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Abstract: Due to climate change, the land suitability for several commodities no longer be the same. Agricultural conditions in Bali province will
be expected to face uncertain climate patterns in the future. Therefore, the climate information required by farmers. By knowing the
information, they expected able to suit their cultivation planning to the latest climate types information. One of climate information is climate
types classification presented as Oldeman's Agroclimatic Zone Map. It resulted by identification of climate types shifting areas. Areas where
the wet or dry months become shorter or longer will cause the cultivation period for a commodity to be disrupted, which can reduce crop yields.
The research regarding climate types shifting is important to find out which areas experienced in shift and what type of it. The aim of the
research is to analyze Oldeman's climate types shifting every decade in the 1991-2020 period to determine the suitability of land to climate for
paddy (Oryza sativa), corn (Zea mays), soybean (Glycine max.), chili (Capsicum annuum) and shallot (Allium oscolonicum) in 58 locations to
represent all sub-districts in Bali. The results showed that 49 (84.48%) locations experienced shifting.

Keywords: Bali, Climate types, Oldeman, Precipitation, Shifting

As one of climatic factor, precipitation influences the
success in harvest. Heavier in its intensity has the potential to
destruct agricultural land, while very low precipitation results
the plantation unable to produce optimally due to limited
water availability. Such precipitation condition for recent
years have resulted in changes in the number of wet and dry
months so that the climate types in several region changed.
Grigorieva et al. (2023) stated because agricultural
productivity depends on weather and climate and is highly
dependent on climatic stability, climate change poses various
challenges to agricultural activities. This change means that
the level of land suitability for several agricultural
commodities is no longer the same, many efforts required to
identify areas experienced climate types shifting so that
when planning agricultural activities, the commodities to
cultivate expected compatible with the latest climate
information in the area. The problem of shifting had an impact
on decreasing of harvest. The shifting, either in temporary
(tended to be wetter or drier, variable) or permanently (wetter,
drier) indicated change in the number of wet and dry months,
resulted in new climatic patterns that had an impact on
productive plants. Pradana and Sesanti (2018) showed that
knowledge about climate in the form of its characteristics and
predictions was very important so that farmers could
determine suitability for agricultural land.

The World Meteorological Organization /WMO (2018)

stated that normal climatological standards calculated every
10 years for 30 years in the initial period of each decade from
years ended with the number one (1981-2010, 1991-2020,
etc.), and normal recalculations every 10 years required a
large data set that used normal precipitation as a reference.
The number of rain stations were far apart due to topographic
conditions in some areas of Bali, the precipitation data unable
to represent condition in some areas so that the precipitation
information produced can be inaccurate. Current remote
sensing technology makes it possible to monitor precipitation
using satellite imagery in the form of estimation data. One of
satellite data with a very high resolution is CHIRPS (Climate
Hazards Group InfraRed Precipitation with stations) which
developed by the United States Geological Survey and the
University of California, Santa Barbara. This research uses
CHIRPS monthly precipitation data for the period 1991-2020
in Bali. Research using satellite rainfall estimation data was
conducted by Noor et al. (2015) using TRMM to create a map
of the Oldeman's Agroclimatic Zone and to analyze
agricultural resource management. The results of study
showed that based on TRMM satellite data, the Agroclimatic
Zone in South Kalimantan divided into five: B1, B2, C1, C2,
and D1. Irmawan et al (2024) validated the accuracy rate of
monthly precipitation CHIRPS data using the correlation
coefficient and RMSE to update Oldeman's agroclimatic
zone map.
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Determination of land suitability in the research based on
monthly precipitation using Oldeman's method. According to
Wahyunto et al. (2016), the result of Oldeman's method can
be used to determine the class of land suitability.
Precipitation factor as one of the limiting factors in plant
processing and production as well as plays an important role
in determining land suitability such as the number of wet and
dry months. An uncertainty in seasonal patterns make it
difficult for farmers to plan and harvest their commodities.
This shifting has increased the scale of vulnerability in
agricultural sector, included in Bali. Government needs to
give attention for these shifting. The endorsement for the
success of agricultural planning can be implemented in
several ways, one of them is by providing Oldeman's
Agroclimatic Zone Map. This mapping aimed to support the
government and farmers in agricultural planning which areas
have a climate that is suitable to cultivate certain crops, the
classification of which based on suitability of rainfall
characteristics to soil.

MATERIAL AND METHODS

This classification carried out by calculating the average
of monthly precipitation data for January during 1991-2000
period. The data from February to December also calculated
to get the average of wet, humid and dry month. A month
considered as wet (WM) if the precipitation = 200 mm, moist
month (MM) if precipitation between 100-200 mm, and dry
month (DM) if precipitation < 100 mm. The similar procedure
carried out to create climate types during the 2001-2010 and
2011-2020 periods, so that types will be obtained for three
periods. The making of Oldeman's Agroclimatic Zone criteria
based on division of letters from A to E, and numbers, from 1
to 5. Letter A represented of more than nine wet months
consecutively, B for consecutive wet months between 7-9
months, C for consecutive wet months between 5-6 months,
D for consecutive wet months between 3-6 months, E for
consecutive wet months of <3 months. The Sub Division
represented consecutive dry months numberin a year (Table
1,2).

The results of climate types classification every decade
during 1991-2020 period would produce climate types
shifting in each location. The shifting classified into six types:
a. Wetter; when during three periods the types tended to
increase;

b. Tended to be wet; when the types of first and second
periods had the same but the types in the last period was
higher.

c. Constant; when during three consecutive periods the
types did not change.

d. Tended to be dry; when types in first and second periods

were the same but the types in third period was lower.

e. Drier; when during three periods the types tended to
decrease.

f. Varied; when the types in second period was higher or
lower than the first and third;

In this research, the limiting factor was monthly precipitation.
Land suitability classified into four items (Wahyunto et al,
2016):

a. S1 (very suitable) when the land did not have any
significant or real limiting factors for sustainably use, or the
limiting factors did not dominant and did not significantly
reduce the land productivity.

b. S2 (quite suitable) when the land has limiting factors, and
these factors would affect to its productivity, it required
additional input. The barriers usually could be overcoming by
farmers themselves.

c. S3 (marginal) when the land had a dominant limiting
factor, and this factor would affect to its productivity, it
required more additional input than land classified as S2. The
way to overcome the factor needed high capital, farmers
needed assistance to cope with.

d. N (not suitable) when the limiting factors very dominant or
difficult to overcome.

Precipitation was one of climatic factors to confine the
process of plant to grow and production as well as played
important role in determining land suitability such as wet and
dry months. Classification of land suitability for agricultural
commodities based on consecutive wet and dry months as
presented below.

The S1 classification or very suitable for paddy stated if
range of consecutive wet months between 6-8 months, corn
(3-5 months), soybean (2-4 months), and chili (5-6 months).
Another example is suitability for shallot based on
consecutive dry months in a year. Suitability for shallot
determined as S1 if the number of dry months is between 4-6
months; S2 (>6 months); S3 (between 2 and <4 months); and
N if the number of dry months <2 months. Shallot will be more
suitable to cultivate during dry season.

RESULTS AND DISCUSSION

Process of grouping monthly precipitation data by
Oldeman's method during the 1991-2000, 2001-2010, 2011-
2020 periods produced the Oldeman's agroclimatic zone
(Table 5).

The shift either temporarily (tended to be wet, tended to
be dry, varied) or permanently (became wetter or drier)
indicated a change in number of wet and dry months, resulted
a new climate patterns that had an impact on productivity.
These conditions affected to land suitability and cultivation
patterns for several commodities. Regions shifted in varied
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types generally referred as climatic variability. Regions
where types were constant, basically had the same suitability
class as in previous period, but even though during these
three periods the types remained the same. Based on above
table, Bali province periodically experienced climate types
shifting, on which in 1991-2000 shown by following map.
During 1991-2000 period there were seven types, B2 (two
locations), B3 (11), C3 (20), D3 (13), D4 (1), E3 (6) and E4 (5).
The type that might only be able to cultivate paddy crop once

Table 1. Oldeman's classification of agroclimatic zones

Zone Climate types Consecutive wet  Consecutive dry
months months

A A1 10-12 0-1
A2 10-12 2

B B1 7-9 0-1
B2 7-9 2-3
B3 7-9 4-5

C C1 5-6 0-1
Cc2 5-6 2-3
C3 5-6 4-6
C4 5-6 7

D D1 3-4 0-1
D2 3-4 2-3
D3 3-4 4-6
D4 3-4 7-9

E E1 0-2 0-1
E2 0-2 2-3
E3 0-2 4-6
E4 0-2 7-9
E5 0-2 10-12

a year, depended on availability of irrigation, distributed in
outermost, especially in the western and southeastern parts.

In 2001-2010 period there were 11 types, B1 (1), B2 (3),
B3 (3),C2(12),C3 (5), D1 (4), D2 (4), D3 (16), D4 (5), E3 (2)
and E4 (3). The period characterized by the addition of four
types. Above map shows a shift either in number of wet and
dry months or the percentage of types. Dry areas distributed
in outside parts and became larger than before.

In 2011-2020 period there were 10 types, B2 (1), C2 (12),
C3(8),D1 (1), D2 (9), D3 (12), D4 (9), E2 (2), E3 (1) and E4
(3). Areas of wet types still distributed in central and
southwest parts. The types in the period indicated types
shifting happened. In this period, climate types B1 and B3
had unavailable, but there was E2 with 0-2 in consecutive wet
months and 2-3 in consecutive dry months.

The differences in number and distribution of Oldeman's
types during 3 consecutive periods resulted a trend shifting,
there were 2 locations (3.45%) have become wetter, 9
(15.52%) tended to be wet, 9 (15.52%) constant, 18 (31.03%)
to be dry, and 5 (8.62%) drier. The classification then updated
using monthly precipitation data during the 1991-2020 period
resulted in the Oldeman's agroclimatic zone classification
presented on Figure 4. Land suitability classification for
paddy, corn, soybean, shallot and chili in this study obtained

Table 3. Land suitability classification by climate for paddy,
corn, soybean and chili based on consecutive wet

months
Class S1 S2 S3 N
Paddy 6-8 4 -<6 2-<40r>8-10 <2o0r>10
Corn 3-5 <3or'>5-7 >7-8 >8
Soybean 2-4 >4 -6 >6 or<2 -
Chili 5-6 3-<50r>6-8 <3 or>8 -

Source: Alfiandy et al (2021)

Source: Wahyunto et al 2016

Table 2. Oldeman's classification of agroclimatic zones with explanations

Climate types Explanations

A1, A2 Suitable to cultivate paddy continuously but production become less because usually the radiation intensity becomes low
throughout the year.

B1 Suitable to cultivate paddy continuously through good planning to start cultivating on planting season.

B2, B3 High production during the dry season.

C1 Only able to cultivate paddy twice a year with short-term paddy variety, and when the dry season quite short, it enough to
cultivate other secondary crops.

C2,C3,C4 Only able to cultivate paddy once and other secondary crops twice a year

D1 Only able to cultivate paddy once a year, and other secondary crop cultivation must be careful to avoid cultivating on a dry
month.

D2, D3, D4 Only able to cultivate paddy once a year and production usually high due to high radiation density. These types have sufficient
cultivation time for secondary crops.

E Only able to cultivate of paddy or other secondary crops once a year, depend on the availability of irrigation water

Source: Alfiandy et al (2021)
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Location Sub District 1991-2000 2001-2010 2011-2020 Trend

Kampung Anyar Buleleng D4 E4 E4 Tended to be dry
Sinabun Sawan D3 D4 E4 Drier

Depeha Kubutambahan D3 D4 D4 Tended to be dry
Pejarakan Gerokgak E4 E4 E4 Constant
Sembiran Tejakula D3 D4 D4 Tended to be dry
Banjarasem Seririt E4 E4 D3 Tended to be wet
Wanagiri Sukasada C3 C3 C3 Constant

Melaya Melaya E3 D3 E3 Varied
Berangbang Negara C3 D3 D3 Tended to be dry
Munduk Banjar C3 C3 C3 Constant
Candikuning Baturiti B3 C3 C3 Tended to be dry
Kintamani Kintamani D3 D3 D4 Tended to be dry
Pohsanten Mendoyo C3 D3 C3 Varied

Sepang Busungbiu B3 B3 C3 Tended to be dry
Pelaga Petang C3 C3 C3 Constant
Tulamben Kubu D3 D3 D4 Tended to be dry
Batungsel Pupuan B3 Cc2 B2 Varied

Pupuan Tegallalang C3 C3 C3 Constant
Pengotan Bangli B3 Cc2 D2 Drier

Besakih Rendang B3 Cc2 D2 Drier

Buanagiri Bebandem C3 D2 D2 Tended to be dry
Mangesta Penebel B2 B2 C2 Tended to be dry
Tua Marga B3 B3 C2 Tended to be dry
Buahan Payangan B3 B3 C2 Tended to be dry
Manukaya Susut B3 Cc2 C2 Tended to be dry
Yangapi Tembuku B3 Cc2 C2 Tended to be dry
Ababi Abang D3 D3 D3 Constant

Seraya Timur Karangasem E4 E3 D4 Wetter

Gumbrih Pekutatan C3 Cc2 D2 Varied

Mundeh Selemadeg Barat C3 Cc2 C2 Tended to be wet
Petiga Marga B3 B2 C2 Varied
Tegalalang Tampaksiring C3 B2 C2 Varied

Duda Selat B3 B1 D2 Varied
Berembeng Selemadeg C3 Cc2 C2 Tended to be wet
Meliling Kerambitan C3 Cc2 C3 Varied
Selanbawak Marga C3 Cc2 C2 Tended to be wet
Taman Abiansemal B2 Cc2 C2 Tended to be dry
Aan Banjarangkan C3 D1 D2 Drier
Kerthabuana Sidemen D3 D1 D1 Tended to be wet
Manggis Manggis E4 E3 D3 Wetter
Tegalmengkeb Selemadeg Timur C3 D3 D3 Tended to be dry
Delod Peken Tabanan C3 C2 C2 Tended to be wet
Sedang Abiansemal D3 D2 D3 Varied

Mas Ubud D3 D2 D3 Varied

Gianyar Gianyar E3 D1 D2 Varied

Tusan Klungkung E3 D1 E2 Varied

Gunaksa Dawan E3 D2 E2 Varied

Buwit Kediri C3 D3 D2 Varied

Sempidi Mengwi D3 D3 D3 Constant
Peguyangan Kangin Denpasar Utara D3 D3 D3 Constant
Sukawati Sukawati E3 D3 D3 Tended to be wet
Parerenan Kuta Utara C3 D3 D2 Varied
Kerobokan Kaja Denpasar Barat D3 D3 D3 Constant
Sumerta Kaja Denpasar Timur E3 D3 D3 Tended to be wet
Seminyak Kuta C3 D3 D4 Drier

Sidakarya Denpasar Selatan D3 D3 D4 Tended to be dry
Toyapakeh Nusa Penida E4 D4 D4 Tended to be wet
Jimbaran Kuta Selatan C3 D4 D4 Tended to be dry
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through analysis of dry and wet months.

The highest suitability class for paddy was S2 (24
locations) with 41.38% in percentage, corn (S1) in 30
locations (51.72%), soybean (S1) in 29 locations (50.00%),
shallot (S1) in 39 locations (67.24%), and chili (S2) in 28
locations (48.28%). Plants cultivated in suitable climate and
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land conditions able to produce optimally, conversely plants
in unsuitable climate and land conditions had an impact on
decreasing production (Nganji and Simanjuntak 2020).
Plants cultivated on land that very suitable to climatic
conditions expected to produce higher levels of productivity
than those cultivated on land that is quite suitable or
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Fig. 3. Agroclimatic Zone during 2011-2020
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Table 5. Recapitulation of agroclimatic land suitability for paddy, corn, soybean, shallot and chili

Grid/ Location Sub district Climate types Land suitability
Paddy Corn Soybean Shallot Chili

Kampung Anyar Buleleng D4 S3 S2 S1 S2 S3
Sinabun Sawan D4 S3 S1 S1 S2 S2
Depeha Kubutambahan D3 S2 S1 S1 S2 S2
Pejarakan Gerokgak E4 S3 S2 S1 S2 S3
Sembiran Tejakula D3 S2 S1 S1 S2 S2
Banjarasem Seririt D3 S3 S1 S1 S2 S2
Wanagiri Sukasada C3 S1 S2 S2 S1 S1
Melaya Melaya D3 S3 S2 S1 S1 S3
Berangbang Negara D3 S2 S1 S1 S1 S2
Munduk Banjar C3 S1 S2 S2 S1 S1
Candikuning Baturiti C3 S1 S2 S2 S1 S1
Kintamani Kintamani D3 S2 S1 S1 S1 S2
Pohsanten Mendoyo C3 S2 S1 S2 S1 S1
Sepang Busungbiu C3 S1 S2 S2 S1 S1
Pelaga Petang C3 S1 S2 S2 S1 S1
Tulamben Kubu D3 S2 S1 S1 S1 S2
Batungsel Pupuan B3 S1 S2 S3 S1 S2
Pupuan Tegalalang C3 S1 S2 S2 S1 S1
Pengotan Kintamani C3 S1 S2 S2 S1 S1
Besakih Rendang C3 S1 S2 S2 S1 S1
Buanagiri Bebandem D3 S2 S1 S1 S1 S2
Mangesta Penebel B2 S1 S2 S3 S3 S2
Tua Marga B3 S1 S2 S3 S1 S2
Buahan Petang C3 S1 S2 S2 S1 S1
Manukaya Susut B3 S1 S2 S3 S1 S2
Yangapi Tembuku B2 S1 S2 S3 S3 S2
Ababi Abang D3 S2 S1 S1 S1 S2
Seraya Timur Karangasem E3 S3 S2 S1 S2 S3
Gumbrih Pekutatan C3 S1 S2 S2 S1 S1
Mundeh Selemadeg Barat C2 S1 S2 S2 S3 S1
Petiga Marga B3 S1 S2 S3 S1 S2
Tegalalang Tampaksiring B2 S1 S2 S3 S3 S2
Duda Selat C1 S2 S1 S2 N S1
Berembeng Selemadeg C3 S1 S2 S2 S1 S1
Meliling Kerambitan C3 S1 S2 S2 S1 S1
Selanbawak Marga C3 S2 S1 S2 S1 S1
Taman Abiansemal C2 S2 S1 S2 S3 S$1
Aan Banjarangkan D2 S2 S1 S1 S3 S2
Kerthabuana Sidemen D1 S2 S1 S1 N S2
Manggis Manggis E3 S3 S2 S1 S1 S3
Tegalmengkeb Selemadeg Timur C3 S2 S1 S2 S1 S1
Delod Peken Tabanan C3 S2 S1 S2 S1 S1
Sedang Abiansemal C3 S2 S1 S1 S1 S2
Mas Ubud D2 S3 S1 S1 S3 S2
Gianyar Gianyar D2 S3 S1 S1 S3 S2
Tusan Klungkung D2 S3 S2 S1 S3 S3
Gunaksa Dawan D3 S3 S2 S1 S1 S3
Buwit Kediri C3 S2 S1 S2 S1 S1
Sempidi Mengwi C3 S2 S1 S2 S1 S1
Peguyangan Kangin Denpasar Utara D3 S3 S1 S1 S1 S2
Sukawati Sukawati D3 S3 S1 S1 S1 S2
Parerenan Kuta Utara C3 S2 S1 S2 S$1 S$1
Kerobokan Kaja Denpasar Barat C3 S2 S1 S1 S1 S2
Sumerta Kaja Denpasar Timur D3 S2 S1 S1 S1 S2
Seminyak Kuta Utara D3 S2 S1 S1 S1 S2
Sidakarya Denpasar Selatan D3 S2 S1 S1 S1 S2
Toyapakeh Nusa Penida D4 S3 S2 S1 S2 S3
Jimbaran Kuta Selatan D3 S2 S1 S1 S1 S2
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marginally suitable. The next stage is to create land suitability
class map for these commodities.

