used for indicating the total concentration of the
ionized constituents of natural water.

The electrical conductivity classes (Table 3) were
grouped into different classes up to 31 dSm™. Out of 261
samples collected 57.09 per cent samples had <2 dSm’
followed by 30.65 per cent in range of 2-4 dSm™ followed by
5.36 per cent in 4-6 dSm™, 2.30 per cent in 6-8 dSm™ range,
2.68 per centin 8-10 dSm™ and 1.92 per cent in 10-31 dSm”
range. The variation in EC may be due to variation in hydro-
geological conditions and the anthropogenic activities of the
region. Relationship between EC (dSm™) and total cations,
total anions indicating that ionic constituents of groundwater
samples exhibit positive correlation (Fig. 3a) with salinity of
groundwater.

Concentration of cations: The cations viz., calcium,
magnesium, sodium and potassium concentration in water
samples varied from 0.8-48.0, 0.4-105, 0.7-355 and 0.004-
30.04meq I" with mean values of 4.93, 5.83, 15.0 and 0.69
meq L respectively. Concentration of cations followed the
order sodium> magnesium >calcium >potassium.
Dominance of Magnesium ion in groundwater indicates the
mixing of seawater (Shalini and Bhardwaj2017)
Concentration of anions: The anions viz., carbonate,
bicarbonates, chloride and sulphate concentration varied
from 0.0-1.4, 1.6-21.8, 0.8-318 and 0.21-17.08 meq L™ with
an average of 0.07, 8.70, 11.92 and 2.01 meq L",
respectively. The abundance of ions for most of the water
samples are HCO,>CI> SO,?> CO,”. The bicarbonate and
chloride ions are dominant among all the anions then
followed by sulphates and carbonates.

Spatial variability in sodium adsorption ratio (SAR): The
SAR of Prakasam district groundwater ranged from 0.42-
40.6 (m mol I'")"” with a mean of 6.27 (m mol I'')"*. The lowest
SAR of 0.42 (m mol I")"? in water samples was observed in
Voletivaripalem mandal and the maximum value of SAR was
found as 40.6 (m mol I')"” in Ongole mandal. Crop
productivity will be adversely affected by continuous use of
high SAR water due to decrease in soil infiltration rate (Gupta
2015). The spatial variability of SAR of groundwater in
Prakasam district, indicated that the 4.22 % samples under
high to very high hazard of Na" and are unsuitable for
irrigation (Fig. 4 and Table 4).

Spatial variability in Residual Sodium Carbonate (RSC):
The residual sodium carbonate (RSC) of groundwater in
Prakasam district varied from -146-19.4 meq L" with a mean
of -1.98meq L. The highest RSC of 19.4 meq L in water
samples was in parts of Voletivaripalem mandal. The spatial
distribution of RSC in groundwater was depicted in Figure 5
and observed that 75.48 % samples (Table 5) were of safe
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category, 9.96 % moderately suitable for irrigation and 14.56
% unsuitable for irrigation purposes, prolonged use of high
RSC water may cause development of sodic soils due to a
tendency of calcium to precipitate as carbonates (Subbaiah
etal 2020).

lonic correlation studies: The order of dominance is Na"™>
Mg™?>Ca"> K for cations and HCO,>CI>S0O,?> CO, for
anions. Therefore, the chemical nature of the groundwater
was characterized by Na'- Mg?-HCO,-Clwater type. Highly
significant correlation was observed between major cations
and anions, Na' - Ca™ (and Na'- Mg™, Na"- Cl' (r=and Na" -
HCO, and significant positive correlation between Mg“and
Ca"(Mg™and Cl"), and between Ca" and CI(Table 6).

The Kelly's ratio was highly significantly positively

correlated with pH, EC and Na" at 1% level of significance.
The RSC of groundwater had high positive correlation with
pH, CO,?% HCO, and negative with Ca” and Mg™. Indicates
that continuous use of irrigation water with high RSC (>2.5
meq L") increases the exchangeable sodium percentage and
pH of soil and adversely affects the infiltration rate of the soil
(Gupta et al 2019). The PI has significantly positive with pH
and bicarbonates.
Classification of ground water quality for irrigation
purpose: The groundwater of Prakasam district was
classified into seven classes for irrigation purpose (Minhas
and Gupta 1992). The 37.16 % were of good quality, 27.20 %
were of marginally saline, 2.29 % of saline, 8.81% high SAR
saline, 9.19 % of marginally alkali, 6.89 % of alkaliand 8.42%
of highly alkali (Table 7). Spatial variability in irrigation water
quality of groundwater (Fig. 6). The quality of groundwater
influenced by various factors like topography, lithology,
geological structure, depth of weathering, extent of fractures,
drainage pattern, climate conditions (CGWB, 2019). Kelley's
ratio for all the groundwater samples is calculated and it lies
between 0.15 to 33.04 mg/L. Kelley's ratio value (Table 8)
less than one is suitable for irrigation (28.35 %) and more
than one is unsuitable (71.65 % samples). Soluble sodium
percentage (SSP) value <50 indicates (Table 9) good for
irrigation (40.23 %) and >50 indicates not good for irrigation
(59.77 %). Permeability index (PI) value indicates 37.55 per
cent samples suitable for irrigation and 62.45 per cent
samples marginally suitable for irrigation (Table 10). The
higher concentration of bicarbonate ions in groundwater
reacts with Ca and precipitate as CaCO, and reduces the
permeability of soil (Gupta et al 2019).

Irrigation water quality index (IWQI) was computed by
using water quality indices viz., SAR, RSC, KR, SSP and PI.
The indices values were summed and then classified into
excellent to unfit groundwater quality (Table 11). The 64.75%
of groundwater was found poor in quality and slightly
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Table 3. Ground water quality based on electrical Table 5. Classification of ground water based on RSC (mel™)

conductivity (dSm™) Residual sodium carbonate (mel™) No. of Per cent of
EC (dSm™) No. of samples Per cent of samples Class Value samples samples
02 149 57.09 None <2.5 197 75.48
24 80 3065 Slight to moderate 2540 26 9.96
46 1 536 Severe >4.0 38 14.56
6-8 6 2.30
8-10 7 2.68
10-31 5 1.92
Table 4. Classification of ground water based on SAR Table 8. Classification of groundwater for irrigation based on
SAR No. of samples Per cent of samples Kelly's ratio (Kelly 1940)
<10 214 81.99 Kelly's ratio Suitability Sample
10-18 36 13.79 Numbers Per cent
18-26 6 2.30 <1.0 Good 74 28.35
>26 5 1.92 >1.0 Not good 187 71.65

Table 6. Correlation matrix among the chemical constituents of the groundwater
pH EC Ca”  Mg® Na’ K CI  HCO, C€O,> SO,> RSC SAR KR SSP PI

pH 1

EC -0.111  1.000

Ca"” -0.375 0.771** 1.000

Mg™ -0.161 0.902** 0.817** 1.000

Na" -0.027 0.944** 0.688* 0.885™* 1.000
K -0.112 0.286** 0.275** 0.220* 0.101 1.000
Cr -0.125 0.931** 0.814** 0.948** 0.946™ 0.178 1.000

HCO, 0.105 0.287** -0.052 0.121 0.236* 0.238 0.121 1.000

CO,” 0.367** -0.004 -0.133 -0.046 0.026 -0.057 -0.051 0.142 1.000

S0,? -0.012 0.102 -0.105 -0.086 -0.077 -0.094 -0.097 -0.042 0.004 1.000

RSC  0.277* -0.792 -0.916** -0.920** -0.764 -0.179 -0.885 0.221 0.136 0.083 1.000

SAR 0.223 0.716 0.245 0.449 0.754** 0.049 0.586 0.531 0.169 -0.044 -0.233 1.000

KR 0.418* 0.217** -0.195 -0.031 0.289** -0.047 0.109 0.519** 0.264** 0.017 0.240** 0.798** 1.000

SSP 0.297** 0.303** -0.154 0.034 0.356** 0.083 0.204 0.561** 0.113 0.011 0.193 0.750 0.744 1.000

Pl 0.406** 0.027 -0.410 -0.183 0.161 -0.097 -0.011 0.437** 0.146 0.069 0.395** 0.556** 0.689 0.898 1.000

Note: RSC= Residual Sodium Carbonate ; SAR= Sodium Adsorption Ratio; KR = Kelly's Ratio; SSP= Soluble sodium percentage; Pl= Permeability index
* Significant at 0.05 Probability level, **Significant at 0.01 probability

Table 7. Classification of Groundwater for irrigation (Minhas and Gupta 1992)

Rating EC (dSm™) SAR RSC (me L") Number of samples Per cent samples
A. Good <2 <10 <25 97 37.16

B. Saline

Marginally saline 2-4 <10 <2.5 7 27.20
Saline >4 <10 <25 6 2.29

High SAR saline >4 >10 <25 23 8.81

C. Alkali water

Marginally alkaline <4 <10 2.5-4.0 24 9.19

Alkali <4 <10 >4.0 18 6.89

Highly alkaline variable >10 >4.0 22 8.42




Table 9. Classification of groundwater based SSP for

irrigation (Richards 1954)

Spatial Variability and Irrigation Water Quality of Groundwater
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Table 10. Classification of groundwater based on

permeability index (PI) for irrigation

(Doneen1964)
Classification Permeability  Suitability Sample
of PI

Number  Per cent
| >75 Suitable 98 37.55
Il 25-75 Marginal 163 62.45
1] <25 Unsuitable 0 0.0
N
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Table 11. Classification of groundwater based on IWQI for irrigation

Water value range Water quality

No. of samples

Per cent samples Sustainable state

<50 Excellent 8 3.07 Sustainable
51-100 Good 66 25.29 Sustainable
101-200 Poor 169 64.75 Slightly unsustainable
201-300 Very poor 18 6.90 Unsustainable
>301 Very bad 8 3.07 Highly unsustainable
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Fig. 6. Spatial distribution of groundwater quality in
Prakasam district

unsustainable for irrigation, 6.9% was found very poor and
unsustainable in quality, 3.07% was very bad and highly
unsustainable, only about 3.07 % in excellent quality and
25.29% in good quality for irrigation. The results were in
conformity with Kumar and Kumar (2021).

CONCLUSIONS

The groundwater quality in Prakasam district differed
from place to place. The dominance of major ion was in the
order ofNa"> Mg**>Ca'*> K for cations andHCO,> CI> SO,
> CO, for anions, which indicated the quality of irrigated
groundwater is Na'- Mg*-HCO,-Cltype. The spatial maps of
different parameters, prepared using GIS could be valuable
for policy makers for initiating groundwater quality monitoring
of the area as well as for suggesting management plans for
the farmers in selection of suitable crops and other
agronomic management practices for getting profitable
yields without affecting the soil health. The results showed
that 64.75% groundwater of Prakasam district were found
poor in the quality and slightly unsustainable for prolonged
use. About 6.9 % samples very poor and unsustainable, 3.07
% samples are very bad in quality highly unsustainable for
irrigation. About 8% samples are excellent and 25.29 %
samples are good and sustainable to use for irrigation.
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Abstract: The knowledge of microhabitats used by a species is essential for its effective conservation and management. This study aimed to
quantify the microhabitat use of Indian rock pythons (Python molurus) in the Sathyamangalam and Mudumalai Tiger Reserves (STR & MTR),
Tamil Nadu. Fourteen pythons were captured through intensive search and opportunistic methods from STR, MTR, and nearby villages and
then radio-track between 2018 and 2020. The various microhabitats were categorized and quantified based on sightings of the radio-tagged
pythons. Atotal of 401 microhabitat locations were collected and classified into eight categories: burrows, dead fallen trees, dry bushes, green
bushes, trees, open areas, rock crevices, and water. The study results showed that the microhabitat use of male and female pythons was
significantly related . The number of sightings was converted into proportions, revealing that dry and green bushes were the most preferred
microhabitats by pythons. This study provides valuable insights into the microhabitat preferences of P. molurus in tropical climatic conditions
and can help in the formulation of effective policies and measures to protect this species and its micro- habitats.

Keywords: Indian Rock Pythons, Python molurus, Bushes, Microhabitat, Radio-transmitter, Moyar river valley

Snakes are known to inhabit diverse habitats and
microhabitats, which include terrestrial, aquatic, and
arboreal. Microhabitats differ from place to place, including
stone, burrows, paddy fields, streams, rock, leaf litter, open
forests, forest edges, and water bodies (Lalremsanga et al
2011, Rahman et al 2014). Among pythons, different species
have an affinity over various landscapes, habitats, and
microhabitats. Indian rock pythons (Python molurus) are
known to inhabit a wide range of habitats across their
distribution range. P. molurus occupy scrub jungles, moist
forests, evergreen forests, grasslands, and mangrove
ecosystems and are water dwellers; thus, they prefer zones
with water bodies like swamps and riparian habitats (Sharma
2003, Whitaker and Captain 2004). Pythons also thrive in
rocky hills (Hunter etal 2018, Babar et al 2019).

The microhabitat selection in P. molurus is also diverse.
They are known to use burrows, tree hollows, marshes, wet
rocky ledges along the pools and streams, thickets found in
the mangrove, bushes, dense vegetation clumps, large
rotten logs, treetops, water reeds, and leaf litters, caves,
crevices, and ruins (Sharma 2003, Whitaker and Captain
2004, Mukherjee et al 2017, Babar et al 2019). However, the
microhabitat usage of P. molurus in the tropical climate
regions have not been studied yet. Burmese pythons (Python
bivittatus) are the sister species of P. molurus; in general,
they are known from South East Asia, inhabiting forests,
lowlands of the tropics, grasslands, agricultural lands, and
aquatic habitats (Barker and Barker 2008, Cota 2010, Stuart

etal 2012, Rahman et al 2014). Walters et al (2016) found the
P. bivittatus to show a negative selection over freshwater
bodies but preferred canopy-associated coniferous forests.
However, most of the studies show P, bivittatus to have a
positive selection towards water or aquatic habitats
irrespective of the native population or invasiveness in a
different geographical area (Cota 2010, Stuart et al 2010,
Rahman et al 2014, Hunter et al 2015, Mustascio et al 2017,
Conyers and Roy 2021, Smith et al 2021). Therefore, habitat
selection is an essential cue in the pythons, and various
ecological and climatic factors influence it.

P. molurus is a Schedule | animal of the Indian Wildlife
Protection Act 1972. The International Union for
Conservation of Nature assessment lists them in the Near
Threatened category (Aengals et al 2021). The species was
facing population decline due to severe habitat loss and
poaching (Babar et al 2019). In this context, understanding
the microhabitat use of this species in the tropical climate will
support their conservation management from habitat
degradation. In this study, quantified the proportion of
microhabitat use in the P. molurus in the tropical climatic
region, Southern India. The study results would help in
identifying and conserving natural microhabitats of the study
site which can also be supported in identifying suitable
translocation sites for rescued individuals from conflict zones.

MATERIAL AND METHODS
Study area: The study was conducted between 2018 and
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2020 in the Moyar River Valley (MRV), a tropical climate
region of India, which lies in both the STR and MTR (Fig. 1).
The maijor forest types of the region are Southern tropical dry
thorn forest, Southern tropical dry deciduous forest,
Southern tropical moist deciduous forest, Southern tropical
semi-evergreen forest, moist bamboo brakes, and Riparian
forests. Through the intensive search, opportunistically
captured 14 pythons from the MTR, STR, and adjacent
villages. The pythons were radio-tagged, released in the
study sites, and observed their microhabitat use.
Microhabitat classification: The study area was classified
into eight broad microhabitat types (Fig. 2): 1. burrows; 2.
dried fallen trees; 3. dry bushes (dried bushes dominated by
invasive plant prosopis sps, debris and sticks, and leaf litter);
4. green bushes (including prosopis saplings); 5. trees
(including tree hollows and tree roots); 6. open area; 7. rocky
area (including rocky crevices and beneath the rocks); 8.
water.

Surgical method for radio-tagging: The three types of VHF
implantable Radio-transmitters, Al-2 Holohil with 17 g and 28
g sizes, and the ATS ARChive ARC400 tag of 14g was used.
The transmitters were implanted into the coelomic cavity of
individuals after the isoflurane gaseous anaesthesia (Renurt
and Cundall 1984, Vishnu et al 2023). Simultaneously, we

N

Fig. 2. Types of Microhabitats
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have collected morphometry details of individuals. In
addition, we confirmed that the mass of each transmitter did
not exceed 0.26 % body mass of the individuals. The
individuals were given post-surgery care at the veterinary
unit of the Sathaymangalam Tiger Reserve prior to release.
Data analysis: The radio-tagged pythons were tracked on
different days in 2018-2020, and noted the microhabitat of
each python and calculated the proportion of sightings in
each microhabitat. The male and female microhabitat
association was tested by using the chi-square test.

RESULTS AND DISCUSSION
Morphometry: Information on microhabitat use and
movement patterns were obtained from 14 adult pythons,
which were radio-tracked between 2018 and 2020 for a mean
tracking day period of 444 days, and 29 data points were
obtained per individual. These included six females (SVL
197.5-376 cm, mass 6.65kg to 36.25 kg) and eight males
(SVL172-252 cm, mass 3.3 kg-36.25kg).

Relationship of pythons with microhabitats: The null
hypothesis of the study was that there would be no significant
relationship between the microhabitat use of male and
female pythons. However, the alternative hypothesis was
supported by the results, which showed that the microhabitat
use of male and female pythons was significantly related (=
29.40,v=7,P <0.001) (Table 1 and Table 2). Pythons exhibita
pattern of microhabitat selection, with a preference for dry
and green bushes and a tendency to avoid burrows.

Proportionality in microhabitat use: Female pythons
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utilized 49% of their microhabitats as green bushes, while
male pythons only used 30% of their microhabitats for this
purpose (Fig. 3, 4). In contrast, male pythons used green and
dry bushes in equal proportions (30%), and female pythons
were observed to use dry bushes at a rate of 22%. Most
pythons were observed in dry bushes and green bushes
during the study. Male pythons were seen the least inside
water bodies (1%), while females were observed in water 7%
of the time. Burrows was the least used microhabitat for
female pythons (1%), while males were sighted in burrows at
a proportion of 2%. The male pythons used rocky areas or
rock crevices more often than females (12% compared to
6%) and were sighted in open areas more frequently than
females, with a proportion of 10% compared to 5%. On the
other hand, male pythons were found in treetops and tree
hollows at a proportion of 8%, while female pythons were 6%.
Dead fallen trees were used as microhabitats by males at a
ratio of 7%, compared to only 4% for females. However, both
males and females were observed in burrows at a minor
proportion, with males at 2% and females at 1%.

Similar study on P. bivittatus conducted in Bangladesh
reported that the pythons exhibited a strong preference for
microhabitats such as bushes and thickets. In contrast, the
major habitat type observed was bushy habitat or degraded
forest, while the least observed habitats were paddy fields
and trees (Rahman et al 2014). Dry bushes are the hiding
sites for pythons, where they can be highly camouflaged and
await prey and can be helpful to avoid predation. The moist
substrate along the dry bushes is an essential microhabitat

Table 1. Frequency of microhabitat use by radio-tracked Indian Rock Pythons

Burrows  Dead fallen trees Dry bushes Green bushes Openareas Trees Rock crevices Water Total
Male 5 15 64 66 18 21 26 2 217
Female 1 8 40 90 1 10 12 12 184
Total 6 23 104 156 29 31 38 14 401
Total % 1.45 5.73 25.93 38.90 7.23 7.73 9.48 3.49 100
Table 2. Observed and expected frequencies

Burrows dead fallen Dry bushes Green Open areas Trees Rock Water Grand total

trees bushes crevices

Observed frequencies
Male 5 15 64 66 18 21 26 2 217
Female 1 8 40 90 1 10 12 12 184
Total 6 23 104 156 29 31 38 14 401
Expected frequencies
Male 3.24688 12.4464 56.2793 84.419 15.6933  16.7755611  20.5636 7.57606 217
Female 2.75312 10.5536 47.7207 71.581 13.3067  14.2244389  17.4364 6.42394 184
Total 6 23 104 156 29 31 38 14 401
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for Phrynonax poecilonotus from another tropical country
Brazil (dos Santos-Costa et al 2015). Studies conducted in
the Keoladeo National Park have shown that P molurus
typically prefer burrows as microhabitats, particularly those
located under Salvadora bushes (Ramesh 2012). Burrows
are engineered shelters that provide crucial refuge and
protection against temperature extremes, fire, and predation
(Mukherjee etal 2017, Ramesh and Kamalakannan 2018).
Pythons have a strong affinity for water and prefer to
reside in it. P. molurus, is a good swimmer and can remain
submerged in water for at least 30 minutes if necessary
(Sharma 2003). Similarly, most studies of P. bivittatus show
that this species has a positive selection towards water or
aquatic habitats (Barker and Barker 2008, Cota 2010, Stuart
et al 2010, Rahman et al 2014, Hunter et al 2015, Mustascio
etal 2017, Conyers and Roy 2021, Smith et al 2021). These
observations suggest that water plays a critical role in the
behaviour and biology of pythons. Rocky areas, trees, and
dried fallen trees are the other microhabitats used by the P,
molurus in the MRV. The P. molurus prefer the microhabitats
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like rock crevices, tree hollows, and rock bottoms during
hibernation in northern India between late December and to
the middle of February (Sharma 2003). They are also skilled
climbers and can suspend themselves from tree branches,
remaining motionless as they wait for prey to come within
reach (Sharma 2003). Similarly, open areas can be beneficial
for maintaining thermoregulation in pythons. A study on
Hyperolius viridiflavus found that thermal specialization for
hot temperatures was associated with the microhabitat
selection of open areas (Leliévre et al 2011). All of the
microhabitat types described are crucial for fulfilling the
ecological requirements of this species in the study area.

CONCLUSIONS

There is a significant relationship between sex and
microhabitat selection in pythons. The proportion of
microhabitat use was found to be varied according to
microhabitat types. P. molurus in tropical regions, where they
tend to prefer bushes, as they have been known to prefer
burrow microhabitats in sub-tropical regions. Knowledge of
the exact microhabitats used by P. molurus is essential for
effective conservation and management in the context of
habitat fragmentation and changing climatic conditions. All of
the microhabitat types described are crucial for fulfilling the
ecological needs of this species in the study area. However,
these microhabitats are often overlooked in many
conservation plans. It is essential to include them in
conservation and management practices to ensure the well-
being of this species. The long-term studies on microhabitat
selection in pythons will provide more precise results and
information on seasonal shifts in their microhabitat use.
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Abstract: Roads are among the significant threats to the conservation of wild mammals across the globe. In the present study, we assess
roadkill, its characteristics, and factors affecting their presence on a stretch of NH-64 of Navsari district. To evaluate roadkills, we monitored the
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followed by amphibians and mammals. Among reptiles, the garden lizard was the most killed species, while the common frog and five stripped
squirrel were the most killed among amphibians and mammals. Maximum kills happened during March, while maximum kills happened in the
agricultural habitat. Shrub cover, ground cover, distance from the road edge, and distance from human habitation affected roadkill positively,
while canopy cover was related negatively. The present study will act as a baseline for the future, and help fill the knowledge gap in roadkill

studiesin a human-dominated landscape.
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The increase in human population has led to increased
demands for better facilities, leading to a rapid increase in
global developmental activities (Steffan et al 2015). Such
developmental activities have proven detrimental to wildlife
across the globe since they have led to habitat destruction,
fragmentation, and high access to natural resources, leading
to a decline in wildlife population and illegal extraction of
natural resources, respectively (Bastin et al 2019).
Development of the road network is affecting wildlife
negatively (Strano et al 2017). Modern civilizations also used
to develop across the roads for easy human mobility and
move goods among locations, further increasing the negative
effects on wildlife (Laurance et al 2009). Roads affect wildlife
in direct and indirect ways. Direct effects involve deaths
through vehicular traffic. For example, Lalo (1987) estimated
vertebrate mortality on roads in the United States at 1 million
individuals per day. Road construction and widening lead to
habitat destruction and fragmentation and severely impact
species that used to avoid the road edge (Lesbarreres and
Fahrig 2012). Roads also restrict the movement of the
species, known as the barrier effect, and divide areas in the
temporary island, especially during high vehicular activity
(Shepard et al 2008, Kociolek et al 2011). The barrier effect
also reduces the gene flow, which negatively affect the
species' population size (Riley et al 2006). Also, road
construction changes the environment along the roads by
changing the soil properties, hydrological cycles, and

increasing noise and light intensity (Laurance et al 2009).
The adverse effects of roads are so deep that it has emerged
in a new ecological discipline known as "Road Ecology"
(Forman 1998).

India has the second largest human population globally,
and during the last few years, its economy has grown very
fast. A highly growing economy has led to increased
infrastructure development, including roads. For example, in
India, highway length (national and state highways)
increased by 50% between 1980-2000. At the same time,
road length increased by nearly 40% between 2001 and 2015
(https://data.gov.in/). Nayak et al (2020) found that 46,700
kilometres of roads exist in India's forest area, which has
resulted in forest fragmentation and habitat loss across the
country. Most of India's studies on road ecology have been
concentrated on the stretches of roads going through the
protected area or landscape surrounding protected areas.
However, there is a paucity of studies in human-dominated
landscapes regarding roadkill, which limit understanding of
road impact on wildlife in the human-dominated landscape.

In the present study, we aimed to fill the knowledge gap of
road ecology by assessing the status and factors affecting
roadkills on a stretch of 14 kilometres on National Highway 64
in the human-dominated landscape of Navsari district,
Gujarat, India. Objectives of the present study were a) To
assess the status and characteristics of roadkills b) To
assess factors affecting the presence of roadkill
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MATERIAL AND METHODS
Study area: The study area of the present study includes
National Heritage Highway 64 between Eru char Rasta to
Dandi Sea Coast (Fig. 1). Dandi is a village in the Jalalpore
taluka in Navsari District of Gujarat state of India. Dandi is
located on the coast of the Arabian Sea near the city of
Navsari between 20.95 0 N -72.93 0 E. This is one of the
busiest routes of the area and used commonly by two-
wheelers and cars. The Dandi road consisting habitats of
mostly rainfed crop lands, barren lands, human habitations,
pond and a few coastal forest patches. The entire road
passes through villages Ethan, Pethan, Kothmadi, Matvad
and Samapor. The vegetation present on either side of the
road consists of the plant species namely Ficus benghalensis
L., Ficus religiosa L., Azadirachta indica A. Juss., Eucalyptus
globules Labill., Albizia lebbeck (L.) (Personal Observation).
Kill monitoring: Sampling was carried out from October
2021 to April 2022 on the road from Eru Char Rasta to Dandi
Sea Coast, covering a distance of 14 km (Fig. 1). The road
was surveyed weekly from 6 AM to 10 AM using a bicycle. To
avoid the problem of duplication of kills, we first monitored
five kills of different species, such as amphibians, small
mammals, and reptiles. We found that kills decayed entirely
in one week. Therefore, we monitored kills every week,
assuming that during this time interval, identified kills would
be decayed totally, and hence duplication of kills could be
avoided. While sampling, going towards Dandi, one side of
the road was sampled, and another side was sampled while
coming back. Data recorded while encountering roadkill
include species names, dates, and broad habitat types.
Broad habitat types include agricultural land, human
habitation, orchards, wetland, and pond. Field guide and
taxonomic keys were used for the species identification
(Daniel 2002, Menon 2014).
Factors affecting kill sites: To assess site-specific factors
affecting roadkills, we followed a used-unused sampling
design where each kill was treated as a used location, and a
random location was treated as an unused location (Boyce et
al 2002). We considered five variables: canopy cover, shrub
cover, ground cover, distance from the road edge, and
distance from human habitation. Canopy cover, shrub cover,
and ground cover were quantified on a 0- 100 scale by laying
down a kill cantered plot of a 20 m radius (Chaudhary et al
2020). The distance of the kill from the road edge was
quantified using a measuring tape, while the distance of the
kill from human habitation was quantified by measuring the
distance of the nearest house using a laser range finder.
Further similar variables were collected at a random location
onroads and considered as absence points of kills.
Analysis: We segregated roadkills frequency concerning
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species, taxonomic groups, broad habitat types, and months.
Since our data consist of frequency therefore, we used the
chi-square test of homogeneity (Zar 2006) to examine a) if
the frequency of roadkill is distributed proportionally among
different species or taxonomic groups and b) if the frequency
of roadkill is distributed proportionally in different habitat
types and months.