The suitability class for paddy ranged between very
suitable to marginally suitable. Land with very suitable
classes located in the central part has higher precipitation
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because it is influenced by orographic rain. Meanwhile in
western and southeast parts considered as areas of less in
wet months. Land suitability classification for corn
commodities is very suitable or have a number of wet months
in arow between 3-5 months per year covering the outermost
land except the western, central and eastern tip and the
southern Nusa Penida.

Soybean can be well cultivated in areas of D1 — D4 in
types, and at 0-500 meters of altitude above mean sea level.
Areas with suitability class S1 distributed in outermost area
except the southwest and central parts. By knowing this map,
farmers will be able to plan the way to increase soybean
production again in areas of S1 and S2 suitability classes.

Suitability for shallot ranges from very suitable to not
suitable. Some areas that are not suitable for shallot
cultivation because the number of dry months less than two
months and have Oldeman's climate types other than C1 —
C4. Suitability for chili ranges from very suitable to marginally
suitable. It is hoped that these maps will help farmers in Bali
to determine the precious time to start cultivating. Bali has
experienced a decline in chili production over the last three
years (2022-2024). By knowing above suitability map, it will
help farmers to increase production of chili production again.

CONCLUSION

Central part of Bali considered as areas with more wet
months, while the outermost parts except the southwest tend
to have fewer wet months. This condition causes agricultural
commodities that depend on wet months to be more suitable
if cultivated there, taking into account the suitability of crops
for height. The climate types shifting during 1991-2020
period showed that 49 (84.48%) locations experienced
shifting, while 9 (15.52%) other locations did not experience
shifting or remained the same. Research using longer data
such as 30-year data able to provide a more complete picture
of shift patterns than shorter data such as 10-year data. The
author suggests climate types of 1991-2020 period to be
used in agricultural planning.
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Abstract: Cinnamomum zeylanicum (Lauraceae) known as 'true cinnamon' or 'sweet wood', native species of Sri Lanka and the Indian West
Coast, is commercially valuable tree spice in India. Cinnamon leaves are widely used as spice, and possess an essential oil rich in eugenol,
which is a highly sought after by the perfume and flavour industries. The study was undertaken during 2018-2020 at College of Forestry, Sirsi,
Uttara Kannada. Seeds were collected from 106 superior mother trees of five different sources during June-July and progenies were
established in nursery. After 24 months, qualitative leaf traits of progenies were evaluated. Wide variation was observed with respect to leaf
parameters among progenies of different sources and even some progenies exhibited variation from its mother plants. Leaf colour, leaf petiole
colour and leaf margin serration is almost similar in all the progenies; progenies of tree G2 and K2 recorded light purple and purple colour
petiole, respectively as this character is entirely different from the entire progenies. The majority of progenies exhibited light purple colour
leaves (50.94%) followed by medium purple colour leaves (28.30%). Only two progenies, G2 and K2 recorded the purple colour petiole with
sweet taste. Five types of leaf shapes (elliptic, oblong, ovate, ovate elliptic and ovate lanceolate) and four leaf tip shapes (acuminate, obtuse,
acute and sub acute) were recorded among selected progenies. G2 progeny produced oblong shaped leaves and majority of the progenies
recorded elliptic leaf shape (51.89%) and sub acute leaf tip shape (69.81%). There was no variation among the progenies with respect to leaf
margin (all are entire type). Leaf markers that could be adopted easily to measure the magnitude of diversity, to select higher yielding types as

well as for conservation.

Keywords: Western Ghats, Cinnamon, Qualitative parameter, Leaf flush colour

Cinnamomum zeylanicum (Lauraceae) popularly known
as 'true cinnamon/cinnamon'’ is a native of Sri Lanka and the
West coast region of India (Ravindran et al., 2004). It is
believed that the genus Cinnamomum has a centre of
diversity in the Western Ghats and the adjoining regions of
South India (Sasikumar et al., 1999). Wide variability of the
Cinnamomum species occurs in the Western Ghats and in
some parts of North Eastern states of India. Of all the
characters, qualitative and quantitative leaf traits are highly
variable in the genus Cinnamomum and this variation is seen
both at species and sub species levels. (Ravindran et al.,
2004, Hanumantha 2020, Hanumantha et al., 2020). Leaf
characteristics are highly variable in the genus Cinnamomum
and these variation in leaf parameters can be used to
recognize and describe species level similarities Niharika
and Hanumantha (2024).

The flushing time coincides with the monsoon. Four
different flush colours are noted among the cinnamon
collections, viz., pure purple, purple dominated with green,
green dominated with purple and pure green. Considering
parameters such as bark pungency, leaf morphology,
grittiness of the bark and leaves, eight types of cinnamon
are recognized by cinnamon growers in Sri Lanka

(Ravindran et al., 2004). Morphological characters are
markers that are adopted to measure the magnitude of
diversity in plants based on the phenotype character
(Lizawati et al., 2018). Interactions of genotype and
environmental factors play a role in generating such wide
variations when planted in varied environments (De Leon et
al., 2016). These variations could be adopted in selection of
higher yielding types when the traits are genetically
correlated. For instance, Wijesinghe and Gunarathna
(2001) has shown that there is a positive correlation
between leaf size and shape with yield in seven different
types of cinnamon and reported that with large round leaves
had high bark yield; high cinnamaldehyde content in
inwardly curved leaves and high quality oil from the small
round leaves.

Wide variability of cinnamon is also present in farmers'
fields of Karnataka in terms of leaf traits because most of the
farmer's plant trees originating from un-tested and un-
domesticated sources (Hanumantha et al., 2020). Therefore,
itis necessary to assess the variation present in leaf morpho-
metric traits among half sib progenies of cinnamon, collected
and raised from different superior trees of the Central
Western Ghats.
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MATERIAL AND METHODS

The present study was undertaken during 2018-2020 at
the College of Forestry, Sirsi, and at various field sites of hill
zone of Karnataka. Uttara Kannada district located in the
Central Western Ghats between 13° 55' to 15° 32" N latitude
and 74° 05' to 75° 05' E longitude with a geographic area of
10,291 km?’.In this study five plantation areas in three districts
of the Karnataka namely Uttara Kannada (Jaddigadde,
Kankodlu and Siddapura), Shivamogga (Manchale) and
Haveri (Gejjehalli) (Table 1). Superior trees in each plantation
were selected based on eye ball screening and based on the

Table 1. Details of mother tree sources with their IDs

Place of Taluk Tree IDs Number superior
collection trees selected
Gejjehalli Hangal G1to G25 25
Jaddigadde Sirsi J1to J25 25
Kankodlu Yellapur K1 to K25 25
Manchale Sagara M1 to M21 21
Siddapura Siddapura S11to0 S10 10

Total 106

experience of the plantation owners. Totally 106 mother trees
were selected from five even aged plantations (Table 1).
Seeds were collected from the selected 106 mother trees and
progenies were established. After 24 months qualitative leaf
parameters were recorded for the progenies and data was
used for further tabulation.

RESULTS AND DISCUSSION
Variation in qualitative leaf parameters among half sib
progenies: Wide variation was observed with respect to leaf
parameters among progenies of different sources and even
some progenies exhibited variation from its mother plants.
Leaf colour, leaf petiole colour and leaf margin serration is
almost similar in all the progenies; progenies of tree number
G2 and K2 recorded light purple and purple colour petiole
respectively as this character is entirely different from the
entire progenies (Table 4, 6). The leaf colour and leaf margin
serration is almost similar in the entire progenies and noticed
dark green colour leaves and entire leaf margin serration
(Table 4-8). In leaf colour, from Jaddigadde three progenies

Table 2. Brief review of the works carried out on leaf parameters of cinnamon trees/progenies

Leaf parameter Procedure/descriptors used

Reference

Leaf flush colour
purple, Very deep pink/purple

Petiole colour Green, Light purple, Purple

Leaf colour Pale / light green, Green, Dark Green

Leaf shape Elliptic, Ovate, Ovate-elliptic
Ovate-lanceolate Oblong

Leaf tip/apex shape Obtuse, Sub-acute, Acuminate, Acute

Leaf margin serration Entire and Wavy

Leaf parameter variations for

Green, Light pink / purple, Medium pink / purple, Deep pink /

Variation for leaf flush colour, leaf colour, leaf tip shape, leaf

Krishnamoorthy et al (1988) and (1992),
Joy et al (1998)

Joy et al (1998), Azad et al (2016),
Lizawatiet al (2018)

Hanumantha et al (2020)

mother trees (Plantation trees) margin, leaf shape, petiole colour among different sources and

mother trees

Leaf parameter variations
among mother trees (Natural

trees) and mother trees

Variation for leaf flush colour, leaf colour, leaf tip shape, leaf
margin, leaf shape and petiole colour, among different sources

Sourav Manoharan and Hanumantha
(2023)

Table 3. Geo-locations and characteristic forest types of the seed sources of progenies considered in the study

Seed source District, nearest forest type, Latitude & Altitude (m) Number of No. of No. of progenies

population size of Cinnamon trees longitude mother trees progenies raised and
selected raised from  evaluated per
each source mother tree

Gajjehalli Haveri N 14°44'14.9" 584 m 25 25 30
Scrub forest (n=200) E 75°07'56.6"

Jaddigadde Uttara Kannada N 14°48'09.2" 486 m 25 15 30
Semi-evergreen forest (n=200) E 74°44'32.9"

Kankodlu Uttara Kannada N 14°45'10.9" 474 m 25 25 30
Evergreen forest (n=450) E 74°50'53.9"

Manchale Shivamogga N 14°10'21.9" 624 m 21 15 30
Semi-evergreen forest (n=450) E 75°05'57.1"

Siddapura Uttara Kannada N 14°20'14.8" 584 m 10 10 30
Evergreen forest (n=100) E 74°52'35.6"

Total 90
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(J1, J8 and J24), Kankodlu two progenies (K1 and K23) and
from Manchale five progenies (M1, M12, M14, M17 and M18)
recorded green coloured leaves. Leaf flush colour among
progenies of different sources varied from green colour to
pink colour; only three progenies G25, J4 and K2 recorded
purple colour and remaining all progenies recorded from
green to medium pink flush colour. With respect to leaf shape,
the progenies recorded ovate, elliptic, ovate lanceolate,
ovate elliptic shaped leaves; but interestingly G2 showed
oblong shaped leaves (Table 4). Leaf tip also varied among
progenies; majority of the progeny leaves recorded sub-
acute tip shape followed by acuminate leaf tip shape; but tree
number M1 showed obtuse leaf tip shape.

Among all 90 progenies (Fig. 1), majority of progenies
exhibited light purple colour leaves (50.94%) followed by
medium purple colour leaves (28.30%), only 3.78 per cent of

the progenies recorded purple colour leaf flush and remaining
progenies recorded green flush colour (16.98%). With
respect to mature leaf colour (Fig. 2) majority of progenies
produced dark green colour leaves (85.85%) followed by
green colour leaves (14.15%). Only little variation was
observed among the progenies for leaf petiole colour; only
two progenies differed for petiole colour. Progeny of K2
(Kankodlu) exhibited purple colour petiole followed by
progeny of G2 (Gejjehalli) light purple colour petiole and
remaining 88 progenies recorded green colour petiole.
Variation with respect to leaf shape and leaf tip shape also
recorded among selected progenies (Fig. 3, 4). Five types of
leaf shapes (elliptic, oblong, ovate, ovate elliptic and ovate
lanceolate) and four leaf tip shapes (acuminate, obtuse, acute
and sub acute) were recorded among selected progenies.
Among all the progenies only G2 progeny produced oblong

Table 4. Variation for qualitative leaf characteristics among progenies of C. zeylanicum (Gejjehalli)

Progeny No. Leaf flush colour Leaf colour Leaf shape Leaf tip shape
G1 2 3 Ovate Sub-Acute
G2 3 3 Oblong Sub-Acute
G3 2 3 Ovate-Lanceolate Sub-Acute
G4 2 3 Ovate-Lanceolate Acuminate
G5 3 2 Ovate Acuminate
G6 2 3 Elliptic Sub-Acute
G7 2 3 Ovate-Lanceolate Sub-Acute
G8 2 3 Elliptic Sub-Acute
G9 1 3 Ovate-Lanceolate Acuminate
G10 3 2 Elliptic Acuminate
G11 3 3 Ovate Sub-Acute
G12 1 3 Elliptic Sub-Acute
G13 3 3 Elliptic Sub-Acute
G14 2 3 Ovate Sub-Acute
G15 2 3 Elliptic Acuminate
G16 3 3 Elliptic Sub-Acute
G17 1 3 Ovate Sub-Acute
G18 2 3 Elliptic Sub-Acute
G19 2 3 Ovate Sub-Acute
G20 1 3 Elliptic Sub-Acute
G21 2 3 Elliptic Sub-Acute
G22 1 3 Elliptic Sub-Acute
G23 2 3 Ovate Sub-Acute
G24 3 3 Elliptic Sub-Acute
G25 4 3 Elliptic Sub-Acute

* All the progenies exhibited green petiole colour; but G2 exhibited light purple colour

**All the progenies exhibited entire leaf margin serration

Leafflush colour: 1=Green 2=Lightpurple 3=Medium purple 4=Purple 5=Darkpurple

Leaf colour: 1=Lightgreen 2=Green 3=Darkgreen
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Table 5. Variation for qualitative leaf characteristics among progenies of C. zeylanicum (Jaddigadde)

Progeny No. Leaf flush colour Leaf colour Leaf shape Leaf tip shape
J1 2.0 2.0 Ovate Acuminate
J2 3.0 3.0 Ovate Acuminate
J3 20 3.0 Ovate Sub-Acute
J4 4.0 3.0 Elliptic Sub-Acute
J5 1.0 3.0 Elliptic Acuminate
J6 20 3.0 Elliptic Sub-Acute
J7 3.0 3.0 Ovate Acuminate
J8 1.0 2.0 Elliptic Acuminate
J9 2.0 3.0 Elliptic Sub-Acute
J10 1.0 3.0 Elliptic Acuminate
J1 3.0 3.0 Ovate Sub-Acute
J12 2.0 3.0 Elliptic Sub-Acute
J13 2.0 3.0 Elliptic Acuminate
J14 2.0 3.0 Elliptic Sub-Acute
J15 1.0 3.0 Ovate-Elliptic Sub-Acute
J16 1.0 3.0 Elliptic Sub-Acute
J17 20 3.0 Ovate Sub-Acute
J18 3.0 3.0 Elliptic Sub-Acute
J19 1.0 3.0 Elliptic Acuminate
J20 2.0 3.0 Elliptic Sub-Acute
J21 2.0 3.0 Ovate Sub-Acute
J22 2.0 3.0 Elliptic Sub-Acute
J23 1.0 3.0 Ovate-Elliptic Acuminate
J24 1.0 2.0 Elliptic Sub-Acute
J25 3.0 3.0 Elliptic Sub-Acute

*All the progenies exhibited green petiole colour
** All the progenies exhibited entire leaf margin serration

*** See the Table 2 for details of leaf flush colour and leaf colour
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Fig. 3. Variation in leaf shape among progenies of different

sources
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Table 6. Variation for qualitative leaf characteristics among progenies of C. zeylanicum (Kankodlu)

Tree No. Leaf flush colour Leaf colour Leaf shape Leaf tip shape
K1 2 2 Ovate Sub-Acute
K2 4 3 Ovate Sub-Acute
K3 3 3 Ovate Sub-Acute
K4 3 3 Elliptic Acuminate
K5 2 3 Elliptic Sub-Acute
K6 3 3 Elliptic Acuminate
K7 3 3 Elliptic Acuminate
K8 1 3 Elliptic Acuminate
K9 3 3 Elliptic Sub-Acute
K10 1 3 Elliptic Sub-Acute
K11 2 3 Ovate Sub-Acute
K12 2 3 Ovate Sub-Acute
K13 3 3 Elliptic Sub-Acute
K14 3 3 Elliptic Acuminate
K15 2 3 Elliptic Sub-Acute
K16 3 3 Ovate-Lanceolate Sub-Acute
K17 2 3 Ovate Acuminate
K18 2 3 Elliptic Acuminate
K19 3 3 Ovate Sub-Acute
K20 2 3 Ovate-Lanceolate Acuminate
K21 2 3 Ovate-Lanceolate Sub-Acute
K22 2 3 Ovate Acuminate
K23 2 2 Ovate Acuminate
K24 2 3 Ovate Sub-Acute
K25 2 3 Ovate Acuminate

* All the progenies exhibited green petiole colour; but K2 exhibited light purple colour

**All the progenies exhibited entire leaf margin serration

*** See the Table 2 for details of leaf flush colour and leaf colour
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shaped leaves. Majority of the progenies recorded elliptic leaf
shape (51.89%) and sub acute leaf tip shape (69.81%)
leaves. There was no variation among the progenies with
respect to leaf margin (all are entire margin type).