To assess the factors affecting the presence of kill sites,
we used Generalized Linear Models (GLM) (Guisan et al
2002). Since data collection was based on a used-unused
sampling design, therefore we used binomial distribution with
alogit link (Guisan et al 2002). The presence and absence of
kills were used as response variables, while variables
defined earlier section were used as predictor variables. Alist
of all possible models was created using the dredge function
of package MuMIn in program R, and a model with AAIC<2
was considered the final model (Burnham and Anderson
2002). To assess the relative importance of the model, we
used AAIC and AIC weight (Burnham and Anderson 2002).
Model averaging was done for the models with AAIC<2
following Burnham and Anderson (2002). Best model
accuracy was assessed through the model validation using
sensitivity analysis which is best suited for the binomial
outcomes. In validation analysis, 80% of the data was used
as a training data set, while 20% was used as testing data
set. All analysis was carried out in R statistical software (R
Core Team 2018).

RESULTS AND DISCUSSION

A total of 336 kilometres of roads were monitored during
the survey, resulting in roadkill of 70 individuals of 15 species,
all of which were under the least concern category (Table 1).
Out of 70, the maximum number of individuals belongs to
reptiles (27), followed by amphibians (23) and mammals (20)
(X 2 = 1.04, df = 2, p<0.05). The overall kill rate (Individual
killed per kilometre) during the study period was 0.48. The
highest kill rate was observed for reptiles, i.e., 0.08, followed
by amphibians, i.e., 0.06, and mammals, i.e., 0.05.

The maximum number of kills found during the month of
March (24), followed by February (14), April (13), October (9),
December (5), November (3), January (2) (x2 =36, df = 6,
p<0.05) (Fig. 2). Maximum roadkills were found in the
agriculture land (28), followed by human habitation (16),
orchard (16), wetland (8) and pond (2) (x2 = 27.41, df = 4,
p<0.05) (Fig. 3).

Among reptiles, the highest number of kills were of
common Garden lizard (Calotes versicolor) (15), followed by
checkered keelback snake (Xenochrophis piscator) (4), rat
snake (Ptyas mucosa) (4), common kukri snake (Oligodon
arnensis) (1), Indian cobra (Naja naja) (1), wolf snake-
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Lycodon (1) and green vine snake (Ahaetulla nasuta), (1) (x2
=40.70,df=6, p<0.05) (Table 1).

Among amphibians' the highest number of kills was of the
Common frog (Rana temporaria) (11), followed by the
Common Indian toad (Duttaphrynus melanostictus) (7),
Unidentified species, and Indian skittering frog (Euphlycti
scyanophlyctis) (1) (x2 = 9.48, df = 3, p<0.05) (Table 1).
Among mammals' the highest number of roadkill was of five
striped squirrel (Funambulus pennantii) (8), followed by
common tree shrew (Tupaia glis) (6), Indian Gerbil (Tatera
indiaca) (4) and house rat (Rattus rattus) (2) (x2 =4, df = 3, p<
0.05) (Table 1).

A total of eight models performed best (AAIC<2) and
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consisted of all habitat variables, i.e., canopy cover, shrub
cover, ground cover, distance from the road edge, and
distance from human habitat (Table 2). Model averaging
found that shrub cover (b=0.14% 0.95), ground cover (b=
0.58+0.86), distance from road edge (b=1.62+1.11), distance
from human habitation (b= 0.51+0.42) were positively
associated with kill sites, while canopy cover (b=-1.23+1.16)
was negatively associated with the kill sites (Table 2). Model
validation analysis found an accuracy of 88 % and sensitivity
of 89 %, which depicts the high accuracy of the best model
used to evaluate the factor affecting kill sites.

Roadkill is among the most threatening human activities
that could severely affect wildlife. Present study results show

Table 1. Road kill incidents of reptile, amphibian and mammal species reported and their [IUCN status

Class Comman name Scientific name IUCN status Number of
Individuals killed
Reptiles Common garden lizard Calotes versicolor Least concern 15
Checkered keelback snake Xenochrophis piscator Least concern 4
Green vine snake Ahaetulla nasuta Least concern 1
Indian cobra Naja naja Least concern 1
Common kukri snake Oligodon arnensis Least concern 1
Rat snake Ptyas mucosa Least concern 4
Wolf snake Lycodon aulicus Least concern 1
Amphibians Common frog Rana temporaria Least concern 11
Common Indian toad Duttaphrynus melanostictus Least concern 7
Unidentified Unidentified Unidentified 4
Indian skittering frog Euphlyctis cyanophlyctis Least concern 1
Mammals Five striped squirrel Funambulus pennantii Least concern 8
Common tree shrew Tupaia glis Least concern 6
Indian gerbil Tatera indica Least concern 4
House rat Rattus rattus Least concern 2

Table 2. Factors affecting kill sites during the present study. (Only parameters for the best set of models with AAICc < 2 are

reported)

Int DFRE+S.E. DFHH+S.E. CC+S.E. SC+S.E. GC4S.E. df AAICc MW
0.65 1.62+1.11 - - - - 2 0.00 0.17
0.95 - 0.51+0.42 - - 2 0.99 0.10
-0.04 1.62+1.11 0.51+0.42 - - - 3 1.16 0.09
2.14 - 0.51+0.42 -1.23+1.16 - - 3 1.49 0.08
2.35 - - -1.23+1.16 - - 2 1.74 0.07
1.90 1.62+1.11 0.51+0.42 -1.23+1.16 - - 4 1.80 0.07
-0.07 - 0.51+0.42 - 0.14+ 0.95 - 3 1.81 0.07
-0.13 1.62+1.11 - - - 0.58+0.86 3 1.66 0.07
MAE 1.62+1.11 0.51+0.42 -1.23+1.16 0.14+ 0.95 0.58+0.86

Int. = intersection; DFRE= Distance from road edge, DFHH-Distance from human habitation, CC=Canopy Cover, SC=Shrub Cover, GC=Ground Cover, df =
degrees of freedom; AAICc = difference in value of Akaike's information criterion between the focal model and the top-ranked model. MW=Model Weight,

MA=Model Average Estimates
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that reptiles and amphibians are among the most skilled
taxonomic group, while mammals are the least. Some earlier
studies also found that amphibians and reptiles were among
the most affected groups from the roadkill (Baskaran and
Boominathan 2010, Selvan et al 2012, Sur et al 2022).

Fig. 1. Map of the study (road in blue)

30

25

24
20
15 14
10 9
. 5

I = .
0 H =

March April October

Number of Kills

December November January

Study Month

Fig. 2. Distribution of road kill in relation to study month

30 28

25
@0
g 20
5 16 16
o 15
e}
£
z 10 8

0 -

Agriculture Human Orchards Wetland Pond
Land Habitation
Habitat Types

Fig. 3. Distribution of road kills in relation to habitat types

1279

Amphibians and reptiles move slower than mammals and
cannot react very quickly to vehicles, leading them to take
more time while crossing the roads and increasing the
probability of their kills (Row et al 2007, Baskaran and
Boominathan 2010, Hatti and Mubeen 2019). The common
garden lizard was among the most affected species by
roadkill amongst reptiles, while among the amphibians and
mammals were a common frog and five stripped squirrels,
respectively. The abundance of the species around roads is
among the key factors affecting roadkill status (Dutta 2016).
Sur et al (2022), while assessing roadkill on the road passing
through Kaziranga tiger reserve, found that the most
frequently killed species were the generalist and abundant,
like common Indian toad and squirrel species. Our study road
has ravines and large trees which act as suitable habitats for
common species such as frogs and squirrels, respectively.
The ravine and large trees provide habitat for the amphibians
and squirrels, respectively consequence is their high
abundance around the rods, which might lead to their high
roadkill. Also, the foraging nature of frogs and toads, which
are very fond of gathering near street lamps and vehicle
headlights to feast on insects (Daniels 2005) could be one of
the possible reasons for their higher susceptibility to
becoming roadkill victims. High roadkill of garden lizards
could be due to canopy gap, which forces them to cross the

Fig. 4. Some of the roadkill encounter during the survey
[clockwise a) Common garden lizard b) Green wine
snake c) Five stripped squirrel d) Common Frog]
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roads and hence the high number of kills (Sur et al 2022).
Among reptiles, apart from one species, i.e., the common
garden lizard all other kills were of snake species. Rosen and
Lowe (1994) estimated 2383 per 35.5 km year” of snakes
killed by automobiles in the United States. The Later study
also stated that resting or coiling snakes on the road surface,
especially during the spring season for warmth, contributes
to snakes' high road mortality. Snakes use the road surface
for thermoregulation, which seems to be the reason for the
high death rate of snakes by roadkill (Rosen and Lowe 1994,
Vijayakumar et al 2001). Among mammals, Indian gerbils
and House rats were among the most killed after five stripped
squirrel. Both the Indian gerbil and House rats are nocturnal
in their activity pattern. Many more nocturnal mammal
species are present in this landscape, like leopards and wild
pigs, but gerbils and rats were roadkill victims because they
were smaller in size and less noticed on the road by the
drivers.

Maximum roadkills happen during March, which is the
onset of the summer, which could be due to increased vehicle
intensity in March owing to festivals like Holi when people
visit Dandi. Otherwise, one could expect more kills during
April if the summer season is the reason. However, further
research is needed in this direction. The highest roadkill
happened when agricultural habitat was in the surroundings.
The presence of agricultural habitat possibly led to the high
abundance of some species, like Five stripped squirrels that
used to feed on crops (Hill 1997). A high abundance of some
species might result in increased roadkills around the
agricultural habitat.

The generalized linear model suggested that roadkill
probability increase with an increase in ground cover, shrub
cover, distance from the road edge, and distance from human
habitation. In contrast, with an increase in canopy cover,
roadkill probability increased, which is in accordance with
some earlier studies (Habib et al 2020). Both high ground
cover and shrub cover may create a visibility hindrance for
both animals crossing the roads and vehicle drivers, which
might lead to high kill around high ground and shrub cover
areas. Furthermore, studies have found that wildlife across
the globe avoids human disturbances (Steffan et al 2015).
Possibly areas further to human habitation have a high
abundance and richness of species, leading to high crossing
by them, and hence high roadkills. Inverse relations of
roadkill with canopy cover could be due to high usage by the
species like lizards and five-stripped squirrels, which make a
maximum of all the kills. With the decrease in canopy cover,
the canopy gap increased, leading to high road usage by
certain species like squirrels and lizards consequence of
which is high roadkills (Suretal 2021).

Harsh Patel et al

CONCLUSION
The present study provides basic information about
roadkill. Road widening could increase the magnitude of
roadkill, threatening species' survival. The present study will
also provide a baseline for future surveys and hence could be
helpful to assess the impact of road widening on the roadkill if
ithappens.
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Abstract: Astudy was conducted in the river Belan (156 km), a north central Indian river of Vindhyan ranges to determine diatom diversity from
headwater to mouth. Samples were collected 5 different stations by scraping 3x3 cm’. area of substratum (stones) during winter season
December 2021 to March 2023. The count data were computed diversity indices (Margalef D', Shannon diversity H') and evenness (E). Total of
119 diatom taxa belonging to 28 genera were identified. H and D indices ranged from 2.77 to 2.62 and 26.709 to 18.4979, respectively.
Evenness value was 0.81to0 0.77. The gradual decline in diversity and evenness was recorded from S1 to S5 except at S3. The anthropogenic

activities impact (agriculture) at S3 was responsible for extreme low of diversity and evenness.

Keywords: Richness, Diversity indices, Diatom, Land use, Belan

Diatoms communities are excellent indicators of modified
environments and are found in both freshwater and marine
environments as well as in moist soil, on wet surfaces, in
unusual places like whale skins, in hot springs or highly basic
or acidic environments, ice brine canals (Nautiyal and Verma
2009). The aquatic ecosystems globally face threats due to
various anthropogenic disturbance and climate change
resulting biodiversity loss in ecosystems(Dudgeon et al 2006).
The loss of biodiversity has important implications, diminished
resistance, resilience to disturbance, system simplification and
loss of ecological integrity (Nautiyal and Verma 2009). Many
significant studies have been carried out in the various part of
the world. However, in India, separate studies have been
conducted in the different ecoregions of Himalaya (Cantonati
et al 2001, Nautiyal et al 2004a) central Highland's region
(Verma and Nautiyal 2009, Mishra et al 2017) and peninsular
region (Karthick et al 2013). Despite of these studies in central
Highland's ecoregion, still few sections of central Highland
region is lacking about diatom information. The Belan valley is
one of the unexplored sections of central Highlands located
between the Vindhyan ridges (northern most outliers of the
Vindhyas) in the north and Kaimur range in the south. The
present study was designed to explore diatom diversity and
richness in the river Belan along the river length from
unexplored Belan valley section of Central Highlands region.

MATERIAL AND METHODS
Study area: The Belan river as a major water body of the
Belan valley along with its other small tributaries like Adwa,

Seoti, Lohanda Nala, Tundiari, Gorma and Naina, drains
about 7,800 sq km area in the Northern Vindhyas,
encompassing parts of Sonbhadra, Chandauli, Allahabad
and Mirzapur Districts of Uttar Pradesh, and adjoining areas
of the Rewa and Sidhi Districts of Madhya Pradesh. The river
Belan originates from Vindhyan ranges in the district
Sonbhadra. Itis approximatly156 km long and flows towards
west-north direction and drains into the river Tons near
Chakghat (Fig. 1, Table 1). From headwater to mouth, the
river Belan passes from various land use viz. forest,
agriculture and human habitation (Town/city; Table 1).
Sampling: The diatom samples were collected at five
different stations (S1 to S5) from cobble stony substratum
(3x3 cm? area) by using razor during the winter season from
December 2021 to November 2022. The collected samples
were preserved in 4% formaldehyde solution, and then
cleaned with double distilled water to remove traces of
formaldehyde, digested with hydrochloric acid. The treated
samples were washed repeatedly with double distilled water
to remove all traces of acid. Samples were then cleaned with
hydrogen per oxide and distilled water. The processed
material was mounted in Naphrax for preparing the
permanent slides from each sample for light microscopy. The
identification made at genus and species level with help of
standard key (Taylor et al 2007, Karthick et al 2013).
Margalef Index (Margalef 1957)

D'=S-1/logN,

Where S = number of species and N = number of

individual
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Shannon species diversity Index (Shannon and Weaver
1949)

H=-3 pilog pi

Where pi = ni/N, ni = number of individual of one species
and N = total number of organism
Evenness Index (Pileou 1966)

E=H/LogS

H = Shannon Index of general diversity; S= Number of
species.

RESULTS AND DISCUSSION

Total 28 diatom genera and 119 species were recorded
from S1to S5 in the Belan river. Among these species, 90, 74
44, 63 and 59 species were observed at S1, S2, S3, S4 and
S5, respectively (Table 1). The reduction in substrate
heterogeneity attributed to decline of species
richness.Cymbella was highest species rich genera followed
by Navicula, Nitzschia, Achnanthidium, Gomphonema and
Fragilaria (Table 2). Longitudinally,15 genera were
distributed at all stations, while 7 were restricted at 4 stations.
Similarly, 5 genera were restricted at 3 stations and
Encyonema species was restricted only at S1 station. The
species diversity in each genus varied of along the river S1 to
S5 (Fig. 2). Nautiyal and Verma (2009) reported 293 species
in Vindhya and 189 species in Himalaya and added that
Navicula was highest species rich genera followed by
Nitzschia and Cymbella in central plateau river
(Bundelkhand). However, in the Himalayan rivers Navicula
and Achnanthes were the most species rich genera (Nautiyal
etal 2004a).

The species diversity and evenness varied from S1 to S5.
Shannon and Weaver diversity value gradually decreased

Fig. 1. Location of Belan River in the Indian map. In the
topographic map blue line indicates river Belan along
with the sampling stations (S1 to S5)
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from S1 (2.7769) to S5 (2.6261) but sudden decline was
recorded at S3 (1.1271). Similarly, Margalef diversity indices
and evenness also decline gradually from S1 to S5 and
abrupt decline at S3 (Table 1). The declining of diversity from
headwater to downstream was attributed to shifting of land
use patterns from forest (S1, S2) to forest-agriculture (S3),
agriculture (S4) and agriculture -human settlements (S5).
However, extremely low diversity and evenness was due to
river regulation by Pipari Dam at upstream of S3. As the
concentration of human intervention increases, the
disturbance in ecosystem also increases which impact on
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Fig. 2. Distribution of species richness along the river length
of Belan from S1 to S5. Acronyms: ACHN-
Achnanthidium, AUL-Aulacoseira, AMP-Amphora,
ADA-Adalfia,CYC-Cyclotella, COC-Cocconeis,
CYM- Cymbella, CAL-Caloneis, DIA- Diatoma, DIP-
Diploneis, DEN-Denticula, DIAD- Diadesmis, ENC-
Encyonema, ENCY-Encyonopsis, EPI- Epithemia,
EUN- Eunotia, FAL- Fallacia,FRA- Fragilaria, GOM-
Gomphonema, GYR- Gyrosigma,MEL- Melosira,
MER- Meridion, NAV- Navicula, NIT- Nitzschia, RHO-
Rhopalodia, SEL- Sellaphora, SUR- Surirella, TAB-
Tabularia
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Table 1. Geographical co-ordinate and diversity -evenness patterns of diatom community at each sampling stations on the

river Belan

Stations S1 S2 S3 S4 S5
Latitude °N 24°41'45” 24°46'21” 24°54'27" 24°56'32” 25°00'38”
Longitude °E 82°39'42” 82°33'00” 82°02'14” 82°56'40” 81°47'11”
Altitude (m) 249 200 119 118 113
Substrate R- G-P-C R-B-P-C-S S P-C-S C-S
Land use F F F +Ag Ag Ag +V
Taxonomic richness 90 74 44 63 59
Shannon diversity (H) 2.7769 2.6516 1.1271 2.6415 2.6261
Margalef diversity (D') 27.3166 22.40 14.1237 19.5088 18.4979
Evenness (E) 0.81647 0.80482 0.3313 0.7766 0.7721

Acronyms: Rocks (R), Boulder (B), Gravel (G), Pebbles (P), Cobbles (C), Sand (S), Forest (F), Agriculture (Ag), Village (V).

Table 2. Generic distribution of diatom flora along the river length from S1 to S5 in the river Belan

Taxa Number of species S1 S2 S3 S4 S5
Achnanthidium 9 + + + + +
Aulacoseira 2 + + + + +
Amphora 4 + + + + +
Adalfia 2 + + + + +
Cyclotella 2 + + - + +
Cocconeis 3 + + + - -
Cymbella 17 + + + + +
Caloneis 2 + + - + +
Diatoma 3 + + + + +
Diploneis 2 + + + + -
Denticula 3 + + + + +
Diadesmis 2 - - + + +
Encyonema 2 + - - - -
Encyonopsis 2 + + + - -
Epithemia 3 + + + + +
Eunotia 3 + + + + +
Fallacia 2 - + - + +
Fragilaria 7 + + + + +
Gomphonema 8 + + + + +
Gyrosigma 2 + + + - _
Melosira 1 + + + + +
Meridion 1 + + + + +
Navicula 15 + + + + +
Nitzschia 12 + + + + +
Rhopalodia 2 + + - + +
Sellaphora 2 + + - + +
Surirella 4 + + + + -
Tabularia 2 + + - + +
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organism biodiversity (Nautiyal and Mishra 2012). Nautiyal
and Verma (2009) indicated high value of Shannon diversity
indices in the Vindhyan river than Himalayan Glacier fed
rivers, reported quite variable diversity indices value (0.38-
2.74) in Pindar and in Alaknanda (0.64-2.76). The high value
of diversity indices indicated the good water quality of the
river (Nautiyal and Verma 2009). High taxonomic richness
was observed in the forestland use. The changes in land use
pattern and velocity caused decline in diversity of diatom
community and ecosystem functioning and may lead to
altered soil physical and chemical properties. Srivastava et al
(2020) reported that changes in land use pattern and velocity
influence many ecological processes and substrate
heterogeneity and ultimately cause species diversity i.e.
higher diversity in forest land use, followed by savanna land,
cropland, degraded land.

CONCLUSION
The taxonomic richness and diversity of diatom flora is
high in the headwater sections of the river followed by middle
and lower section. This study also indicates that the pristine
land use like forest (sal forest) and high substrate
heterogeneity are responsible for higher diversity. The
regulated zone of the river indicates low diversity.
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Abstract: The present study was conducted to screen the pollution tolerant index of nine trees species namely Azadirachta indica, Cassia
fistula, Delonix regia, Dalbergia sissoo, Ficus benghalensis, Ficus religiosa, Holoptelia integrifolia, Nerium indicum, and Pongamia pinnata
which are growing either naturally or planted in the Jhansi city of Uttar Pradesh. Samples were collected from the polluted areas of Jhansi city
and their test results were compared with the samples collected from the trees growing in the campus of Rani Lakshmi Bai Central Agricultural
University Jhansi. The parameters analyzed were total chlorophyll content, ascorbic acid content, relative water content and leaf extract pH.
Present study revealed that ascorbic acid content ranged from 0.26 mg/g-3.93 mg/g in polluted sites while under controlled sites ranged from
0.009 to 2.56 mg/g. The highest ascorbic acid content was in Cassia fistula (3.94 mg/g) and least in Dalbergia sissoo (0.27 mg/g). The total
chlorophyll content varied from 0.72-2.20 mg/g. Maximum chlorophyll content was in A. indica (2.21 mg/g), whereas, F. benghalensis showed
least (0.73 mg/g). Under university campus (controlled) conditions A. indica recorded with highest total chlorophyll (2.90 mg/g) content and
least in N. indicum (1.53 mg/g). For leaf extract pH of tree species under study varied from 6.33-8.24. Under Jhansi city sites F. benghalensis
recorded highest leaf extract pH (8.24) and least was observed in C. fistula (6.33). Under controlled condition F. benghalensis recorded highest
leaf extract pH value 8.09 and lowest in N. indicum (6.07). Relative water content of tree species varied from 59.69-84.0%. Jhansi city the
highest relative water content was observed for Ficus religiosa (84%) and minimum for A. indica (59.69%). Under controlled conditions P.
pinnata recorded highest relative water content of 67.3% and the lowest was found in A.indica (46.7%). On comparing the results from two

studied sites it was highest APTI values was observed for C. fistula (10.30) followed by F. religiosa and F. benghalensis.

Keywords: Air pollution tolerant index, Trees, Relative water content, Ascorbic acid, Chlorophyll

Air pollution has become an ominous situation to the
world. According to the World Health Organization (WHO),
each year air pollution is responsible for nearly seven million
deaths around the globe. The increased intensity of urban air
pollution has become a global issue. The loss of vegetation
cover has resulted from the rapid pace of urbanization. Over
the last few decades, urban areas have faced increasing
environmental stress, particularly from poor air quality,
excessive noise, and traffic congestion (Sanesi and Chiarello
2006). The impact of climate change has also increased
stress. Road traffic is regarded as one of the most significant
sources of air and noise pollution, both of which have
negative effects on human health. Pollutant levels in urban
air are frequently high, endangering human health and well-
being (Kanakidou et al 2011). Plants play an importantrole in
monitoring and maintaining the ecological balance by
actively participating in the cycling of nutrients and gases like
carbon dioxide, oxygen and also provide enormous leaf area
for impingement, absorption and accumulation of air
pollutants to reduce the pollution level (Karthiyayini et al
2005, Bemmansou et al 2021). Trees affect air quality
through the direct removal of air pollutants, altering local

microclimates and building energy use, and through the
emission of volatile organic compounds (VOCs), which can
contribute to O, and Particulate matter (PM) 2.5 formation .
Leaves absorb air pollutants through their stomata and catch
particles onto their leaves and branches. Numerous reports
confirm that the number and size of leaf stomata changes
depending on the degree of air pollution and types of
pollutant (sulphur, nitrogen oxides and ozone) (Mulgrew and
Williams 2000, Shweta 2012). Stomatal response to air
pollution is very complex and depends not only on air
pollutant concentration and type, but is also very selective
depending on plant species (Abeyratne and lleperuma
2006). An index uses to identify the tolerance of air pollutants
was developed which is known as Air Pollution Tolerance
Index (APTI). APTI is a species-dependent plant attribute
and expresses the inherent ability of plant to encounter stress
arising from air pollution. It is mainly based on four major
properties of leaves namely ascorbic acid content, relative
water content, total chlorophyll content and leaf extract pH .
Plant's tolerance to air pollutants generally varies with these
parameters. APTI provides a reliable method for screening
large number of plants with respect to the vulnerability to
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different pollutants. Measuring the air pollution tolerance
indices of different plant species has become necessary to
mitigate the increased air pollution in urban areas. For this
classification of tree species as sensitive or tolerant is critical
because susceptible plant species can be used as indicators,
whereas tolerant plant species can be used as sinks to
monitor air pollution in urban areas (Aghaiee et al 2019).
Keeping the above view of importance of tree species to
mitigate air pollution in Urban cities, the present study was
conducted with the objectives to conduct a survey to identify
the air pollution tolerant tree species of Jhansi city and
screening out the air pollution tolerance index of selected tree
species.

MATERIAL AND METHODS

Study was conducted in Jhansi city and the campus of
Rani Lakshmi Bai Central Agricultural University, Jhansi.
Jhansi city is located at 25° 43' 33" N to 78° 58' 33" E. A field
survey was conducted at three polluted sites of Jhansi city i.e.
site-l (Railway station), site-ll (Bus stand) and site-lll (Jhansi
zone of Kanpur highway) (Table 1) of Jhansi city to identify
the tree species with highest pollution tolerance index.

To study the air pollution tolerance index of selected tree
species, 45 leaf samples were collected each tree from a
height of 1.5 meters above the ground. The analytical results
obtained for the samples collected from the different sites of
Jhansi city were also compared with the results obtained for
the trees growing under the controlled conditions of
RLBCAU, Jhansi. The various studied parameters were total

The ascorbic acid content was estimated by using

method (AOAC 1980).
Dye factor x Titre reading x Volume made
Ascorbic Acid (mg/g) =

Weight of leaves taken x
Volume taken for estimation

Leaf extracted pH were estimated by using pH meter
(Model- ESICO 1013) with buffer solution of pH 4 and 9
(Barrs and Weatherly 1962). The Total leaf chlorophyll
content was estimated using method (Hiscox and Israeistam

1979) using f la:
) using formula 20.0A,; +8.02A

axwx1000

Total chlorophyll content (mg/g) = xV

Where, V = Volume of extract made; a = Length of light
path in cell (usually 1cm); w = Weight of the sample taken;
AB45 is absorbance at 645 nm; A663 is absorbance at 663
nm.

Relative water content of the samples was estimated
using the method proposed (Singh 1977)

Relative water content (%) = Fw=Dw x
TW -DW

Where, FW= Fresh weight, TW=Turgid weight, DW= Dry
weight of leaf samples

Air pollution tolerance index is an empirical relation which
evaluates the tolerance level of plant species towards air
pollution from leaf biochemical parameters such as ascorbic
acid, total chlorophyll content, leaf extract pH and relative
water content and is computed by using the following
equation (Singh and Rao 1983).

100

chlorophyll, ascorbic acid, leaf extract pH and relative water APTI = [A(T+P)]+R

content. 10

Table 1. Coordinates of study area in Jhansi city and RLBCAU campus

Plant species Jhansi city area University area

(Control)
Site- | Site- 1l Site- 111

Dalbergia sissoo 25°26'39.1"N 25°27' 04.6"N 25°28'08.6"N 25°30'42"N, 78°32'32"E
78°34'47.9"E 78°34'07.8"E 78°37' 34.9"E

Cassia fistula 25°26'39.7"N 25°27' 07.7"N 25° 28'07.3"N 78°37' 25°30'42"N, 78°32'30"E
78°34'57.3"E 78°34'09.8"E 36.2"E

Ficus religiosa 25°26'36.7"N 25°27'09.5"N 25° 28'08.1"N 78°37' 25°30'42"N, 78°32'30"E
78°34'54.3"E 78°34'1.8"E 344"E

Ficus benghalensis 25°26'34.7"N 25°27'08.7"N 25° 28'07.3"N 78°37' 25°30'45"N, 78°32'35"E
78°34'57.3"E 78°33'04.8"E 344"E

Azadirachta indica 25°26'35.7"N 25°27'07.7"'N 25° 28'04.7"N 78°37' 25°30'43"N, 78°32'32"E
78°34'57.3"E 78°34'09.8"E 34.2"E

Delonix regia 25°26'52.7"N 25°27'03.5"N 25° 28'1.3"N 78°37' 25°30'59"N, 78°32'53"E
78°35'48.5"E 78°34'09.8"E 39.7"E

Holoptelia integrifolia 25°26'34.7"N 25°27'52.1"N 25° 28'01.3"N 78°37' 25°30'47"N, 78°32'37"E
78°34'52.3"E 78°37'22.9"E 34.9"E

Pongomia pinnata 25°26'39.1"N 25°27' 26.9"N 25° 28'04.7"N 78°37' 25°30'50"N, 78°32'41"E
78°34'47.9"E 78°36'50.8"E 34.9"E

Nerium indicum 25°26'39.7"N 25°27'07.7"'N 25° 28'1.23"N 78°37' 25°30'50"N, 78°32'37"E
78°34'57.3"E 78°34'09.8"E 38.9"E
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Where, A = Ascorbic acid (mg/g); T = Total Chlorophyll
Content; P = Leaf Extract pH; R = Relative Water Content.

RESULTS AND DISCUSSION
Ascorbic acid: Ascorbic acid is important in plant cell wall
synthesis, photosynthetic carbon fixation, and cell division. It
also serves as a natural antioxidant that has to protect plant
tissue from the damaging effects of air pollutants. Because of
the high concentration of ascorbic acid, plants are more
tolerant to pollution (Agbaire and Esiefarienrhe 2009). There
was wide variation in ascorbic acid (mg/g) concentration was
among different tree species and the site of sample collection
(Table 2). Among the samples collected from the university
campus the highest ascorbic acid (2.56 mg/g) was in Cassia
fistula followed by Azadirachta indica, Holoptelia integrifolia,
Delonix regia, Nerium indicum, Ficus benghalensis, in
descending order, respectively. In Jhansi city, site-1 Cassia
fistula showed highestascorbic acid content (3.73 mg/g) and
minimum was recorded in Dalbergia sissoo (0.24 mg/g).
Holoptelia integrifolia and Delonix regia, Ficus religiosa,
Ficus benghalensis and Nerium indicum had values at par
with each other. The result pertaining to site—Il varied
significantly and the highest value of ascorbic acid was in
Cassia fistula>Azadirachta indica>Delonix regia>Holoptelia
integrifolia > Ficus benghalensis> Nerium
indicum>Pongomia pinnata>Dalbergia sissoo, respectively.
Data obtained from site-lll revealed that highest ascorbic
acid concentration was in Cassia fistula (4.12 mg/g) which
was significantly higher than other species. On comparing
trees grown on different sites, the highest ascorbic acid
content (0.30 mg/g) was in D. sissoo samples collected from
Jhansi city, site —Ill. The minimum was observed in the trees
grown in university campus (0.009 mg/g). Cassia fistula
recorded the highest ascorbic acid value (4.12 mg/g) in

Jhansi city, site-lll and the minimum (2.56 mg/g) was
observed in the trees of same species grown in university
campus. Ficus religiosa had highest value (0.45 mg/g) in
Jhansi city, site —IIl and the minimum value was observed in
university campus (0.009 mg/g).

Ficus benghalensis had the highest value (0.72 mg/g) in
the samples collected from Jhansi city site —Il. For this
species the minimum value was observed in trees growing in
university campus (0.31 mg/g). Nerium indicum had highest
value (0.61 mg/g) at Jhansi city, site —Ill. The minimum value
was observed in university campus (0.36 mg/g). Delonix
regia had highest value (0.99 mg/g) at Jhansi city, site—I. The
minimum value is observed in university campus (0.73 mg/g).
Holoptelia integrifolia had highest value (1.00 mg/g) at Jhansi
city, site —Ill. The minimum value was observed in university
campus (0.764 mg/g). Pongomia pinnata had significantly
higher value at all sites in Jhansi city compared to campus
site. In Jhansi city sites ascorbic acid values were at par with
each other. Azadirachta indica had highest value (0.99 mg/g)
at Jhansi city, site—l. The minimum value was observed in
university campus (0.73 mg/g). Holoptelia integrifolia
showed the highest value (2.13 mg/g) at Jhansi city, site-Ill.
The minimum was observed in university campus (1.7 mg/g).
Bharti et al (2018) observed that average ascorbic acid
content (mg/g) was in range of 0.6 to 19.6 mg/g. Similar trend
was observed by Begum and Harikrish (2010). The trees
grown in the polluted site (Jhansi city) had higher ascorbic
acid content than the trees grown in control site (University
campus). This suggests that trees develop greater tolerance
to pollution by increasing ascorbic acid synthesis when
exposed to polluted environments (Yannawar and Bhosle
2013, Sahu et al 2020). The significant correlation of ascorbic
acid with the APTI value in both the experimental and control
sites results are in agreement with other reported studies

Table 2. Ascorbic acid (mg/g) content of tree species in university campus area and Jhansi city area

Plant species University campus area

Jhansi city areas

(Control)
Site | Site Il Site 11l
Dalbergia sissoo 0.009 + 0.0001° 0.24 £0.01® 0.24 +0.01° 0.30 £ 0.08*
Cassia fistula 2.56 + 0.0200%° 3.73+0.12* 3.96 £ 0.01* 4.12+1.15"
Ficus religiosa 0.14 £0.001™ 0.49 +0.01* 0.31+0.01° 0.45+0.12**
Ficus benghalensis 0.31+0.001" 0.49 £ 0.01°° 0.72 +0.06" 0.63+0.16"
Nerium indicum 0.36 £ 0.011%° 0.45 + 0.02° 0.56 + 0.02° 0.61+0.16"
Delonix regia 0.73 £ 0.005° 0.99 +0.01* 0.92 +0.03* 0.95 +0.26°
Holoptelia integrifolia 0.764 + 0.001° 1.03 £ 0.03* 0.99 + 0.06" 1.00 + 0.26%
Pongomia pinnata 0.22 +0.001¢ 0.33+0.03* 0.29+ 0.05" 0.355 +0.07**

Azadirachta indica 1.7 £0.030"

1.89 +0.03"°

2.04 +0.15"°

2.13 +0.58™

Different superscripts (capital alphabets) in a column indicates that they are significantly (p<0.05) different to each other determined by Duncan's tests; Different
superscripts (small alphabets) in a column indicates that they are significantly (p<0.05) different to each other determined by Duncan's tests.
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(Agbaire and Esiefarienrhe 2009, Meerabai et al 2012, Rupa
and Venkatachalam 2017).

Total chlorophyll content Degradation of chlorophyll has
been widely used as an indication of air pollution (Ninave et al
2001). In university campus condition highest chlorophyll
content was in Azadirachta indica (2.88 mg/g) followed by
Cassia fistula, Dalbergia sissoo, Holoptelia integrifolia,
Delonix regia and Ficus religiosa in descending order,
respectively. At site- | the maximum chlorophyll content was
observed in Dalbergia sissoo (2.31 mg/g). The chlorophyll
content of Azadirachta indica and Cassia fistula was at par
with each other. Ficus religiosa, Ficus benghalensis and
Nerium indicum had least chlorophyll content. At Jhansi city,
site- Il maximum chlorophyll content was found in
Azadirachta indica (2.48 mg/g). Ficus religiosa and Nerium
indicum had chlorophyll at par with each other. Ficus
benghalensis (0.62mg/g) showed least value among all the
plant species growing in site Il. At site-lll the maximum
chlorophyll was observed in Azadirachta indica (2.21 mg/g)
and minimum in Ficus benghalensis (0.73 mg/g).

On comparing trees grown on different sites, tree species
growing in university campus showed significant lower
values for chlorophyll content compared to tree species
growing at Jhansi city sites. On the comparative analysis of
the chlorophyll content of the tree species from different sites,
Dalbergia sissoo (2.31mg/g) had maximum value at site-I
and minimum was at site-Il (1.65 mg/g). The values for
Cassia fistula were at par for the trees from site-Il and site-lIl.
Ficus religiosa had maximum chlorophyll content for the
samples collected from site-Il and minimum was for the
samples collected from site-1. For Ficus benghalensis site- |
and site Il had at par values. Total chlorophyll in Nerium
indicum varied significantly among all sites having maximum
(1.31 mg/g) at the site-Il and minimum at site- | (0.99 mg/g).
Delonix regia also followed the same trend as Nerium

indicum. Pongamia pinnata had not shown any significant
critical difference in site- lll and site- |. Azadirachta indica had
the highest value at the site-ll (2.48 mg/g). The total
chlorophyll content was highest in the leaf samples collected
from the trees growing in university campus. Tripathi and
Gautam (2007) and Mir (2008) also reported a decrease in
chlorophyll content in the roadside trees and plants. Air
pollutants move into the tissues through stomata and cause
partial denaturation of the chloroplast and lessen the pigment
content in the cells of polluted leaves of flora. On a
comparative analysis of tree species the minimum total
chlorophyll content was in leave samples of Ficus
benghalensis collected from site-Il. Similar results were
documented by Sinha et al (2017) for Ficus religiosa growing
atISBT and Clock Tower which are highly polluted than other
sites having lower chlorophyll content than the other species.
Relative water content (%): Relative water content plays a
very important role in cell integrity during pollution stress, and
in the same way, leaf relative water could have diluted
chemical effects of pollutants absorbed by plants during
physiological activity to maintain optimum physiological pH
for metabolism (Singh and Verma 2007). Among the sample
collected from university campus site, maximum value of
relative water content was observed in Pongomia pinnata
(67.3 %) and minimum (46.5 %) in Azadirachta indica. In site-
I, Relative Water Content maximum was in Dalbergia sissoo
(87.7%) and Ficus religiosa (86%). Both trees had at par
value with each other. Minimum value was observed in
Delonix regia (54.6%). Under site- Il condition of Jhansi city
area maximum had observed in Ficus religiosa (90%)
followed by Ficus benghalensis (76%) and then Pongomia
pinnata (71.28%), respectively. Azadirachta indica (45.22%)
and Dalbergia sissoo (45. 88%) showed lowest value in site-I|
with their value at par with each other. In site-lll maximum
relative water content observed in Ficus benghalensis

Table 3. Total chlorophyll (mg/g) content of plant species in university campus area and Jhansi city area

Plant species University campus area

Jhansi city areas

(Control)
Site | Site Il Site 11l
Dalbergia sissoo 2.54 +0.003* 2.31+0.24* 1.65 + 0.02% 1.98 £ 0.03°
Cassia fistula 2.56+0.002" 1.89 + 0.26™ 1.64 £0.14% 2.03 £ 0.02"
Ficus religiosa 2.11£0001" 0.83+0.16% 1.34 +0.03® 1.08 £0.01"
Ficus benghalensis 1.95+0.003™ 0.84 +£0.13% 0.62 + 0.02° 0.73 £0.02°
Nerium indicum 1.53+0.004" 0.99 £+ 0.02*° 1.31+0.02° 1.15+0.01%
Delonix regia 2.19+0.0002* 1.34 £ 0.02% 1.91 +0.03™* 1.62+ 0.03°
Holoptelia integrifolia 2.22+0.0002* 1.70 £0.02° 1.96+0.17" 1.83 £ 0.03*°
Pongomia pinnata 2.03+0.0002** 1.63 +0.02° 1.77 £0.03°° 1.70 £ 0.03*°
Azadirachta indica 2.88+0.0002* 1.94 +0.01% 2.48 +0.22° 2.21+0.02°°
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(79.2%) followed by Ficus religiosa and Dalbergia sissoo.
Ficus religiosa (76%) and Dalbergia sissoo (75.6%) showed
their values at par with each other and no critical difference
was found. On comparing trees grown on different sites, In
Jhansi city site-l, Dalbergia sissoo showed significantly
highest values (87.7%) compare with the all other site. Cassia
fistula showed significant values at all sites and highest was in
site-1 (81%) and lowest (45.8%) in site- Il. For Ficus religiosa
had the highest value (90%) in site- Il followed by site-I (86%),
site-1ll (76%) and university area (56%) in descending order,
respectively. In Ficus benghalensis site-l and site-Il had
higher values that are at par with each other and minimum
value in university campus site (50.51%). Nerium indicum had
significant value at all sites with maximum in site- Il and
minimum in site-l. Delonix regia also follows the same trend
as Nerium indicum. Pongomia pinnata have at par vales in
site-1ll and site-l. For Azadirachta indica had highest value at
site-1 (75%) followed by site Ill (58.85%). The water content is
higher in polluted site as compared to that of controlled site
(Table 4). Tanee et al (2014) reported that plant found near
polluted area absorbed more water to sustain physiological
activity of the plants to withstand the effect of pollution in its
environment. Different finding also suggest that higher
relative water content helps plants in maintaining the
physiological balance under stress condition. Finding of our
studies goes well with earlier findings (Babu et al 2013, Bharti
et al 2018, Balasubramanian et al 2018) while comparing
Relative water content in polluted site and control site.

Leaf extract pH: pH also influences the photosynthetic
efficiency rate in leaves, photosynthetic rate increases in
leaves with high pH and reduce in leaves with lower pH value
(Lohe et al 2015). High pH may increase the efficiency of
conversion from hexose sugar to ascorbic acid, while low leaf
extract pH shows a good correlation with sensitivity to air
pollution (Escobedo et al 2008,Rehman and Gul 2015,).
Thus, the pH of the foliar extract is an indicator of the
development of detoxification mechanism in plants

necessary for tolerance (Ninave et al 2001). Study have
reported that in presence of an acidic pollutant, the leaf
extract pH was lowered, and the decline was greater in
sensitive species (Scholz and Reck 1977). In university
condition Ficus benghalensis had highest value (8.03)
among all the tree species growing in university campus and
Jhansi city sites. Ficus religiosa and Holoptelia integrifolia
was at par value within species. For Dalbergia sissoo and
Pongomia pinnata have not shown any critical difference in
their values hence they were at par with each other. Nerium
indicum (6.07) had least value among all species in university
area. In site-l, Ficus religiosa (8.33) had a significantly higher
value compared with Ficus benghalensis (8.12). For
Holoptelia integrifolia, Azadirachta indica, Pongomia pinnata
and Dalbergia sissoo shad their values at par with each other.
Nerium indicum, Delonix regia and Cassia fistula had shown
lower value without showing any critical difference between
eachother. In site-ll, Ficus benghalensis had highest value
followed by Ficus religiosa and Holoptelia integrifolia with
their values at par with each other. leaf extract pH value in
site- Il was found significantly, highest value was found in
Ficus benghalensis (8.24 and minimum value (6.32) was
recorded in Cassia fistula.

On comparing trees grown on different sites, tree growing
in campus had shown significantly higher value for Dalbergia
sissoo than tree growing at Jhansi city area. At Jhansi city
Dalbergia sissoo had maximum in site -l (7.18). For Ficus
benghalensis site -1l (8.37) show highest value followed by
site 11l (8.24) and then site | (8.12) and lowest value was
observed in university area (8.03). Nerium indicum had
highest value at site-1ll (6.56) followed by site | (6.41) while
site Il and university campus showed values at par with each
other. Pongomia pinata also showed significant value with
highest value at site | (7.14) and lowest at site 1l (6.47). For
Delonix regia showed highest value in site- Il (6.39) and site -
11l (6.42) with their values at par with each other. In case of
Azadirachta indica had maximum leaf extract pH value was

Table 4. Relative water content of trees species in university campus area and Jhansi city area

Plant species Control Site | Site Il Site lll
Dalbergia sissoo 63.48 + 1.63° 87.7+1.22*" 45.8 + 0.65% 75.6 £ 0.89”
Cassia fistula 66.78 + 1.64™° 81+1.23" 55.5 + 0.66" 73.7 £0.85%
Ficus religiosa 56 + 1.63*° 86+ 1.22% 90 + 0.61™ 76 +0.87*°
Ficus benghalensis 50.51+ 1.63° 78 £ 1.24%° 76 + 0.65™ 79.2 £ 0.89*
Nerium indicum 57.32 + 1.66 63+ 1.21° 67.8 £ 0.64™ 51 +0.91%°
Delonix regia 53.67 + 1.68° 54.6 +1.22° 62.8 £ 0.65 65.18 + 0.86*
Holoptelia integrifolia 64.3 + 1.63"° 78.42 +1.21% 67.82 +0.63" 61.2 +0.89"°
Pongomia pinnata 67.3+1.62°° 73.65 + 1.22* 71.28 £ 0.62% 69.87 + 0.88"
Azadirachta indica 46.5 £ 1.63° 75+ 1.24" 4522 + 0.65° 58.85 + 0.89"°
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found in site- | (7.25) followed by site Ill (6.73). Least value
was observed in university area (6.16) (Table 4). The leaf
extract pH of plant species had higher values in polluted site
(Jhansi city) as compare to the control site (university
campus). This suggest that high leaf extract pH which helps
in the conversion of hexose sugar to ascorbic acid, thereby
improving resistance to stress caused by air
pollution/pollutants improve the resistance against the
pollution (Singh and Verma 2007, Miria and Anisa 2013).
Findings of studies was also in corroboration to the findings of
earlier researchers (Tripathi et al 2020, Muhammed Aji et al
2015, Balasubramanian etal 2018).

Air pollution tolerance index: Air Pollution Tolerance Index
(APTI) was significantly higher in Jhansi city when compare
with same tree species growing university campus area. At
Jhansi city area Cassia fistula (10.23) and Ficus religiosa
(8.77) had maximum at par and minimum (6.47) was
recorded in Nerium indicum. In case of Ficus benghalensis
(8.33), Holoptelia integrifolia (7.85), Azadirachta indica
(7.79), Pongomia pinnata (7.44), Dalbergia sissoo (7.21) and
Delonix regia (6.85) was at par with each other. In university
campus area (control site) Cassia fistula (8.90) had highest
value among all nine trees taken into consideration.
Holoptelia integrifolia (7.13), Pongomia pinnata (6.92) and
Dalbergia sissoo (6.36) came after Cassia fistula without any
critical difference among them having at par value. APTI
value of Azadirachta indica (6.19), Nerium indicum (6.01),
Delonix regia (5.98) and Ficus religiosa (5.73) had lowest
values showed at par with each other.

Regional variation of trees toward air pollution was also
reported (Lakshmi et al 2008, Agbaire and Esiefarienrhe
2009). The higher APTI value in Cassia fistula may be due to
increased ascorbic acid production and higher relative water
content during pollution stress. The ascorbic acid is the
primary factor of defense, and it acts against any oxidative
damage to plants in the water stress condition and helps in
the synthesis of the cell wall, facilitating cell division. It also
helps in photosynthesis and is intricately related to the
chlorophyll content of the leaf and hence directs the
productivity in plants (Sahu et al 2020). Nayak et al (2015)
found that Cassia fistula having highest APTI value among
different plant species around industrial area and Navsari
Agricultural University campus. Similar finding was done by
Walia et al 2019 recorded high APTI value of Cassia fistula
among the selected roadside tree species growing at NH-22
in Himachal Pradesh. Lower APTI value of Azadirachta
indica, Nerium indicum, and Delonix regia were also line with
the values reported from the trees near cement plant in
Coimbattore (Radhapriya et al 2012) and in Visakhapatnam
industrial areas (Lakshmi et al 2008).
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Table 5. Leaf extract pH of tree species in university campus area and Jhansi city area

Plant species Control Site | Site Il Site I

Dalbergia sissoo 6.49 + 0.03®° 7.18 £0.03" 6.72 +0.02% 6.88 + 0.02%®
Cassia fistula 6.1+ 0.02"° 6.4 +0.20% 6.28 + 0.1 6.32 +0.02"®
Ficus religiosa 6.93 + 0.04° 8.33+0.2* 7.35+0.01° 7.56 +0.04™
Ficus benghalensis 8.03 £ 0.03* 8.12+0.02° 8.37 £ 0.02* 8.24 +0.03*®
Nerium indicum 6.07 £ 0.01° 6.41+0.01%® 6.09 + 0.02° 6.56 + 0.02*
Delonix regia 6.11 £ 0.04%° 6.34 + 0.02°° 6.39 + 0.02" 6.42 + 0.02™
Holoptelia integrifolia 6.98 + 0.03° 7.56 + 0.03* 7.33+0.1" 7.48 £ 0.03*
Pongomia pinnata 6.52 £ 0.02° 7.14 £ 0.01" 6.47 £ 0.02"° 6.83 £0.03%
Azadirachta indica 6.16 + 0.03% 7.25+0.01" 6.4+0.1° 6.73+0.01°

Table 6. Air Pollution Tolerance Index of plant species in
university campus area and Jhansi city area

Plant species Jhansi city University campus
Dalbergia sissoo 7.21+2.18° 6.36+0.08"
Cassia fistula 10.23+1.35° 8.90+0.17°
Ficus religiosa 8.77+0.68° 5.73+1.10°
Ficus benghalensis 8.33x0.14° 5.37+0.55°
Nerium indicum 6.47+0.82° 6.01+0.12°
Delonix regia 6.850.56" 5.98+0.44°
Holoptelia integrifolia 7.850.88" 7.1320.44°
Pongomia pinnata 7.44+0.20° 6.92+0.44°
Azadirachta indica 7.79%1.45° 6.19+0.31°
CD (p=0.05) 1.79 0.77
CONCLUSION

According to the findings of this study, all biochemical,
physiological, biological, and of plant species play an
important role in determining plant sensitivity and tolerance
to air pollution, as measured by their tolerance and
performance index. Air pollution in urban areas of Jhansi city
can be mitigated by developing urban forest or green belts in
the city by choosing air pollution tolerant trees. Present study
revealed that Cassia fistula (10.30), Ficus religiosa (8.77)
and Ficus benghalensis (8.33) would be excellent performers
in Jhansi city area. Planners and developers can therefore
recommend planting of these tolerant plant varieties for
pollution mitigation and greenery enhancement in a Jhansi
urban- industrial area.
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Abstract: The growth, productivity, and genetic variability among 17 open pollinated Melia dubia families was estimated for 5 years in Gujarat,
India. There was significant variation in tree height and DBH growth among families from 1°* till 5" year of evaluation. In 4" and 5"year, GJ09
(local family from Northern most tip of Western Ghats, parts falling in Gujarat) achieved significantly maximum height (11.20 and 13.33 m,
respectively) and DBH (15.26 and 18.00 cm, respectively) compared other families. Overall, at the age of 5 years, family GJ09, attained
highest fresh biomass (30.35 tonne hayear") and volume productivity (29.63 m® ha”year"). The highest GCV, PCV and genetic gain was for
tree volume and biomass. All the growth traits recorded maximum heritability values and varied from 60.20 to 74.73 per cent. Among all growth
parameters, tree biomass resulted in higher broad sense heritability and genetic gain. There was a strong positive genetic and phenotypic
correlation among studied growth traits in M. dubia. Values ofr, (0.835 to 0.939) and r, (0.689 to 0.943) were within the permissible limit for tree
height, DBH and volume. Tree biomass was strongly associated with height, diameter and volume.

Keywords: Melia dubia, Tree growth, Volume, biomass, Productivity, Genetic variability, Heritability, Genetic advance, Paper pulp

The total forest and tree cover of the country is 80.73
million hectare which is 24.56 percent of the geographical
area of the country. Indian forests are having very poor
productivity. Against the global average productivity of 2.1 m’
hectare™ year™, the productivity of Indian Forest is only 0.5 to
0.7 m’hectare” year" (FSI 2017), while TOFs are producing
nearly 3.06 cum per ha per year. Roundwood demand
forecast by 2030 in pulp and paper, furniture, plywood and
other wood-based industries and construction sector is 12.5,
13.34, 57.49 and 14.48 million m® (roundwood equivalent),
respectively. These estimates indicate a jump of nearly 70%
in demand for roundwood in India in the next decade, from 57
million m® in 2020 to 98 million m® in 2030, driven largely by
the construction sector (Kant and Nautiyal, 2021).
Particularly, paper industry in India has an immense
potential. Paper consumption in India is projected to grow by
6-7 % per annum in the next five years so as to reach 30
million tonnes by FY 2026 -27 making it the fastest growing
paper market in the world (Gupta, 2022). In this backdrop,
many efforts have been made to meet wood deficiency by
implementing programmes and schemes like agroforestry,
social forestry, setting up of state Forest Development
Corporations (FDCs) and mission oriented to supply sustain
wood to various wood-based industries. Species like
Eucalypts, Poplars, Acacias, Casuarinas, efc., were
introduced, and to some extent, raw material supply was

assured. Stillinadequate availability of wood for wood-based
industries in India is major constraint (Luna et al 2009, 2011,
Agarwal and Saxena 2017). Although proven species, may
be indigenous or exotic, are relied on vigorously; however,
their multipurpose nature is quite limited (Luna et al 2014.
Lodhiyal 2014, Chaturvedi et al 2016). In recent years
diversified the industries from plywood, paper and pulp,
bioenergy, timber for construction, railway, etc. Hence, there
is very need to look for species which could be utilized for
most of the industries at various stages of development.
Melia dubia Cav., an important multipurpose tree,
indigenous to Western Ghats region of India, and is common
in moist deciduous forests of the Indian. It is also found in
Bangladesh, Myanmar, Thailand, Mexico, Sri Lanka,
Malaysia, Java, China, America, Philippines and Australia
(Mohanty et al 2019). It is short rotation species having
multiple uses like very good raw material for ply and pulp
wood, plywood industries, high-quality timber for various
purposes (Kumar et al 2017, Parthiban et al 2019, Sinha et al
2019) and many other uses like drupe pulp as animal feed
(Sukhadiya et al 2019, 2020). It is also considered as an
excellent agroforestry species (Jilariya etal 2017, Mohanty et
al 2019, Thakur etal 2019, 2020, Prajapati et al 2020) without
any allelopathic effect (Kumar et al 2017, Thakur et al 2017,
Parmar et al 2020). However, attempts to test progenies of
this valuable species are still in infancy stage to develop high
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yielding varieties/clones in various parts of the country which
are limited to North (Kumar et al 2017) and South India
(Parthiban et al 2019). Selection of superior genotypes
based on higher values in terms of growth and productivity
are generally practiced for large scale multiplication and
plantation programme. Therefore, for the first time, we
evaluated performance of some open pollinated progenies of
M. dubia in the Western Indian state Gujarat. The present
paper presents the performance of progenies in terms
growth, biomass and volume productivity at the age of 5
years as it can be harvested within 4 to 5 years for paper-pulp
and for plywood if it has attained minimum diameter (log mid
diameter) of 10 cm (Sinha etal 2019, Deepika etal 2019).

MATERIAL AND METHODS
Edapho-climatic conditions of site: The investigation was
carried out at the College of Forestry, Navsari Agricultural
University, Navsari (20.95°N latitude, 75.90°E longitude with
an altitude of 10 m amsl), Gujarat, India, during 2014-2019.
Climate of area is characterized humid and warm with
monsoon rainfall of around 1500 mm (June-September),
moderately cold in winter (November-February) and fairly hot
and humid in summer (March-May). Soils of experimental
site is deep black originated from old alluvium of basaltic
material, taxonomically placed under the group of
Ustochrepts, sub group of verti Ustochrepts, sub order of
orchrepts and order of inceptisols, characterized by clay,
deep, moderately drained with good water holding capacity.
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The soil cracks heavily on drying and expands on wetting and
predominant clay mineral found to be montmorillonite. Soil
pH and average available nitrogen, phosphorus, potassium,
and organic carbon of experimental site was 225.79 kg ha”,
32.81 kg ha”, 310.34 kg ha”, 7.67 and 0.87%, respectively.
The average minimum and maximum temperature from 2014
to 2019 was 20.0 and 32.0°C, respectively and average
relative humidity and rainfall was 85% and 1570 mm,
respectively.

Experimental details: Experiment was conducted in
randomized block design with 17 open pollinated Melia dubia
families as treatments with three replication (three individuals
in each replication). The seeds of 16 families were supplied
by Division of Genetics and Tree Improvement, Forest
Research Institute Dehradun, Uttarakhand, India and family
named GJ09 was local source (collected from Northern most
tip of Western Ghats), which were collected from South
Gujarat, India (Table 1). Planting was carried out in January,
2014 at 3x3 m spacing with boundary row to avoid edge
effect. Normal tree management practices were followed to
maintain experimental trial. No additional fertilizer (organic or
inorganic) was applied throughout the period and trees were
allowed to natural pruning after 2™ year onwards.