Characterization of qualitative traits of half sib
progenies : Wide variation was observed with respect to
leaf parameters among progenies of different sources and

some progenies exhibited variation from its mother plants.
Leaf flush colour among progenies of different sources
varied from green colour to pink colour (Fig. 1). Only three
progenies G25, J4 and K2 recorded purple colour and
remaining all progenies exhibited green to medium pink flush
colour (Plate 1a). The progenies recorded ovate, elliptic,
ovate lanceolate, ovate elliptic shaped leaves; but

Table 7. Variation for qualitative leaf characteristics among progenies of C. zeylanicum (Manchale)

Progeny No. Leaf flush colour Leaf colour Leaf shape Leaf tip shape
M1 2.0 2.0 Elliptic Obtuse
M2 2.0 3.0 Elliptic Sub-Acute
M3 2.0 3.0 Ovate-Elliptic Acuminate
M4 2.0 3.0 Ovate Sub-Acute
M5 3.0 3.0 Ovate-Elliptic Sub-Acute
M6 2.0 3.0 Ovate Sub-Acute
M7 2.0 3.0 Elliptic Sub-Acute
M8 2.0 3.0 Ovate Sub-Acute
M9 2.0 2.0 Ovate Sub-Acute
M10 3.0 3.0 Ovate Acuminate
M11 2.0 3.0 Ovate Sub-Acute
M12 3.0 2.0 Elliptic Acuminate
M13 2.0 3.0 Ovate Sub-Acute
M14 2.0 2.0 Ovate Acuminate
M15 1.0 3.0 Elliptic Sub-Acute
M16 3.0 3.0 Ovate-Elliptic Sub-Acute
M17 1.0 2.0 Ovate Acuminate
M18 2.0 2.0 Elliptic Acuminate
M19 4.0 3.0 Ovate Sub-Acute
M20 2.0 3.0 Ovate Sub-Acute
M21 3.0 3.0 Elliptic Sub-Acute
Mean 2.20 2.70

S.D 0.70 0.46

C.V (%) 31.29 17.05

*All the progenies exhibited green petiole colour; ** All the progenies exhibited entire leaf margin serration

*** See the Table 4 for details of leaf flush colour and leaf colour

Table 8. Variation for qualitative leaf characteristics among progenies of C. zeylanicum (Siddapura)

Progeny No. Leaf flush colour Leaf colour Leaf shape Leaf tip shape
S1 3.0 3.0 Elliptic Sub-Acute
S2 2.0 3.0 Elliptic Sub-Acute
S3 2.0 2.0 Elliptic Sub-Acute
S4 3.0 3.0 Elliptic Sub-Acute
S5 2.0 3.0 Elliptic Sub-Acute
S6 2.0 3.0 Elliptic Sub-Acute
S7 2.0 2.0 Ovate-Lanceolate Sub-Acute
S8 1.0 3.0 Ovate Sub-Acute
S9 3.0 3.0 Elliptic Sub-Acute
S10 3.0 3.0 Elliptic Sub-Acute

*All the progenies exhibited green petiole colour; ** All the progenies exhibited entire leaf margin serration

*** See the Table 4 for details of leaf flush colour and leaf colour
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Plate 1. Variation in leaf morphology among selected progenies of C. zeylanicum
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interestingly G2 showed oblong shaped leaves (Plate 1d).
Leaf tip also varied among progenies; majority of the
progeny leaves recorded sub-acute leaf tip shape followed
by acuminate leaf tip shape; but progeny of tree M1 showed
obtuse leaf tip shape (Plate 1e). Over all, among 90
progenies, majority of trees exhibited light purple colour leaf
flush (50.94%) followed by medium purple colour leaf flush
(28.30%), 3.78 per cent of the progenies recorded purple
colour leaf flush and 16.98 per cent green flush colour. In
mature leaf colour (Fig 1, Plate b), majority of progenies
produced dark green colour leaves (85.85%) followed by
green colour leaves (14.15%). Little variation was observed
among progenies for leaf petiole colour; only two progenies
differed for petiole colour. Progeny of K2 (Kankodlu)
exhibited purple colour petiole followed by progeny of G2
(Gejjehalli) light purple colour petiole and remaining
progenies recorded green colour petiole (Plate 1c¢). Variation
with respect to leaf shape and leaf tip shape also recorded
among the progenies (Fig. 3, 4). Among all the progenies
only G2 progeny produced oblong shape leaves. Majority of
the progenies recorded elliptic shape leaves (51.89%)
followed by ovate (34.91%) and for leaf tip shape sub-acute
tip shape (69.81%) is dominated followed by acuminate type
(29.25%). All the progenies leaves showed entire margin
type. Several authors reported variations in leaf flush colour,
leaf colour, leaf shape, leaf tip shape and leaf margin as
reported in mothertrees.

Variation between mother trees and progenies also
observed for leaf parameters. Majority of the progenies
expressed sub-acute type leaf tips as compared to mother
trees. In progenies oblong leaf shape is recorded only for
one progeny (G2). Azad et al (2015) reported variation in
leaf characteristics (leaf shape, leaf base and leaf apex) of
mother trees and progenies. Having different alleles in
population, cross pollination can help different allelic
combinations in the progeny. Such different allelic
combinations can lead to new phenotypes in the progeny.
Hanumantha et al (2020) reported elliptic, ovate, ovate-
elliptic and ovate lanceolate leaf shape and sub-acute leaf
tip shape followed by obtuse and acuminate among the
majority of selected trees in Cinnamomum zeylanicum.
Sourav Manoharan and Hanumantha (2023) reported five
types of leaf shapes viz., elliptic, oblong, ovate, ovate-
ellipticand ovate lanceolate and four types of leaf apex viz.,
acuminate, acute, sub-acute and obtuse among trees of six
different sources in Uttara Kannada, Karnataka. Elliptic
leaf shape and acuminate leaf tip was predominantly
expressed and suggested that leaf morphometric traits
could be easily used to measure the magnitude of diversity.
Dattappa et al (2023) reported variation among 15 half sib

progenies of cinnamon for leaf weight, leaf area and leaf
weightperplant.

Variation in petiole colour was recorded for the first time in
cinnamon and two progenies namely G2 and K2 exhibited
purple coloured petioles. Even the taste and pungency of the
petiole is entirely different from the other progenies; they
have sweeter taste and lesser pungency. This character can
be utilized for differentiating the individuals of cinnamon for
future selection purposes. Cinnamon develops wide variety
of flush colours and ranges from green to deep purple.
Significant positive correlation between leaf flush colour and
leaf oil content was observed suggesting genotypes with
dark purple colour flush tend to possess higher in the leaf oil
content. Hence, the leaf flush colour can be used as
important qualitative parameter for selection of trees with
high oil content. The quick visual observation of purple leaf
flush colour will be useful for selection for higher leaf oil yield
at least in preliminary screening. The study demonstrated
that traits such as leaf colour, flush colour, leaf margin, leaf
shape and leaf petiole traits could be considered while
developing Distinctness, Uniformity and Stability (DUS) traits
as descriptors.

CONCLUSION

Cinnamomum zeylanicum is one of the most valuable
tree spices in Karnataka. Wide variability is present among
the different species of cinnamon. The variations present
among the different source can be used for identification of
good genotypes based on the results of progeny tests. Wide
variation was observed for leaf characteristics among
progenies of different sources in Cinnamomum zeylanicum.
Five morpho-types with respect to leaf shapes viz. elliptic,
oblong, ovate, ovate elliptic and ovate lanceolate were
recorded, in which elliptic type of leaf shape was
predominant. With respect to leaf tip shapes, four types viz.,
acuminate, obtuse, acute and sub-acute types were
recorded among which, sub-acute tip shape was
predominant. Only two trees (K2 from Kankodlu and G2
from Gejjehalli source) showed purplish colouration; all
other trees showed green petiole colour. Leaf flush colour is
considered as indicator of higher essential oil and can be
used as marker for indirect selection of higher oil yielding
trees. Leaf markers that could be adopted to easily measure
the magnitude of diversity, to select higher yielding types as
well as for conservation.
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Abstract: The investigation was carried out in seven different silvipastoral systems viz Cedrus deodara, Robinia pseudoacacia, Cupressus
torulosa, Prunus arminiaca, Ailanthus altissima, mixed plantations and grassland (control). There were 12 shrub and 43 herb species in all the
systems. Among shrubs, Berberis lycium, and among herbs, Cyanodon dactylon were observed in all the systems. Maximum height (23.91 m)
and maximum dbh (91.72 cm) was for the trees in Robinia pseudoacacia and Cupressus torulosa system, respectively. The highest density
(8133 shrubs/ha) was in grassland (control) followed by Prunus arminiaca>Robinia pseudoacacia>mixed plantations>Cupressus torulosa.
The highest density for Cyanodon dactylon (86666 tillers/ha) and lowest (10000 tillers/ha) was recorded for Stipa sibirica. The basal area
(m*ha™) of herbage in different treatments showed the precedence grassland (control) followed by Prunus arminiaca>Robinia pseudoacacia>
Ailanthus altissima. Importance value index of different herbage species in different silvipastoral systems revealed that Cyanodon dactylon
was the dominating species under grassland (control), Ailanthus altissima and mixed plantations system. Oxalis acetosella was dominating
under Cedrus deodara. Lolium perenne was dominating species under mixed plantations, Robinia pseudoacacia and Prunus arminiaca

agroforestry systems.

Keywords: Plantation, Density, Herbs, Grassland, Shrubs, Understory vegetation, Agroforestry systems

Botanical evaluations, encompassing examinations of
floristic composition, species diversity, and structural
analysis, are fundamental for gaining a comprehensive
understanding of forest ecology and ecosystem functions
(Pappoe et al., 2010). The definition of floristic composition,
which signifies the variety of species within a community,
necessitates precise identification of the species present.
The determination of floristic composition is an intricate,
prolonged process affected by seasonal fluctuations, biotic
factors, microclimate, and their interactions within the
community.

Individuals belonging to various species in a plant
community assume distinct roles in ecosystem functioning,
influencing diverse distribution patterns. To comprehend
community structure, an examination of the spatial
distribution of individuals from each species, floristic
composition and distribution of plant communities under
different traditional agroforestry systems in Takoli Gad
watershed of Garhwal himalayas (Thakur et al., 2005,
Bhusara et al, 2016, Singh et al., 2023). Community
diversity, portraying variations in species and their
quantitative attributes, is gauged to evaluate associations
with community properties or environmental conditions In
grassland communities, trees are pivotal, displaying varying
density and types across diverse locations (Thakur et al.,

2004). India's diverse climate supports 15 types of native
woodlands, where trees play a pivotal role in preserving
moisture, enhancing soil quality, and offering nutritious feed
for animals. Trees significantly contribute to landscape
biomass and diversity, with a well-established pivotal role in
ecosystem dynamics. Despite prior research on
phytosociological attributes, information on the remote areas
of Sindh Forest Division, Ganderbal Kashmir, is limited. This
research initiative aims to establish a baseline for
forthcoming studies, particularly crucial for monitoring
plantation areas rich in biological diversity. No sincere effort
has been made in this area to analyse the community
structure of understorey vegetation under different
agroforestry systems over time in the past. Keeping in view
this fact the study was conducted in Sindh forest division
Ganderbal in different agroforestry systems to compare the
floristic composition and community structure of these
systems with grassland (control) which was devoid of trees.

MATERIAL AND METHODS
The even aged mature stands of different kinds of trees
were selected for study and evaluated the community
structure of different agroforestry systems. The seven land
use systems selected were T1-(Cedrus deodara), T2-
(Robinia pseudoacacia), T3-(Cupressus torulosa), T4-
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(Prunus arminiaca), T5-(Ailanthus altissima), T6-Mixed
stand (Cupressus torulosa, Robinia pseudoacacia, Ailanthus
altissima), T7-Grassland (No trees).

Shrub density: The number of shrubs under each
agroforestry systems was done by stratified random
sampling in 3 quadrates of size 5x5 m in each sampling plot.
The total number of shrubs of each species were counted in
each quadrate and categorized into large, medium and small
shrubs.

Herb density: Phytosociological attributes of herb species
under different agroforestry systems were evaluated from 3
quadrates of size 1x1 m in each sampling plot. The samples
collected were brought to the laboratory, washed properly
with fresh running water and segregated species-wise. The
individuals of each species from different quadrates were
counted separately and their basal area was calculated
following (Phillips 1959). Specimens were collected during
growing season from study site and identified from Division of
Environmental science, SKUAST-Kashmir and centre for
Biodiversity and Taxonomy, Department of Botany,
University of Kashmir. The data on vegetation was
quantitively analysed for density, basal area, frequency,
Importance value index (V1) separately for three different life
forms i.e. tree, shrub and herbaceous species (Misra 1969,

Phillips 1959).
Total number of individuals of a species
in all quadrates

Density = Total number of quadrates studied
Number of quadrats in which the
Frequency (%) = species occured %100
Total number of quadrates studied
Basal area = , where d = Diameter of tillers

Importance value index (IVI) = Relative density+ Relative
frequency + Relative basal area

RESULTS AND DISCUSSION

The highest average height (23.91 m) was recorded for
trees in Robinia pseudoacacia based agroforestry system
followed by the Cupressus torulosa (22.33 m). Trees of
Prunus arminiaca system had the shortest average height
(6.95 m) and the grassland did not have any trees (Table 1).
The highest average diameter at breast height (dbh) of trees
occurred in the Cupressus torulosa based system (91.72
cm), while the lowest dbh was in mixed stand (19.91 cm/tree).

The density of shrub species (small, medium and large) in
these agroforestry systems ranged from 133.33 to 1200
shrubs/ha) (Fig. 1-3). Broad-leaved trees supported a higher
number of shrub species, potentially leading to greater shrub

occurrences in Prunus arminiaca system. Similarly,
herbaceous density was highest in grassland (12399909%tillers
ha™), with the lowest herb density in Cedrus deodara (169999
tillers ha™) (Tables 2-8).

The current investigation, aimed at assessing variations
in shrub and herbage growth under different agroforestry
systems indicated a decreasing density of shrubs in the order
grassland (control) > Prunus arminiaca > Robinia
pseudoacacia > Cupressus torulosa > Ailanthus altissima >
mixed stand > Cedrus deodara. Likewise, the density of
herbs decreased in the order: grassland (control) > Prunus
arminiaca >Robinia pseudoacacia >Ailanthus altissima >
Cupressus torulosa > mixed stand >Cedrus deodara. This
trend was attributed to the reduction in relative light intensity
under trees by various studies (Guleria et al., 1999,
Naugraiya and Pathak 2001 and Ludwig et al., 2004) .The
low density of vegetation under tree canopies due to changes
in microclimate, light interception, allelochemicals release
and other inhibitory effects. Strong competition for space and
light accompanied by release of allelochemicals by trees like
Ailanthus altissima might have prohibited the propagation of
shrubs and herbages in these systems. Difference in
grassland (control) and herbages in plantations were
regulated by few ubiquitous species. Least number of
species in deodar plantation was due to pine needle litter
deposition on the forest floor which might have restricted
germination of herbaceous flora (Gupta et al., 2007, Dangwal
et al., (2012). Barbier et al., (2008) concluded that mixing of
deciduous and coniferous tree species generally affects
understory diversity, but in almost all cases maximum
diversity is observed in one of the pure stands, not in mixed
stands. Floristic composition is a measure of species
diversity in a community and t is a long term process to give
clear cut information of species diversity of an area as it is
liable to change with season as well as the effect of biotic
factors, microclimate and their interaction in any community
(Husain et al., 2019). Microclimatic conditions could varies
more widely in deciduous and mixed forest stands than in
evergreen stands, in response to the annual gradient of light,
influencing soil properties (Gazol and Ibanez 2010, Yu and
Sun 2013, Marialigetietal., 2016).

In the Cedrus deodara plantation, Cyanodon dactylon
and Salvia moorcroftiana exhibited maximum dominance
over other herbage species, categorizing the community as
Cyanodon-Salvia type. In Robinia pseudoacacia and Prunus
arminiaca plantations, Lolium perenne and Cynodon
dactylon displayed maximum dominance, designating the
community as Lolium-Cyanodon type. Similarly, Salvia
moorcroftiana and Cyanodon dactylon recorded the highest
Importance value index (IVI) in Cupressus torulosa and
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Table 1. Growth parameters of tree species and light intensity in different agroforestry systems of Ganderbal Kashmir

Growth parameters T1 T2 T3 T4 T5 T6 T7
Height (m) Minimum 16 18 15.2 4.2 5 4 -
Maximum 24.5 28.6 29.7 9.4 28 18 -
Standard error 0.29 0.48 0.97 0.18 0.78 0.48 -
Standard deviation 2.28 2.96 4.32 1.26 6.18 434 -
Dbh (cm) Minimum 27 22 52 8 6 6 -
Maximum 92 46 132.2 44 91 34 -
Standard error 2.1 1.07 5.62 1.38 3.02 0.88 -
Standard deviation 16.20 6.65 25.14 9.96 23.98 7.86 -
Relative light intensity (%) 21.81 58.21 45.24 69.16 47.85 24.76 100.00

T1-Cedrus deodara;T2- Robinia pseudoacacia;T3- Cupressus torulosa;T4- Prunus arminiaca ,T5-Ailanthus altissima; T6- mixed stand (Cupressus torulosa,
Robinia pseudoacacia, Ailanthus altissima; T7-grassland(control)

Table 2. Phytosociological attributes of herbs in Cedrus deodara based agroforestry system

Species name Relative density (%)  Relative frequency (%) Relative basal area (%) Importance
value index (%)
Asplenium species 8.47 12.50 0.53 22.84
Cyanodon dactylon 15.25 12.50 39.31 69.45
Oxalis acetosella 16.95 12.50 7.74 39.85
Oxalis corniculata 6.78 12.50 3.21 23.55
Plantago lanceolata 11.86 12.50 15.51 41.73
Salvia moorcroftiana 13.56 12.50 2517 53.35
Stipa sibirica 6.78 12.50 4.27 24.62
Trifolium pretense 6.78 12.50 4.26 24.61

Table 3. Phytosociological attributes of herbs in Robinia pseudoacacia based agroforestry system

Species name Relative density (%)  Relative frequency (%) Relative basal area (%) Importance
value index (%)
Amaranthus viridis 4.68 6.38 12.29 23.36
Asplenium species 7.81 6.38 6.38 20.57
Bothriochloa ischaemum 7.03 6.38 1.92 15.34
Centaurea iberica 7.03 6.38 10.61 24.03
Chenopodium axanthum 4.68 6.38 5.02 16.09
Conyza Canadensis 3.12 4.26 3.68 11.06
Cynodon dactylon 10.93 6.38 8.96 26.28
Lolium perenne 21.09 6.38 18.58 46.05
Medicago minima 4.68 6.38 3.85 14.92
Plantago lanceolata 3.90 6.38 6.65 16.94
Plantago major 7.81 6.38 6.57 20.76
Poa annua 3.12 6.38 2.55 12.06
Poa bulbosa 3.90 6.38 3.35 13.63
Scandix pectenveneris 3.90 6.38 4.49 14.78
Stipa sibirica 3.12 6.38 2.57 12.08