The tree height and diameter at breast height (DBH; at
1.37 cm above ground) from 2015 to 2019 (1°to 5" years of
age) were recorded periodically following standard methods
of each family. Standing tree fresh biomass and over bark
volume was calculated following regression equations

Table 1. Geographical location of M. dubia families tested in the present study

Family No.  Area/Location Latitude (N) Longitude (E) Elevation (ft.)
24 Central Nursery, Forest Research Institute, Dehradun, Uttarakhand, India 30°20'43.3" 78°00'44.2" 2116
28 Central Nursery, Forest Research Institute, Dehradun, Uttarakhand, India 30°20'43.3" 78°00'43.6" 2175
32 Central Nursery, FRI, Dehradun, Uttarakhand, India 30°20'43.6" 78°00'43.7" 2175
69 ForestArea, Dehradun, Uttarakhand, India 30°20'44.6" 78°00'42.1" 2185
75 Central Nursery, Forest Research Institute, Dehradun, Uttarakhand, India 30°20'44.7" 78°00'42.3" 2201
114 ForestArea, Dehradun, Uttarakhand, India 30°20'55.9" 77°59'44.8" 2165
159 Chemistry Division, Forest Research Institute, Dehradun, Uttarakhand, India 30°20'40.1" 78°00'11.6" 2286
195 ForestArea, Dehradun, Uttarakhand, India 30°20'57.3" 77°59'40.2" 2125
233 ForestArea, Dehradun, Uttarakhand, India 30°20'25.4" 78°00'16.9" 2152
263 ForestArea, Dehradun, Uttarakhand, India 30°'20'00.70" 78°00'22.9" 2952
259 ForestArea, Dehradun, Uttarakhand, India 30°'20'31.4" 77°59'33.9" 2180
260 ForestArea, Dehradun, Uttarakhand, India 30°'20'59.4" 77°59'53.6" 2194
261 ForestArea, Dehradun, Uttarakhand, India 31°'32'19.4"  75°53'22.7" 2020
262 ForestArea, Dehradun, Uttarakhand, India 30°'20'00.64" 78°00'22.9" 2134
64 Central Nursery, Forest Research Institute, Dehradun, Uttarakhand, India 30°'24'44.7" 78°00'43.1" 2185
270 ForestArea, Dehradun, Uttarakhand, India 30°'20'04.80" 78°00'29.05" 2270
GJ 09 Nanapodha, Gujarat, India 20°26.075 73" 08.975' 207
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B=0.0299(HD?) +7.48 and V=0.003 + 0.00003(HD?),
respectively (Thakur et al 2021), Where, B =total tree fresh
biomass, V=Log volume (Over bark), H=height (m) of the tree
and D= DBH (cm). Finally, fresh biomass productivity
potential at 5 years age was worked out.
Variability studies: The biometrical analysis was carried out
according to the estimation of genotypic and phenotypic
coefficients of variation following the method used by Burton
and Devane (1953).
Genotypic Variance (GV): 6°g = (6°g- o°e)/r

r=the number of replications
Phenotypic Variance (PV): o°p = (6°g-c’€e)
Phenotypic coefficient of variance (PCV): PCV (%) =
\o’p/u x 100

Where, o’p = Phenotypic variance, u = population mean
ofthe character
Genotypic coefficient of variability (GCV): GCV (%) =
\o’g/u x 100

Where, 0°g = Genotypic variance, 4 = population mean of
the character
Heritability: Heritability in broad sense was calculated
according to Lushin 1949.
h*=(a"g/ o’p)
Genetic advance: Genetic advance is calculated according
to Johnson etal (1955).

Genetic Advance (GA) = h*xVo’pxK

K is the selection differential at selection intensity (K=
2.06).
Statistical analysis: The data generated were subjected to
the statistical analysis following Duncan's multiple range test
(DMRT) was used to compare the sets of means of each
treatment following Sheoran et al (1998).

RESULTS AND DISCUSSION
Height (m) and DBH (diameter at breast height, cm)
growth: There was a significant variation in height and DBH
growth among studied families from 1% year till 5" year of
observation (Table 2). Family 259 attained maximum height
from 1% to 3" year (5.83, 7.90 and9.27 m, respectively). In
1%year, family 75 and in 2™ and 3" year, family 75 and GJ09
were statistically at par with family 259. In 4" year, family 260
out crossed for height (11.37m) which was at par with GJ09.
However, in 5" year, GJ09 achieved significantly maximum
height (13.33 m) which was at par with family 260 with height
growth of 12.46 m. Family 270 put minimum growth
throughout the study period. Results indicated that family 259
attained significantly maximum DBH during 1¥ to 3" year
(6.26, 11.46 and 13.59 m, respectively). However, at 4" and
5" year, family GJ09 excelled with higher DBH of 15.26 and
18.00 cm, respectively than other families. Family 233

Table 2. Variation in growth of M. dubia families at different age gradations in Gujarat, India

Family Tree height (m) DBH (cm)
Age (Years)
1 2 3 4 5 1 2 3 4 5

24 4.73 6.97" 8.57% 9.08” 9.93% 4.99° 9.71” 11.35™ 12.23%" 13.91°*
28 4.12% 6.19™ 7.30% 8.55%° 9.92¢ 3.29°%" 7.54* 9.74%° 11.27°" 12.53*
32 2.88% 5.48°" 6.81 7.72% 8.20°° 2.71%" 7.06% 9.02°¢ 10.07*" 12.63*
69 3.77° 5.10°" 6.85° 8.88™ 10.07% 3.46° 6.53 10.46™ 11.37°" 12.00”
75 5.54* 6.33"* 8.60" 9.83° 11.82* 4.99° 9.50° 12.00° 13.15%  15.71*°
114 2.44° 5.01" 6.83 9.40” 9.97% 2.59°" 6.37°° 12.31% 14.08 15.56™°
159 3.95% 4.60%" 6.42 7.32° 8.63* 3.50* 7.18% 10.67" 11.49°" 15.39%
195 4.33° 7.60" 8.27* 9.80° 10.35% 5.09° 10.40* 12.21%° 13.82* 15.08"
233 2.37° 4.68"" 5.57°¢ 8.80" 9.58™* 2.07 5.89"° 8.00% 10.32%" 13.69°°
263 4.68" 5.93%® 6.96° 8.02* 8.53* 3.80"° 8.13° 10.86°°  12.44"° 13.80°°
259 5.83° 7.90° 9.27° 9.50” 10.27* 6.26° 11.46° 13.59° 14.35™ 16.14™°
260 4.53 7.43* 8.48" 11.37° 12.46° 4.46° 11.04* 13.19° 14.84* 16.90*
261 3.30* 5.13°" 5.50° 6.40% 7.17° 3.18°" 7.22% 8.92° 9.82" 12.74%*
262 1.93° 414" 5.53%¢ 9.27" 9.62*° 223 5.41° 9.34%¢ 11.68°" 12.04°
64 2.10° 5.77°° 5.80°° 9.03* 10.47" 2.34" 6.80* 9.55*" 11.79%" 13.80°°
270 1.88° 3.67 4.92° 6.18" 6.80° 2.41% 5.25° 6.71" 8.06' 9.64'
GJ 09 4.03" 7.33" 8.40% 11.20° 13.33° 4.62" 10.83"" 13.27° 15.26° 18.00”

Means with different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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attained minimum DBH in 1% year, however, from 2" till 5"
year family 270 attained minimum DBH (Table 2).

Fresh biomass (kg tree” or tonne™) and over bark volume
(m® tree” and m® ha™): Study expressed that, fresh biomass
per tree and per hectare differed significantly among the 17
open pollinated families (Table 3). Per tree and per hectare
biomass, from 1° to 3" year, was maximum (14.36, 38.57 and
58.73 kg tree”, and 15.96, 42.86 and 65.25 tonne ha’,
respectively) among individuals of family 259. However, at 4"
and 5" year, individuals of family GJ09put up maximum
individual tree fresh biomass (85.48 and 136.60 kg tree”,
respectively) and per hectare as well (94.97 and 151.76
tonne ha”, respectively). Similarly, per tree and per hectare
over bark volume varied significantly among the tested

9.49gh

11.14gh
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families (Table 4). From 1% to 3" year, individual tree volume
(0.011, 0.035, and 0.055 m® tree”, respectively) as well on
hectare basis (11.89, 38.88 and 61.35 m® ha”, respectively)
was recorded among individuals of family 259. Whereas, in
4" and 5" year, individuals of family GJ09 achieved maximum
over bark volume at individual tree level (0.082 and 0.134 m®
tree”, respectively) and per hectare basis (91.17 and 148.15
m*ha”, respectively).

Fresh biomass (tonne ha” year”) and over bark volume
(m® ha" year’) productivity: There was a significant
variation in productivity potential in terms of fresh biomass
(tonne ha” year™; Fig. 1) and volume (m® ha” vear™; Fig. 3) of
M. dubia open pollinated families estimated during 5 years
growth period. Since, over 5 years period, family GJ0O9 put
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Fig. 1. Variation in biomass (tonne ha'year") productivity potential of M.
dubia families at the age of 5 years (means with different superscript
letter in the same bar indicate significant difference (p<0.05)
according to Duncan's Multiple Range Test)
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the same bar indicate significant difference (p<0.05) according to

Duncan's Multiple Range Test)
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Table 3. Variation in fresh biomass production (kg tree” and tonne ha™) of M. dubia families at different age gradations in
Gujarat, India

Family Fresh biomass (kg tree™) Fresh biomass (tonne ha™)

Age (Years)

1 2 3 4 5 1 2 3 4 5

24 11.01° 27.20% 40.43™ 48.25"* 65.15%" 12.23" 30.22% 44.92* 53.61"* 72.38%"
28 8.94% 18.14° 28.40™ 39.97%" 53.72°" 9.94%" 20.15° 31.55% 44.41%° 59.69°"
32 8.12° 16.15" 24.93% 31.70°° 46.92 9.02"° 17.95" 27.70°° 35.21°° 52.13%
69 8.85% 14.16" 29.88™ 42.29° 51.50%" 9.83 15.7 33.19* 46.98% 57.21%
75 11.81° 26.09% 45.19” 59.38"* 97.17% 13.12° 28.99 50.20% 65.97" 107.95™
114 7.97° 13.57 39.44% 67.09% 82.48*° 8.85° 15.08 43.81¢ 74.54% 91.63**
159 8.99% 14.80" 29.48™ 36.34°° 69.50% 9.99%"¢ 16.44° 32.75™ 40.37°° 77.22%°0
195 11.57" 32.82*° 45.09” 64.65™° 80.32% 12.86™ 36.46° 50.10% 71.83"° 89.24%
233 7.79° 12.42° 18.13"° 35.67°° 63.29%" 8.65° 13.80 20.14° 39.63° 70.3%%

263 9.51°® 19.27* 32.22% 4474 56.14°° 10.57°*° 21.41% 35.80* 49.70°' 62.37°°
259 14.36° 38.57° 58.73° 66.14% 87.89™ 15.96° 42.86° 65.25° 73.48% 97.65™
260 10.26™* 34.65° 51.76" 82.67° 113.95" 11.40% 38.49° 57.50% 91.84° 126.59®
261 8.54°" 15.71 21.47°%° 27.03° 42.74% 9.49°° 17.46" 23.85% 30.03"° 47.48"

262 7.79° 11.11° 22.73% 46.40° 50.14% 8.65° 12.34' 25.25% 51.54> 55.71%"

64 7.83° 15.54 23.31% 45.23° 66.79"" 8.70° 17.26" 25.90° 50.25 74.20%°
270 7.81° 10.53' 14.07° 19.55° 26.39" 8.67° 11.70' 15.64° 21.72° 29.32"

GJ 09 10.09°* 33.22* 51.86" 85.48° 136.60° 11.21% 36.91% 57.62" 94.97° 151.76°

Means with different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test

Table 4. Variation in volume production (m® tree” and m® ha™) of M. dubia families at different age gradations in Gujarat, India
Family Volume (m® tree™) Volume (m® ha™)

Age (Years)

1 2 3 4 5 1 2 3 4 5
24 0.007> 0.024" 0.037°¢  0.045°*"  0.062"" 8.16" 26.21% 40.95" 49.67°  68.51""
28 0.005*" 0.014" 0.025™ 0.036°° 0.050°" 5.86™" 16.11° 27.54* 40.44*" 55.77°"
32 0.004" 0.013* 0.021°¢ 0.028"° 0.043" 4.94° 13.89" 23.67°° 31.21°° 48.19"
69 0.005°° 0.011°® 0.027* 0.039° 0.048%" 5.75% 11.67% 29.18* 43.02* 53.29"
75 0.008" 0.022% 0.041" 0.056°* 0.094” 9.05° 24.97% 46.25% 62.08™ 104.19>
114 0.004° 0.010°° 0.036% 0.064* 0.079%* 4.77° 11.01% 39.84~ 70.67% 87.82°°
159 0.005*" 0.011°% 0.026™ 0.033"° 0.066%*" 5.91%¢ 12.38" 28.74* 36.39°° 73.36%°
195 0.008> 0.029" 0.041" 0.061  0.077° 8.79” 3247 46.15% 67.95™ 85.42%
233 0.004° 0.009°° 0.014" 0.032° 0.060*" 4.57° 9.73" 16.09° 35.65° 66.43""
263 0.006>" 0.016® 0.029% 0.041* 0.053° 6.49°° 17.36% 31.81% 4575 58.46°
259 0.011° 0.035° 0.055° 0.063° 0.085> 11.89° 38.88° 61.35° 69.61% 93.86™
260 0.007°* 0.031° 0.048* 0.079° 0.111* 7.32%% 34.51° 53.58* 88.03° 122.90"
261 0.005°° 0.012 0.018 0.024" 0.039" 5.40°° 13.40° 19.81° 26.02"° 43.52"
262 0.004° 0.024"° 0.019° 0.043>* 0.047" 4.56° 8.27" 21.21°¢ 47.60°* 51.78"
64 0.004° 0.014°° 0.020°° 0.042% 0.063*" 4.61° 13.20° 21.87°° 46.30°"  70.33""
270 0.004° 0.013° 0.010° 0.016° 0.023" 4.58° 7.62' 11.58° 17.68° 25.30"
GJ 09 0.006™*' 0.011* 0.049" 0.082° 0.134° 7.3 32.92" 53.70® 91.17° 148.15°

Means with different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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up maximum growth, volume and biomass production;
hence, showed highest fresh biomass (30.35 tonne ha™ year
") and volume (29.63m* ha™ year”) productivity potential,
which was followed by family 260 (fresh biomass 25.32 tonne
ha' year' and over bark volume 24.58 m® ha' year”).
However, family 270 showed minimum productivity potential.
Growth and development of tree species is primarily
controlled by several factors such as growth, climatic and
edaphic conditions, age and genetic constituent (Khanna,
2015). The study indicated that amongst evaluated open
pollinated families, family 259 from 1% year to 3" year had
significantly higher values for tree height and DBH. Finally, at
4" and 5" year, GJO9 gained significantly higher DBH and
maximum height at 5" year. Hence, the fresh biomass and
over bark volume and productivity potential was highest
among the evaluated families in the study. In Northern Indian
states of Punjab, Haryana and Uttarakhand, at 3x3 m
spacing (atthe age of 7 years), M. dubia families attained tree
height of 9.67 to 16.19 m and DBH of 17.20 to 25.73 cm,
individual tree stem under bark volume of 0.104 to 0.255 m°
and productivity of 23.19 to 55.83 m*ha’year"(Kumar et al
2017). The growth and productivity evaluated at the age of 5
years of same families by these workers is higher as
compared to that achieved in 7 years. However, family GJ09
out crossed the same family in our study as well as
productivity achieved in Punjab, Haryana and Uttarakhand.
The variation in growth and productivity of tree species varies
from location to location due to edapho-climatic attributes
and genetic worth of material (Lodhiyal et al 2002). The better
growth and productivity of GJ09 is also attributed to the fact it
is local source and well adapted to local edapho-climatic
conditions.

The clonal eucalyptus grown in Punjab, India, at 5 years
of age (1250 trees/ha) attained height of 19.59 m, DBH of
13.40 cm, individual tree volume of 0.135 m*tree™ and volume
of 168.50 m*ha™. Similarly, Luna et al (2009) also reported
that eucalyptus clones (12 clones), in 3 years (1666 trees ha’
"), acquired height of 10.29-13.97 m, DBH of 7.87-9.82 cm,
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volume of 0.027-0.052 m® tree”’, and volume of 44.25-86.41
m°ha”. Poplar clones (12 clones) evaluated in Punjab (India)
by Luna et al. (2011), at 3 years of age with at 5x4 m spacing,
gained the height of 13.50-14.42 m, DBH of 11.58-14.74 cm,
individual tree volume of 0.0653-0.1040 m’tree”. The above
ground biomass for Eucalyptus at the age of 5 years (2500
tree ha') was estimated to be 52.93 tonne ha" (Lodhiyal,
2014). Thus, the productivity potential of most of the M. dubia
families investigated in our study is higher as compared to
some of above mentioned industrially important tree species
which, infact, are improved clones.

Tree height and DBH are very important characteristics
which indicates the vertical growth and development, and
also contributes overall volume and biomass production of
the tree (Beck 2010). Height is a good indicator of the
adaptability of trees to various growing environmental
condition (Kundu 2000). Tree height is one of the important
criteria while selection of trees for large scale multiplication
(Zobel and Talbert 1984). DBH mainly depends on cambial
growth (Spicer and Groove 2010). Selection of superior
genotypes based on their higher values in terms of growth,
and productivity potential are generally practiced for large
scale multiplication and plantation programme. Hence,
based on the significant superior growth and productivity of
GJ09 can be propagated and further tested for commercial
cultivation to achieve higher productivity.

Variability studies: Genotypic variance (o°g), Phenotypic
variance (a°p), Genotypic coefficient of variability (GCV),
Phenotypic coefficient of variability (PCV), Heritability (bs) and
Genetic advance for growth traits are given in Table 5. In the
study, PCV was slightly higher than GCV for height, DBH,
volume and biomass. The maximum highest GCV, PCV and
genetic gain was recorded by tree volume and biomass than
tree height and DBH (Table 6). All the growth traits recorded
maximum heritability values and it varied from 60.20 to 74.73
per cent. Such higher heritability values for height, basal
diameter and volume index was also recorded in M. dubia
clones at initial age of growth at field condition (Sathya and

Table 5. Estimates of variance and genetic parameters for growth traits in M. dubia

Growth parameter Height DBH Volume Biomass
o’g 2.60 3.58 0.005 1003.50
ao’p 3.48 5.95 0.007 1462.75
GCV (%) 16.41 13.43 41.01 41.01
PCV (%) 18.98 17.31 49.51 49.51
Heritability (%) 74.73 60.20 68.60 68.60
Genetic advance 2.87 3.03 0.12 54.05
Genetic gain (%) 29.22 21.47 69.97 69.97

N=51 (17 families x 3 replications); DBH, Diameter at Breast Height
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Table 6. Phenotypic (above diagonal) and genotypic (below diagonal) correlation among growth traits in M. dubia

Growth parameter Tree height DBH Tree volume Tree biomass
Tree height - 0.689" 0.851" 0.851"
DBH 0.835" - 0.943" 0.943"
Tree volume 0.939" 0.946" - 1.000"
Tree biomass 0.939" 0.946" 1.000" -

**P <0.01; DBH, Diameter at Breast Height

Parthiban 2018). In case of Eucalyptus clones of 10 years old,
the heritability values for height, DBH and volume ranged
between 26 to 52 per cent (Behera et al 2017). Therefore, in
the study, among all growth parameters, tree biomass resulted
in higher broad sense heritability and genetic gain. Hence, this
trait may be used while selection best genotypes in M. dubia.

Phenotypic (r,) and genotypic (r,) correlation coefficient
are worked out to understand the relationship between tree
height, DBH with volume and biomass in Melia dubia (Table
6). There was a strong positive genetic and phenotypic
correlation among studied growth traits in M. dubia. Values of
r, (0.835 to 0.939) and r, (0.689 to 0.943) were within the
permissible limit for tree height, DBH and volume. The tree
biomass was strongly associated with height, diameter and
volume. Therefore, maximum tree biomass can be obtained
by trees with more height and diameter. Hence, this trait may
be considered for selection of genotypes to achieve higher
productive potential in M. dubia. Such positive relationship
among growth traits was also recorded in M. dubia (Chauhan
and Kumar, 2014), M. azedarach (Meena et al 2014) and
Leucaena (Sangram and Keerthika 2013).

CONCLUSION

There was significant variation in height and DBH growth
among families from 1% year till 5" year of observation. In 4"
and 5" year, GJ09 resulted in significantly maximum height,
DBH, fresh biomass and over bark volume (kg tree” as well
as ha') than other families. Thus, family GJO9 put up
maximum growth, volume and biomass production; hence, it
showed highest fresh biomass and volume productivity
potential at age of 5 years. Genetic variability study indicated
that PCV was slightly higher than GCV for height, DBH,
volume and biomass. Interestingly highest GCV, PCV and
genetic gain was recorded by tree volume and biomass than
tree height and DBH. All the growth traits recorded maximum
heritability values. Therefore among all growth parameters,
tree biomass resulted in higher broad sense heritability and
genetic gain. Hence, this trait may be used while selection
best genotypesin M. dubia.
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Abstract: Uttar Kannada and Shivamogga districts are situated in the Central Western Ghats of Karnataka and unique in nature by having rich
diversity of Non Timber Forest Products (NTFPs) plant species. This paper deals with the population structure, composition and diversity
status of NTFP species and these were studied in three altitudinal zones viz., coastal zone (0-250 MSL), midghat zone (251-500 MSL) and
plane zone (501-750). Population structure was worked out based on density of seedlings, saplings and adults. Sixty quadrats were laid for the
floristic assessment. The vegetation of NTFP composition considered 205 species belonging to 49 families. Importance value index (IVI)
recorded highest for Knema attenuata (35.49) followed by Aporosa lindliyana and Hopea ponga at coastal zone. At midghat zone the 1VI
recorded highest for Hope aponga (90.16) followed by Knema attenuata and Garcinia gummigutta and at plane zone the IVI of Caryo taurens
was be most dominant (23.70) followed by Aporosa lindliyana and Syzygium cumini. The coastal zone was very rich in species richness as
compared to rest of the altitudinal zones. The richness ranged between 64 (plane zone) to 74 (coastal zone). The diversity of NTFP species
highest (3.62) in the Coastal zone followed by midghat zone (2.98) and the lowest was in the plane zone (2.95). The total tree density was
highest in the coastal zone (616.25ha") while, plane zone recorded the least (608.75 ha™"). But basal cover was maximum at midghat zone
(1485.77 m’ ha) and minimum for plane zone (502.19 m” ha"). The study suggested that structure, diversity and species richness are

regulated by physiographic and climatic factors along the gradient.

Keywords: Population structure, Altitudinal gradation, Plant diversity, NTFPs

The forests are characterized by high species richness,
biomass and productivity. The nature of forest communities
depends on the ecological characteristics in sites, species
diversity and regeneration of species (Rahman et al 2011).
The Southern peninsular region of India along its Western
coastline has a long ridge of mountain ranges called Western
Ghats. These mountain ranges in the state of Karnataka
stretch from Dandeli in the north to Mangalore in the south,
and from the edge of the western coastline they go as far as
Coorg and Madikeri. Western Ghats of India is one of the
biodiversity hotspots of the world. They are well known for
their rich and unique assemblage of flora and fauna. It has
dense and valuable forests and based on various field based
analysis of vegetation communities, there are basic forest
types found in Western Ghats: evergreen, semi-evergreen,
dry deciduous and moist deciduous (Bhat et al 2000). It has
records of over 7,402 species of flowering plants, 1,814
species of non-flowering plants are known from the Western
Ghats (Nayar et al 2014). Altitude is one of the most important
determinants of structure of the vegetation due to its direct
influence on the microclimate of the habitat (Adhikari et al
2012). The duration of dry months and altitudinal variations
controlled the structure of the vegetation in the Western

Ghats. Altitude in terms of elevation above sea level plays a
vital role in the health and growth development of vegetation.
As it affects the quality and quantity of sunlight that plants
receive, the amount of water that plants can absorb and the
nutrients that are available in the soil. As a result, certain
plants grow very well in high elevations, whereas others can
only grow in middle or lower elevations. Even the slightest
change in altitude causes great differences in the growth and
development of vegetation in the area.

Population structure of tree species reflects its ecological
and biological characteristics (Da et al 2004) and is
expressed as a direct impact on the community structure
which in turn indicated the development trend of the
community (Xia et al 2004). The most commonly used size
variable in the analysis of population structure, height class
distribution for seedlings and saplings is diameter/girth at
breast height (DBH/GBH) which is also used for the study of
population structure of tree species (Bharali et al 2012). The
inclusion of seedlings and saplings would provide better
information about the status of the species at early stage of
regeneration. Non-Timber Forest Products (NTFPs) are
source of subsistence, employment and income for of people
living in and around the forests and also provide food and
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livelihood security particularly during droughts and famines.
In recent years, human developmental activities have posed
increasing threats to biological diversity of forest zones all
over the world. Forests are subjected to a variety of
disturbances during extraction of NTFP and this exploitation
impact on forest community varies with the intensity and
mode of extraction (Ticktin 2004). The collection of larger
quantities, for commercial or any other purpose, can lead to
over-exploitation, decreased local abundance, and
extinction of some species that provide highly desired
products (Dao and Holscher 2018). Collection of few fruits
and harvesting of leaves may have negligible impact on plant
population being exploited but intensive exploitation of
seeds, flowers and fruits may lead to reduced species
richness of community.

MATERIAL AND METHODS

The study was carried out along altitudinal gradation from
the coast (Kumta taluk Uttar Kannada District) through mid
ghat of Siddapur in Uttar Kannada to plains (Soraba taluk,
Shivamogga District). The study site falls (14°23' N to
14°23'38"N and 74°48'E to 74'38"E) under the administrative
jurisdiction of Canara Forest Circle, represented by Siddapur
Forest Range in the Sirsi territorial Forest Division, Kumta
and Gersoppa forest ranges in the Honnavara territorial
Forest Division and Shivamogga Forest Circle, represented
by Soraba Forest Range in the Sagar territorial Forest
Division. The altitude varies from 0 to 750 m above sea level.
In the present study, the data was collected by following
systematic survey in the entire study area. Thus before
commencing the field assessment work, the grid cells of 5
km?’ were laid on the map of reserve area using GIS tools. In
each of these grids, phytosociological studies, different
demographic parameters (tree density, regeneration etc.)
and mainly the abundance data of the NTFP species were
collected by laying quadrats. The study area was divided into
three vegetation strata that occurred between 0-250 m, 251-
500 m, and 501-750 m. Survey was undertaken and
vegetation in relation to altitudinal gradient was demarcated.
Quadrate sample plot method was adopted for analyzing
vegetation composition of all types. Total of 60 sample plots
were laid out to gather information on the density, population
structure and regeneration of species. Vegetation was
studied through sampling within three Ecological Zones
(Coastal, Mid ghat, Plane). In each altitudinal zones a total of
twenty quadrates of size 20 x 20 m were laid systematically at
different localities. For assessing the tree diversity layer,
quadrates of size 20 x 20 m were laid and at each sample
point, all the trees = 30 cm (gbh) within the quadrates were
identified and measured. Importance value index (IVI) of
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each species was calculated by summing relative frequency,
relative density and basal area as per Curtis (1959). Diversity
indices were calculated as per Ludwig and Reynolds (1988).

RESULTS AND DISCUSSION

Composition and structure: Vegetation was studied
through sampling within three ecological zones. Selected top
ten species and last five species in the entire three zones.
The coastal zone exhibited a luxuriant growth. This zone is
very rich in species diversity with as many as 74 woody
species. Among all the species, Knema attenuata was most
frequent species exhibiting higher frequency of 65 per cent
followed by Aporosa lindliyana, Hopea ponga and Myristica
malabarica. Knema attenuata superior (67.50 trees/ha)
followed by Aporosal indliyana and Hopea ponga. The
highest basal area was for Knema attenuata (93.25 m* ha™)
followed by Hopea ponga and Aporosa lindliyana.
Importance value index highest for Knema attenuata (35.49)
followed by Aporosa lindliyana (27.37) Hopea ponga at
Coastal zone (Table 1). The species frequency among
various species ranged between 5 to 75 per cent. Knema
attenuata was most frequent species (75%) followed by
Hopea ponga, Garcinia gummigutta and Aglaiae laegnoida.
The basal area was , highest for Hopea ponga(890.17 m? ha’
") followed by Garcinia gummigutta and Knema attenuata .
The importance value index highest for Hopea ponga (90.16)
followed by K. attenuata and Garcinia gummigutta (Table 2).

The frequency among various species ranged between 5
to 70 per cent. Caryota urens most frequent species (70%)
followed by Aporosa lindliyana, Mangifera indica and Ixora
brachiata. Aporosa lindliyana was superior with highest
number of trees (41.25 trees ha") followed by Terminalia
paniculata and Caryota urens. Syzygium cumini possess
highest basal cover followed by Caryota urens and Aporosa
lindliyana. In terms of importance value index Caryota urens
was most dominant (23.70) followed by A. lindliyana and
Syzygium cumini (Table 3).The stand density exhibited wide
range of variations among communities of various altitudinal
zones of the study area. The total tree density was highest in
the coastal zone (616.25 trees/ha) while, Plane altitudinal
zone (501-500 m MSL) recorded the least (585 trees/ha). But
basal cover was maximum at midghat zone (1485.77 m’/ha)
and minimum at plane altitudinal zone (502.19 m?ha) (Table
4). This may be the due to basal area contribution is very
dependenton the presence of large individual trees within the
sample areas. Similarly these results are in line with Inamati
et al (2005) who recorded that basal cover and species
richness was highest in fourth altitudinal zone (401-500 m
MSL).

The composition of three altitudinal zones was carried out
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in the entire area and composed of 49 taxonomic families
represented by 205 species across all three altitudinal zones
located between 0 to 750 m MSL (Table 5). Among the
altitudinal zones, the vegetation of the coastal zone (0-250 m
MSL) was richest in floristic and family composition (144 and
42 species) followed by midghat zone (251-500 m MSL)
representing 117 and 39 species, and the least (103 and 36
species) was recorded by the plane zone (501-750 m MSL).
The variation in quantitative parameters of forest
composition among all the studied altitudinal zones may be

due to difference in climatic, physiographic and edaphic
factors as supported by Sharma et al., (2017). Malik and
Bhatt (2016) also reported a total of 44 tree species of 36
genera and 25 families were recorded from the Western
Himalaya.

Species richness and diversity parameters gradient (O -
150 m MSL) is depicted in Table 2. The species richness
ranged between 64 (Plane zone). The various diversity
indices calculated for NTFP tree species along the altitudinal
ne) to 74 (Coastal zone). The plane zone is poor in species

Table 1. Tree layer structure of NTFP species at Coastal zone (0-250 m)

Rank Species Density/ha Frequency % BA/ha (m?) VI

1 Knema attenuate 67.50 65 93.25 35.49
2 Aporosa lindliyana 60.00 50 65.41 27.37
3 Hopea ponga 43.75 50 78.34 27.28
4 Myristica malabarica 26.25 50 29.36 14.78
5 Syzygium caryophyllatum 35.00 10 28.91 12.33
6 Garcinia indica 30.00 35 17.90 11.71
7 Mammea suriga 25.00 10 28.32 10.59
8 Caryota urens 17.50 35 17.28 9.56
9 Cinnamomum verum 16.25 40 15.02 9.39
10 Terminalia paniculata 16.25 25 19.89 8.93
70 Symplocos racemosus 1.25 5 0.01 0.68
71 Ficus racemosa 1.25 5 0.01 0.68
72 Bridelia retusa 1.25 5 0.01 0.68
73 Embelia ribes 1.25 5 0.01 0.68
74 Albizia chinensis 1.25 5 0.01 0.68
Table 2.Tree layer structure of NTFP species at Midghat zone (251-500 m)

Rank Species Density/ha Frequency % BA/ha (m?) VI

1 Hopea ponga 151.25 70 890.17 92.33
2 Knema attenuata 85 75 180.41 34.21
3 Garcinia gummigutta 61.25 65 197.22 30.36
4 Garcinia morella 48.75 55 39.49 16.61
5 Aglaiaela egnoida 28.75 65 45.44 14.81
6 Dipterocapus indicus 13.75 15 59.60 7.89

7 Ixora brachiata 12.5 45 3.14 713

8 Reinwardtiodendron anamalaiencse 20 25 11.76 6.78

9 Myristica dactyloides 11.25 20 6.36 4.44

10 Persea macrantha 7.5 25 5.38 4.30

61 Arenga wightii 1.25 5 0.02 0.75

62 Calophyllum inophyllum 1.25 5 0.01 0.75

63 Mallotus philippinsis 1.25 5 0.01 0.75

64 Ventilago maderaspatana 1.25 5 0.01 0.75

65 Calycopteris floribunda 1.25 5 0.01 0.75




Population Structure, Composition and Diversity of Non Timber Forest Product Species

richness as compared to rest of the altitudinal zones.
However, the tree species diversity is higher in coastal zone
as compared to other zones. The value of tree species
richness in the present study may be attributed to
anthropogenic pressures such as extraction of minor forest
produce (fruits, seeds, leaves etc.) and cattle grazing. The
species diversity of NTFP species highest (3.62) in the
coastal zone followed by midghat altitudinal zone and the
lowest in the plane zone (2.95) (Table 6). The dominance of
tree species was more in coastal altitudinal zone as
compared to all other altitudinal ranges. The dominance was
inversely proportional to species diversity in all the three
altitudinal zones (Fig. 1). Conversely, Simpson's dominance
index and the number of species exploited were highest for
Plane zone, signifying the predominance of fewer NTFP
species at this site. It is hypothesized that the NTFP spectrum
reflects the floristic richness of a locality, which in turn, is
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considerable anthropogenic influence. Presumably,
locations such as plane zone where a higher number of
species were extracted may suffer far greater disturbances
than other zones; particularly coastal zone Thus, floristic
richness of a forest may be strongly impacted by the
magnitude of NTFP extraction. Less disturbed zone showed
higher species richness and density than more disturbed
(Egbe and Tsamoh, 2018). The present study, therefore,
suggests that NTFP extraction, as other forms of human
induced disturbances, is related to decline in species
richness and a greater magnitude of such disturbances,
leads to a greater potential for species loss. This study was
devoted primarily to NTFP diversity as measured by species

Table 5. Species composition of NTFP species
Altitudinal gradation Values of floristic ~ Values of family

composition composition
dependent on the magnitude of disturbance that a site
experiences. Although strong association between the local Coastal zone (0-250) 144 42
environment and plant community composition have been Midghat zone (251-500) 7 39
reported (Muraleedharan et al 2005) in areas subjected to Plane zone (501-750) 103 36
Table 3. Tree layer Structure of NTFP species at Plane zone (501-750 m)
Rank Species Density/ha Frequency % BA/ha (m?) VI
1 Caryota urens 38.75 70.00 56.57 23.70
2 Aporosa lindliyana 41.25 60.00 50.24 22.03
3 Syzygium cumini 26.25 40.00 59.51 19.66
4 Terminalia paniculata 40.00 50.00 36.76 18.31
5 Mangifera indica 22.50 55.00 32.67 14.92
6 Aglaiaelaegnoida 26.25 35.00 37.28 14.81
7 Teminalia tomentosa 27.50 35.00 33.75 14.33
8 Artocarpus hirsutus 17.50 45.00 25.72 11.85
9 Stereospermum personatum 16.25 35.00 28.98 11.45
10 Ixora brachiata 20.00 55.00 7.65 9.51
66 Albizia odoratissima 1.25 5.00 0.01 0.63
61 Chukrasia tabularis 1.25 5.00 0.01 0.63
62 Dalbergia latifolia 1.25 5.00 0.01 0.63
63 Holarhena antidysentrica 1.25 5.00 0.01 0.63
64 Pandanus species 1.25 5.00 0.01 0.63

Table 4. Density and basal area of woody component of the vegetation in relation to different altitudinal zones

Vegetation strata (m MSL) Density/ha Tree basal area’ha (m?)
Establishment Tree Total

Coastal zone (0-250) 32770 616.25 33386.25 507.37

Midghat zone (251-500) 26470 608.75 27078.75 1485.77

Plane zone (501-750) 29890 585 30475 502.19

Mean 29710 603.33 30313.33 831.78
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Table 6. Key diversity values of NTFP species in different altitudinal zones

Parameters Diversity values
Coastal zone Midghat zone Plane zone

(0-250 m MSL) (251-500 m MSL) (501-750 m MSL)
Species richness 74 65 64
No of individuals 493 487 468
No of genus 59 46 41
Total basal area (sq.m) 507.37 1485.77 502.19
Shannon-Weiner index 3.62 2.98 2.95
Simpson index 0.04 0.03 0.03
Evenness index 0.88 0.84 0.71
Margalef's index 3.33 2.95 2.94

Table 7. Species similarity indices among different altitudinal

zones of the vegetation
Altitudinal zone Coastal zone Midghat zone  Plane zone
(M MSL) (0-250) (251-500) (501-750)
Coastal zone - 61.87 56.52
(0-250)
Midghat zone - - 44.96
(251-500)
Plane zone - - -
(251-750)

richness and Shannon diversity along the altitudinal gradient.
The species similarity among different altitudinal ranges of
study area was assessed and community species
composition coefficients were determined based on species
composition of three altitudinal zones (Table 7). The
percentage of similarity among three altitudinal zones varied
between 44.96 (plane and midghat zones) and 61.87
(coastal zone and midghat zone). The coastal and midghat
zone recorded highest similar species (61.87) followed by
plane and coastal zone (56.52) and least percentage of
similar species recorded in plane and mid ghat zone (44.96).

CONCLUSION

The study provides useful information on the present
condition of the woody species diversity, structure and
regeneration status of NTFP species along different
altitudinal gradation. The present study highlights the lower
elevation (Coastal zone) NTFP species had comparatively
higher number of species, whereas lower number of species
was recorded at higher elevation (Plane zone) NTFP
species, which imply the climatic adaptation by plant species.
It is found that altitude affect population structure. The
fluctuation in population density of seedlings, saplings and
adults along the altitudinal gradation may be linked with the
environmental factors. The findings of this study will provide
the baseline data to assess future migration of species.

Vegetation response to recent climatic changes on NTFP
species is dependent on initial species composition,
vegetation structure and environmental conditions. Thus to
reduce pressure on NTFP population, creating awareness
among local peoples in harvesting techniques of NTFP
species.
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Abstract: Considerable variation have been noticed in the leaf traits of sandalwood in 1997. Until now, only a limited number of studies have
been made to describe the leaf phenotypic variation. The present study was conducted in a compact sandalwood population at the Institute of
Wood Science and Technology, Bengaluru, India in June 2022 for phenotypic variation in the leaf of sandalwood. The 20 mature trees with 20
leaf parameters for the assessment of phenotypic variation in leaves were selected. Leaves were categorized into nine phenotypic traits,
based on their variation in size and shape, such as big ovate, big lanceolate, big elliptic, medium ovate, medium lanceolate, medium elliptic,
small ovate, small lanceolate, and small elliptic. The leaf parameters varied significantly, the leaf length ranged from 2.50 to 11.50 cm, and the
breadth from 1.00 to 4.50 cm. Leaf parameters were very useful for better understanding the sandalwood phenotypic variation at the

taxonomiclevel.

Keywords: Leaf, Phenotypes, Sandalwood, Variation, Traits

Indian sandalwood is the world's second most valuable
tropical heartwood species (Arun Kumar 2016). The
population of sandalwood is dwindling due to the selective
removal of mature trees in the wild and it is categorized as a
“vulnerable” species by the IUCN (Arun Kumar 2019). As
quantification of variation and selection of superior
phenotypes are important steps in the improvement of any
tree species, the IWST (erstwhile Sandalwood Research
Centre), Bangalore in 1977-78 has initiated studies to
document variation in leaf, heartwood, and oil. Badami and
Venkata Rao (1930) made a study to classify the variation
into several varieties to evolve a spike diseases resistant
strain of sandalwood. The phenological characteristics of
sandalwood especially leaf traits have been deciphered by
Kulkarni (1994). Initially, some of the leaf variation were
suspected of spike disease, which induces different leaf
modifications at various stages of infection (Badami and
Venkata Rao 1930). Plants are sessile organisms and can
adjust their phenotypic and physiological characteristics with
environmental heterogeneity (Matesanzet al 2010). This
adaptation mechanism occurs in two possible ways: local
adaptation and phenotypic plasticity (Palacio-Lopez et al
2015). Phenotypic plasticity is one of the most considerable
mechanisms in plants, responding to various climatic
conditions (Matesanz et al 2010, Stotz et al 2021), as
evolutionary mechanisms cannot always keep up with
climate change (Vazquezetal 2015).

Effects of these plastic responses in several important
ecological traits Viz., morphology, physiology, anatomy, and

phenology are well documented (Sultan 2000, Valladares et
al 2007). One of the prevalent results of phenotypic plasticity
is prominent variation in leaf shape and size (Chitwood 2016,
Tsukaya 2018). Phenotypic plasticity is the ability of a
genotype to produce different morphological and
physiological responses when exposed to different
environmental conditions (La'zaro-Nogal et al 2015, Aranda
2017). These different environmental conditions can result in
morphological and physiological leaf trait differences
(Niinemets and Kull 2001, Sanches et al 2010, Matheus et al
2018). Accordingly, many studies have noted leaf phenotypic
responses along various environmental factors, such as
temperature (Atkin 2005, McKee et al 2019), precipitation
(McDonald et al 2003, Meier and Leuschner 2008) and light
(Grassi 2001, Coble 2014). Classification based on leaf types
is subjective and may also depend on individual preference.
Moreover, a single parameter alone does not adequately
reflect the overall phenotypic expression. For these reasons,
phenotypic characterization based on numerical criteria has
become a common tool to identify and classify morphological
characters in taxonomy (Rakonjac et al 2010).
Characterization of leaf morphology with many parameters
may add additional knowledge to numerical taxonomy.
Hence, this study was conducted to describe the phenotypic
diversity of leaves in sandalwood.

MATERIAL AND METHODS
Study area: The present study was conducted in a compact
sandalwood population at the Institute of Wood Science and
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Technology, Bengaluru, India (N 13°00'67.5" and E
77°34'20.6") in June 2022. The elevation of the study site is
874m. The mean maximum and minimum temperature range
from21.0t0 33.0 °C. The annual rainfallis 102.9 cm (Fig. 1).
Sampling and data collection: The sandalwood population
is distributed in about 7ha of land. In the 1990s, it was
considered one of the best natural population in India. The
age of trees is> 10 years old, and the mean girth and height of
sandalwood trees are 42.58 cm (GBH) and 6.63 m
respectively. In the present study, 20 trees with uniform
canopies were randomly selected based on crown shape and
size. From each selected tree, leaves were collected in 5
replications, of which 5 leaves in each replication and totally
25 leaves in the middle portion of the crown, from all
directions, for morphometric characterization. The mature
leaves were categorized into three groups, based on the size
of the leaf Viz., Big, Medium, and Small. In each leaf size
class, three types were considered based on their leaf
shapes Viz., Ovate, Lanceolate, and Elliptic. The
morphological variation in 20 parameters were presented in
Table 1, Figure 2 (Abdus etal 2011, Runan et al 2022).

Data analysis: An MS Office Excel version of 2021 was used
to analyse the recorded data. Descriptive statistics (mean,
standard deviation) for quantitative parameters and one-way
analysis of variance were used to test the significant
difference among leaf traits for all the quantitative
parameters. Coefficients of variation (CV) were calculated to
compare relative variation in each leaf parameter and
correlation matrix among the parameters was calculated.
QGIS version of 3.24.0-Tisler was used to make the study
map and to document good-quality pictures we used a
DSLR-D90 (NIKON) camera.
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Table 1. List of the quantitative parameters used for
characterization of sandalwood leaves

Parameters Measurement unit and description

Leaf Length (LL) Measuring scale in cm

Leaf Middle Width (1/2) Measuring scale in cm

(LMW)

Leaf Upper Quarter Width  Measuring scale in cm
(3/4) (LUQW)

Leaf Down Quarter Width ~ Measuring scale in cm
(1/4) (LDQW)

Leaf Tip Angle (LTA) Protractor in degree

Leaf Tip Type (LTT) Taxonomy books and monographs

Leaf Base Angle (LBA) Protractor in degree

Leaf Base Type (LBT) Taxonomy books and monographs

Petiole Length (PL) Measuring scale in cm

Petiole Type (PT) Taxonomy books and monographs

Leaf Area (LA) Graph sheet in cm?

Leaf Perimeter (LP) Thread in cm

Leaf Margin (LM) Taxonomy books and monographs

Leaf Shape (LS) Taxonomy books and monographs

Leaf Color (LC) Visual observation

Leaf Thickness (LT) Digital caliper in mm

Petiole Color (PC) Visual observation

Vein Color (VC) Visual observation

Leaf Area and Perimeter Mathematical formula
ratio (A/P)
Leaf Length and Breadth Mathematical formula

ratio (L/B)
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Fig. 1. Sandalwood population in IWST Bengaluru, Karnataka



1310

RESULTS AND DISCUSSION
Variation in leaf size: Wide range of morphological variation
were observed in the leaves of the sandalwood for all the
parameters (Table 2, 3). The leaf length ranged from 2.50 to
11.50 cm and the breadth from 1.00 to 4.50 cm. Based on leaf
size, sandalwood leaves were grouped into three classes,
Viz., big (9.0-11.5 cm length; 3.6-4.5 cm breadth), medium
(5.0-8.0 cm length; 2.0 to 3.5 cm breadth) and small (2.5-4.0
cm length; 1.0 to 1.7 cm breadth). 60%, 25%, and 15% were
medium-sized, smaller-sized and bigger-sized leaf trees
were recorded. The LUQW of the standard leaf varies from
0.53 t0 2.76 cm, the LDQW varies from 0.64 to 4.12 cm, the
LTA varies from 15.93°to 69.80°, LBA varies from 18.72°to

Table 2. Leaf phenotypic traits of Sandalwood (Mean + SD)

A.G. Kartik et al

86.52°, PL varies from 0.26 to 1.56 cm, LA varies from 3.43 to
28.84 cm’, LP varies from 3.59 to 21.74, LT varies from 0.06
to 0.26 mm (Fig. 3).

Variation in leaf shape: 35% were ovate and lanceolate-
shaped, and the remaining 30% were elliptic-shaped (Fig. 4
and Table 2, 3).

Variation of leaf phenotypic traits: The big elliptic leaves
recorded the highest mean LL and the big lanceolate leaves
recorded the highest mean of LMW and PL. The highest
mean of LUQW, LDQW, LA, and LP was recorded in the big
ovate leaves and the highest mean LTA, LT and LBA was
recorded in medium ovate leaves. The mean lowest value of
LL was recorded in small ovate leaves, the mean LMW in

Leaf size Leaf shape LL LMW LuQw LDQW LTA LTT LBA LBT
(Breadth)
Big Ovate 9.24+1.05 3.65+0.44 2.76+0.32 4.12+0.50 64.52+4.89 Acute 82.24+15.95 Equilateral, Round
Subacute
Elliptic 10.25+1.35 3.73+0.37 1.77+0.15 3.90+0.27 59.20+11.64 Acute 83.68+15.02 Oblique, Round
Lanceolate 9.86+0.82 3.76+0.26 1.96+0.22 2.47+0.31 66.28+9.53 Round 66.96+8.72 Equilateral, Acute
Mucronate
Acute
Subacute
Medium Ovate 5.42+0.73 2.89+0.42 2.50+0.43 3.26+0.48 69.80+12.43 Acute Round 86.52+9.68 Equilateral
Mucronate Oblique, Round,
Obtuse Cuneate
Subacute
Elliptic 7.26£0.54 2.54+0.20 1.48+0.12 2.64+0.24 58.92+10.31 Acute 72.64+7.57 Equilateral
Lanceolate 6.20+0.57 3.09+0.25 1.70£0.20 2.10+0.25 60.40+6.38 Acute 71.00+9.11 Acute
Subacute
Small  Ovate 2.5140.53 1.12+0.25 0.93+0.20 1.19+0.24 28.03%5.72 Acute 31.72+6.78 Round, Obtuse
Mucronate
Retuse
Elliptic 2.97+0.38 1.04+0.16 0.70+0.13 1.90+0.15 20.94+3.81 Acute 24.36+4.45 Round, Oblique
Lanceolate 2.55+0.19 1.68+0.09 0.53+0.07 0.64+0.08 15.93+2.05 Acute 18.72+10.97 Acute
Table 3. Leaf phenotypic traits of Sandalwood (Mean + SD)
Leaf size Leaf shape PL PT LA LP LM LC LT PC VC
Big Ovate 0.97+0.20 Straight 28.84+5.03 21.74+2.25 Entire non- Green 0.20+0.04 Yellowish Yellowish
Twisted wavy green green
Elliptic 1.26+£0.22 Straight 18.04+4.38 18.94+2.76 Entire non- Dark green 0.18 £0.05 Yellowish Yellowish
Twisted wavy green green
Lanceolate 1.56+0.18 Straight 13.52+2.95 15.66+1.60 Entire wavy Green 0.14+0.02 Yellowish Yellowish
Twisted green green
Medium Ovate 1.46+£0.21 Straight 17.52+3.88 17.22+1.58 Entire non- Yellowish 0.26+0.06 Yellowish Yellowish
Twisted wavy green green green
Elliptic 1.12+0.12 Straight 9.28+1.47 12.30+1.21 Entire wavy Medium 0.15+0.06 Yellowish Yellowish
Twisted green green green
Lanceolate 1.13+0.33 Straight 11.54+2.15 14.76+1.44 Entire wavy Yellowish 0.17+0.02 Yellowish Yellowish
Twisted green green green
Small Ovate 0.44+0.09 Straight 4.56+1.3 4.14+1.29 Entire wavy Light green 0.10+0.02 Yellowish Yellowish
Twisted green green
Elliptic 0.35+0.06 Straight 4.65+0.82 4.69+0.88 Entirenon- Green 0.08+0.02 Yellowish Yellowish
Twisted wavy green green
Lanceolate 0.26+0.03 Straight 3.43+0.45 3.59+0.46 Entire non- Yellowish 0.06+0.01 Yellowish Yellowish
Twisted wavy green green green
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small elliptic leaves, and the lowest mean value of LUQW,
LDQW, LTA, LBA, PL, LA, LP, and LT was recorded in small
lanceolate leaves (Table 2, 3). The highest L/B was recorded
in small and big elliptic leaves and the highest A/P was
recorded in big ovate leaves. The lowest value of L/B and A/P
was observed in small elliptic and medium lanceolate

LEAF TIP TYPE LEAF TIP ANGLE

(LTT) o (LTA)
LEAF THICKNESS VEIN COLOUR (VC)
an
LEAF UPPER QUARTER
LEAF SHAPE WIDTH (LUQW)
(LS)
LEAF PERIMETER (LP)
LEAF MARGIN  —
PV Gl LEAF MIDDLE WIDTH
(LMW)
LEAF LENGTH
L) — LEAF AREA (LA)

LEAF COLOUR
(LC) LEAF DOWN QUARTER

WIDTH (LDQW)
LEAF BASE TYPE

(LBT) — LEAF BASE ANGLE

(LBA)
PETIOLE COLOUR (PC)
PETIOLE TYPE(PT)

PETIOLE LENGTH —
(PL)

Fig. 2. Diagrammatic representation of leaf parameters of
sandalwood

¢4

11.5 cm

dj e)

a)
f) g) h) i) )]
‘k) ) m) n) 0)
N 0.
/
p) ) r) s) t)

Fig. 3. Classes of sandalwood leaves, big leaves (a-e)
medium leaves (f-0), and small leaves (p-t)
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respectively. One way analysis of variance confirmed that,
there is a significant difference among some of the
quantitative parameters of leaf phenotypic traits in
sandalwood.

Big Ovate (BO): The length/breadth ratio was 2.53, and the
leaf area/perimeter ratio of 1.32 was recorded (Fig. 3 b, e).
Big Elliptic (BE): The length/breadth ratio was 2.74, and the
leaf area/perimeter ratio of 0.95 was recorded (Fig. 3 a, d).
Big Lanceolate (BL): The length/breadth ratio was 2.62,
and the leaf area/perimeter ratio of 0.86 was recorded (Fig. 3
c).

Medium Ovate (MO): The length/breadth ratiowas 1.87, and
the leaf area/perimeter ratio of 1.01 was recorded (Fig. 3 h,
9)-

Medium Elliptic (ME): The length/breadth ratio was 2.85,
and the leaf area/perimeter ratio of 0.75 was recorded (Fig. 3
f,i,n).

Medium Lanceolate (ML): The length/breadth ratio was
2.00, and the leaf area/perimeter ratio of 0.78 was recorded
(Fig. 3j,k,1,m, 0).

Small Ovate (SO): The length/breadth ratio was 2.24, and
the leaf area/perimeter ratio of 1.10 was recorded (Fig. 3t).
Small Elliptic (SE): The length/breadth ratio was 2.85, and
the leaf area/perimeter ratio of 0.99 was recorded (Fig. 3p, q).
Small Lanceolate (SL): The length/breadth ratio was 1.51,
and the leaf area/perimeter ratio of 0.95 was recorded (Fig.
3r, s). Detailed nine phenotypic leaf traits were explained in
Tables 2, 3.

Variation in leaf colour: Sandalwood leaf shows distinct
colour variation from dark green to yellowish green (Fig. 5).
Variation in tip and base of leaves: A total of six types of
variation were observed in both the tip and base of
sandalwood leaves. Tip types were Acute, Retuse, Round,
Subacute, Obtuse, and Mucronate. Base types are
Equilateral, Acute, Cuneate, Round, Obtuse, and Oblique
(Fig. 6, 7). All six types of leaf tip were present in ovate leaf,
four types of leaf tip (Round, Mucronate, Acute, and
Subacute) were recorded in lanceolate and only one type
was presented in elliptic (Acute). Five types of leaf bases
were presentin ovate (Round, Equilateral, Cuneate, Oblique,

Ovate Elliptic Lanceolate

Fig. 4. Variation in leaf shapes of sandalwood
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Obtuse), three were in elliptic (Round, Equilateral, Oblique),
and twoin lanceolate (Equilateral, Acute).

Variation in petiole and margin of leaves: Two types of
petioles Viz., straight and twisted were observed. The leaf
margin showed wavy and non-wavy types. Both veins and
petiole were yellowish-greenin colour (Fig. 8, 9).

Correlation among leaf phenotypic traits: The correlation
matrix (Pearson) of sandalwood leaf parameters showed a
significantly positive correlation (Table 4). The highest
correlation (r= 0.96) was between LTA and LBA; the lowest
correlation (r= - 0.02) was observed between LBA and A/P.
Thus, all leaf parameters were associated positively with
each other.

Extent degree of leaf phenotypic traits: The highest CV
was recorded in leaf base angle (LBA) (10.42-58.60%) and
the lowest in leaf middle width (LMW) (5.36-22.32%.) The
coefficient of variation (CV) for all the quantitative traits
shown in Table 5.

Unique characteristics feature in leaf traits of

A.G. Kartik et al

sandalwood: Some of the leaves showed unique
characteristic feature in their leaves. The apex of the leaf
comes inward direction, this type of observation were
recorded in medium-sized elliptic leaves (Fig. 3 g) and folded
leaves (Fig. 3 h). Some of the small ovate leaves were
(margins of the leaf slightly folded inward direction) cup-
shaped (Fig. 3 t) and the branches of these trees were a
drooping pattern. Small-shaped lanceolate leaves (Fig. 3 m)
were also found in dropping branches of sandalwood trees.