Trifolium pretense 3.12 6.38 2.56 12.06




21

HT
HT2
mT3
HT4
mT5
HTe

Distribution Pattern and Phytosociological Attributes of Understory Vegetation

1400
1200
1000
800
600
400
200

(,ey sqnuys) Aysusq

T7

eqgninf snydiziz

ejenaie ealids

wnaounf wniueds

sneAlu sngny

snapdijie sngny

ajquiesq sngny

eyjueisjoy
eisjobipuj

gjeuosonw suydeq

snueinwwinu
18}SB3L0J0D

winioA| sueqieg

ejejsue sueqieg

ET1
mT2
ET3

Fig. 1. Density of small sized shrubs in different agroforestry systems of Kashmir
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Table 4. Phytosociological attributes of herbs in Cupressus torulosa based agroforestry system

Species name Relative density (%) Relative frequency(%) Relative basal area (%) Importance value index (%)
Centaurea iberica 548 11.54 8.10 26.20
Chenopodium album 5.48 11.54 440 22.50
Cynodon dactylon 16.44 11.54 13.19 44.40
Frageria vesca 5.48 11.54 442 22.51
Marubium vulgare 5.48 7.69 7.22 21.47
Oxalis acetosella 9.59 11.54 7.85 30.87
Oxalis corniculata 9.59 11.54 8.17 31.18
Salvia moorcroftiana 16.44 11.54 38.93 70.14
Stipa sibirica 9.59 11.54 7.72 30.73

Table 5. Phytosociological attributes of herbs in Prunus arminiaca basedagroforestry system

Species name Relative density (%) Relative frequency(%) Relative basal area (%) Importance value index (%)
Achillea millefolium 1.73 2.86 1.51 6.09
Agrimonia eupatoria 2.88 2.86 4.30 10.03
Amaranthus caudatus 1.73 2.86 3.85 8.43
Amaranthus viridis 2.02 2.86 4.65 9.53
Arctium lappa 2.88 2.86 6.72 12.46
Artemisia absinthium 1.44 2.86 1.03 5.33
Arnebia hispidissima 1.44 2.86 2.71 7.01
Asplenium species 1.73 2.86 1.24 5.83
Bothriochloa ischaemum 2.88 2.86 0.69 6.43
Cichorium intybus 2.88 2.86 2.09 7.83
Conyza Canadensis 2.88 2.86 2.98 8.72
Cynodon dactylon 6.05 2.86 4.36 13.27
Daucus carota 2.31 2.86 2.89 8.05
Fragaria nubicula 2.02 2.86 1.46 6.33
Frageria vesca 1.15 2.86 1.10 511
Lespedeza species 4.03 2.86 3.02 9.91
Lolium perenne 7.49 2.86 5.81 16.16
Malva neglecta 2.31 2.86 1.66 6.82
Marubium vulgare 1.44 2.86 1.70 6.00
Medicago minima 3.17 2.86 2.29 8.32
Plantago lanceolata 2.59 2.94 4.46 10.15
Plantago major 4.03 2.94 3.43 10.65
Rumex nepalensis 2.59 2.94 2.15 7.84
Salvia moorcroftiana 4.03 2.94 2.29 9.52
Scandix pectenveneris 3.46 2.94 4.02 10.63
Setaria viridis 3.75 2.94 2.28 9.20
Solanum nigrum 2.31 2.94 2.07 7.46
Sorghum helpense 3.75 2.94 2.31 9.23
Stipa sibirica 1.15 2.94 0.96 5.12
Taraxicum officinale 2.02 2.94 1.67 6.75
Trifolium pretense 3.46 2.94 2.86 9.47
Trifolium repens 2.02 2.94 1.67 6.75
Urtica dioica 2.59 2.94 3.86 9.55

Viola odorata 2.02 2.94 1.66 6.74
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Table 6. Phytosociological attributes of herbs in Ailanthus altissima based agroforestry system
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Species name Relative density (%)

Relative frequency(%) Relative basal area (%)

Importance value index (%)

Arctium lappa 455
Centaurea iberica 3.41

Chenopodium album 455
Conyza Canadensis 5.68
Cynodon dactylon 11.36
Frageria vesca 4.55
Lespedeza species 9.09
Medicago minima 4.55
Poa annua 3.41

Poa bulbosa 5.68
Salvia moorcroftiana 9.09
Scandix pectenveneris 5.68
Trifolium pratense 6.82

8.57 12.83 27.20
5.71 5.48 15.55
8.57 3.97 18.34
8.57 712 22.94
8.57 9.92 32.98
8.57 3.98 18.35
8.57 8.24 28.41
8.57 3.97 18.34
5.71 2.96 13.03
5.71 5.19 18.15
8.57 23.41 43.58
5.71 6.97 19.93
8.57 5.95 23.21

Table 7. Phytosociological attributes of herbs in mixed tree based agroforestry system

Species name Relative density (%)

Relative frequency(%) Relative basal area (%)

Importance value index (%)

Agrimonia eupatoria 7.55
Bothriochloa ischaemum 5.66
Cichorium intybus 5.66
Cynodon dactylon 15.09
Lespedeza species 9.43
Lolium perenne 24.53
Oxalis corniculata 20.75
Stipa sibirica 11.32

13.64 15.08 36.26
9.09 1.83 16.58
9.09 5.50 20.25
13.64 14.58 43.31
13.64 9.46 32.53
13.64 23.76 61.92
13.64 21.56 55.95
13.64 8.23 33.19

Ailanthus altissima system, classifying the community as
Salvia-Cyanodon type. In mixed stand, Lolium perenne and
Oxalis corniculata dominated, making it a Lolium-Oxalis type
community. Lastly, in grassland (control), Salvia
moorcroftiana and Lolium perenne exhibited maximum
dominance, categorizing the community as Salvia-Lolium
type. Berberis lycium was common in all agroforestry
systems, while among herbaceous species Cynodon
dactylon was observed in all systems. The dominance of
specific species in each community was attributed to their
adaptability and growth in particular environments (Gupta et
al., 2002). Understorey species composition in these forests
differed which is a manifestation of type (species and density)
of over storey trees and their influence likely to occur on
herbaceous layer diversity by modifying resource availability
and environmental conditions relevant to herbages
(Vockenhuber et al., 2011, Manzoor and Jazib (2020). The
importance of canopy-species leaf litter as a key factor
influencing soil acidity and thereby nutrient stocks, whereas
the upper 10 cm of soil are most significantly influenced by

tree-species effects (Augusto et al., 2003). Additionally,
thickness of litter layer varies according to tree species
(Augusto et al., 2002).

CONCLUSION

The herbaceous growth showed strong dependence on
light intensity, density of trees and canopy cover. There was
significant decrease in functional parameters of herbs under
trees as compared to grassland . Cyanodon dactylon was the
dominating species under grassland (control), Ailanthus
altissima and Cupressus torulosa plantations. Oxalis
acetosella was dominating under Cedrus deodara
plantations. Lolium perenne was dominating species under
mixed stand, Robinia pseudoacacia and Prunus arminiaca
plantations. The type of overstorey trees had insignificant
influence on shrub and herbaceous composition but
significantly influenced the herbaceous growth. The
magnitude of density, basal area and biomass of herbs and
shrubs under different trees was less in comparison to
grassland (control).
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Table 8. Phytosociological attributes of herbs in grass land based system

Species name Relative density (%) Relative frequency(%) Relative basal area (%) Importance value index (%)
Achillea millefolium 1.28 2.88 1.18 5.41
Agrimonia eupatoria 2.82 2.88 4.44 10.28
Amaranthus caudatus 1.79 1.92 4.22 8.02
Amaranthus viridis 2.31 2.88 5.62 10.93
Artemisia absinthium 1.79 2.88 1.36 6.12
Arnebia hispidissima 1.54 2.88 3.05 7.55
Bothriochloa ischaemum 3.08 2.88 0.78 6.89
Centaurea iberica 2.05 2.88 2.88 7.91
Chenopodium album 2.05 2.88 1.56 6.60
Chenopodium axanthum 1.54 2.88 1.53 6.03
Cichorium intybus 3.33 2.88 3.07 9.45
Conyza Canadensis 2.31 2.88 3.63 8.94
Cynodon dactylon 6.67 1.92 5.07 13.99
Cymbopogan nardus 1.03 2.88 1.55 5.51
Daucus carota 1.54 2.88 1.55 6.05
Frageria vesca 2.05 2.88 4.07 9.11
Lespedeza species 5.13 2.88 4.05 12.31
Lolium perenne 6.15 2.88 5.04 14.37
Malva neglecta 2.56 2.88 1.95 7.52
Medicago minima 3.08 2.88 2.35 8.46
Plantago lanceolata 2.56 2.88 4.06 9.63
Plantago major 1.54 2.88 1.20 5.70
Poa annua 1.28 1.92 0.97 4.24
Poa bulbosa 1.03 2.88 0.82 4.78
Poa pretense 1.03 2.88 0.71 4.67
Rumex nepalensis 410 2.88 3.13 10.32
Salvia moorcroftiana 4.36 2.88 9.79 17.24
Scandix pectenveneris 3.33 2.88 3.56 9.94
Setaria viridis 4.62 2.88 2.62 10.34
Sorghum helpense 4.10 2.88 2.33 9.52
Stipa sibirica 0.77 2.88 0.59 4.28
Taraxicum officinale 2.05 1.92 1.56 5.64
Trifolium pratense 3.33 2.88 2.53 8.91
Trifolium repens 2.82 2.88 2.14 7.99
Urtica dioica 2.82 2.88 3.86 9.70
Viola odorata 1.54 2.88 117 5.66
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Abstract: The present study assessed the population status and seed germination of the endemic tree Micromeles cuspidata (Bertol.) C.K.
Schneid. in northeast India. A total population density of 594 individuals was recorded, consisting of 67 adults, 215 saplings, and 312
seedlings. Regeneration was generally good across sites, except for sites Law Shnong Mawkasain and Law Shnong Umladkur , where no
saplings or seedlings were present. Sites Law Adong Pongtung and Syiemship forest demonstrated fair regeneration. Seed germination
experiments revealed that all treatments induced germination within two weeks. The highest germination rate (96%) occurred in seeds treated
with 2000 mg L™ gibberellic acid (GAs), while the lowest rate (65.33%) was observed at 3000 mg L™ GAs, indicating that higher concentrations
had inhibitory effects. Untreated seeds also exhibited a high germination rate (90.67%), suggesting that M. cuspidata can be propagated
effectively without chemical intervention. These results provide critical insights for ex-situ conservation strategies. The conservation of adult
trees in natural habitats is essential for maintaining viable populations in the wild. Furthermore, seed collection, germination and the
reintroduction of seedlings into community-conserved areas are recommended to enhance the species' long-term survival.
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Micromeles cuspidata (Bertol.) C.K. Schneid.
(Synonyms- Photinia cuspidata, Pyrus cuspidata, Sorbus
verrucosa and Micromeles verrucosa), is a small tree species
of the family Rosaceae. The species is distributed in tropical
and subtropical forests of India and parts of Southeast Asia.
In India, the species has been recorded from a few hill forests
in Meghalaya (Tripathi 2013, Mir 2017) and is considered
endemic to the region (Upadhaya et al., 2017). However, the
species' population is small and faces threats from
anthropogenic activities and habitat degradation. The current
trends suggest a continued decline in its population unless
conservation measures are urgently implemented (Mir and
Upadhaya 2021). The species is harvested locally as a good
source of firewood (Mir 2017). The International Union for
Conservation of Nature (IUCN) has categorized the species
as 'Data Deficient' highlighting the paucity of data on the
status of the species beyond Meghalaya (IUCN 2021).
Furthermore, no conservation initiatives have been
undertaken for this species, and it remains absent from any
ex-situ collections (BGCI 2019). Thus, this study seeks to
assess the population status of the tree species in
Meghalaya and study seed germination potential of M.
cuspidata to facilitate ex-situ propagation and conservation
efforts of this vulnerable species.

MATERIAL AND METHODS
Study area: The study was carried out in the Khasi and
Jaintia Hills of Meghalaya (89°49'E to 92°50'E longitude and

25°02'N to 26°07'N latitude). The elevation ranges from 900-
1500 m asl. The forest types found in this region are
categorized as subtropical broad-leaved humid forests
(Champion and Seth 1968). The average annual rainfall is
ca. 3500 mm and temperatures vary from 26°C in summer to
5°Cinwinter.

Population structure: Extensive field surveys were
conducted in the potential areas of the species occurrence
based on herbarium records. The species was found in 18
sites spread across the Khasi and Jaintia Hills of Meghalaya.
To understand the population density of the species in these
forests, a belt transect measuring 20 m wide and 250 m long
was laid in each forest. The transect was further divided into
10 m* quadrates for sampling of M. cuspidata and associated
species where all trees measuring = 5 cm diameter at breast
height (dbh) were counted and measured. Individuals <5 cm
dbh and> 1 m height were categorized under saplings and
those <1 m height were categorized as seedlings. The
regeneration was categorized as good, fair, poor, none and
new following the Sukumar et al. (1992) based on the number
oftrees, saplings and seedlings.

Seed source: Mature fruits of M. cuspidata were collected
from Mawsynram region (25.298°N, 91.581°E) in Meghalaya
in mid-January. Fruits were collected from randomly selected
trees to attain a composite and representative seed lot. The
fruits measured approximately 0.87 cm in diameter and
typically contained 3 to 4 ovate seeds, each measuring 3.9
mm across. The seeds were manually extracted and
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thoroughly washed and air-dried. The seeds were stored at
room temperature (24 £ 1°C). Germination experiments were
conducted within one week of seed collection to avoid the
loss of viability.

Germination tests: Seed germination rates were
systematically evaluated under controlled laboratory
conditions to determine the impact of GA, treatments. Seeds
were subjected to a 48-hour soaking period in arange of GA,
solutions with concentrations of 200 mg L~*, 500 mg L™, 1000
mg L™, 2000 mg L™", and 3000 mg L. The control group was
maintained where seeds received no GA, treatment for
comparison with GA, treated seeds. Both the control and
GA,-treated seeds were placed on glass Petri dishes that
measured 9 cm diameter x 2 cm height lined with Whatman
No. 1 filter paper. The seeds were incubated at a constant
temperature of 25°C (£1°C). For each GA, concentration,
three replicates, each with 25 seeds, were maintained. The
filter papers were regularly moistened with distilled water at
3-day intervals to maintain moisture levels. Seed germination
was carefully monitored daily until the cessation of
germination. To understand seedling growth, 500 seeds were
sown in plastic trays filled with a mixture of soil and sand at a
ratio of 3:1. The germinated seedlings were transplanted into
poly bags after 3 months and transferred to greenhouse
conditions having a controlled light intensity of approximately
3 mol m2d™, similar to understory light intensities in the field
conditions. The seedlings were watered at 3-day intervals
and mortality rates were documented. After one year,10
seedlings were harvested to assess the growth in shoots,
roots, leaves and biomass.

Data analysis: The germination percentage for each
treatment replication was determined.
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G (%)=n/Nx100,

Where n represents the number of seeds that
germinated, and N denotes the total number of seeds.

Mean germination time (MGT) was calculated using the
following formula:

MGT=%(n*d)/N,

where n is the number of seeds that germinated on a
particular day, d is the number of days since the test began,
and N is the total number of seeds that germinated by the end
of the experiment (Ellis and Roberts 1981). The time required
for 50% germination (T,,) was calculated as follows:

Tso = t1 + [(N/2 - ni)(tj - ti)]/nj -n

where N is the final number of germinated seeds, n,andn,
are the cumulative numbers of germinated seeds at times t;
andt,, respectively, when n<N/2 <n, (Farooq etal., 2006).

The analysis was performed with Tukey's least significant
difference test (p<0.05) using SPSS (Version 20).

RESULTS AND DISCUSSION
Population structure: The total population density was 594
individuals comprising 67 adults, 215 saplings and 312
seedlings. The highest number of individuals were observed
in Sai Mika forest (S9) with 113 individuals and the lowest
population was in Law Shnong Mawkasain (S4) and Law
Shnong Umladkur (S14) with only 1 adult individual in each
site (Table 1, Fig. 1). The dominant associated species were
Castanopsis tribuloides (Sm.) A. DC., Castanopsis
purpurella (Miq.) N.P. Balakr., Cinnamomum pauciflorum
Nees, Elaeocarpus lancifolius Roxb. and Helicia nilagirica
Bedd. The regeneration of the species based on the number
of adults, saplings and seedlings revealed an overall good
regeneration except for sites S4 and S14 where saplings and
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Fig. 1. Number of adults, saplings and seedlings of M. cuspidata in the studied sites
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seedlings were absent. Two sites S10 and S12 showed fair
regeneration (Table 1).

The variation in the population density of M. cuspidata in
different sites may be attributed to differences in land use,
topography and anthropogenic activities operating in and
around the habitat of the species. The species was in both
forest edges and in dense forests indicating the species'
ability to withstand external disturbances. However, as the
species is harvested for its valued firewood, forest patches
located close to villages are at higher risk of over-
exploitation. Studies have shown that disturbance poses the
risk of reducing the densities of flowering species risking the
proliferation of invasive species (Bisht et al., 2022).
Disturbance in the form of extraction is known to reduce the
density of flowering trees as observed in species such as
Magnolia rabaniana (Mir et al., 2017). The regeneration of
the species was satisfactory across most of the studied sites,
as indicated by a higher number of saplings and seedlings
compared to adults. The highest number of adult trees was at
site S9, with 11 individuals, although the overall number of
adults across all sites remained low. The positive correlation
was observed between the densities of saplings, seedlings
and adult trees, underscoring the importance of conserving
adult populations in their natural habitats to ensure the long-
term persistence of this endemic species.

Seed germination: Seed germination was observed within
14.5 days after the start of the experiment. The average

germination percentage was 87.11 across the treatments.
MGT was 13.50-days and the time to reach 50% germination
(Ty) was 14.97. Seeds that were not subjected to GA,
treatment showed a relatively high germination rate of
90.67%, with an MGT of 14.96 days and a T,,0f 15.67 days.
The highest germination percentage of 96 was in seeds
treated with 2000 mg L™ GAs, which also had the shortest
MGT of 11.85 days (Table 1). However, seeds treated with
3000 mg L' GAs resulted in the lowest germination
percentage (65.33) which was significantly lower than all
other treatments. This treatment also had the longest MGT
(15.21 days) albeit the T,, was the shortest (13.54 days).
Seeds treated with 1000 mg L' GAs had the longest T,
(16.41 days). The application of GA, expedited the time for
germination in seeds with significantly shorter mean
germination days achieved in seeds treated with higher
concentrations of GA, as compared to untreated seeds
(Table 2, Fig. 2). Seedlings transplanted into greenhouse
conditions had a survival of 55% after one year. Seedlings
were vulnerable to desiccation and seedling growth was slow
(Table 3).