(00 0e

Dark green  Green Medium green Light green Yellowish green

Fig. 5. Colour variation in sandalwood leaves

Table 4. Pearson's correlation matrix among the leaf phenotypic traits

LL LMW LuQw  LDQW LTA LBA PL LA LP LT L/B AP
LL 1
LMW 0.937792 1
LUQW  0.723431 0.814578 1
LDQW 0.810435 0.771937 0.862085 1
LTA 0.816756 0.883298 0.905624 0.793295 1
LBA 0.815684 0.871804 0.901077 0.878105 0.969475 1
PL 0.796597 0.856632 0.78797 0.684421 0.951964 0.893758 1
LA 0.759738 0.809195 0.931588 0.910574 0.767969 0.820255 0.610624 1
LP 0.879376 0.935765 0.938618 0.921168 0.922368 0.951816 0.827237 0.933592 1
LT 0.567908 0.698735 0.912957 0.809332 0.881559 0.920947 0.793978 0.790935 0.860557 1
L/B 0.491529 0.181495 0.142505 0.467367 0.226803 0.239985 0.216571 0.199161 0.243362 0.018202 1
AP -0.03572 -0.03713 0.310077 0.293106 -0.09547 -0.02228 -0.27121 0.490281 0.158355 0.143907 0.03719 1

Correlation is significant at a 0.05 probability level

Table 5. Coefficient of variation in leaf phenotypic traits (%)

Ccv LL LMW LuQw LDQwW LTA LBA PL LA LP LT

BO 11.36 12.05 11.59 12.14 7.58 19.39 20.62 17.44 10.35 20.00
BL 13.17 9.92 8.47 6.92 19.66 17.95 17.46 24.28 14.57 27.78
BE 8.32 6.91 11.22 12.55 14.38 13.02 11.54 21.82 10.22 14.29
MO 13.47 14.53 17.20 14.72 17.81 11.19 14.38 22.15 9.18 23.08
ML 7.44 7.87 8.1 9.09 17.50 10.42 10.71 15.84 9.84 40.00
ME 9.19 8.09 11.76 11.90 10.56 12.83 29.20 18.63 9.76 11.76
SO 21.12 22.32 21.51 20.17 20.41 21.37 20.45 28.51 31.16 20.00
SL 12.79 15.38 16.46 7.89 18.19 18.27 17.14 17.63 18.76 25.00
SE 7.45 5.36 13.21 12.50 12.87 58.60 11.54 13.12 12.81 16.67
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Fig. 6. Variation in leaf base of sandalwood
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Fig. 7. Variation in leaf tip of sandalwood
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Fig. 8. Variation in leaf petioles of sandalwood

.

"

4

Wavy Non- Wavy
Margin Margin

Fig. 9. Variation in leaf margin of sandalwood

The taxonomic importance of leaf variation is reported in
several tree species namely Populus simonii and P. nigra
(Jingshan Ren et al 2020), Pyrus pyraster (Antonio et al
2022) and Carpinus tschonoskii (Runan et al 2022). In
general, leaf morphology characteristics can be varied
between species, different populations of the same species,
or within an individual at different development stages. It has
been considered that leaf size is influenced by environmental
as well as genetic factors (Hay and Tsiantis 2006). But when it
comes to sandalwood leaf diversity did not exhibit any
correlation with geographical locations or climate (Kulkarni
and Srimathi 1998). The occurrence of intermixed types in a
forest account for polygenic inheritance. The segregation of
these types was also observed in the progeny trials showing
a heterogeneous nature of the species. Similar findings were
recorded by Kulkarni (1995) categorized sandalwood leaves
into six biotypes Viz., (1) ovate (2) elliptic (3) lanceolate (4)
linear (5) big and (6) small. In the ovate biotype two sub-types
Viz., (a) ovate -lanceolate (b) ovate-elliptic were found with
similarities in leaflength, breadth (width), length/breadth ratio
and leaf area (De Candolle 1857).

CONCLUSION

In the Santalum album, L. leaves were categorized into
nine types based on phenotypic traits, mainly on their
variation in size and shape, such as big ovate, big lanceolate,
big elliptic, medium ovate, medium lanceolate, medium
elliptic, small ovate, small lanceolate and small elliptic. In
each leaf category, studied the twenty leaf parameters such
asLL, LMW, LUQW, LDQW, LTA, LTT, LBA, LBT, PL, PT, LA,
LP, LM, LS, LC, LT, PC, VC, A/P, and L/B. The variation in
sandalwood trees can be utilized the selection and
improvement of superior genotypes. Leaf parameters were
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very useful for better understanding of the sandalwood
phenotypic variation at the taxonomic level. IWST, Bengaluru
is conserving phenotypically diverse sandalwood population,
that can be further utilized for tree improvement
programmes.
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Abstract: The SNP barcodes are a viable option for identifying cultivars or species, hence to find single nucleotide polymorphisms (SNPs) that
can distinguish the Bambusa tulda-longispiculata-nutans-teres complex, the plastid genes rbcL (ribulose bi-phosphate carboxylase), matK
(maturase K), and rpoC7 (RNA polymerase C1) were targeted. Through amplification of these plastid genes and sequencing of amplicons,
alignment, and mining of the sequence, SNPs were discovered using NovoSNP software. Over 2045 bp sequenced plastid DNA, seven SNPs
were identified in targeted three barcode genes. Three SNPs were found in the matK gene, which was of 868 bp length, whereas two SNPs
were found in each of the rbcL gene's 730 bp and rpoC1's 447 bp lengths. Based on that, discovered that B. nutans differed from all other
species in terms of SNPs present in the rbcL and rpoC1 genes, but B. longispiculata was determined to be distinct from all three species with
respect to SNPs present in the matK gene. Out of seven identified SNPs, the unique heterozygous nucleotide A/G at locus 520G/A and the
nucleotide 'C' at locus 713 bp were observed in Bambusa longispiculata, which were absent in all the other three species. These identified

SNPs can be utilized to differentiate these taxonomically closely related bamboo species.

Keywords: Amplification, Bamboo complex, Plastid genes, Sequencing, SNP discovery

Bamboo is a woody perennial grass that belongs to the
subfamily Bambusoideae within the family Poaceae. Itis one
of the fastest growing plants (Singh et al 2022). It exhibits 70
genera and more than 1200 species worldwide (Dajun and
Shao-Jin 1987). Based on flowering, 67 genera of woody
bamboos have been placed in the nine sub-tribes (Dransfield
and Widjaja 1995 and Li 1997). India is the second-largest
reservoir of bamboos with a total of 136 bamboo species
belonging to 23 genera (Hauchhum and Singson 2019). Most
bamboo species flower once in a lifetime and then die. Its
flowering time is uncertain and varies from 1 year to 120
years, depending on the species. The uncertainty in
flowering of bamboo species makes it very difficult to identify
closely related bamboo species taxonomically based on
morphological characters. The taxonomic identification of
bamboo species based on their morphological
characteristics is limited as these characters are highly
influenced by environmental factors. Gao et al (2016)
suggested that SNP barcodes are highly reproducible, high-
throughput, and a good choice for cultivar or species
identification. Therefore, it is needed to develop species-
specific molecular markers to distinguish bamboo species at
the genomic level. Lots of work related to genetic diversity,
genetic structure, and phylogenetic relationships among
bamboo species has been carried out using various
molecular marker systems, viz., RFLP, ISSR, SSR, AFLP,

and SCAR (Nayak and Rout 2005, Barkley et al 2005,
Bhattacharya et al 2006, Sun et al 2006, Das et al 2007, Lin
et al 2009). However, reports on SNP discoveries that can
assist in the taxonomic classification of bamboo species are
scant. Therefore, the present study was carried out to
discover the SNPs in the plastid genome of the Bambusa
tulda-longispiculata-nutans-teres complex through the
amplification and sequencing of the plastid genes viz. rbcL,
matK, and rpoC1. The obtained SNPs can be utilized as
molecular tools for taxonomic identification of these bamboo
species.

MATERIAL AND METHODS

Sample collection: To carry out the study, seven samples of
Bambusa tulda (BT), nine samples of Bambusa nutans (BN),
and one sample each of Bambusa teres (BTE) and Bambusa
longispiculata (BL) were utilized. These samples were
collected from different geographical locations in the country
(Table 1).

DNA extraction and quantification: Total genomic DNA
was extracted and purified from the young leaves of bamboo
as per Vinod (2004). The quality and quantity of extracted
genomic DNAwere assessed using a bio photometer and gel
electrophoresis, respectively. The UV-based bio photometer
plus was used to measure the optical density (OD) of DNA
samples at 260 nm and 280 nm, and the A,,:A,, ratio was
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worked out for the purity index. Simultaneously, DNA
samples were electrophoresed in 0.8% agarose gel
(XcelGen®, #XGA) at a constant voltage of 80 V with 0.05
LmL-1 (stock-10 mg mL™") ethidium bromide (Himedia®,
#MBO071)in 0.5X TBE (Tris, boric acid, and EDTA) buffer for 1
h.

Amplification of plastid-based candidate genes: The pre-
designed universal primers (Table 2) for rbcL (ribulose bi-
phosphate carboxylase), matK (maturase K), and rpoC1
(RNA polymerase C1) genes were synthesized through
Xcelris Labs Ltd. and subjected to amplify the selected
candidate genes in a panel of four bamboo species using
gradient PCR and a basic PCR. A 20 pL reaction mixture was
prepared by adding 50 ng of template DNA, 0.2 uM of each
primer (Xcelris), 0.2 mM of dNTPs (Fermentas®, #R0192),
2.5 mM of MgCl,(ThermoFisher #AB0359), and 2U Tag DNA
polymerase (ThermoFisher #EP0712) with 1X green buffer
(ThermoFisher), and the mixture was subjected to amplify in
the gradient PCR at 94 °C for 5 minutes for initial
denaturation, followed by denaturation, annealing, and
extension for 35 cycles at 94 °C for 45 seconds, 49-60°C for
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30 seconds at a gradient of 1°C for 45 seconds, 49-60°C for
30 seconds at a gradient of 1°C for 1 minute, and the final
extension was performed at 72°C for 5 minutes. After
optimization, a 50 pL reaction mixture was prepared by
adding the chemicals at the above concentration, and the
mixture was subjected to PCR amplification at 94 °C for 5
minutes, followed by a three-step cycle of denaturing at 94 °C
for 4 seconds, annealing at 48 °C for rbcL and 53 °C for matK
and rpoC1 for 30 seconds, and extension at 72 °C for 1
minute. The cycle was repeated 35 times before a final

Table 2. PCR primers used for amplification of bamboo

species
Primer Sequence T.(C) T,(°C)
rbcL 1F ATGTCACCACAAACAGAAAC 56 48
rbcL724 R TCGCATGTACCTGCAGTAGC 66 48
matK X F TAATTTACGATCAATTCATTC 52 53
matK 5 R GTTCTAGCACAAGAAAGTCG 58 53
rpoC1-2 F  GGCAAAGAGGGAAGATTTCG 68 53
rpoC1-3 R TGAGAAAACATAAGTAAACGGGC 64 53

Table 1. Collection of Bamboo samples from wide geographical locations in Jharkhand and West Bengal for DNA extraction

and SNP discovery
Plant code Location latitude longitude Elevation Humidity/ Rain fall
Bambusa tulda
BT-1 Jalpaiguri, WB 26.5215° N 88.7196° E 89m 63% humidity, 3242 mm
BT-13 Lalgutwa, Ranchi, JH 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
BT-3 Lalgutwa, Ranchi, JH 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
BT-5 Lalgutwa, Ranchi, JH 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
BT-6 Jalpaiguri, WB 26.5215° N 88.7196° E 89m 63% humidity, 3242 mm
BT-7 Lalgutwa, Ranchi, JH 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
BT-9 Lalgutwa, Ranchi, JH 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
Bambusa nutans
BN-9 Sukna, Siliguri, Darjeling 26.6841 ° N 88.3506 °E 5120 m 68% humidity, 3047 mm
BN-4 Jagarnathpur, Mahulia, Ghatsila 22.6338° N 86.4342°E 103 m 85% humidity, 1241 mm
BN-10 Jamuney, Daltonganj 24.0465° N 84.0768°E 215m 1174 mm,, 79% humidity
BN-11 Sukna, Siliguri, Darjeling 26.6841° N 88.3506 °E 5120 m 68% humidity, 3047 mm
BN-13 Sukna, Siliguri, Darjeling 26.6841° N 88.3506 °E 5120 m 68% humidity, 3047 mm
BN-15 Sukna, Siliguri, Darjeling 26.6841 ° N 88.3506 °E 5120 m 68% humidity, 3047 mm
BN-3 Kakrisol, Chakulia 22.4737° N 86.7465° E 115 m 83% humidity, 1294 mm
BN-5 Lalgutwa, Ranchi 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
BN-7 Lalgutwa, Ranchi 23.3441° N 85.3096° E 651 m 56% humidity, 1430 mm
Bambusa teres
BTE BSI, Kolkata 22.5726° N 88.3639° E 9.14 m 90% humidity 1582 mm
Bambusa longispiculata
BL Assam, Jorhat 26.7509 94.2037 116 m 95% humidity, 2244 mm

BT = Bambusa tulda, BN = Bambusa nutans, BTE = Bambusa teres, BL = Bambusa longispiculata
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extension at 72 °C for 5 minutes. The amplified PCR products
were electrophoresed for 90 minutes on 1.5% agarose
(XcelGen®, #XGA), containing 0.5 ygmL™" ethidium bromide
(Himedia®, #MB071), at 80 V.

DNA sequencing and SNP discovery: The single
prominent band obtained through rbcL, matK, and rpoC1
primers in a set of bamboo germplasm was subjected to
sequence by the di-deoxy chain termination method in an
automated DNA sequencer (3500 Genetic Analyzer of AB
applied biosystem) through Sanger's method. The obtained
sequenced data was blasted against the NR (non-redundant)
data base in NCBI (https://www.ncbi.nIm.nih.gov/) to find the
similarity and identity of the amplified product. The
sequenced data of the rbcL, matK, and rpoC1 genes were
aligned separately, and SNPs were searched through
NovoSNP software (Weckx et al. 2005). The species-wise
SNP table was generated to find the species-specific SNPs
to resolve the bamboo taxonomy of four closely related
bamboo species, viz., Bambusa tulda-longispiculata-nutans-
teres complexes. The images of gel electrophoresis
amplicons were processed through the programme Gene
System. The size or weight of the amplicons was determined
using the programme Alpha Ease 4.0. The sequenced data of
each gene was validated manually on Finch TV, and the noisy
peak at both ends of the nucleotide was trimmed and saved.
The forward and reverse sequence reads of a gene were
combined in the Bioedit programme and a gene contig was
prepared. Sequenced data of a gene from all accessions
were individually aligned in Cluster W and the Bioedit
software (Fig. 1), and SNPs were discovered at a species
level through NovoSNP software. The discovered SNPs
were used to generate a phylogenetic tree by applying a
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maximum likelihood model with 600 bootstrap values in
MEGAY7 software.

RESULTS AND DISCUSSION

In the present study, SNPs were searched under plastid
barcode genes using NovoSNP software to find species-
specific SNPs that could distinguish four bamboo species in
Bambusa tulda-longispiculata-nutans-teres complexes. The
900 bp, 750 bp, and 500 bp long plastid-based matK, rbcl,
and rpoC1 genes were amplified in collected accessions of
these bamboo species. The amplified amplicons were
sequenced and blasted against the data base in NCBI. The
eighteen accessions of four bamboo species showed 100%
sequencing success, with a robust sequencing peak (Fig. 2).
The BLAST result revealed that the matK gene of size 901 bp
showed 100% query cover, a 0.0 E-value, and 99.89%
identity with the matK gene of other bamboo species. The
rbcL gene of size 730 bp showed 100% query cover, a 0.0 E-
value, and 99.45% identity with the rbcL gene of Bambusa
variostriata and other species. The rpoC1 gene of size 445 bp
showed 100% query cover, a 0.0 E-value, and 99.10%
identity with the rpooC1 gene of other bamboo species. The
sequence results of all three target genes were aligned
separately, and SNPs were searched. A total of seven SNPs
were detected in the three genes covering 2045 bp of plastid
DNA. The matK gene of size 868 bp showed three SNPs
(Table 3), whereas the rbcL gene of size 730 bp and the
rpoC1 gene of size 447 bp showed two SNPs each (Table 4,
5). The matK gene of size 868 bp showed three SNPs where,
at locus 520A/G, the base G (guanine) was predominantly
presentin BTE, BN, and BT, and heterozygous base A/G was
present in BL. Similarly, at locus 700T/C, the base T
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Fig. 2. Aligned peak of sequenced data in NovoSNP software. The nucleotide with red mark showed single nucleotide
polymorphism

Table 3. SNPs present in 868 bp long matK gene in studied bamboo species

Bamboo species No. of accessions  Read no. (Replication) Identified SNPs
Loci 520 Loci 700 Loci 713

B. teres 1 G T T
B. longispiculata 1 AIG C C
B. nutans 9 25 G T T
B. tulda 7 14 G T cTm)
Table 4. SNPs present in 730 bp long rbcL gene in studied bamboo species
Bamboo species No. of accessions Read no. (replication) Identified SNPs

Loci 418A/C Loci 667C/A
B. teres 1 A Cc
B. longispiculata 1 A C
B. nutans 9 38 5C, 4A 5A, 4C
B. tulda 7 36 7A 7C
Table 5. SNPs present in 447 bp long rpoC1 gene in the studied bamboo species
Bamboo species No. of accessions Read no. (replication) Identified SNPs

Loci 32A/G Loci 77 AIG
B. teres 1 4 A C
B. longispiculata 1 A C
B. nutans 9 14 4A, 5A/IG 5A, 4A/G
B. tulda 7 18 7A 7A
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Fig. 3. Phylogenetic tree generated using SNPs variation
identified under matK gene in four bamboo species
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Fig. 4. Phylogenetic tree generated using SNPs variation
identified under rbcL gene in four bamboo species
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(thymine) was predominantly present in BTE, BN, and BT,
and the base C was present in BL. In the case of locus
713T/C, the base T was present in BTE and BN, whereas the
base C (cytosine) was predominantly present in BT and BL,
respectively. The rbcL gene of size 730 bp showed two SNPs
atlocus 418A/C: base Awas presentin BTE, BL, BT, and BN,
whereas base 'C' was only presentin a few accessions of BN.
Similarly, at locus 667C/A, the base C was predominantly
presentin BTE, BL, and BT. In BN, base Awas present in five
studied accessions and base C in four accessions at locus
667C/A. The rpoC1gene of size 447 bp showed two SNPs: at
locus 32A/G, base 'A' was present in BTE, BL, BT, and BN,
whereas a heterozygous base A/G was predominantly
present in BN. Similarly, at locus 77A/G, the base 'A' was
present in BTE, BL, BT, and BN, and a heterozygous base
A/Gwas presentin BN alone.

Based on detected seven SNPs, B. longispiculata was
found to be different from all three species with respect to
SNPs present in the matK gene (Fig. 3), whereas B. nutans
was found to be different from all other species with respectto
SNPs present in the rbcL and rpoC1 genes (Fig. 4, 5). Out of
seven identified SNPs, the unique heterozygous nucleotide
A/G at locus 520G/A and the nucleotide 'C' at locus 713 bp
were observed in Bambusa longispiculata, which were
absent in all the other three species. In wheat, Gao et al.
(2016) selected 43 SNPs from an array of 9000 SNPs that
help in discriminating different varieties of wheat. Similarly, in
capsicum, SNPs derived from nuclear and cytoplasmic DNA
were used for taxonomic classification of distinct species of
capsicum (Jeong et al. 2010). In bamboo, this is perhaps the
first effort to identify SNPs to differentiate these closely
related four species.

G teres_BTE_FR_rpoC1

7 longispiculata_BL_FR_rpoC1
Steres_BTE_FR_rpoC1

7 Tulda_ BT-9_FR_rpnC1

6 Tulda_ BT-7_FR_rpnC1

5 Tulda_ BT-6_FR_rpaC1

4 Tulda_ BT-5_FR_rpoC1

3 Tulda_ BT-3_FR_rpoC1

2 Tulda_ BT-13_FR_rpoC1

1 Tulda_BT-1_FR_rpaC1

9 Mutan_BM-7_FR_rpoC1

7 Mutan_BM-3_FR_rpoC1

3 Mutan_BMN-10_FR_rpoC1

2 Mutan_BM-4_FR_rpoC1

8 longispicualata_BL_FR_rpoC1
1 Mutan_BM-9_FR_rpoC1

4 Mutan_BM-11_FR_rpoC1

& Nutan_BN-13_FR_rpoC1

6 Mutan_BM-15_FR_rpoC1

8 Mutan_Br-5_FR_rpoC1

@
b

Group 1

Group 2

T
0.00020

Fig. 5. Phylogenetic tree generated using SNPs variation
identified under rpoC1 gene in four bamboo species
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CONCLUSION

The study demonstrates that the taxonomically closed
Bambusa tulda-longispiculata-nutans-teres complex can be
distinguished through single nucleotide polymorphism (SNP)
discovery using plastid genes, i.e., rbcL (ribulose bi-
phosphate carboxylase), matK (maturase K), and rpoC1
(RNA polymerase C1). The SNPs detected in the matK gene
can differentiate B. longispiculata from the other three
species, whereas the SNPs detected in the rbcL and rpoC1
genes can differentiate B. nutans from the other three
species. These species-specific SNPs need to be validated
in alarge set of germplasm.
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Abstract: The biodiversity heritage site of GKVK in Bengaluru was assessed for its herbaceous species composition, diversity and structure to
better understand the seasonal vegetation dynamics and to provide baseline data for future conservation. Atotal of 600 quadrats (1 mx 1 m)in
summer and winter season were established using random quadrat sampling method for vegetation sampling. A total of 59 species belonging
to 55 genera and 25 families were recorded in winter and 39 species belonging to 36 genera and 14 families in summer season. The study site
was dominated by the individuals of Cynodon dactylon (1VI=20.96) in summer season and Panicum maximum (1V1=26.25) in winter season.
Shannon diversity index (3.12 and 3.30) and Simpson diversity index (0.94, 0.95) varied between summer and winter season, respectively.
Herbaceous species diversity varied greatly between different seasons and different land use systems. Agricultural land use system had the
greatest number of species with 35 and 39 species followed by planted Forest with 15 and 28 species in summer and winter season,
respectively. Natural forest ecosystem had the least number of species compared to other land use systems. The present study hints at the
influence of changes in land use pattern around the natural ecosystem and the work will provide baseline data for future conservation and
management practices in the study area.
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The global biodiversity crisis has given rise to a growing
concern at the prospect of a rapidly accelerating loss of
species, population, domesticated varieties, medicinal herbs
and natural habitats (Shameem et al 2010). Herbaceous
plants represent a significant proportion of the biodiversity,
but they remain largely understudied despite their ecological
relevance: they contribute to ecological processes, serve as
ecological indicators of habitat quality and provide food and
shelter for numerous wildlife species (Jones et al 2014, Willie
et al 2014). Herbs can be classified as generalists which
occur in all habitat types. The species diversity and
composition of herbaceous plant communities can vary
depending on habitat settings. Forest canopies either
promote the growth of ground vegetation or hinder it by
competition. Each landscape element s subjected to specific
disturbances by management such as cultivation, trampling
and mowing as well as abandonment (Kitazawa and Ohsawa
2001). Herbaceous vegetation can be affected by natural and
anthropogenic disturbances including individual tree falls,
catastrophic wind events, catastrophic fire, and timber
harvesting that increase light and expose mineral soil (Elliott
etal 2011, Belote etal 2012).

Various habitats can be regarded as spatially and
temporally dynamic patches of vegetation being subjected to
diverse human interference (Bhuju and Ohsawa 2001).

Stability and vulnerability of ecosystems depend on species
diversity that is defined by the spatio-temporal alteration in
species composition and their distribution (Gillet et al 1999).
Herbaceous plant species diversity and composition are
affected by tree stand structure, tree species composition
and topographic and environmental variables (Jones et al
2014, Akhtar and Bergmeier 2015). Tree canopies play a
critical role in the spatio-temporal build-up of herbaceous
species diversity and production (Sanchez-Jardon et al
2010). Understanding the composition, distribution, and
diversity of herbaceous vegetation is basic to the
understanding of dynamics of the forest ecosystem (Sagar et
al 2012). Studies on herbaceous plant abundance,
distribution, diversity and composition in forest stands at
different successional stages can inform biodiversity
conservation policy and forest management practices
(Fraseretal 2014, Willie 2014).

Biodiversity heritage site of GKVK campus is a semi-
natural and agricultural landscape which is one of the best
sites to assess species diversity at a landscape level
containing multiple type of habitats or ecosystems such as
agricultural fields, plantations, natural forests etc. Floristic
diversity of the campus is decreasing because of the
increased anthropogenic activities such as agriculture and
research in the campus. Therefore, it is necessary to study
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and analyse the species richness and diversity to conserve
and manage biodiversity in semi-natural ecosystems.The
objectives of the present study are to analyse the floristic
diversity of the herbaceous species under different land use
systems and to find out the temporal change in the
herbaceous species diversity and population structure.

MATERIAL AND METHODS
Description of the Study Area and Climate
Study area: The study was carried out in the biodiversity
heritage site of Gandhi Krishi Vigyana Kendra (GKVK), UAS
Bangalore. 167 hectares of the total area of the campus in 14
patches has been designated as biodiversity heritage site
and these 14 patches are named as area A, B, C, D, E1, E2,
E3, E4, E5, E6, E7, E8, E9 and E10 which are spread across
the campus (Fig. 1). The study area consists of agricultural
lands, Natural scrub forests and Planted forests.
Climate: GKVKis situated at an altitude of 924 meters above
the mean sea level. The annual rainfall ranges from 528 mm
to 1374.4 mm with the mean of 915.5 mm. The temperature
and rainfall data will be collected between June 2020 to June
2021 from UAS Bangalore Agrometeorology climate
database. The study area is characterized by an average
temperature and rainfall of 23.32 °C and 973mm,
respectively during the study period (Fig. 2).
Sampling design and vegetation data collection:
Random quadrat sampling method was used to study the
herbaceous species composition and species diversity.
Quadrats of 1 m’ware laid in different locations of the study
area. Each 1 m’quadrat was further divided into four 250 x
250 cm? sub-quadrats, as workable units for the study of the
herbaceous vegetation. In each quadrat all the species
present were identified and individuals counted. The study
was carried out for two seasons i.e., summer and winter
seasons. A total of 600 quadrats in two seasons were laid in
the study site for recording the herbaceous species diversity.
Identification of the species was done with the help of local
floras and comparing the voucher specimen with the
collection in the herbarium, Mahatma Gandhi Botanical
Garden, UAS, GKVK, Bengaluru.
Data Analysis
Floristic composition and species diversity: Vegetation
data were compiled and summarized using Microsoft Excel
2019. Shannon diversity index (H") and Simpson diversity
index (1-D) were determined using H'=-" _, P,In P, D=5 n,
(ni-1)/N(N-1) (where, n= Number of individuals of the i"
species, N= Total number of individuals, p, = n/N),
respectively. The Shannon diversity index is a commonly
used measure of diversity and it assumes individuals are
randomly sampled from an infinitely large population and all

T.S. Sumanth

the species from a community are included in the sample
(Yemata and Haregewoien 2022).

The Hutcheson t-test is a modified version of the classic t-
test that provides a way to compare two samples. The
Hutcheson t-test was developed as a method to compare the
diversity of two community samples using the Shannon
diversity index (Hutcheson 1970). The basic formula is
similar in appearance to the classic t-test formula, t = H', —
H'/Nvariance of H', + variance of H', (Where, H'=Shannon
diversity index for each of the two samples (subscripted a and
b). In the present study we used Hutcheson t-test to analyse
and compare the diversity of differentland use systems.
Population structure: The structure of the community was
analysed in terms of density, frequency and importance value
index of all herbaceous plant species. The analysis was
carried out using Microsoft Excel 2019. Density refers to the
number of all individual plants of a species per unit area and
Frequency is the probability or the probability of finding a
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species in any given quadrat. The frequency value obtained
reflects the pattern of distribution.

Relative Frequency and Relative Density were calculated
using the formula,

Frequency of a species
Relative Frequency (RF)= x 100
Total frequency of all species

Number of quadrats in
which species is studied

Relative Density ( 100

RD)= Total number of quadrats studied *
Importance value index (IVI) is an important indicator for
the ecological significance of a species. It often reflects the
extent of dominance, occurrence and abundance of a given
species in relation to other associated species in an area
(Kent and Coker 1992). For calculating the IVI of herbaceous
species, we use the formula, IVI=RD + RF.