Seeds of M. cuspidata exhibited high percentages of
germination for both treated and untreated seeds under
controlled laboratory conditions. Seeds germinated within
two weeks indicating the absence of dormancy at the time of
seed dispersal. The GA, treatments showed variations in the
germination percentage with the lowest percentage

Table 1. Basal area of adult M. cuspidata in the studied sites and regeneration status

Sites Site code Density of adult trees Basal area (m?) Regeneration status
Law Adong Laitsohum S1 6 0.565 Good
Law Adong Saitbakon S2 1 0.002 Good
Law Kyntang Nonglienkien S3 4 0.040 Good
Law Shnong Mawkasain S4 1 0.001 None
Twah Samparat S5 4 0.042 Good
Tyllong Um-Kyrwiang S6 6 0.050 Good
Law Adong Tyrsad S7 4 1.010 Good
Law Adong Phlangwanbroi S8 8 0.260 Good
Sai Mika S9 1 0.116 Good
Syiemship forest RK Mission S10 4 0.233 Fair
Lum Shynna SN 1 0.045 Poor
Law Adong Pongtung S12 7 0.325 Fair
Law Siarpa S13 2 0.342 Good
Law Shnong Umladkur S14 1 0.093 None
Tyrongmawlieh Mission Tynnai S15 1 0.039 Good
Law Kyntang Tyrsad S16 4 0.505 Good
Law Marai S17 2 0.202 Good
Wah Bah Pomolang S18 3 0.150 Good
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Table 2. Germination characteristics of M. cuspidata seeds
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Treatment (mg L") Total germinated Germination percentage = Mean germination time (days) T, (days)
Control 22.67+0.33° 90.67+1.33" 14.96+0.04° 15.67+0.09°
200 22.00+0.00” 88.00+0.00" 14.07+0.20% 14.92+0.08™
500 23.33+0.33° 93.33+1.33° 12.17+0.05° 14.19+0.06"
1000 22.33+0.33° 89.33+1.33" 12.73+0.26" 16.41+0.57°
2000 24.00+0.58° 96.00+2.31° 11.85+0.39° 15.06+0.42°
3000 21.7840.62 65.33+1.33 15.2110.22" 13.54+0.12°
Means followed by the same letter in each column do not differ significantly at p< 0.05.

Table 3. Growth characteristics of one-year-old M. cuspidata seedlings (n=10)

Light intensity No. of leaves Mean leaf area (cm’)  Shoot height (cm) Root length (cm) Dry weight (g)
3+0.35mol m2d 8+1 6.90+0.36 11.45+0.76 12.53+1.03 0.22+0.04
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Fig. 2. Mean germination percentage (G%), MGT and T,
under GA, treatments at 25°C and seeds germinating
under the various GA, concentrations

observed in the highest concentration of 3000 mg L". This
observation suggests the inhibitory effect of GA, at high
concentrations. Similar observation was observed in other
species like Saraca asoca and Melientha suavis (Rout et al.,
2021, Tuan et al., 2023). High GA, concentrations above
species threshold limits can lead to disruptions in hormonal
signaling and seed metabolism (Attia et al., 2022). The
application of GA; expedited the germination process, with
2000 mg L™ observed as the most effective concentration for

achieving rapid and high germination. Similar results have
also been reported in species such as Magnolia punduana
and Tinospora cordifolia (Iralu and Upadhaya 2016, Bhadra
et al.,, 2024). Untreated seeds also achieved high
germination percentages suggesting that the species can be
propagated without external treatments. For conservation
purposes, it is recommended that adult trees be given
conservation priority. In addition, ex-situ conservation
through mass germination and the introduction of seedlings
in botanical gardens, national parks and community-
conserved areas will go a long way in ensuring the
conservation of the species.

CONCLUSION

Micromeles cuspidata showed good regeneration in most
sites, with significant numbers of saplings and seedlings,
highlighting the potential for recovery if habitat degradation is
controlled. The low density of adult individuals, especially in
areas heavily impacted by anthropogenic activities,
emphasizes the need for urgent conservation actions. High
germination rates achieved in both untreated and GA;-
treated seeds suggest that the species can be effectively
propagated through seed-based approaches. Despite
challenges in seedling establishment under greenhouse
conditions, the successful germination and propagation of M.
cuspidata offers a viable path for ex-situ conservation efforts.
Priority should be given to protecting adult populations and
implementing conservation strategies, including introducing
seedlings into botanical gardens and forest areas, to ensure
the long-term survival of this endemic species.
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Abstract: The objective of the present study was to provide classical taxonomic analysis and a detailed description of Sphyraena forsteri a
specimen obtained through trawling operation and brought to Dholai fishing harbour. The single specimen of 515 mm length and 210 gm
weight was collected for morphometric analysis for the first time from Dholai fishing harbour along the Arabian Sea coast of the South Gujarat
region. This paper provides comprehensive details about the morphometric parameters observed in adult specimen of S. forsteri.

Keywords: Barracudas, Dholai Fishing Harbour, South Gujarat

The 27 extant species of barracudas (family
Sphyraenidae) are one of the major groups of large coastal
piscivores in tropical and subtropical marine habitats. Most
barracudas are found in coastal areas, often in close
association with stony coral reefs, but several species have a
more pelagic distribution and are known to cross large tracts
of open water (Daly Engel et al., 2012). Barracudas tend to be
opportunistic predators, with a hunting technique that relies
on ambushing prey thanks to their ability to sustain bursts of
high swimming speed over short distances. Most species are
known to form schools as either juveniles or adults, with
schools containing hundreds of individuals in some cases.
Some species, however, tend to be solitary or only live in
small groups, and adult individuals of some schooling species
can sometimes live solitary lives (Froese and Pauly 2014).

Traditionally, barracudas were thought to be related to
tunas, snake mackerels, and allies, and, based on selected
morphological characters, they have been suggested as the
sister group to all remaining members of the perciform
suborder Scombroidei. Numerous molecular analyses have
definitively refuted the notion of Scombroidei as a
monophyletic group (Betancur-R et al., 2013, Miya et al.,
2013, Near et al.,, 2013). These studies reveal that
Sphyraenidae, traditionally classified within Scombroidei,
are instead part of a larger assemblage that encompasses
jacks and pompanos (Carangiformes), flatfishes
(Pleuronectiformes), and several other lineages previously
considered unrelated such as archerfishes (Toxotidae)
(Santinietal., 2014).

Throughout India in the year 2020-21, a total of 37,749
tons of barracudas were landed (Gopalkrishna 2021). The

major species landed are Sphyraena obtusata, S. jello, S.
barracuda, and S. acutipinnis with the first two species
together constituting over 50% of barracuda landings.
Multiday trawlers account for nearly 75% of the
barracudas landed followed by outboard gillnetters (Abdul
etal., 2021). Globally, most cases of incidental capture of
S. forsteri in shrimp trawl fisheries indicate that it is not
specifically targeted or heavily exploited in these fisheries.
This incidental capture does not appear to pose a
significant threat to the overall population of S. forsteri, as
it is not being subjected to intense fishing pressure.
Furthermore, S. forsteri is not the primary target of the
trawl fishery suggests that its population is not being
disproportionately impacted by fishing activities, thus it is
categorized as 'Least concern (LC)' in the IUCN Red List
(IJUCN2024).

The state of Gujarat, with its 1600 km coastline, accounts
for approximately 26% of the total mainland coastline of
India, yet it plays a significant role in fish production. Due to
the natural topography on the west coast, the majority of
these harbours and landing centers are situated along the
northwest coast of Gujarat. Only one fishing harbour, Dholai,
and six fish landing centers are located on the southwest
coast of Gujarat. Dholai fishing harbour, situated in the
Navsari district, serves as a major fisheries hub in the south
Gujarat region. Most of the vessels registered at the harbour
are mechanized trawlers, with a few exceptions such as
small gill netters and other dug-out canoes. The objective of
the current study is to provide a detailed description of S.
forsteri, including its taxonomic classification and
morphological characteristics.
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MATERIAL AND METHODS

The sample was collected from Dholai fishing harbour
(20.73°N, 72.89°E) and brought to the College of Fisheries
Science, Navsari and was washed of any debris and other
materials. The specimen was observed and measured for
various morphometric parameters and meristic characters
(Table 1). ldentification was done using FAO species
identification sheets (Fischer 1984) and Commercial Sea
Fishes of India (Kacker and Talwar 1984) The specimen was
photographed and submitted to the Aquatic Biodiversity
Museum where it was preserved in 10% formalin (Accession
No:A15.15.1.2)

RESULTS AND DISCUSSION

Scientific classification

Phylum: Chordata

Class: Teleostei

Order: Carangiformes

Family: Sphyraenidae

Genus: Sphyraena

Species: Sphyraena forsteri

Total length of the species was 515 mm and 210 gm.
Nineteen parameters were recorded on morphology of the
fish (Table 1). The body is slender and long arrow-shaped
with a pointy snout; the head of the species is larger (1/4" of
the total length) compared to other species of the family. The
mouth is larger with flattened teeth in both jaws, the upper jaw
has a few triangular teeth followed by an inner row of small
teeth. One large canine tooth is present at the tip of the lower
jaw, which fits into the upper jaw when the mouth is closed.
Upper jaw slightly longer than lower jaw. The eyes are
relatively large, comprising 14% of the head length. This

species has no gill rakers on the first gill arch, instead, there
are rough platelets present, and the platelets on the lower
arm have a few distinct spines. Origin of first spiny dorsal fin
(D, V) slightly behind the origin of pelvic fin (V 7). Pectoral fin
(P 15) extended beyond pelvic fin. The second dorsal (D, 9)
fin set slightly forward to the anal fin (A1l 8).

Table 1. Morphometric parameters of Sphyraena forsteri

Parameter Cm % TL.
Total length (T.L.) 51.5 100.00
Fork length 45.2 87.77
Standard length 41.2 80.00
Pre-anal length 314 60.97
Anal fin length 3.3 6.41
Pre-dorsal length 17.8 34.56
Dorsal length D1 4.1 7.96
Dorsal length D2 3.7 718
Inter dorsal length 8.0 15.53
Pre-pelvic length 15.4 29.90
Pelvic length 3.4 6.60
Prepectoral length 12.5 24.27
Pectoral length 4.6 8.93
Body depth 6.0 11.65
Pre-orbital length 6.3 12.23
Orbital length 1.8 3.50
Post-orbital length 4.7 9.13
Head length 12.7 24.66
Caudal peduncle length 7.3 14.17

*All the morphometric parameters are calculated against the total length (T.L.)
of specimen

Gill Arch without
Gill rakers

Large eyes

Maxilla reaching

Flattened before the pre-orbital
triangular teeth in margin
b) ) both jaws d)

Fig. 1. a) Lateral view of preserved specimen of S. forsterib) First gill arch c) Lateral
view of mouth and teeth d) Lateral view of head
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Comparison of Morphometric parameters of Sphyraena forsteri between Fishbase
and present study

PRE-ORBITALLENGTH
EVEDIAMETER |

HEAD LENGTH

BODY DEPTH
PRE-PECTORAL LENGTH
PRE-PELVICLENGTH
PRE-DORSAL LENGTH
PRE-ANAL LENGTH
FORKLENGTH

STANDARD LENGTH

0.00% 10.00% 20.00% 30.00% 40.00%
Fishbase

50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

= Present study

Fig. 2. Morphometric parameters of S. forsteri with those available on
fishbase (Froese and Pauly 2024)

Numerous studies have examined the diversity of fish
species across various harbours and fish landing sites in
Guijarat. Notable investigations include by Brahmane et al.
(2014), Katira (2017) and Parmar et al. (2022) in Sikka
(northwestern Gujarat) and its vicinity; Sidat et al. (2021)
along the Mandvi coast and the Gulf of Kutch; and Singh
(2021) in Sutrapada. Additionally, Joshi et al. (2015),
Sikotariya et al. (2018), and Solanki et al. (2020) have
focused on fish diversity in Veraval Harbour, the fish market,
and Okha Port, respectively. Despite the extensive efforts of
these researchers, none have recorded the presence of
Sphyraena forsteri anywhere in Gujarat. Furthermore
Borichangar et al. (2022) at Dholai fishing harbour also did
not document this species in southern Gujarat. This study
provides the first confirmed record of S. forsteri from Dholai
fishing harbour, filling a significant gap in the understanding
of the region's ichthyofaunal diversity. The morphometric
analysis conducted in this study was compared with data
from FishBase (Froese and Pauly, 2024) (Fig. 2). The
morphometric parameters of the specimen were evaluated
against established identification keys, providing conclusive
evidence for the identification of the species.

CONCLUSION
The study confirm the presence of Sphyraena forsteri at
the Dholai fishing harbour, marking its first geographical
record from the southwest coast of Gujarat. The absence of
this species in previously documented checklists highlights
the significance of this discovery.
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Abstract: Traditional medicine has relied heavily on wild herbs, shrubs, and trees especially when treating helminthic illnesses. Various wild
plants are utilized for their antihelminthic properties, offering natural and accessible alternatives to synthetic drugs. Among these are Cordia
dichotoma, Emblica officinale (Indian gooseberry) and Morus alba. These plants are home to bioactive substances like tannins, flavonoids,
alkaloids, and saponins, which exhibit potent antihelminthic activities. Traditional preparation methods include consuming raw extracts,
powders, decoctions, and infusions. Modern scientific research supports these traditional uses, highlighting the efficacy of these plants in
disrupting the metabolism of parasitic worms, altering their membrane permeability, and stimulating the host's immune response. The use of
wild plants not only provides a sustainable and cost-effective treatment option but also preserves indigenous knowledge and promotes
biodiversity. Despite the promising potential, there is a need for standardized dosages and comprehensive clinical trials to ensure safety and
efficacy. The integration of traditional knowledge with modern science could enhance the management of helminthic infections, particularly in

resource-limited settings.
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Globally, plants have long been used for medicinal
purposes. These herbal remedies are often viewed as having
lower toxicity and being gentler than pharmaceutical drugs,
while also serving as a valuable source of bioactive
compounds. In many developing countries, where modern
medical systems may be limited, medicinal plants continue to
be relied upon as a primary source of healthcare (Kaci et al.,
2022). Himachal Pradesh, with a geographical area of
55,673 km?, forms part of the Trans and Northwest
Himalayas, renowned for its unique biodiversity, with forests
covering 66.45% of the state's total area, including 59.3%
protected and 3.41% reserve forests (Kumar and Sharma
2016). Within this rich ecological landscape, the Palampur
region in Kangra District, located in the lower foothills of the
Shivalik range, supports a diverse ecosystem that has been
sustainably utilized by local communities for generations
(Singh et al., 2021). These regions are especially rich in
plants with medicinal potential, including antihelminthic
species (Rajeswari 2014). As the majority of the population in
Palampur Tehsil resides in rural areas, the prevalence of
unhygienic and unhealthy lifestyles contributes to the
infiltration of parasitic worms into their bodies, leading to
various diseases such as helminthiasis. Helminthiasis is an
infection caused by parasitic roundworms in the intestines
(Kumar et al., 2015). The two main groups of worms to which
these species belong are nematodes (roundworms) and
platyhelminths (flatworms), which include both cestodes
(tapeworms) and trematodes (flukes) (Mali and Mehta 2008).

The significant worldwide health concern, helminthiasis is
especially frequent in tropical and subtropical areas where
sanitation and hygiene standards may be low (Busari et al.,
2024, King 2019). The consumption of contaminated food or
water, contact with contaminated soil, or bites from infected
vectors (such as mosquitoes or flies) are the three main ways
that helminthiasis is transmitted (Tahseen 2018). Direct
contact with animals or people who are infected can also
result in infection. A significant section of the global
population suffers from helminthic diseases, which are
among the most prevalent illnesses in humans (Tariq et al.,
2009). Traditional healers in Palampur and surrounding
areas have traditionally used a range of wild plants that have
been shown to be beneficial in treating parasitic worm
infestations when it comes to treating helminthic illnesses.
These healers play a crucial role in managing, conserving,
and ensuring the sustainable use of medicinal plants, a
knowledge passed down through generations from their
ancestors (Gangadhar 2022). The rich flora of this region
includes numerous species reported to possess
antihelminthic properties (Rajeswari 2014). This traditional
knowledge represents a valuable resource for the potential
development of new antihelminthic treatments, highlighting
the importance of preserving both the biodiversity of the
region and the associated Indigenous knowledge (Kumari et
al., 2019). The indigenous population of this region has
preserved and passed down extensive knowledge about
medicinal plants through oral traditions and cultural
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practices. This wisdom encompasses various aspects of
plant use, harvesting techniques, and preparation methods
for therapeutic applications. Some commonly used plants
include Punica granatum and Emblica officinalis. P.
granatum contain  bioactive substances with potential
anthelmintic properties, such as cucurbiti. The bark, roots,
and fruit rind of this plant have all been traditionally employed
for their therapeutic qualities, which include anthelmintic
action (Kiran et al., 2024). Pomegranate compounds
including punicalagin and ellagic acid have been investigated
for their antiparasitic properties. E. officinalis L. is also known
by another name, amla, the Indian gooseberry is a highly
valued medicinal herb in Ayurveda (Yadav and Singh 2023).
It is used in traditional formulations to treat intestinal
parasites and is thought to have anthelmintic qualities. These
are just a few of the many antihelminthic herbs that are
traditionally observed in Palampur (Rawal et al., 2023). In this
study, the traditional antihelminthic activities of plants were
investigated. Both wild edible plant species and cultivated
plants were selected for this purpose. Their potential to
combat helminthic infections was explored through this
research. Itis also necessary to record customary knowledge
regarding the utilization of plant resources of this region as
folk remedies for various health problems including helminth-
related problems for the benefit of future generations.