RESULTS AND DISCUSSION

Vegetation composition: Atotal of 59 species belonging
to 55 genera and 25 families were recorded in the winter
season and 39 species belonging to 36 genera and 14
families were recorded in summer season (Table 1).
Herbaceous species number in the present study was higher
than the species richness reported by Mirza and Patil (2021)
in Gautala Forest. The number herbaceous species recorded
in the GKVK campus is lower than the number of species
reported by Suresh and Harish (2000) in Indian Institute of
Science, Bangalore campus. This may be attributed to the
higher level of anthropogenic disturbance in the study area
due to increasing agricultural activities. The occurrence of
lower number of species in summer can be attributed to the
less availability of the moisture and can also be attributed to
ploughing activities which starts at the beginning of summer
season. 74.36 and 59.32% of the total floristic composition in
summer and winter season, respectively was represented by
members of four families. In summer season, Poaceaehad
12 species (30.77%), Asteraceae had 9 species (23.08%),
Fabaceae 5 species (12.82%) and Amaranthaceae 3 species
(7.69%). In winter season Poaceae had species 16
(27.12%), Fabaceae had 8 species (13.56%), Asteraceae
had 6 species (10.17%) and Asteraceae had 5 species
(8.47%). This shows that Poaceae was the most dominant
family in the study site irrespective of seasons. The success
of the family might be result of the presence of a greater
number of species and higher adaptation capabilities to
varying climate and anthropogenic activities. Among the
recorded plants, some are fodder species, such as Panicum
maximum and Digitaria ciliaris. The presence of invasive
weed species like Parthenium hysterophorus and Cynodon
dactylon shows that the study ecosystem has been invaded
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and afurther spread of these invaders should be prevented to
protect other valuable medicinal and fodder species.
Species diversity: A diverse ecosystem has higher
Shannon-Wiener index value, while an ecosystem with a low
value will have low species diversity (Deka et al 2012).
Shannon diversity index and Simpson diversity index values
varied between summer and winter season. 3.12 and 0.94 in
summer and 3.30 and 0.95 in winter season, respectively
(Table 2) indicating that the study site is a biologically species
diverse system with balanced species distribution. The
outcomes of the present study show that the study site
contains high diversity of herbaceous species both in terms
of composition and life forms. The study results show that
species diversity was higher in winter season compared to
summer.

Different land use systems and floristic diversity:
Herbaceous species diversity varied greatly between
different seasons and different land use systems. Agricultural
land use system had the greatest number of species with 35
and 39 species in summer and winter season, respectively
followed by planted forest with 15 and 28 species in summer
and winter season, respectively. Each landscape element is
subjected to specific disturbances by management such as
cultivation, trampling and mowing as well as abandonment:
Various management regimes related to agricultural practice
led to maintenance of diverse plant communities of different
successional stages (Kitazawa and Ohsawa 2001). Natural
forest ecosystem had least number of species compared to
otherland use systems with only 7 and 20 species in summer
and winter season, respectively. The different land use
systems led to the differences in herbaceous species
composition and diversity. Most of the species in cultivated
and managed sites were common seasonal weeds.

In summer season, Shannon diversity index and Simpson
diversity index values varied between land use systems.
According to diversity indices, agriculture land use system
(H=2.68, 1-D=0.90) was the most diverse system fallowed
by planted forests (H" =2.27, 1-D=0.87). Least diverse was
the natural forests (H'=1.65, 1-D=0.79). Herbaceous species
diversity analysis showed a similar trend in winter season
with Agriculture land use system (H=2.76, 1-D=0.90) being
the most diverse system fallowed by planted forests
(H'=2.62, 1-D=0.89) and the natural forests (H=1.87, 1-
D=0.73). The higher diversity in the agricultural land use
system may be attributed to the availability of more nutrients
and moisture due to the agricultural operations carried out
throughout the year in the study site. Diversity indices values
in all type of land use systems were higher in winter season
compared to summer in all the land use systems (Table 3).
Hutcheson t-test analysis shows that there was significant
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Table 1. Herbaceous species composition in the study site

Winter season

Summer season

Name of the species Family Name of the species Family
Acanthospermum australe (Loefl.) Kuntze. Asteraceae Acanthospermum australe (Loefl.) Kuntze Asteraceae
Achyranthes aspera L. Amaranthaceae Acanthospermum hispidum DC. Asteraceae
Ageratum conyzoides L. Asteraceae Achyranthes aspera L. Amaranthaceae
Alternanthera brasiliana (L.) Kuntze Amaranthaceae = Ageratum conyzoides L. Asteraceae
Alternanthera sessilis (L.) R.Br. ex DC. Amaranthaceae Alternanthera sessilis (L.) R.Br. ex DC. Amaranthaceae
Aristida setacea Retz Poaceae Ammi majus L. Apiaceae
Bidens pilosa L. Asteraceae Aristida hystrix L.f. Poaceae
Blepharis maderaspatensis (L.) B. Heyne ex Roth ~ Acanthaceae Bidens pilosa L. Asteraceae
Calyptocarpus vialis Less. Asteraceae Blepharis maderaspatensis (L.) B. Heyne Acanthaceae
ex Roth
Cardiospermum halicacabum L. Sapindaceae Calyptocarpus vialis Less. Asteraceae
Cassia hirsuta L. Fabaceae Cassia tora L. Fabaceae
Cassia tora (L.) Roxb. Fabaceae Celastrus paniculatus Willd. Celastraceae

Celastrus paniculatus Willd.
Centotheca lappacea (L.) Desv.
Centrosema pubescens Benth.
Chenopodium vulvaria L.

Chiloris barbata Sw.

Chromolaena odorata (L.) R.M. King & H. Rob.
Commelina benghalensis L.

Crassocephalum crepidioides (Benth.) S. Moore
Crotalaria juncea L.

Curcuma longa L.

Cynodon dactylon (L.) Pers.

Cyperus rotundus L.

Dactylis glomerata L.

Desmodium paniculatum (L.) DC.

Digitaria ciliaris (Retz.) Koeler

Hygrophila erecta (Burm.f.) Hochr.

Eragrostis sp. L.

Erigeron bonariensis L.

Euphorbia heterophylla L.

Heteropogon contortus (L.) P. Beauv. ex Roem. &
Schult.

Ichnocarpus frutescens (L.) W.T. Aiton
Indigofera hirsuta L.

Ipomoea staphylina Roem. & Schult.
Malvastrum coromandelianum (L.) Garcke
Mimosa pudica L.

Panicum maximum Jacq.

Panicum virgatum Roxb. ex Steud.

Celastraceae
Poaceae
Fabaceae
Amaranthaceae

Poaceae

Asteraceae
Commelinaceae
Asteraceae
Fabaceae
Zingiberaceae
Poaceae
Cyperaceae
Poaceae
Fabaceae
Poaceae
Acanthaceae
Poaceae
Asteraceae
Euphorbiaceae

Poaceae

Apocynaceae
Fabaceae
Convolvulaceae
Malvaceae
Fabaceae
Poaceae

Poaceae

elosia argentea L.

Chloris barbata Sw.

Chloris barbata Sw.

Cocculus hirsutus (L.) W. Theob.

Crassocephalum crepidioides (Benth.) S.

Moore
Crotalaria juncea L.

Cynodon dactylon (L.) Pers.
Cynoglossum furcatum Wall.
Cyperus rotundus L.

Dactyloctenium aegyptium (L.) Willd.
Desmodium paniculatum (L.) DC.
Digitaria ciliaris (Retz.) Koeler
Euphorbia heterophylla L.

Galinsoga parviflora Cav.
Ichnocarpus frutescens (L.) W.T. Aiton
Ipomoea obscura (L.) Ker Gawl.
Melinis repens (Willd.) Zizka
Mimosa pudica L.

Panicum maximum Jacq.

Panicum virgatum Roxb. ex Steud.

Parthenium hysterophorus L.
Paspalum dilatatum Poir.
Pennisetum polystachion (L.) Schult.
Richardia scabra L.

Stylosanthes fruticosa (Retz.) Alston
Themeda triandra Forssk.

Tridax procumbens L.

Amaranthaceae
Poaceae
Poaceae
Menispermaceae

Asteraceae

Fabaceae
Poaceae
Boraginaceae
Cyperaceae
Poaceae
Fabaceae
Poaceae
Euphorbiaceae
Asteraceae
Apocynaceae
Convolvulaceae
Poaceae
Fabaceae
Poaceae

Poaceae

Asteraceae
Poaceae
Poaceae
Rubiaceae
Fabaceae
Poaceae

Asteraceae

Cont...
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difference between herbaceous species diversity of different
land use systems (Table 4, Fig. 3).

Population structure: In summer season Cynodon
dactylon, Alternanthera sessilis, Panicum maximum,
Chromolaena odorata, Mimosa pudica and Parthenium
hysterophorus were the most frequently occurring species
which occurred in 13.79, 9.72, 9.09, 7.52, 7.52 and 5.96% of
the quadrats respectively. Similarly, in winter season

Table 1. Herbaceous species composition in the study site
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Panicum maximum, Chromolaena odorata, Mimosa pudica,
Panicum virgatum, Alternanthera sessilis and Parthenium
hysterophorus occurred most frequently which occurred in
13.08, 9.13, 8.0, 7.71, 5.08 and 4.52 of the quadrats
respectively. In the present study Parthenium hysterophorus
occurred in both the season in higher frequency. This may be
due to the vigorous growth and seed dispersal trait of the
species. Most of the most frequently occurring species in the

Winter season

Summer season

Name of the species Family Name of the species Family
Parthenium hysterophorus L. Asteraceae

Paspalum dilatatum Poir. Poaceae

Passiflora foetida L. Passifloraceae

Pennisetum polystachion (L.) Schult. Poaceae

Pennisetum setaceum (Forssk.) Chiov. Poaceae

Cenchrus stramineus (Peter) Morrone Poaceae

Peperomia magnoaliifolia (Jacg.) A. Dietr. Piperaceae

Plumbago zeylanica L.

Portulaca oleracea L.

Plumbaginaceae

Portulacaceae

Richardia scabra L. Rubiaceae
Sida cordata (Burm.f.) Borss.Waalk. Malvaceae
Sida cordifolia L. Malvaceae
Solanum nigrum L. Solanaceae
Sorghum halepense (L.) Pers. Poaceae
Sphagneticola trilobata (L.) Pruski Asteraceae
Stylosanthes fruticosa (Retz.) Alston Fabaceae
Synedrella nodiflora (L.) Gaertn. Asteraceae
Urena lobata L. Malvaceae
Urochloa lachnantha (Hochst.) A.M. Torres & C.M.  Poaceae
Morton
Vernonia cinerea (L.) Less. Asteraceae
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Fig. 3. Comparison of the Shannon diversities in different land use system
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study site were observed to be the invading species. This is
may be due to the intensive agricultural practices followed in
the campus. Seasonal herb species were observed to be
more frequent than that of perennials in the present
investigation. The prevalence of seasonal herbaceous
species as observed in this study could be largely due to
seasonal variations in temperature and rainfall.

Cynodon dactylon (20.96), Panicum maximum (16.67)
and Parthenium hysterophorus (16.03) had the highest IVI

Table 2. Species diversity indices of the study area for
summer and winter season

T.S. Sumanth

values (Table 4), respectively and ten dominant herbaceous
speciescontributed 58% to the total IVI, in summer season.
Similarly, in winter season Panicum maximum (26.25)
Chromolaena odorata (18.28) and Mimosa pudica (15.94)
showed the highest IVI (Table 4) and ten dominant
herbaceous species contributed 61.86 % to the total IVI.
Dominance of these species may be due to the
environmental suitability and availability of optimum
conditions for their growth and regeneration. Moreover, high
IVI value by any individual species shows that most of the
available resource are being utilized by that species and left
over are being trapped by other species as the competitors

Season/ Indices Summer Winter
i and the associates (Shameem et al 2010). High importance
Number of species 39 59 . L . . .
value of a species indicates its dominance and ecological
Shannon index 3.12 3.30 . .
success, its good power of regeneration and greater
Simpson index 0.94 0.95 ecological amplitude.
Evenness index 0.85 0.81

This study hints at the influence of changes in land use

Table 3. Species diversity indices of the study area for different land use systems

Season Summer Winter

Indices Agricultural land Forest Planted forest  Agricultural land Forest Planted forest

Shannon 2.68 1.65 227 2.76 1.87 2.62

Simpson 0.90 0.79 0.87 0.90 0.73 0.90

Table 4. Comparison of the Shannon diversities of different land use systems using Hutcheson t-test

Land use system Species H' Confidence t-value Degrees of  Critical value p-value

richness interval freedom (df)

Agricultural Land 46 3.10 0.07 6.78 430 1.97 <0.0001

Natural Forest 28 2.58 0.13

Natural Forest 28 2.58 0.13 2.78 596.61 1.96 0.006

Plantations 39 2.83 0.1

Agricultural Land 46 3.10 0.07 4.11 782.67 1.96 <0.0001

Plantations 39 2.83 0.1

*Level of significance is 0.05

Table 5. Relative density, relative frequency, and VI of the dominant herbaceous species in the study area

Species name RD RF VI Species name RD RF VI
Summer Winter

Cynodon dactylon 17.13 3.82 20.96  Panicum maximum 13.18 13.08 26.25

Panicum maximum 12.45 4.22 16.67  Chromolaena odorata 9.16 9.13 18.28

Parthenium hysterophorus 10.60 543 16.03  Mimosa pudica 7.94 8.00 15.94

Alternanthera sessilis 9.23 2.93 12.16  Panicum virgatum 7.94 7.71 15.66

Chromolaena odorata 7.22 2.86 10.08 Alternanthera sessilis 5.05 5.08 10.13

Calyptocarpus vialis 410 4.55 8.65  Parthenium hysterophorus 4.49 4.52 9.00

Cyperus rotundus 273 5.37 8.10  Cynodon dactylon 4.1 414 8.25

Chloris barbata 0.73 7.16 7.89  Cyperus rotundus 3.93 3.95 7.88

Mimosa pudica 3.89 3.68 7.57  Pennisetum polystachion 3.08 3.10 6.19

Blepharis maderaspatensis 2.55 5.01 7.56  Richardia scabra 3.13 3.01 6.14
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pattern around a semi-natural ecosystem. The results of the
present study revealed high diversity of herbaceous in the
biodiversity heritage site of GKVK campus. Herbaceous
species diversity was highest in agricultural land use system
compared to plantations and natural forests. Poaceae was
represented by the highest number of species. The study site
is dominated by the individuals of Cynodon dactylon in
summer season and Panicum maximum in winter season.
This study will provide baseline data for future conservation
and management practices in the GKVK campus.
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Abstract: Embelia tsjeriam-cottam Burm f. is an important medicinal plant and threatened species in the Western Ghats. Due to small embryo
and its abortive nature, natural regeneration through seeds is particularly challenging. Therefore, the experiment was conducted to assess the
impact of different pre-sowing treatments on germination, growth and biomass characteristics. The experiment was performed in pro-trays
arranged in a randomised block design replicated thrice. Among various treatments, the scarified seeds soaked in GA,at 750 ppm was found
best treatment and improved all parameters. Parameters of germination were found to be significant however growth and biomass parameters

were found to be non-significant.
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Embelia tsjeriam-cottam, also called as Malabar Emelia, is
a significant, red-listed medicinal plant of India with moderate
demand in the domestic and international markets according
to IUCN, (Sudhakar Raja et al 2005). It is a member of the
Myrsinaceae family. E. tsjeram-cottam is a diverse plant that
can be a little shrub that grows 1 to 2 metres tall to a small tree
or even a twining climbing plant in hilly regions of India. It is
also found in the Himalayas, between Kashmir and Sikkim, at
elevations of 400 to 1600 metres in deciduous to semi-
evergreen forests. It is valued for its digestive, thermogenic,
carminative, depurative, anthelmintic, and laxative properties
since immemorial time and frequently (Bhattacharjee 2000).
It is also used to treat malignant tumours, asthma, bronchitis,
diabetes, heart-related issues, nervous system illnesses, and
liver issues. A polyphenol called gallic acid and a
benzoquinone called Embelin are main active ingredient of
the plant which have antioxidant and anticancer effects. The
National Medicinal Plants Board has prioritized 32 medicinal
plants for extensive cultivation to bring about a medicinal plant
revolution in our nation that will benefit people's health and
prosperity; E. tsjeram-cottam is one of these plants due to its
commercial worth. This plant is reportedly threatened in
Kerala, Tamil Nadu, Karnataka, and the Western Ghats. This
plant's greatest concern is its indiscriminate and
unsustainable harvesting for commercial interests. lts
population is declining due to several circumstances,
including habitat degradation, Jhum cultivation, forest fires,

and increased agricultural production. This plant has very
poor regeneration. At present, E. tsjeram-cottam embryos are
relatively tiny, and most of the seeds are sterile. Specific
habitat requirements are necessary for its survival and
growth. E. tsjeram- cottam's regeneration is sluggish and
extremely poor. Due to its similar properties to those of E.
ribes, it has grown in trade value and demand in the local
market. The demand for E. ribes expanded significantly
between 1990 and 2000, and the export volume increased to
250 t/year (Mhaskar et al 2011). Due to excessive demand,
this species was also heavily wild-harvested in protected and
conserved regions. Therefore, care must be taken to ensure
the survival of this significant medicinal plant. The ideal
optional plant for E. Ribes is Embelia team-Cottam because it
shares the same qualities (Devaiah et al 2008). Due to
overharvesting, overexploitation, dispersed populations result
in inbreeding, the formation of abortive embryos and the
sluggish germination of small, less viable seeds, its natural
regeneration is limited. Due to poor seed viability and low
germination rates, artificial regeneration of both species is
challenging (Annapurna et al 2013). Therefore, the
investigation was carried to determine the effects of different
seed treatments to develop best pre sowing seed treatment.

MATERIAL AND METHODS
Experimental site and detail: The investigation was carried
out at the College of Forestry Dapoli, Ratnagiri, Maharashtra
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during 2017-18. The experimental site is situated at an
altitude of 252 metres above mean sea level and 17°76'77"
North latitude and 73°19'10" East longitude.

The required seed material was collected from the village
Tulshi, Tahasil Khed, Dist. Ratnagiri. The outer mucilaginous
covering present in the seeds was removed. The seeds were
treated with mercuric chloride 0.1% for 10 min, washed with
tap water and shade dried for 24 hours. The scarified seeds
were subjected to pre-seed treatments viz., GA, 750 ppm,
Ethylene 50 ppm, KNO, 1.0 %, H,SO, 2.0 %, HCL 2.0 %,
H,S0,2.0% + GA, 750 ppm and HCL 2.0% + GA, 750 ppm for
24 hours and compared with control i.e., no treatment (only
scarification).

The treated seeds were sown in portrays containing coco
peat media which was kept in the greenhouse under 50%
shade and watering was done regularly. Observations
recorded were days to first germination, germination per
cent, germination rate index, mean daily germination, peak
value germination, germination value, shoot height, root
length, the number of leaves, diameter, shoot fresh weight,
shoot dry weight, root fresh weight and root dry weight.

RESULTS AND DISCUSSION

The minimum days required for first germination (1.45
days) were recorded against seed treated with scarification +
soaking seeds in HCL 2.0% + GA, 750 ppm for 24 hours
(Table 1) while, maximum % germination (10.63),
germination rate index (0.29), mean daily germination (0.13),
peak value germination (0.15) and germination value (8.75)
were recorded in response to scarification + soaking seeds in

1329

GA,750 ppm for 24 hours.

Among the different germination-inducing treatments, the
seeds treated with gibberellins responded well with a high
rate of germination and vigorous seedling growth. Early
germination was seen in seeds treated with GA,. This may be
due to the instigative action of GA, for the germination of
seeds. GA, induces the de-novo synthesis of proteolytic
enzymes like amylase and ribonuclease. Amylases in turn
hydrolyse starch in the endosperm, providing the essential
sugars for the initiation of the growth processes of an embryo
(Weiss and Ori 2007). GA, treatment is also known to
overrule photo dormancy, thermo-dormancy, dormancy
imposed by the rudimentary embryos, mechanical barriers,
and the presence of germination inhibitors (Kitchen and
Meyer 1991).

Similar results of increased germination attributes such
as % germination, germination rate index, mean daily
germination, peak value germination and germination value
were observed in E. ribes (Shruthi et al 2016). The rate of
germination, mean daily germination, germination value and
vigour were also higher due to GA, treatment (Masoodi et al
2000). (Gowda et al 2003) reported that GA, at 400 ppm
considerably improved germination (48%) than the control
(12%) in Embelia tsjeram-cottam. The findings are also
supported by (Mawalagedera et al 2014) in Phyllanthus
Emblica in which seeds were scarified and treated with
1.00% gibberellins and Pipinis et al (2012)who revealed that
30, 60 and 90 min scarified seeds of Paliurus spina-christi
Mill. after GA, application (500, 1000 and 2000 ppm),
resulting in higher germination per cent compared to non-

Table 1. Impact of pre-sowing seed treatments on seed germination parameters of E. tsjeram-cottam

Treatments Days to first (%) Germination rate  Mean daily Peak value  Germination
germination germination index germination  germination value

Scarification control (T1) 9.45 2.06 0.05 0.02 0.03 1.45

Scarification +soaking seeds in GA, 750 3.06 10.63 0.29 0.13 0.15 8.75

ppm for 24 hours (T2)

Scarification +soaking seeds in Ethylene50 4.89 9.36 0.24 0.11 0.12 8.56

ppm for 24 hours (T3)

Scarification +soaking seeds in KNO, 1.0% 7.06 7.94 0.22 0.09 0.11 7.13

for 24 hours (T4)

Scarification +soaking seeds in H,SO,2.0% 9.31 9.36 0.23 0.11 0.14 7.57

for 24 hours (T5)

Scarification +soaking seeds in HCL 2.0% 1.70 4.76 0.12 0.06 0.06 4.21

for 24 hours (T6)

Scarification + soaking seeds in H,SO, 7.22 5.88 0.14 0.07 0.1 5.25

2.0%+GA, 750 ppm for 24hours (T7)

Scarification +soaking seeds in HCL 2.0% + 1.45 5.40 0.16 0.06 0.08 4.53

GA, 750 ppm for 24hours (T8)

Mean 5.52 6.92 0.32 0.15 0.10 5.93

SE, 0.05 117 0.04 0.01 0.01 1.18

CD (p=0.05) 0.14 3.55 0.13 0.04 0.04 3.58
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Table 2. Impact of pre-sowing seed treatments on growth parameters of E. tsjeriam-cottam

Treatments Growth parameters
Shoot height Root length  Number of Diameter

(cm) (cm) leaves (mm)
Scarification (control) 3.1 3.15 1.75 1.12
Scarification + soaking seeds in GA,750 ppm for 24hours (T2) 4.54 5.10 2.49 1.53
Scarification + soaking seeds in Ethylene 50 ppm for 24 hours (T3) 3.72 3.51 2.27 1.39
Scarification + soaking seeds in KNO, 1.0% for 24 hours (T4) 4.24 4.81 2.29 1.48
Scarification + soaking seeds in H,SO,2.0% for 24 hours (T5) 3.28 3.51 2.16 1.37
Scarification + soaking seeds in HCL 2.0% for 24 hours (T6) 3.81 4.00 210 1.45
Scarification + soaking seeds in H,S0,2.0% + GA, 750 ppm for 24 hours(T7) 3.81 3.91 217 1.47
Scarification + soaking seeds in HCL 2.0% + GA, 750 ppm for 24 hours (T8) 3.53 4.03 2.27 1.41
Mean 3.71 4.36 2.19 1.40
SE,, (1) 0.54 0.65 0.19 0.08
CD (p=0.05) NS NS NS NS

Table 3. Impact of pre-sowing seed treatments on biomass parameters of E. tsjeriam-cottam

Treatments Biomass parameters
Shoot fresh Root fresh Wt. Shoot dry Wt. Root dry Wit.

Wt. (gm) (gm) (gm) (gm)
Scarification (control) (T1) 3.1 3.51 2.16 1.37
Scarification + soaking seeds in GA,750 ppm for 24hours (T2) 4.54 5.10 2.49 1.53
Scarification + soaking seeds in Ethylene 50 ppm for 24 hours (T3) 3.72 3.51 2.27 1.39
Scarification + soaking seeds in KNO, 1.0% for 24hours (T4) 4.24 4.81 2.29 1.48
Scarification + soaking seeds in H,SO,2.0% for 24 hours (T5) 3.28 3.15 1.75 112
Scarification + soaking seeds in HCL 2.0% for 24 hours (T6) 3.81 4.00 2.10 1.45
Scarification + soaking seeds in H,SO,2.0%+GA, 750 ppm for 24 hours (T7) 3.81 3.91 217 1.47
Scarification + soaking seeds in HCL 2.0% + GA, 750 ppm for 24 hours (T8) 3.53 4.03 2.27 1.41
Mean 3.71 4.36 2.19 1.40
SE, () 0.54 0.65 0.19 0.08
CD (p=0.05) NS NS NS NS

Fig. 1. Pro-trays under greenhouse Fig. 2. Scarified seeds of Embelia tsjeriam-cottam
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Fig. 3. Germination of Embelia tsjeram-cottam after 32 days

scarified seeds with GA,. Similar results have been noticed
by Maharana Rashmipravaetal (2018) in Gmelina arborea.

The data on the impact of scarification and seed-soaking
treatments on growth parameters is presented in Table 2 and
were found non-significant. The parameters related to growth
such as shoot height, root length, number of leaves and
diameter enhanced and recorded the highest values when
scarified seeds were treated with GA,at750 ppm for 24 hours
(T2) and treatment T4 i.e., scarification +soaking seeds in
KNO, 1.0% for 24 hours (T4) was found to be the second
better treatment. While, treatment T1 i.e., control i.e., only
scarification recorded minimum values in all growth
parameters.

The data recorded on the impact of scarification and seed
soaking treatments on biomass parameters is found to be
non-significant and given in Table 3. It has resulted that
treatment T2 i.e., scarification + GA,at750 ppm for 24 hours
followed by treatment T4 i.e., scarification + soaking seeds in
KNO,1.0% for 24hours increased all the parameters related
to biomass such as shoot fresh weight, root fresh weight,
shoot dry weight and root dry weight while, treatment T1 i.e.,
control (scarification) resulted in the least values.

CONCLUSION

From the investigations, it is concluded that scarified
seeds of Malabar Embelia when pre-soaked with growth
regulators, acids and their combinations recorded maximum
values over control i.e., only scarification. All germination
attributes except days to the first germination were higher
when scarified seeds were treated with treatment T2 i.e., GA,
750 ppm for 24 hours while the number of days to first
germination were minimum with T8 i.e., scarification +
soaking seeds in HCL 2.0 % + GA, 750 ppm for 24 hours.
Growth and biomass parameters were found to be non-
significant but responded well with GA,and KNO,.
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Abstract: The present research was carried at PG Institute of Post Harvest Management in department of Medicinal Aromatic Plants, Spices
and Forest Crops, Killa, Roha Maharashtra, India to find out suitable drying method and to standardize the Aloe vera powder preparation
process. The physico-chemical properties of A. vera powder were evaluated to study storage stability. Packaging material and storage time
significantly influenced all the parameters. Quality of powder showed good shelf life in convective tray drying method at 50°C when packed in
polyethylene bags. Storage for 90 days at room temperature did not affect the quality and was suitable for human consumption.
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Aloe vera is a short-stemmed juicy plant with green
pointed and fleshy leaves entrapping a clear viscous gel. It
can achieve a stature of 60-100 cm with a spread up to 50-60
cm. It is native of Africa, the Arabian Peninsula, Madagascar
and Indian Ocean Islands. Aloe species are also found in the
Mediterranean region, Canary Islands, Mexico, India, and
the Caraibes. The genus Aloe contains over 400 different
species. However, Aloe barbadensis is considered the most
biologically active species (Bozzi and Perrin 2007). In India,
the major areas under A. vera cultivation are in Rajasthan,
Andhra Pradesh and Guijarat (Jilariya et al 2017, Thakur et al
2018) and also found in the dry areas of states of
Maharashtra and Tamil Nadu. Total production in India is
estimated to be about 1,00,000 tonnes. Ayurvedic
pharmacies are using only 1% of the total production from
India (Anonymous 2006). The price of dried A. vera leaves in
India ranges from Rs 600-1000 per kg depending upon the
aloin content and colour of the dried A. vera.

Drying is one of the best methods for preserving the food
materials. It increases the shelf life by decreasing the water
activity in the product which inhibits the growth of
microorganisms while decreasing spoilage reactions.
Another important advantage of dried product is the
reduction in the cost of packaging, storage and transportation
due to their comparatively smaller volume and mass. The
challenge of A. vera drying is to maximize the retention of
nutrients while minimizing the moisture content of product to
alevel with restricted microbiological growth. Afaster method
of dehydration that yields a higher quality product is always
required. It is generally known that freeze-drying produces
highest quality dehydrated products, but this technique is
very expensive and requires skilled operators. Hence, a

method of convective drying could be a good solution.
However, some problems like considerable shrinkage due to
cell collapse following the loss of water, poor re-hydration
characteristics of dried products and unfavourable changes
in colour, texture, flavour and nutritive value may occur. This
can be solved by controlled drying which helps in overall
improvement in the quality of the final product (Ahmed and
Singh 2013). Hence, the present study was undertaken to
prepare A. vera powder by different drying methods to find
out suitable powder drying methods and standardize the
preparation process.