MATERIAL AND METHODS
The study included extensive field surveys across various
villages in Kangra District, Himachal Pradesh, conducted in
different seasons. Researchers used interactive interview

Aerial shoot
2%0%

Bark
20%

Seed
7%

Leaves
32%

methods, including questionnaire surveys, informal
gatherings, field observations, and group discussions. They
interviewed knowledgeable individuals aged 35 to 65,
including men, women, youths, and elders, mostly involved in
agriculture and horticulture. Semi-structured questionnaires
were used to collect details on the traditional use of medicinal
plants. Initially, plant specimens were shown to villagers and
local healers to gather information on their therapeutic uses.
Detailed information was then collected about the plants, the
parts used, and how they were utilized. The documented
information was analyzed based on several parameters.
Fresh plant samples were collected and identified using
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Fig. 2. Wild plants of Palampur region of lower foothills of
Shivalik range of Himachal Pradesh
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Table 1. Traditional anthelmintic potential of some medicinal plants that are used by local and rural people in Palampur region
of lower foothills of Shivalik range of Himachal Pradesh

Botanical name Family Local name Partused Uses
Asparagus racemosus Willd. Asparagaceae Sansarpali, Root The roots of this plant are dried and ground into a fine powder. 3-
Sansfain, 6 grams of this powder mixed with lukewarm is taken orally once
Shatavri or twice daily, usually mixed with water, honey, or milk, to expel
tapeworm infections.

Aegle marmelos (L.) Correa  Rutaceae Bill, bail patri Fruit 5-10g powder of unripe fruit is taken with lukewarm water on an
empty stomach for 4-5 days to cure intestinal worms.

Ageratum conyzoides L. Asteraceae Phulanu Bud The10-15 floral buds of this plant are dried and crushed to make
a fine powder, and 6-8 grams of this powder is taken on an
empty stomach with lukewarm water daily for three days to expel
various types of worms for example flatworms and liver fluke
from the body.

Aloe barbadensis Mill. Liliaceae Kawaraya, Leaf 5-10ml of juice from its fresh leaves are used to drink daily to kill

Ghritkumari parasitic intestinal worms like threadworms.
Argemone mexicana L. Papaveraceae Bharbhand, Root 5-10ml decoction of its roots is taken daily three times to
Kanduri eliminate the intestinal worms. The grind powder of its root is
taken with juice extracted from the onion bulb to expel the
pinworms immediately.

Bauhinia vahlii Wight & Arn.  Fabaceae Torr Bark 3-4g of dried powder of its stem bark is taken with lukewarm
water twice daily for 4-5 days to expel and kill the larvae and
adults of intestinal parasitic worms, mainly Ascaridia galli.

Bauhinia variegata Linn. Fabaceae Karyala, Bark, Bud 3g dried bud powder of this plant is taken two times a day with

Kachnar lukewarm water to expel the intestinal worms. 5-10ml decoction
of its bark is taken empty stomach for three days to expel the liver
fluke and flatworms.

Cordia dichotoma G.Forst Boraginaceae  Lasuda Leaf, Fruit 3-5mljuice from fresh leaves is used to drink daily for one weekto

Chenopodium album L.

Cannabis sativa Linn.

Emblica officinalis Gaertn

Ficus palmata L.

Ficus religiosa L.

Justicia adhatoda L.
Mallotus philippensis (Lam.)

Mull.Arg.

Melia azedarach L.

Morus alba L.

Chenopodiaceae Bathu

Cannabinaceae

Euphorbiaceae

Moraceae

Moraceae

Acanthaceae

Euphorbiaceae

Meliaceae

Moraceae

Bhang

Amla

Anijir

Peepal

Basuti,
Vaska

Kamala

Drek

Toot

expel the parasitic intestinal worms.
50-100 grams of roasted fruits eaten for one week tothe
expulsion of threadworms.

Leaf, Seed 10-15ml of infusions made from leaves and seeds boiling

Leaf

Fruit

Fruit

Bark,
Latex

Leaf and
Bark

Seed,

together are used to drink daily two times a day for one week to
treat intestinal worms mainly hookworm and pinworm.

15-20 ml decoction of leaves is taken three times a day for three
to four days to getrid of intestinal threadworm.

The dried fruit is ground into a fine powder. Traditionally, the
powder is consumed in small doses, often mixed with water,
honey, or ghee. The regular consumption of amla powder is
believed to help in expelling intestinal worms like hookworms
due to its potent antihelminthic properties.

4-5 dried fruits are often consumed directly or soaked in water
overnight. Eating this soaked dried fruit in the morning on an
empty stomach is believed to help expel intestinal worms.

Decoction prepared from its bark is beneficial for killing and
paralyzing various kinds of intestinal worms mainly Ascaris. The
latex of this plant possesses vermifuge properties and is used to
expel various kinds of worms.

20-25 ml of juice extracted from the leaves and bark is drunk
once a day for one week to eliminate threadworm and
hookworm.

The decoction prepared from its dried seed, leaves, fruit, and

Fruit, Bark, bark with water which is taken 3 times a day for 3 days is used to

Leaf

killand expel the tapeworms.

Leaf, Seed Decoction prepared from its leaves is taken daily once a day for

2-3 weeks to expel parasiticworms.
Dried seed powder with lukewarm water is taken two times daily
for half a week to treat intestinal worms.

Root, Fruit 5-10ml decoction prepared from the root is used to drink after a

meal for one week to expel the stomach worms.
30-50 grams of fresh fruits have been eaten daily to cure the
intestinal worms.

Cont...
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Table 1. Traditional anthelmintic potential of some medicinal plants that are used by local and rural people in Palampur region

of lower foothills of Shivalik range of Himachal Pradesh

Botanical name Family

Local name Partused Uses

Murraya koenigii (L.) Spreng. Rutaceae Kadi patta  Leaf

Raat ki
Chameli,
Haar
Shringaar

Nyctanthes arbor-tristis Linn. Oleaceae

Oxalis corniculata L. Oxalidaceae Malori

Punicaceae Dhadu,

Dhadan

Punica granatum L.

Pyrus pashia Buch.-Ham. ex Rosaceae Kainth Bark

D. Don

Rubus ellipticus Sm. Rosaceae Aakhe Root

Thevetia neriifolia(Pers.) Peeli Kaner Leaf

K.Schum.
Tamarindus indica Linn.

Apocynaceae

Fabaceae Imli

Terminalia chebula Retz. Combertaceae Harad

Khukhani Aerial

shoot

Trifolium rapens L. Fabaceae

Urtica dioica L. Urticaceae Bichu-buti,

Aan

Vitex negundo L. Verbenaceae Bana Leaf

Leaf, Bark

Leaves

Bark, Fruit

Fruit, Leaf

Fruit, Bark

Leaf, Root

5 ml decoction of its leaves is taken two times a day for three
days to kill and paralyze the intestinal parasites in humans
mainly liver fluke and pinworm and gastrointestinal nematode
parasites in sheep.

The extract from its fresh leaves mixed with salt is taken to an
empty stomach in the morning for 3 days to eliminate intestinal
threadworms.

Dried powder of leaves is used with water in cases of liver fluke
intestinal worms.

Bark extract is also used for expelling roundworms and intestinal
worms due to the presence of tannin.

10-15ml decoction made from the leaves is taken daily twice a
day for 3-4 weeks to get rid of intestinal worms.

The dried powder of fruit peel is taken with lukewarm water two
times a day for one week killing and paralyzing the worms. The
juice extract from the fruitis drunk daily to expel the hookworms.

3g dried bark churan is taken with lukewarm water and is useful
against various kinds of parasitic worms like hookworms and
threadworms.

Root decoction of about one teaspoon is given to the children
once aday for4-5 days to getrid of intestinal worms.

5-8ml decoction of leaves of this plant is taken for a week, three
times every day to expel the intestinal worms.

10-15 ml of juice from the fruit drink one time a day for 4-5 days
helps expel the worms of the intestine.

5—10 ml of juice from the fresh leaves is drunk daily, two times a
day, which helps paralyze and kill stomach worms.

50 ml Juice extracted from its fruit pulp is taken twice daily to
eliminate tapeworm and Ascaris.

Churan prepared from its dried bark mixed with harad
(Terminalia chebula) and amla (Embellica officinalis) is known
as triphalachuran, which is good for digestive problems and
possesses antihelminthic properties. So, this churan is used to
expel the parasitic worms.

2ml decoction of its aerial shoots is taken three times a day for
two days to kill and paralyze intestinal helminthic worms mainly
tapeworms. This extract is also used to kill intestinal worms in
sheep mainly liver fluke.

Fresh or dried leaves are steeped in hot water to make tea. The
tea is consumed regularly to help expel worms and improve
overall gut health. Roots of the plant are boiled in water for a
longer period to extract active compounds. The resulting
decoction is drunk daily for a specified duration, usually a few
weeks, to clear hookworm parasitic infections.

3 ml decoction of its leaves is used to kill and paralyze the
various kinds of threadworm and flatworm intestinal parasites
within a day.

various botanical references, such as 'The Flora of British
India' (Hooker 1885), 'Flora of Himachal Pradesh'
(Chowdhery and Wadhwa 1984), and 'Flora of Mandi' (Singh
2018).

The current study provided details on wild plants that
have antihelminthic properties. The names of the plants'
families, local names, botanical names, parts used, and their
traditional uses for helminthiasis are listed in alphabetical
order, as shown in Table 1. The present study includes 29
plants belonging to 21 families. The predominant families are

Fabaceae with 4 plant species, Euphorbiaceae, Rosaceae,
and Rutaceae with 2 plant species, and Moraceae with 3
plant species (Fig. 4).

Among the plant parts, leaves are the most commonly
used, accounting for 32%, followed by fruits (21%) and bark
(20%). Roots are utilized in 11% of the cases, while buds and
seeds in 5 and 7percent (Fig 1). Latex and aerial shoots are
the least commonly used, each accounting for 2%. This
distribution highlights the predominance of leaves, fruits, and
bark in traditional antihelminthic practices as shown in Figure
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Fig. 4. Showing the predominant families of the plants in the study area having

anthelmintic properties

3. The 3-4 g of powder of dried roots of the Asparagus
racemosus plant mixed with lukewarm water is taken orally
once or twice daily, usually mixed with water, honey, or milk,
to expel tapeworm infections. Similar results have been
shown by Soren and Yadav (2021). The 5-10 ml decoction
prepared from the root of Morus alba is used to drink after a
meal for one week to expel the stomach worms. Devi et al.
(2013) also mentioned similar results. The 4-5 dried fruits of
Ficus palmata are often consumed directly or soaked in water
overnight. Eating this soaked dried fruit in the morning on an
empty stomach is believed to help expel intestinal worms.
Badgujar etal. (2014) observed similar trend.

CONCLUSION

The exploration of wild plants from the Palampur region of
Himachal Pradesh for their antihelminthic properties shows
the significant potential of traditional medicinal knowledge in
addressing parasitic infections. This study has documented
various plants traditionally used by local communities, such
as Cordia dichotoma, Emblica officinale, and, which exhibit
potent antihelminthic activities. The traditional methods of
preparation and administration, including raw extracts,
powders, decoctions, and infusions, provide sustainable and
cost-effective alternatives to synthetic drugs. These
practices not only offer immediate health benefits but also
help preserve indigenous knowledge and promote
biodiversity. The detailed documentation of these plants'
uses, parts utilized, and preparation methods highlights the
rich ethnobotanical heritage of the Palampur region.
Integrating traditional knowledge with modern scientific
research could lead to the development of new, natural
antihelminthic drugs, particularly beneficial in resource-
limited settings where synthetic drugs may be inaccessible.
As a vital resource in the fight against helminthic illnesses,

the outcome of the research emphasizes the significance of
wild plants. It supports more research into conventional
medicine along with contemporary scientific verification to
improve the treatment of parasitic illnesses and advance
global health solutions.
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Abstract: Himalaya is one of the repository of medicinal plants. The study was conducted for the documentation of threatened ethno-
medicinal plants from Betalghat region, Kumaun Himalaya. Betalghat is a block of Nainital district located at the bank of river Kosi. The present
study records 20 species of threatened plants belonging to 16 families and 18 genera. Out of which 3 species were trees, 4 shrubs, and 13
herbs. Caprifoliaceae, Lamiaceae and Orchidaceae were the dominant families. Out of 20 species, 9 species were near threatened, 6 species
were least concern, 4 species were vulnerable and 1 species were endangered. Local Name, botanical Name, family, habit, altitudes (m),
habitat and utilization pattern were provided for each species. Therefore, there is an urgent need for conservation steps to be taken up along

with promotion of conservation of threatened medicinal plants.
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The erosion of biodiversity is an issue of global concern.
In ecosystems building blocks are disappearing, one by one.
The number of species, which are going threatened, is
increasing gradually. The numbers of threatened plants are
approximately 8457, out of which 247 plants are in various
biodiversity hotspots of India (IUCN 2010). The use of plants
by the local inhabitants of these regions for various purposes,
i.e., as medicine, as edible, fodder, fuel, timber, in making
agriculture tools, cultural and various others has occurred
since time immemorial. The resurgence of public interest in
plant-based medicine related to the rapid expansion of the
pharmaceutical industry prompted overexploitation that
threatened many useful medicinal plants (Kumari et al.,
2012). Further, the level of threat to the natural population of
medicinal plants has increased. More than 90% of India's raw
plant products are sourced from natural environments for
different herbal industries (Dhar et al., 2002). In the coming
20 to 30 years, 25 percent of all biodiversity could become
extinct. The habitat fragmentation by an excessive clearing of
native vegetation poses a significant threat to floral and
faunal biodiversity (Ford etal., 2009).

The regular exploitation of various medicinal flora from
the wild habitat and substantial loss of their habitats during
the last 15 years have resulted in a population loss of various
valuable medicinal plant species over the years. The main
threats to medicinal plants influence any biodiversity that
peoples utilize. The debility of traditional laws regulating
natural wealth utilization is among the main reasons for
threatening the wild medicinal plant species (Kala 2005, Kala
and Ratajc 2012). Belt et al. (2003) observed that these

traditional laws have regularly proved to be simply damaged
by modern socio-economic forces. Various possible reasons
of a rarity in medicinal plant species, such as climatic
changes, the explosion of the human population,
fragmentation and degradation of population, habitat
alteration and specificity, genetic drift, the introduction of non-
natives, heavy grazing, narrow range of distribution and land-
use disturbances (Kala 2005, Kala and Ratajc 2012).
However, the insufficient available data on the threatened
species in nature has restricted their categorization to a few
species based on herbarium collection and by consultation
by a couple of specialists (Kala 2005, Kala and Ratajc 2012).
The problems in assessing the plant species diversity are
increased in the Himalayan region, in respect of high altitude
areas because of inhospitable climatic conditions, rough and
detachment of the terrain, and short life cycle of plants (Kala
and Ratajc 2012). The indigenous communities and
commercial herb gatherers also raid these same landscapes
to collect valuable medicinal plants. Therefore, the
predictable population density of categorized threatened
medicinal plants is not exact. It varies the region that never
and scarcely undergone any collection visits of such rare
medicinal plant species (Kala 2005, Kala and Ratajc 2012).
For short or long term management planning and area-
specific threat categorization of medicinal plant species is
important (Singh et al., 2009). The availability of critically
endangered, endangered, and vulnerable medicinal plants
indicates high anthropogenic pressure. If continuous
overexploitation and habitat degradation of these species,
they may disappear from the area shortly (Singh et al., 2009,
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Kumari et al., 2012, Sharma et al., 2014). There is an urgent
need of the establishment and conservation of medicinal
plants nurseries and herbal gardens and ensuring the
availability of quality planting material for large-scale
cultivation, through educational and awareness programs
(Singh et al., 2009, Kumari et al., 2012, Sharma et al., 2014).
The present study represents such an effort in the study area,
using the information on different attributes.

MATERIAL AND METHODS

Study area: The Betalghat block lies between 29°32'45"-
29°29'36"N latitudes and 79°14'43"-79°24'24"E longitudes.
Betalghat is a block of Nainital district located at the bank of
river Kosi (Fig. 1). It is situated in the northern part of the
district Nainital, Kumaun Himalaya.

Data collection and analysis: The field surveys were
carried out during the year 2022-2024. Specimens of all the
plants were collected and identified with the help of relevant
floras and herbaria (Gaur 1999, Joshi et al., 2018). The
specimens collected from the field were deposited in the
herbarium division of the Department of Botany, D.S.B.
Campus, Kumaun University, Nainital. Using six attributes
(i.e., habitat preference, distribution range, population size,
use pattern, extraction trend, native and endemic species),
the threat status was identified and also, categorization of
these species is done as Least Concern, Near Threatened,
Rare, Vulnerable, Endangered and Critically Endangered
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Fig. 1. Map of the study area

Pandey et al

following (Samant et al., 1998, Dhar et al., 2002, Kala 2005,
Singh et al., 2009, Kala and Ratajc 2012). Species with
scores <46 were identified as least concern, 46-50 as near
threatened, 51-55 as vulnerable, 56-60 as endangered, and
>60 as critically endangered (Table 1).

RESULTS AND DISCUSSION

Diversity of threatened medicinal plants: The present
study recorded 20 species of threatened plants belonging to
16 families and 18 genera. Out of which 3 species were trees,
4 shrubs, and 13 herbs (Table 2, Plate 1). The families were
Caprifoliaceae, Lamiaceae, and Orchidaceae, having two
species and Apiaceae, Asparagaceae, Bignoniaceae,
Celastraceae, Colchicaceae, Costaceae, Dioscoreaceae,
Euphorbiaceae, Hypoxidaceae, Pittospraceae,
Ranunculaceae, Rutaceae, Saxifragaceae, and Ulmaceae
having single species were identified. Along an altitudinal
gradient, altitudinal zone 1001-1300m showed the maximum
diversity (i.e., 12 spp.), followed by the zone 700-1000 m (11
spp.), 1601-1800 m (10 spp.), and 1301-1600 m (8 spp.)
respectively. Overlapping within different altitudinal zones is
noted in most of the cases.
Status of threatened medicinal plants: In the present study,
6 species (Bergenia ciliata (Haworth) Sternb., Celastrus
paniculatus Will., Curculigo orchioides Gaertn., Thalictrum
foliolosum DC., Valeriana wallichii DC. and Zanthoxylum
armatum DC.) with scores 40-44 were considered as least
concerned category, 9 species (Baliospermum montanum
(Willd.) Muell.-Arg., Clerodendrum serratum L., Coleus
barbatus (Andr.) Benth, Costus speciosus (Koenig ex Retz.)
Sm., Dioscorea deltoidea Wall. ex Griseb., Drimia indica
(Roxb.) Jessop., Malaxis acuminata D. Don, Ulmus
wallichiana Planch, and Valeriana hardwickii Wall.) with score
48 were found under near threatened category, and 4 species
(Gloriosa superba L., Habenaria intermedia D. Don,
Heracleum lanatum Michaux and Oroxylum indicum L.) with
score 52 were found under vulnerable category, and 1
species (Pittosporum eriocarpum Royle.) with score 56 were
under endangered category (Table 3).

The Himalayan region has rich biological diversity that is
now under threat from rapidly expanding human populations,
habitat destruction, and concomitant environmental

Table 1. Different criteria for threat categorization of the species

Habitat Distribution Population (Individual/ location) Use pattern Extraction trend Native and Score
endemic

One <500 250 Individual/up to 2 location 4 and >4 Commercial Native and endemic 10

2-3 500-1000 250-1000 Individual/3-5 location 2-3 Self-use Native/Endemic 6

>3 >1000 1000 Individual/>5 location One No use Non-native
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Table 2. Diversity and utilization pattern of threatened ethno-medicinal plants of Betalghat Region, District Nainital (Kumaun

Himalaya)
Local name Botanical name Family Habit Altitudes (m) Habitat Utilization pattern
Danti Baliospermum Euphorbiaceae Sh 700-1100 Forest openings,  Arthritis, bronchitis diseases,
montanum (Willd.) edges, and constipation, jaundice, and
Muell.-Arg. wastelands skin disease.
Silphora Bergenia ciliata Saxifragaceae H 1400-1800 Shady and moist Asthma, boils, cough,
(Haworth) Sternb. rocks diarrhea, fever, gall bladder,
and kidney stones.
Mal-kangani Celastrus paniculatus Celastraceae Sh 700-1100 Open places, rocky Arthritis, cough, diarrhea,
Willd. substrate dysentery, gout, headache,
itching, piles, and wounds.
Bharangi Clerodendrum serratum Lamiaceae Sh 700-1100 Roadside, open Asthma, bronchitis, cough,
(L.) Monn. places headache, fever, and skin
diseases.
Hiwain Coleus barbatus (Andr.) Lamiaceae H 1100-1500 Rocky substrate Constipation, low blood
Benth pressure, and intestinal worm
infection.
Keva Costus speciosus (J. Costaceae H 700-1100 Shady forest slopes Arthritis, cold, cough, and
Koenig) Sm. stomach-ache.
Kali Musli Curculigo orchioides Hypoxidaceae H 700-1600 Open grassy Asthma, cough, cuts and
Gaertn. localities, wounds, diarrhoea, jaundice,
undergrowth in Insect or scorpion bite, itching
moist shady areas, piles, skin diseases, and
urinary disorders.
Jangli Gethi Dioscorea deltoidea Wall. Dioscoreaceae H 1600-1800 Open places Dysentery, fever, jaundice,
ex Griseb. and skin diseases.
Ban Pyaj Drimia indica (Roxb.) Asparagaceae H 700-1100 Open exposed, Joints, pain, and arthritis.
Jessop. grassy slopes
Kalihari Gloriosa superba L. Colchicaceae H 700-1100 Along forest Fever, gonorrhea, insect or
margins scorpion stings, leprosy
intermittent, piles, painful
delivery, rheumatism, skin
diseases, and tumors.
Vridhi Habenaria intermedia D. Orchidaceae H 1600-1800 Open grassland, Asthma, health tonic and skin
Don grassy slopes diseases.
Kakriya Heracleum lanatum Apiaceae H 1600-1800 Shady forests Arthritis, leucoderma and
Michaux edges and open toothaches.
fields
Jivak Malaxis acuminata D. Orchidaceae H 1500-1800 Moist shady places Fever, bronchitis, general
Don debility, and weakness.
Syonake Oroxylum indicum (L.)  Bignoniaceae T 700-1000 Open places Diarrhea, dysentery, fever,
Kurz indigestion, insect and
scorpion stings, stomach-
ache
and urinary disorders.
Agni Pittosporum eriocarpum  Pittospraceae T 900-1300 Banj-oak and Bronchitis and rheumatic
Royle. miscellaneous swellings.
forests
Mamiri Thalictrum foliolosum Ranunculaceae H 900-1800 Open hill slopes Conjunctivitis boils, and
DC. jaundice.
Chamar-Mua Ulmus wallichiana Planch Ulmaceae 1600-1800 Banj-oak forests Bone fracture.
Sameo Valeriana hardwickii Wall. Caprifoliaceae 1100-1800 Moist shady slopes Diarrhoea, fever, and urinary
disorders.
Sameo Valeriana wallichiiDC.  Caprifoliaceae H 1400-1800 Moist places, forest Cholera and urinary disorders.
floors
Timur Zanthoxylum armatum  Rutaceae Sh 800-1800 Open scrub jungles Mouth wash, toothache,

DC.

and grazing places headache, and asthma.

Abbreviations used- H: Herb; Sh: Shrub; T: Tree
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degradation occurring at a fast pace. At the regional, national
and global levels various attempts have been made to
identify threatened species, including medicinal plants, using
different attributes such as biogeographical range, habitat
preference, population size and utilization pattern (Kala and
Ratajc 2012, Kumari et al., 2012, Chauhan et al., 2014, Lone
et al., 2014, Manikandan and Srivastava 2015, Singh et al.,
2017, Arya et al., 2018, Jeph and Khan 2019, Bhatt et al.,
2020, Chandraetal., 2021, Rawal and Tewari 2022 ).

The total of 121 species of vascular plants, including 17
species of medicinal plants from IHR, have been recorded in
the Red Data Book of Indian Plants (Nayar and Shastri, 1987,
1988, 1990). It is therefore evident from the present
investigation that all the documented threatened plants of
present study belong to different threat categories according
to the Red Data Book of Indian Plants (Nayar and Sastry
1987, 1988, 1990), CAMP (Conservation Assessment and
Management Plan 1998, 2003) Workshop, other existing
literature (Kumari et al., 2012, Srivastava and Singh 2005,
Bhatt et al., 2020). At regional and global levels, threat
categorization has also been done in which Baliospermum
montanum (Willd.) Muell.-Arg. and Celastrus paniculatus
Will. are under the near-threatened category, Bergenia ciliata

(Haworth) Sternb., Clerodendrum serratum L., Curculigo
orchioides Gaertn, and Thalictrum foliolosum DC. under a
vulnerable category, Gloriosa superba L. and endangered
categories and Dioscorea deltoidea Wall. ex Griseb.,
Valeriana wallichiiDC. under critically rare categories (CAMP
1998). Srivastava and Singh (2005) reported 60 species of
threatened medicinal plants from Uttarakhand, Joshi et al.
(2010) reported 33 species of threatened medicinal plants
from Alpine region of Uttarakhand, Kumari et al (2012)
reported 21 species of threatened ethno-medicinal from
district Almora, Kumaun Himalaya, Manikandan and
Srivastava (2015) reported 30 species of threatened plants
from Govind Pashu Vihar Wildlife Sanctuary, Western
Himalaya, Rai et al (2017) reported 18 species of threatened
plants Kedarnath Wildlife Sanctuary, Garhwal Himalaya,
Uttarakhand, Singh et al. (2017) reported 29 species of
threatened plants from Jakholi block of district Rudraprayag,
Western Himalaya, Jeph and Khan (2019) reported 39
species of threatened plants from Jhunjhunu District,
Rajasthan, Bhatt et al. (2020) reported 50 species of
threatened plants from Kumaun Himalaya, Chandra et al.
(2021) reported 14 species of threatened medicinal and
aromatic plants from Western Himalaya and Rawal and

Table 3. Status and threats of threatened ethno-medicinal plants of Betalghat Region, Nainital District (Kumaun Himalaya)

Botanical name Family Observed status CAMP status Threats
(1998, 2003)
Baliospermum montanum (Willd.) Muell.-Arg.  Euphorbiaceae NT NT G, HD
Bergenia ciliata (Haworth) Sternb. Saxifragaceae LC VU OE, HD
Celastrus paniculatus Will. Celastraceae LC VU HD
Clerodendrum serratum L. Lamiaceae NT VU HD
Coleus barbatus (Andr.) Benth Lamiaceae NT VU HD
Costus speciosus (Koenig ex Retz.) Sm. Costaceae NT NT HD, G
Curculigo orchioides Gaertn. Hypoxidaceae LC VU OE, G
Dioscorea deltoidea Wall. ex Griseb. Dioscoreaceae NT EN HD
Drimia indica (Roxb.) Jessop. Asparagaceae NT VU HD, OE
Gloriosa superba L. Colchicaceae VU VU HD
Habenaria intermedia D. Don Orchidaceae VU EN HD
Heracleum lanatum Michaux Apiaceae VU EN HD, OE
Malaxis acuminata D. Don Orchidaceae NT VU HD, OE
Oroxylum indicum L. Bignoniaceae VU VU HD, OE
Pittosporum eriocarpum Royle. Pittospraceae EN EN HD
Thalictrum foliolosum DC. Ranunculaceae LC VU OE
Ulmus wallichiana Planch Ulmaceae NT VU HD, OE
Valeriana hardwickii Wall. Caprifoliaceae NT VU G, HD
Valeriana wallichii DC. Caprifoliaceae LC VU OE
Zanthoxylum armatum DC. Rutaceae LC VU HD, OE

Abbreviations Used- EN: Endangered; VU: Vulnerable; NT: Near Threatened; LC: Least Concern; OE: Over Exploitation; HD: Habitat Degradation; G: Grazing;

CAMP: Conservation Assessmentand Management Plan
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Heracleum lanatum

Pittosporum eriocarpum

Thalictrum foliolosum Valeriana wallichii Zanthoxylum armatum

Plate 1. Threatened plants of Betalghat Region, District Nainital(Kumaun Himalaya)
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Tewari (2022) reported 16 species of threatened plants from
Kedarnath Wildlife Sanctuary, Garhwal Himalaya,
Uttarakhand. The present study reports 20 species of
threatened plants belonging to 17 families and 19 genera.
Out of which 3 species were trees, 4 shrubs, and 13 herbs. It
is observed that out of 20 species, 9 species were near
threatened, 6 species were least concern, 4 species were
vulnerable and 1 species were endangered.

CONCLUSION
The indicate that 20 species of threatened plants
belonging to 17 families and 19 genera. The six species are
considered as least concerned category, 9 species under
near threatened category, 4 under vulnerable category, and 1
species under endangered category in the study area.
Documentation of these threatened medicinal plants may
provide basic information for conservation and sustainable

development of the Himalayan region.
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Abstract: The initial step in planning future agricultural land use is to establish a connection between soil characteristics and crop
requirements. The objective of this study is to assess the limitations and potential of soils within the Ganjigatti sub-watershed in Karnataka and
to determine their suitability for major horticultural crops grown in that sub-watershed. During the land resource inventory of the study area,
twenty-one soil series were identified and mapped.Using criteria such as texture, depth, slope, erosion, gravel content and stoniness, twenty-
one soil series were categorized into sixty-one mapping units. These soils were evaluated for their suitability for major horticultural crops,
including chilli, tomato, rose and jasmine, in the Ganjigatti sub-watershed, located in the hilly zone (Zone 9) of Karnataka, with a focus on
sustainable land use planning. The sub-watershed had predominantly moderate (S2) and marginally (S3) suitability for various crops. For chilli
production, 2181 ha (50.46%) and 1571 ha (36.33%) were moderately and marginally suitable, respectively, but faced limitations such as
length of the growing period, soil drainage, texture, depth, gravel content and slope. Similarly, for tomato production, 1294 ha (29.92%) and
2460 ha (56.88%) were moderately and marginally suitable, respectively, with similar limitations. For rose production, 899 ha (20.79%) and
1337 ha (30.92%) were moderately and marginally suitable, respectively, with issues related to soil drainage, texture, depth, gravel content
and calcium carbonate (CaCO,) levels. Approximately 36.43% of TGAwere not suitable for rose production due to severe depth limitations. For
jasmine production, 30.30% and 56.64% of TGA were moderately and marginally suitable, respectively, but faced limitations concerning

average annual temperature, soil drainage, texture, depth, gravel content, CaCO, levels and slope.

Keywords: Soil-site suitability, ArcGIS, Ganjigatti sub-watershed, Horticultural crops

The majority of India's agriculture is rain-fed and highly
erratic rains, poor soils, low yields and inadequate
infrastructure development characterize it. The fragile
ecologies of these rain-fed regions are likewise severely
degraded. Population growth has resulted in the
overexploitation of land, water and other natural resources,
leading to water scarcity, soil degradation and the rapid
depletion of groundwater tables (Srinivasarao et al., 2015).
As a result, the agricultural growth rate is stagnant and food
price inflation is soaring. In order to restore the declining
trend of the qualities of different soils in India, there has been
an emerging need for soil as well as land evaluation and land
use planning (Ramamurthy et al., 2012, Naidu et al., 2015).
The concept of soil-site suitability for crop production is
central to sustainable agriculture and plays a pivotal role in
ensuring global food security. Soil-site suitability analysis
involves a comprehensive assessment of soil properties,
environmental factors and crop requirements to determine
the appropriateness of a specific location for successful crop
cultivation. This multifaceted evaluation is indispensable for
maximizing crop Yyields, minimizing resource inputs and
sustaining the long-term health of agricultural ecosystems.
For rationalizing land use, the soil-site suitability for different
crops needs to be determined (Ramamurthy et al., 2020).

These suitability models provide guidelines to decide the
policy of growing the most suitable crops depending on the
suitability and capability of each soil unit. There is need to
identify land-specific suitability criteria for different annual
crops through a land evaluation approach with the help of soil
parameters and yield data.

Remote sensing (RS) data offers the capability to identify
and characterize various physiographic features, along with
providing supplementary data regarding site attributes such
as slope, aspect, and orientation within the study area.
However, when it comes to assessing crop suitability, a more
comprehensive understanding of soil profile properties
becomes imperative. Therefore, soil survey data plays an
indispensable role in creating a detailed soil map specific to
the region under consideration. This map, in turn, serves as a
crucial tool for determining the suitability of the area for
different crops and for conducting an analysis of suitable
cropping systems. By integrating RS data with information
derived from soil surveys, it is possible to harness the power
of Geographic Information Systems (GIS) to assess crop
suitability across a range of soil types and biophysical
conditions. This integrated approach, as demonstrated in
previous studies (Hegde et al., 2019, Tuyen et al., 2019,
Chikkaramappa et al., 2020), offers significant potential for
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quantitative land evaluation. The research presented here
focuses on showcasing the synergistic use of remote sensing
(RS) and Geographic Information System (GIS) data to
evaluate the suitability of sites for cultivating specific
horticultural crops in the Ganjigatti sub-watershed of
Karnataka. The crops examined in this study include chili,
tomato, rose and jasmine.

MATERIAL AND METHODS

Site location: The study was conducted in 2021-2023, in the
Ganjigatti sub-watershed (5B1A4F) of Dharwad district in
Karnataka, situated between 15° 10' 10.114" to 15° 17'
1.147" N latitudes and 75° 0' 57.672" to 75° 4' 50.525" E
longitudes, with the highest elevation of 610 m above mean
sea level. The total geographical area of the watershed is
about 4323.84 ha. The annual temperature ranges from
24.68 10 26.67 °C. The average rainfall in the watershed was
917.00 mm (Fig. 1). Relative humidity varies from 28% in
summer to 70% in winter. The average potential
evapotranspiration (PET) is 150 mm and varies from 115 to
232 mm. The PET is always higher than precipitation in all the
months except August and October. Generally, the length of
crop growing period (LGP) is 150 days and starts from 3"
week of June to third week of November. After preliminary
traversing of the entire watershed using a 1:7,920 scale base
map and satellite imagery, based on geology, drainage
pattern, surface features, slope characteristics, land use,
landforms and physiographic divisions, twenty-seven (27)
soil profiles were selected and studied and their
morphometric characteristics were recorded.

Soil properties: Physical and chemical properties were

KARNATAKA

Ganjigatti Sub-watershed

OHARWAD DISTRICT

Reserances

.....

Fig. 1. Location of the study area

estimated using standard procedures. The detailed soil
resource inventory of the Ganjigatti sub-watershed was
carried out and 21 series mapped into sixty-one (61) mapping
units based on surface soil properties. After a detailed soll
survey, crop suitability maps for major fruit crops growing in
the Ganjigatti sub-watershed area at soil phase level were
prepared by using the platform of ArcGIS 10.8.2. Their
suitability was assessed using the limitation method
regarding the number and intensity of limitations (Naidu et al.,
2006). This evaluation procedure consists of three phases. In
phase |, the data was collected in terms of characteristics
(Table 1). The landscape and soil characteristics used to
evaluate soil suitability: topography (slope %), wetness
(flooding and drainage), physical soil characteristics
(texture/structure, % coarse fragments by volume, soil depth
in cm, CaCO, per cent), salinity (EC, dSm™) and alkalinity
(ESP). The study locations were nearly level to moderately
steep sloping and had never been flooded (FO). The drainage
conditions were moderately well to well and sandy loam to
clay in texture, as per the guidelines given by FAO (1976).
Weighted mean of each property was calculated and soil-site
characteristics of different soil units were obtained. These
weighted average data have been used to evaluate and soil
site suitability (FAO 1976). In phase Il, the landscape and soll
requirements for these five crops were taken from Naidu et al
(2006) as described by Sehgal (2005). In phase I, the land
suitability under rainfed conditions has been assessed by
comparing the landscape and soil characteristics with crop
requirements at different limitations levels: no (0), slight (1),
moderate (2), severe (3), and very severe (4). Limitations are
deviations from the optimal conditions of a land
characteristic, such as land quality, that adversely affect the
kind of land use. If a land characteristic is optimal for plant
growth, it has no limitation. On the other hand, when the
same characteristic is unfavourable for plant growth, it has
severe limitations for land evaluation types. Thus, the
evaluation was done by comparing the land characteristics
with the limitation levels of the crop requirement given by
Naidu et al. (2006), as described by Seghal (2005). The
number and degrees of limitations suggested the suitability
class of each soil series for a particular crop, as given by FAO
(1976).