MATERIAL AND METHODS

The present study was conducted at the Department of
Post Harvest Management of Medicinal, Aromatic,
Plantation, Spices and Forest Crops, Post Graduate Institute
of Post-Harvest Technology and Management, Killa - Roha,
Dist. Raigad, Maharashtra India, north Kokan (18°42'5947”
N, 73°17'9361" E) during 2020-2021. Data was collected on
physical parameters of A. vera during drying such as initial
moisture, final moisture, drying time and rate of drying. The
data collected were statistically analysed by the standard
procedure using Completely Randomized Design (CRD) with
4 main and 4 sub treatments having 5 replications. The
observations on the changes in physical and chemical
parameters of A. vera powder during drying and storage (at
room temperature) were recorded at 0, 30, 60 and 90 days.

The leaves were cut in the early morning for
experimentation to avoid moisture loss and spoilage. Each
leaf was cut manually with a stainless-steel knife and pulled
carefully from the mother plant to avoid breaking of rind. The
leaves were transported from farm to the working place in a
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covered polyethylene bag to avoid oxidation or
contamination and were kept in upright position in order to
drain out the 'aloin’ (Yellow sap) present in it. After that leaves
were washed under tap water to remove sticking materials
and dirt. The spikes were removed before slicing the leaves.
The thick dark green outer skin was peeled out manually from
the thick gel fillet using a stainless-steel knife. The fillets were
cut into 5% 3 x 1 cm cuboids with the help of stainless-steel
cutter and stored in an air tight container. The fresh cubes
fillet was transferred into a tray for different drying methods
viz., sun, polytunnel, convective and microwave drying. A.
vera pulp cubesffillets placed for various dryer as per the
treatment. Best treatment was selected on basis of statistical
analysis for further study. From overall treatment and
analysis, suitable drying method was standardized for
preparation of A. vera powder. Temperature of convective
dryer was kept 50° C and Microwave dryer was 60°C. The
sample was dried till constant weight was achieved. After
complete drying, sample was ground and sieved to obtain the
fine powder. Powder was packed in small polyethylene bag
with the help of packaging machine. To find out suitable
drying method and storage study, 60-80 g sample was filled
in polyethylene bag. The storage was for 90 days and sample
was analysed for different quality parameters at 30 days
interval. The experiments were done with three replications.
The preparation of A. vera powder is given in flow chart as
under:

Process flowchart for preparation of Aloe vera powder

Fresh Aloe veraleaves

Washing Removal of spikes
Slicing the leaves
Separation of mucilage /pulp fillets
Cultting of fillets
Drying
Grinding
Powder packaging

Storage

RESULTS AND DISCUSSION
Physical quality parameters of Aloe vera pulp: The results
indicated that convection drying treatment recorded the
highest initial moisture (98.70) per cent which was at par with
treatment T3 and T2 (98.60 and 98.50 %) and T1 recorded
the lowest initial moisture (98.2) per cent (Table 1). Muaz and
Fatma (2012) also found 97 % moisture in the A. veraleaves.
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The T4 recorded highest final moisture per cent (3.70)
which was at par with treatment T3 whereas, T1 recorded
significantly lowest final moisture per cent (2.10) which was
followed by treatment T2. The present work agrees with
Hendravati (2015). The final moisture per cent of A. vera pulp
was 2.88, 4.04 and 4.89% at 140, 130 and 120° C
temperature. Pattali and Yenge (2015) found 8.66 % final
moisture in open yard sun drying, 8.61 % in hot air drying and
8.57 % in dehumidified air drying of A. vera leaves. Preetider
and Amrit (2017) also found 3.59 % moisture in spray dried A.
vera powder.

The T1 recorded significantly highest drying time (21.44
hr) which was followed by treatment T2 (Table 1). The T3
recorded the lowest drying time (14.44 hr) which was followed
by treatment T4. Pattali and Yenge (2015) found that open
yard sun drying, hot air drying and dehumidified air drying
requires 21,16 and 11 hours, respectively for drying of A. vera
pulpfillets.

The A. vera pulp in T3 recorded the significantly highest
rate of drying (6.576) followed by treatment T4. Treatment T1
recorded the lowest rate of drying (4.48) which was at par with
treatment T2. Sabat and Patel (2018) also observed that the
drying rate increased with an increase in drying air
temperature, resulting in a substantial decrease in the drying
time. Pattali and Yenge (2015) found that drying process
mainly consisted of three drying periods i.e. heating up,
constant rate and falling rate period. In hot air drying at
temperature of 50°C showed only the falling rate period which
was due to moderate temperature of drying. The drying rate
period decreased from 47.04 to 0.04 % at 50°C.

Physical quality parameters of the Aloe vera powder: The
lightness of the colour in A. vera powder decreased
significantly with increase in storage periods from 33.09 to
27.43 during 90 days storage (Table 2). Thus, it can be
concluded that lightness of the colour in A. vera powder
decreased with increase in storage period. The a* value
increases with corresponding increase in storage period. The
a* value of colour during storage of 0 to 90 days also
increased significantly. Redness of the colour in Aloe vera
powder increased with increase in storage period from 7.83 to
10.93 up to 90 days of storage. Interaction effect between
storage period and different treatments was statistically non-
significant. The b* value decreased with corresponding
increase in storage period. The T3 recorded the highest mean
b* value (38.43) for colour which was at par with T2. The b*
value of colour during storage of 0 to 90 days also decreased
significantly. Yellowness of the colour in Aloe vera powder
decreased with increase in storage period from 39.98 to
32.48 up to 90 days storage. Interaction effect between
storage period and different treatments was non-significant.
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The decrease in the L* value and b* value while increase in a*
value of dehumidified air-dried Aloe vera gel powder was
recorded by Ramchandra and Srinivasa (2011).

The particle size during storage of 0 to 90 days slightly
increased. Particle size in Aloe vera powder slightly
increased with increase in storage period from 49.35t049.72
M up to 90 days storage. Interaction effect between storage
period and different treatments was non-significant. Gautam
and Awasthi (2007) reported maximum water retention of the
Aloe vera powder on 40 mesh size. Stoklosa and Lipasek
(2012) observed the sticking and agglomeration resulting
from exposure to relative humidity reduces flow ability and
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may be influenced by powder composition, particle size and
shape.

Changes in the chemical quality parameters of the Aloe
verapowder: The ash per cent during storage of 0 to 90 days
also decreased significantly. Ash percent in A. vera powder
decreased with increase in storage period from 15.70 to
15.49 per cent up to 90 days storage (Table 4). Similarly
effect of drying method was non-significant and effect of
storage period on ash also non-significant. Sabat and Patel
(2018)y reported that temperature rise from 50 to 80°C
recorded 15.48 to 15.50 % ash, respectively. Gautam and
Awasthi, (2007) found 14% ash content in the whole leaf tray

Table 1. Changes in the physical quality parameter of Aloe vera during drying

Treatments Initial moisture % Final moisture % Drying time (Hour) Rate of drying (% moisture/hour)
T 98.20 2.10 21.44 4.48
T2 98.50 2.60 20.44 4.69
T3 98.60 3.10 14.44 6.58
T4 98.70 3.70 17.44 5.44
CDat5 % 0.217 0.411 0.493 0.21

T1: Sun drying, T2: Polytunnel drying, T3: Microwave drying, T4: Convection drying

Table 2. Effect of different drying method and storage period on the L* colour value, a* colour value and the b* colour value of

Aloe verapowder

Treatments L* Value a* Value b* Value
M Storage (S) period (days)

0 30 60 90 Mean 0 30 60 90  Mean 0 30 60 90 Mean
T 3463 333 3230 246 3121 893 105 1150 1250 10.86 36.90 36.13 359 34.63 35.89
T2 2823 2717 264 2557 2684 7.40 990 10.90 1225 10.11 41.83 39.33 37.67 34.73 38.39
T3 28.67 27.33 26.33 2547 26.95 11.10 11.83 12.33 1347 1218 445 41.00 39.00 29.2 3843
T4 40.83 41.53 40.23 34.10 39.18 387 470 507 55 478 36.7 3500 3400 31.33 3248
Mean 33.09 32.33 31.32 2743 31.04 7.83 923 995 1093 948 39.98 37.87 36.64 3248 3248

T S TxS T S TxS T S TxS

CD at 5% 2.56 2.56 NS 0.59 0.59 NS 1.82 1.82 NS

See Table 1 for details

Table 3. Effect of different drying methods and storage periods on the particle size, moisture and solubility of A. vera powder

Treatments Particle size (micron) Moisture (%) Solubility (min)
M Storage (S) period (days)

0 30 60 90  Mean 0 30 60 90  Mean 0 30 60 90 Mean
T 63.20 63.40 63.57 63.67 6346 210 220 230 240 225 510 514 518 522 5.16
T2 53.10 53.30 53.40 53.50 53.33 260 270 280 290 275 510 514 518 522 5.16
T3 4410 44.20 4430 4440 4425 360 370 380 390 375 410 414 418 422 4.16
T4 37.00 37.10 37.20 37.30 37.15 3.70 3.80 390 400 38 310 314 318 3.22 3.16
Mean 49.35 4950 49.62 49.72 4955 3.00 310 320 330 315 435 439 443 447 4.41

T S TS T S TxS T S TxS

CD at 5% 11.07 11.07 NS 0.15 0.15 NS 0.06 0.06 NS

See Table 1 for details
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Table 4. Changes in the Ash, fat and protein percentage of the Aloe vera powder during storage periods

Treatments Ash (%) Fat (%) Protein (%)
M Storage (S) period (days)

0 30 60 90  Mean 0 30 60 90  Mean 0 30 60 90 Mean
T 16.2 16.1 16.03 1599 16.08 1.79 1.74 169 164 172 241 233 223 215 2.28
T2 172 171 17.03 1699 17.08 181 178 175 173 177 33 327 323 319 3.25
T3 152 151 15.03 1499 15.08 214 212 21 2.1 212 48 477 473 469 4.75
T4 142 141 14.03 1399 1408 22 218 214 211 216 483 48 477 472 4.78
Mean 157 156 1553 1549 1558 198 1.96 1.92 1.9 194 383 379 374 369 3.76

T S TxS T S TxS T S TxS

CD at 5% NS NS NS 0.03 0.03 NS 0.12 0.12 NS
See Table 1 for details
Table 5. Changes in the fiber, pH and TSS of the Aloe vera powder during storage periods
Treatments Fibre (%) pH TSS
™ Storage (S) period (days)

0 30 60 90  Mean 0 30 60 90  Mean 0 30 60 90 Mean
T 16.1 1594 159 1584 1594 289 292 317 347 311 208 245 265 3.17 2.59
T2 16.39 16.33 16.23 16.1 16.27 392 394 413 447 412 303 348 386 4.03 3.6
T3 16.5 1645 16.39 16.35 16.42 393 422 513 547 416 31 357 388 4.03 3.65
T4 16.62 16.57 16.51 1647 1654 3.7 416 464 473 431 403 435 465 495 45
Mean 16.4 16.32 16.26 16.19 16.29 361 3.74 404 43 392 306 346 376 4.05 3.58

T S TxS T S TxS T S TxS

CD at 5% 0.12 0.12 NS 0.17 0.17 NS 0.08 0.08 NS

See Table 1 for details

dried A. vera powder sample at 50°C. The fat, protein content
and fiber percent of Aloe vera powder were decreased with
corresponding increase in storage period from 0 to 90 days
from 1.98 to 1.90, 3.83 to 3.69 and 16.40 to 16.19 per cent,
respectively up to 90 days of storage. These results are
supported by findings of fat, protein and fiber content per cent
in Aloe vera powder by Sabat and Patel (2018). As acidity
decreased pH of Aloe vera powder increased. The pH of
Aloe vera powder was increased with corresponding
increase in storage period 0 to 90 days from 3.61 to 4.30
(Table 5). The pH of A. vera powder at different drying
methods was recorded by Sabat and Patel, (2018).

The TSS of A. vera powder increased significantly with
corresponding increase in storage period of 0 to 90 days from
3.06 t0 4.05 °B. Interaction effect between storage period and
different treatments was found to be statistically non-
significant. TSS of spray dried powder of Aloe verawas 2.6 °B
recorded by Preetider and Amrit (2017). The moisture
content during storage of 0 to 90 days was also increased
significantly from 3.00 to 3.30 per cent. These results are in
confirmative with moisture content of A. vera powder as
recorded by Ramchandra and Srinivasa (2011). Preetider
and Amrit (2017) was also reported 3.59 % moisture in spray

dried Aloe vera powder while Hendravati (2015) noticed 2.88,
4.04, 4.89 and 4.89 % moisture in spray dried Aloe vera
powder at temperature 140, 130, 120 and 110°C,
respectively. The solubility of A. vera powder slightly
increased with corresponding increase in storage of 0 to 90
days from 4.35 to 4.47 min. Preetider and Amrit (2017) also
reported solubility of A. vera powder was 100.54 sec. Gore
and Devdas (2011) found solubility of spray dried A. vera
powder 173 sec. Hendravati (2015) observed 2.26, 1.93,
2.94 and 2.94 min. solubility of spray dried Aloe vera powder
attemperature 140, 130, 120 and 110 'C, respectively.

CONCLUSIONS
The quality A. vera powder with good shelf life was
prepared by convective tray drying method at 50°C and
packed in polyethylene bags it is stored for 90 days at room
temperature did not affect the quality and found suitable for
human consumption.
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Abstract: As a mitigation strategy to lower atmospheric carbon dioxide and boost farmers' netincome, tree plantations are advocated as one
of the biological tools to sequester carbon. Many tropical nations are implementing agroforestry-based carbon storage programmes; however,
itis challenging to quantify the potential for carbon storage. The amount of carbon stored in the plantation, the potential to mitigate carbon from
the atmosphere and the market value of 4 and 6-year-old Tectona grandis plantation in Chhattisgarh, India, was estimated. In the present
study, the result indicated that the six-year-old plantation has the potential to produce 1650.90 ft* of the merchantable volume of timber with a
market value of Rs. 20,63,621-1,15,57,929/- per hectare and the merchantable volume and market value produced in the plantation was
1097.87 ft’ and Rs. 15,83,218-76,44,215/-. Similarly, the biomass and carbon stored in a six-year-old plantation was 309.00tha" and 127.36 t
C ha" and in the four-year-old plantation it was 221.99 tha™ and 91.29t C ha". The CO,mitigation potential was 335.04 t CO,ha™ in a four-year-
old plantation and 467.40 t CO,ha™ in a six-year-old plantation. The response in the India has been shown to be superior since teak is native to
the forests of India and is produced on a modest to moderate scale. The results revealed that, with the increase in the age of teak plantations,

thereis an increase in carbon sequestration in plantations with a higher economic and ecological return.

Keywords: Teak, Economics, Carbon storage, CO, mitigation

Since the pre-industrial period, anthropogenic
greenhouse gas emissions have risen significantly, mostly
due to population expansion and industrialisation.
Agroforestry is being investigated to mitigate increases in
atmospheric carbon dioxide and projected climate change
(Bhusara et al 2016). Many tropical nations are implementing
forest carbon sequestration programmes; however,
assessing carbon sequestration capacity is hindered by a
lack of species-level data. Farmers may diversify their
produce, decrease agricultural risk, contribute to food
security, and earn much-needed revenue using these
solutions. They also fulfil commercial timber needs while
improving environmental values and services. Research on
different tree species to evaluate their potential for carbon
sequestration could help prioritise the best land use practices
to ensure sustainability and benefit sharing among countries.
The Kyoto Protocol recognises forests as one of the important
carbon sinks. Research suggests that trees and other forest
components sequester carbon within their bole, bark,
branches, foliage, and roots for decades (Thakur et al 2011,
Nizami 2012, Adnan and Nizmai 2014). The ability of various
tree species to store carbon is mainly governed by the rotation
of tree types and the age of plantations. With the additional
benefit of being utilised mostly indoors, long-rotation species
like teak (T. grandis) have a longer carbon locking time than

short-rotation species (Sreejesh et al 2013). Teakwood trade
has grown dramatically during the past few years. As long as
its legal and sustainable farming has been established, teak is
still highly valued and in great demand worldwide. Due to the
growing volume of teakwood commerce, a systematic
strategy to supply chain monitoring is required. As a result,
starting on January 1, 2022, the Harmonized System
nomenclature 2022 (HS 2022) Edition is bieng used to track
the global trade in teakwood. The consistent classification of
commodities traded worldwide are done using HS 2022.
Togo's smallholder farmers cultivate teak on their properties
to enhance household income. Food security is crucial since
agricultural land and workers are in short supply. Despite this,
farmers are eager to grow teak since the 15-year rotations
offer the greatest yields for subsistence farmers (Kenny
2007). For similar reasons, smallholder farmers in southern
Benin cultivate teak on short rotation to produce poles 5 to 15
cm long (Aoudji etal 2011). Farmers in Nigeria, under national
afforestation initiatives and advancing national environmental
goals, teak lengthens the time spent in a fallow state,
improves soil fertility, diversifies agricultural output, and raises
household income (Osemeobo 1989). However, access to
land, technical knowledge, market expertise, and high-quality
germplasm are necessary for farmers for such systems to
perform to their full potential (Zanin 2005).
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India's economic growth and rapid urbanisation are
transforming the country's lifestyles and spending habits. The
historic allure of wood and wood products in the nation is
growing. An estimated 438.14 million m® of wood (including
bamboo) is produced annually in India. India produces the
most fuelwood (304 million m®) (FAO 2021). Tectona grandis
L.f., a large deciduous tree with a height of up to 40 m, is a
member of the Lamiaceae family. Due to its stunning look and
durable qualities, teak is one of the most expensive wood
species. Despite being native to South and Southeast Asia,
teak wood was imported into the agroforestry systems of
several nations throughout tropical Asia, Africa, and Central
and South America due to its tremendous economic potential
(Nidavani and Mahalakshmi 2014, Udayana et al 2020).
Farmers and foresters have recognised teak as a plant they
like to domesticate (Thakur et al 2016, Kumar et al 2017,
Pachas et al 2019). In India, the production of teak as a
forestry business was a turning point in the development of
forestry from a mainly extractive and regulating profession to
one that involved resource creation. Teak was promoted with
other main crops by the taungya systems in Myanmar
(Blanford 1958), Java (Weersum 1982), and Africa (Oduol
1986). Since the introduction of clonal forestry, most teak
plantations in tropical and subtropical nations have been
grown from rooted cuttings and planting material obtained
from tissue culture (Monteuuis and Maitre 2007, Monteuuis
and Goh 2017). Smallholder teak plantation refers to farmers
with an average holding size of 0.5 to 1.0 ha and prefers
agricultural systems incorporating teak trees, annual crops,
and animals. Around 0.92 million acres of teak are grown by
smallholders worldwide, with just 19% of the area being in
Asia (Kollert and Cherubini 2012). In the 1960s, Indonesia
developed the idea of contemporary smallholder agroforestry,
primarily to produce teak wood. Later, it became a cutting-
edge agroforestry model. Teak from small-scale plantations
became a popular timber supply, producing more than large-
scale plantations (Halladay and Gilmour 1995). Teak demand
in and around the world exceeds the sustainable production
from natural forests and plantations. The growing demand
provides the opportunity for enterprising farmers. Teak is
being farmed in smallholder agroforestry systems in several
tropical nations. This research examines the role of teak
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systems in smallholder livelihoods and the C mitigation
potential through block plantation.

MATERIAL AND METHODS
Study area: At a farmer's field in Bilaspur, Chhattisgarh,
India, a 6 and 4-year-old clonal teak plantation were selected
for the experiment. The site is located at 280 m above mean
sea level, between 22°12'05.21” N latitude and 82°05' 04.27”
E longitude. The number of plants per hectare (2196) were
higher in block plantations because they were planted in
close spacing (2x2 m) to avoid deformation at early age.
Environment function: Allometric equations (Singh and
Mishra 1979) linking tree circumference to biomass were
utilised to assess tree biomass. Prior measurement of the
carbon concentration (bole 43.50%, branch 45.67%, leaf
46.67%, and coarse root 35.73%) by Singh (2010) for the
tropical dry deciduous forest of Chhattisgarh was utilised to
estimate carbon stock. The carbon storage for vegetative
components was determined by multiplying the dry weight of
the components by their mean carbon content.
Economic function: By adhering to the prescribed
protocols, field observations on significant growth factors,
such as diameter at breast height (DBH) and individual trees
height was recorded as per standard procedures. Tree stem
volume was estimated using equation (FSI 1996): VUB (m°®) =
-0.0645+ 0.2322D°H, Where VUB is volume under bark, D is
DBH over bark, and H is tree height. The average stem
volume per tree was multiplied by the number of plants per
hectare to determine the volume of stems per hectare in
m’/ha. In order to calculate the marketable value, it was
converted to ftha. The market value of the standing crop
was calculated using two market values (upper and lower
limits) from the official website of India Mart.

RESULTS AND DISCUSSION
Economic function: The result showed that the average
height of the four-year-old plantation was 3.04 m and that of
six-year-old plantation was 4.11 m, and the merchantable
height was 2.95 m and 3.36 m, respectively, for both
plantations (Table 1). The diameter above the bark ranged
between 32.30 and 56.00 cm at in four-year-old plantation
and 40.90 and 60.90 cm of the six-year-old plantation. The

Table 1. Merchantable volume and market value of teak plantation

Plantation Avg DBH Avg ht Merchantable volume Market value/ tree* Market value/ha*
(cm+SE) (m+SE) (INR) (n=15) (10° INR)
m’/hazSE ft’/hatSE 1450 ru/ft’ 7001 ru/ft’ 1450 ru/ft’ 7001 ru/ft’
4-yr-old 45.01£1.65 2.95+0.07 30.92+2.14 1091.87+75.57 720.96 3480.97 1.58 7.64
6-yr-old 52.00+1.40 3.3610.07 46.75+2.55 1650.90+90.15 939.72 5263.17 2.06 11.56

Source of market price per cubic feet- India Mart
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merchantable volume of the four-year-old plantation was
30.92+2.14 m°, and 46.75+2.55 m’ of the six-year-old
plantation. It could provide an additional income of 720 to
3,480 rupees per plantand around 1.58 to 7.64 million rupees
per hectare in a 4-year-old plantation and 939-5,263 rupees
per plant and around 2.06 to 11.56 million rupees per hectare
in the six-year-old plantation. If the farmer uses the systemic
thinning process to encourage higher per-hectare volume
growth and removes only 1312 to 1625 plants per hectare,
the plantation will generate an additional intermediate
income of Rs 9,44,640-56,55,000 from 4 years and Rs
12,31,968 - 85,52,375 through 6-year-old plantation. Also,
the increased gap between the row and column will also
increase the space for short-term crops.

According to reports (ISFR 2019), the demand for sawn
wood is now rapidly rising, and outside of forests, trees
contribute the most to the production of wood (84%). In
Gunungkidul village of Java, smallholders use teak
plantations as their living saving account and harvest them
only in significant need of money (Roshetko et al 2013). Also,
the farmers in Luang Prabang sell their trees for cash in an
instant need to cover unforeseen needs and significant
annual bills like tuition (Antilla 2016). According to Monteuuis
and Goh (2015), clonal plants with 3x3 m spacing at 5 years
had an average output of roughly 25 cum per hectare yearly.
After 50% of the trees were cut down systematically, 48.8
cum per hectare per year was recorded (Monteuuis and Goh
2018). Also, Mevada et al (2022), Kumar et al (2016) and
Thakur et al (2016) observed that comparing the single crop
net realisation and benefit cost ratio from teak-based agri-
silviculture was greater.

Environmental function: The results (Table 2) of biomass
and carbon stored in different plantations and their potential
to mitigate the CO, from the atmosphere indicate that the
biomass stored in the four-year-old plantation was
309.00+26.86 t/ha, with carbon stock 127.36+11.15 t C/ha,
and it had the potential to eradicate the 467.40+40.91 t CO,
per hectare. The bole contributed 91.98 t/ha and 40.01 t C/ha
to biomass and carbon storage; the branch contributed 86.96
t/ha and 39.72 t C/ha; the foliage contributed 10.61 t/ha and
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4.95 t C/ha; and the root component contributed the most
(119.45 t/ha and 42.68 t C/ha). Similarly, the biomass storage
capacity of the six-year-old plantation was 434.67 t/ha, with
179.59 t C/ha of carbon stored in it and the ability to absorb
659.08tCO2 per hectare.

Here also, root component contributed the most to
biomass and carbon storage (164.24 t/ha and 58.68 t C/ha,
respectively), followed by bole (126.41 t/ha and 54.99t C/ha),
branch (129.90 t/ha and 59.33 t C/ha), and minimum by
foliage component (14.12 t/ha and 6.59 t C/ha, respectively).
Estimation of biomass is crucial for understanding carbon
stocks (Ketterings et al 2001). Tree absorb carbon dioxide
during photosynthesis and is fixed in their body biomass, and
as a tree's biomass expands, its diameter likewise rises,
increasing the tree's capacity to sequester carbon dioxide
from the atmosphere (Pandya et al 2013). High biomass and
carbon sequestration are substantially associated with the
basal area and tree size (Vilanova et al 2018). Many times,
teak plantations are selected since it is a species with
significant commercial value. Teak is more effective at storing
more carbon in its tissue for longer periods and emitting less
carbon dioxide into the environment (Sreejesh etal 2013).

Although the contribution of root components in biomass
and carbon storage is highest, with an increase in age, the
contribution of wood components (bole and branch)
increases. The contribution of short-lived components
(foliage) in biomass and carbon storage is minimum, and
they play an active role in carbon sequestration and the

A B
38.66—— 37.78— 33.51%— 32.68%—
Root Root
3.89% 3.67%
3.43— 3.25— Leaf ‘e = Leaf
W Branch 9 Branch
31.19%— 33.04%—
21 298 m Bole mBole
29.7 29.0' 31.42°I 30.62“/.
4-year-old 6-year-old 4-year-old 6-year-old

Fig. 1. Contribution of components a) stand biomass and b)
stand carbon storage and CO? mitigation potential

Table 2. Biomass, carbon storage, and carbon mitigation potential of teak plantation

Plantation Parameter Bole Branch Leaf Root Total
4-year-old Biomass (tha+SE) 91.9847.45  86.96:8.95  10.61:0.77  119.45:9.69 309.00+26.86
plantation Carbon storage (t C/ha+SE) 40.01+324  39.72+4.09  4.95:0.36  42.68+346  127.36%11.15
CO, mitigation potential (t CO/hatSE) 146.84+11.90 145.76:15.00 18.17+1.32 156.63%12.71 467.40+40.91
6-year-old Biomass (t/ha) 126.41:7.57 129.90+9.88  14.1240.76  164.24:9.85 434.67+28.05
plantation Carbon storage (t C/ha) 54.99+329  59.33+4.51  6.59+0.35  58.68+3.52  179.59+11.67
CO, mitigation potential (t CO,/ha) 201.81£12.08 217.73+16.56 24.18+1.30 215.36£12.91 659.08+42.84
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nutrient cycle (Singh and Singh 1991, Singh and Singh
1993). In the present study, the results favoured the results
obtained by Singh and Singh (1991). The different studies
conducted in the Chhattisgarh region supported the
contribution of foliage in biomass and carbon storage (Singh
2010, Pawar 2014, Samal et al 2022, Thakrey et al 2022).
Whereas the study by Shukla and Viswanath (2014) reported
that the contribution of the bole component was highest.

CONCLUSION

The physical productivity and economic viability of an
agroforestry system are significantly influenced by its woody
components' temporal and spatial arrangements. The
relative virtues of teak block plantings have been shown by
data from this study's investigation of the economic and
environmental benefits. Smallholder teak systems are a low-
input alternative strategy for improving livelihoods. The
techniques increase income and provide the option of
redirecting family labour to non-farm pursuits. The system's
fundamental element, the classic intercropping approach,
enables the production of short-term and long-term profits.
Smallholder teak systems have developed into a substantial
source of raw materials for the furniture industry and have
assisted in ecosystem restoration. In addition to the potential
benefits and ongoing significance of smallholder teak
systems, a teak block plantation may theoretically eliminate
atmospheric CO, and store it in biomass that can be used to
produce furniture and kept for a long time, which can assistin
slowing down climate change.
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