RESULTS AND DISCUSSION
Soil-site suitability evaluation consider the topography (t)
of the land (slope% and erosion), soil physical conditions (s)
(surface texture, stoniness, gravelines, CaCO, content and
depth), wetness (w) (drainage) and fertility parameters (f)
(CEC, BS, OC and EC) (Sehgal 2005). Fertility limitations (f)
were not considered for soil-site suitability evaluation of sub-
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Table 1. Soil-site characteristics of soil mapping units of Ganjigattisub-watershed
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Soil phases Wetness (w) Physical condition of soil (s) Fertility (f) Salinity/  Erosion
Alkalinity (n) (e)

Drainage Texture Depth Stoniness Gravel CaCO, pH OC CEC BS EC ESP Slope
(cm) (%) (%) (%) (%) (@Sm") (%) %

AKTmMB2R2 Moderately well Clay 79 Nil <15 321 7.18 048 5933 7252 0.28 148 1-3
ASRfB2 Well drained  Clay loam 130 Nil <15 15.96 8.68 0.33 48.70 8746 0.36 1.00 1-3
ASRfB2g1 Well drained  Clay loam 130 Nil 15-35 15.96 8.68 0.33 48.70 8746 0.36 1.00 1-3
ASRmMB2 Well drained  Clay 130 Nil <15 15.96 8.68 0.33 48.70 8746 0.36 1.00 1-3
ASRmC3 Well drained  Clay 130 Nil <15 15.96 8.68 0.33 48.70 8746 0.36 1.00 3-5
BGDhB2g1 Well drained  Sandy clay loam 20 Nil 15-35 15 591 119 16.55 60.76 049 194 1-3
BGDhC3g2 Well drained  Sandy clay loam 20 Nil 3560 15 591 119 16.55 60.76 049 194 3-5
BGHfB2 Moderately well Clay loam 90 Nil <15 735 733 06 2364 857 03 219 1-3
BGHfB2g1 Moderately well Clay loam 90 Nil 15-35 7.35 7.33 0.6 2364 857 03 219 1-3
BGHfB2g2 Moderately well Clay loam 90 Nil 3560 7.35 7.33 0.6 2364 857 03 219 1-3
BGHfC3 Moderately well Clay loam 90 Nil <15 735 733 06 2364 857 03 219 35
BGHfC3g1 Moderately well Clay loam 90 Nil 15-35 299 7.08 0.58 2348 83.88 0.12 172 3-5
BGHfD3g2 Moderately well Clay loam 90 Nil 3560 299 7.08 0.58 2348 83.88 0.12 1.72 5-10
BGHhB2 Moderately well Sandy clay loam 90 Nil <15 735 733 06 2364 857 03 219 1-3
BGHhB2g1 Moderately well Sandy clay loam 90 Nil 15-35 7.35 7.33 0.6 2364 857 03 219 1-3
BGHmMB1g1St2 Moderately well Clay 80 1-3 15-35 3.5 6.83 0.83 4384 777 0.18 0.53 1-3
BNKmB1 Well drained  Clay 35 Nil <15 281 7.23 0.53 2834 6991 0.22 242 1-3
BNKmB1g1 Well drained  Clay 35 Nil 15-35 2.81 7.23 0.53 28.34 69.91 022 242 1-3
BNKmB2g1 Well drained  Clay 35 Nil 15-35 2.81 7.23 0.53 28.34 69.91 022 242 1-3
BNKmC2g2  Welldrained  Clay 35 Nil 3560 2.81 7.23 0.53 28.34 69.91 022 242 35
BTPmA1 Well drained  Clay 200 Nil <15 12.02 8.3 0.75 5822 90.28 0.16 2.67 0-1
BTPmB2 Well drained  Clay 200 Nil <15 12.02 83 0.75 5822 90.28 0.16 2.67 1-3
BTPmB2g1 Well drained  Clay 180 Nil 15-35 13.28 7.82 045 37.39 89.51 0.36 263 1-3
GJGiB2 Moderately well Sandy clay 55 Nil <15 376 7.22 066 2268 7153 0.22 148 1-3
GJGiB2g1 Moderately well Sandy clay 55 Nil 15-35 3.76 7.22 0.66 2268 7153 022 148 1-3
GJGiC3g1 Moderately well Sandy clay 55 Nil 15-35 3.76 7.22 0.66 2268 7153 022 148 3-5
HNLiC2g1 Moderately well Sandy clay 67 Nil 15-35 3.06 5.92 0.66 19.82 50.72 0.26 2.03 3-5
HNLiC2g2 Moderately well Sandy clay 67 Nil 3560 3.06 5.92 0.66 19.82 50.72 0.26 2.03 3-5
HRGmB2 Moderately well Clay 130 Nil <15 159 8.1 049 4958 9085 0.34 0.86 1-3
HRGmB2Ca  Moderately well Clay 130 Nil <15 159 8.1 049 4958 9085 0.34 0.86 1-3
HRGmMC3g1  Moderately well Clay 130 Nil 15-35 159 8.1 049 4958 90.85 0.34 0.8 3-5
KDKhB2g1 Moderately well Sandy clay loam 49 Nil 15-35 2.89 6.42 0.53 59.33 7252 0.16 0.84 1-3
KDKhC3g2 Moderately well Sandy Clay loam 49 Nil 3560 289 6.42 0.53 59.33 7252 0.16 0.84 3-5
KDKhC3g2 Moderately well Sandy Clay loam 49 Nil 3560 289 642 0.53 59.33 7252 0.16 0.84 3-5
KDKhC3g3 Moderately well Sandy Clay loam 49 Nil 60-80 2.89 642 0.53 59.33 7252 0.16 0.84 3-5
KDKiB2 Well drained  Clay loam 35 Nil <15 253 6.84 076 23.00 69.1 022 187 1-3
KMDhC3g2 Well drained  Sandy Clay loam 35 Nil 3560 091 536 0.73 11.15 4967 01 182 3-5
KMDmB2 Well drained  Clay 35 Nil <15 091 536 073 11.15 4967 01 182 1-3
KDKiB2 Well drained  Clay loam 35 Nil <15 253 6.84 076 23 69.1 022 187 1-3
KMDhC3g2 Well drained ~ Sandy Clay loam 35 Nil 3560 091 536 0.73 11.15 4967 01 182 3-5
KMDmB2 Well drained  Clay 35 Nil <15 091 536 073 11.15 4967 01 182 1-3
KMDmB2g1  Well drained  Clay 35 Nil 15-35 091 536 0.73 11.15 4967 0.1 182 1-3
KRKfC2g1 Well drained  Clay loam 30 Nil 15-35 265 5.61 0.58 20.03 68.16 0.09 2.07 3-5

Cont...
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Table 1. Soil-site characteristics of soil mapping units of Ganjigattisub-watershed

Soil phases Wetness (w) Physical condition of soil (s) Fertility (f) Salinity/ ~ Erosion
Alkalinity (n)  (e)
Drainage Texture Depth Stoniness Gravel CaCO, pH OC CEC BS EC ESP Slope
(cm) (%) (%) (%) (%) (@Sm’) (%) %
KRKmC2g1 Well drained  Clay 40 Nil 15-35 3.33 6.02 1.02 21.16 70.31 0.06 0.79 3-5
MLPdB1g1 Moderately well loam 20 Nil 15-35 1.35 5.83 0.58 23.62 49.72 011 222 1-3
MLPdC2g1 Moderately well loam 20 Nil 15-35 1.35 5.83 0.58 23.62 49.72 011 222 3-5
MLPdC2g2 Moderately well loam 20 Nil 35-60 1.35 583 0.58 2362 49.72 011 222 3-5
MRKiB2 Moderately well Sandy Clay 28 Nil <15 321 718 048 2649 6429 0.28 148 1-3
MRKiB2g1 Moderately well Sandy Clay 28 Nil 15-35 3.21 7.18 048 2649 6429 0.28 148 1-3
MVDfB2 Well drained  Clay loam 170 Nil <15 466 6.62 0.52 2396 84.18 02 207 1-3
MVDfB2g1 Well drained  Clay loam 170 Nil 15-35 4.66 6.62 0.52 23.96 84.18 0.2 207 1-3
MVDfD3 Well drained  Clay loam 170 Nil <15 466 6.62 0.52 2396 84.18 0.2 2.07 5-10
RMNiC3g2 Well drained  Sandy Clay 120 Nil 3560 3.2 828 0.64 17.35 90.34 0.18 465 3-5
RMNiD3g2 Well drained  Sandy Clay 120 Nil 3560 3.2 828 0.64 17.35 90.34 0.18 4.65 5-10
SDKhB2 Moderately well Sandy clay loam 39 Nil <15 3.81 645 056 2741 6955 0.16 0.81 1-3
SDKhB2g1 Moderately well Sandy clay loam 39 Nil 15-35 3.81 6.45 0.56 2741 6955 0.16 0.81 1-3
SDKiB2g1 Moderately well Sandy Clay 46 Nil 15-35 3.85 6.68 0.72 1992 874 0.14 261 1-3
SDKiC3g1 Moderately well Sandy Clay 46 Nil 15-35 3.85 6.68 0.72 19.92 874 0.14 261 3-5
SGLmB1 Moderately well Clay 180 Nil <15 15.05 8.13 0.45 53.97 9299 021 136 1-3
SGLmB1g1 Moderately well Clay 180 Nil 15-35 15.05 8.13 0.45 53.97 9299 0.21 136 1-3
SSKcD3g2 Moderately well Sandy loam 30 Nil 3560 1.25 549 047 6.18 69.69 0.28 2.5 5-10
SSKcE3g2 Moderately well Sandy loam 30 Nil 3560 1.25 549 047 6.18 69.69 0.28 256 10-15
SSKhC3g1 Moderately well Sandy clay loam 30 Nil 15-35 125 549 047 6.18 69.69 0.28 256 3-5
UGKmB2 Moderately well Clay 65 Nil <15 3.05 7.13 0.64 29.03 58.28 024 181 1-3
YSJhB2g2 Moderately well Sandy clay loam 30 Nil 35-60 045 555 0.64 1454 4022 0.12 186 1-3
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Fig. 2. Soil phases of series in Ganjigatti sub-watershed
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watershed since they are manageable constraints. Hence, in
this soil-site suitability evaluation, soil depth, extent of
erosion, surface soil texture, stoniness, gravellines, CaCO,
content and drainage account for more priority. Nasre et al.
(2013), Naveen Kumar et al. (2018) and Yadav et al. (2023)
also employed very similar parameters in the land evaluation
ofthe respective study sites.

Slope is the basic element for analyzing and visualizing
landform characteristics. The result of classified slope
reveals that most of the area is gently sloping (3-5%) and very
gently sloping (1-3%) in the sub-watershed (Fig. 3). Drainage
is an important determining factor in plant growth. Moderate
and welldrainage facilitate plant growth while poor and
excess drainage inhibits plant growth. Because of this
reason, drainage was also another important factor
considered for evaluation of soil-site suitability in the sub-
watershed. Most of the soils in the present study are well and
moderately well drained. Soil depth plays a pivotal role in soil-
site suitability evaluation and land use planning because it
directly influences the land's suitability for various purposes,
crop selection and the overall health of ecosystems.
Understanding soil depth helps optimize land use while
minimizing the risk of soil erosion and environmental
degradation. Soil depth can be related with a number of
associated factors such as low availability of soil, restricted
rooting depth and inadequate nutrient uptake. The soil depth
varies from very shallow (< 25 cm), shallow (25-50 cm),
moderately shallow (50-75 cm), moderately deep (75-100
cm), deep (100-150 cm) and very deep (> 150 cm) (Fig. 4),
accounting for 4.83, 31.6, 7.32, 14.5, 9.8 and 23.72%,
respectively. Soil texture is the relative proportions of clay, silt
and sand. The soil textures in the sub-watershed are sandy
loam (1.23%), loam (3.41%), clay loam (19.38%), sandy clay
loam (12.16%), sandy clay (17.4%) and clay (38.2%) (Fig. 5).
The soil properties of the study area were compared with the
soil suitability criteria for major horticultural crops grown in
North Karnataka (Table 2).

Soil-site Suitability Evaluation

Chilli: Chilli requires a warm, humid climate during the early
stages and dry weather towards maturity. It can be
successfully grown up to 2000 m above MSL. The chilli crop
requires an annual rainfall of 750-900 mm, a soil depth of
more than 75 cm, sandy loam, silt loam, clay loam, loam
texture, soils free of salinity and alkalinity, and well-drained
soils. The most suitable temperature for germination and
growth is 25 °C to 32 °C. The length of the growing period for
optimum crop production is more than 150 days (Naidu et al.,
2006). The suitability of soil phases in the Ganjigatti sub-
watershed for growing chilli indicated that all the mapping
units were moderately suitable to currently not suitable (N),

having moderate, severe and very severe limitations of
climate, soil drainage, soil physical properties and land
forms. Areas of moderately (S2), marginally (S3) and
currently not suitable (N) classes for chilli were 2181
(50.46%), 1571 (36.33%) and 215 ha (4.97%), respectively
(Fig. 7). Based on the specific type of limitations present in
the mapping units, the S2 class has been subdivided into the
following sub-classes: S2c, S2cs, S2cw, S2cse, S2cwe,
S2cws, and S2cwse. These sub-classes cover 4.63, 14.34
7.23, 0.21, 1.20, 18.79 and 4.06% of the total geographical
area, respectively (Tables 1, 2). Based on the type of
limitations, the soil site suitability class S3 (marginally
suitable) was subdivided into subclasses S3e (0.38% of
TGA), S3s (33.66%) and S3se (2.29%). The sub-classes Ns
(BGDhB2g1, BGDhC3g2, MLPdB1g1, MLPdC2g1 and
MLPdC2g2) and Ne (SSKcE3g2) are currently not suitable
for chilli cultivation due to limitations in soil physical factors
such as depth, gravellines and slope percent, respectively.
Patil et al. (2008) observed similar findings in a sub-
watershed of the northern dry zone of Karnataka.

Tomato: Tomato is a warm season crop and it requires an
annual rainfall of 600—750 mm, a soil depth of more than 75
cm, sandy loam, silt loam, clay loam, loam texture, soils free
of salinity and alkalinity and well-drained soils. The most
suitable temperature for germination and growth is 25°C to
32°C. The length of the growing period for optimum crop
production is more than 150 days (Naidu et al., 2006). The
majority area of the sub-watershed was moderately (S2) and
marginally (S3) suitable for tomato production, at 1294
(29.92%) and 2460 (56.88%), respectively, with moderate to
severe limitations in terms of length of the growing period, soil
drainage, soil texture, depth, gravelines, CaCO, content and
sloppiness. Only a small, significant area of 215 ha (4.97%) is
currently not suitable class (N) due to the very severe
limitations of soil depth and sloppiness (Fig. 8). Due to
moderate limitations related to climatic factors (c), sail
drainage (w), soil physical factors (s) and slope percentage
(e), S2 class has been subdivided into the following sub-
classes: S2c (3.63%), S2cs (8.35%), S2cws (12.95%), and
S2cwse (4.99%) (Tables 1, 2). For areas with severe
limitations, the soil suitability class S3 has been divided into
the sub-classes: S3e (1.47%), S3s (54.21%), and S3se
(1.20%). Similar constraints for tomato cultivation in the
Koppal district were identified by Patil et al. (2008).

Rose: Rose garden requires a soil depth of more than
100 cm, sandy loam, silt loam, clay loam, loam texture, soils
free of salinity and alkalinity and well-drained soils. The most
suitable temperature for rose cultivation is 25 °C to 30 °C
(Naidu et al., 2006). The suitability of soil phases in the
Ganjigatti sub-watershed for growing rose indicated that all
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Fig. 3. Percent slope map of the Ganjigatti sub-watershed

Depth Class Area in ha (%)
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Fig. 4. Soil depth categories map of the Ganjigatti sub-watershed
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Gravelly Class Area in ha.(%)
W Non gravelly (<15%) 1977 (45.72)
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Fig. 6. Soil gravelliness map of Ganjigatti sub-watershed
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Fig. 7. Soil sitesuitability map for Chilli crop in Ganjigatti sub-watershed
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Fig. 8. Soil sitesuitability map for Tomato crop in Ganjigatti sub-watershed
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Table 2. Soil-site suitability classification of mapping units for
horticultural crops

Table 2. Soil-site suitability classification of mapping units for
horticultural crops

Soil phases Chilli Tomato Rose Jasmine Soil phases Chilli Tomato Rose Jasmine
AKTmB2R2 S2cws S2cws S2ws S2cws MRKiB2 S3s S3s Ns S3s
ASRfB2 S2c S3s S3s S3s MRKiB2g1 S3s S3s Ns S3s
ASRfB2g1 S2cs S3s S3s S3s MVDfB2 S2c S2c S1 S2c
ASRmB2 S2cs S3s S3s S3s MVDfB2g1 S2cs S2cs S2s S2cs
ASRmC3 S2cse S3s S3s S3s MVDfD3 S3e S3e S2e S2ce
BGDhB2g1 Ns Ns Ns Ns RMNiC3g2 S3s S3s S3s S3s
BGDhC3g2 Ns Ns Ns Ns RMNiD3g2 S3se S3se S3s S3s
BGHfB2 S2cw S2cws S2ws S2cws SDKhB2 S3s S3s Ns S3s
BGHfB2g1 S2cws S2cws S2ws S2cws SDKhB2g1 S3s S3s Ns S3s
BGHfB2g2 S3s S3s S3s S3s SDKiB2g1 S3s S3s Ns S3s
BGHfC3 S2cwe  S2cwse S2ws S2cws SDKiC3g1 S3s S3s Ns S3s
BGHfC3g1 S2cwse  S2cwse S2ws S2cws SGLmB1 S2cws S3s S3s S3s
BGHfD3g2 S3se S3se S3s S3s SGLmB1g1 S2cws S3s S3s S3s
BGHhB2 S2cw S2cws S2ws S2cws SSKeD3g2 S3se S3e Ns S3s
BGHhB2g1 S2cws  S2cws S2ws S2cws SSKeE3g2 Ne Ne Ns S3se
BGHmMB1g1St2  S2cws S2cws S2ws S2cws SSKhC3g1 S3s S3s Ns S3s
BNKmMB1 S3s S3s Ns S3s UGKmB2 S2cws S2cws S3s S2cws
BNKmB1g1 S3s S3s Ns S3s YSJhB2g2 S3s S3s Ns S3s
BNKmB2g1 S3s S3s Ns S3s
BNKmC2g2 S3s S3s Ns S3s the mapping units were highly suitable to currently not
BTPmA1 S2cs S2cs S2s S2cs suitable (N), having none to slight, moderate, severe and
BTPmMB2 S2cs S2cs S2s S2cs very severe limitations of soil drainage, soil physical
BTPmB2g1 S2cs S2cs S2s S2cs properties and limitations of land form characteristics. Areas
GJGIB2 S20ws S2cws S3s S20ws of highly (S1), moderately (S2), marginally (S3) and currently
) not suitable (N) classes for rose were 157 (3.63%), 899

GJGiB2g1 S2cws - S2ows S3s S2cws (20.79%), 1337 (30.92%) and 1575 ha (36.43%),
GJGIC3g1 S2owse  S2cwse S3s S2ows respectively (Fig. 9). The soil suitability class S1 (MVDfB2) is
HNLiC2g1 S2cwse  S2cwse S3s S2cws highly suitable for rose cultivation, with either no limitations or
HNLiC2g2 S3s S3s S3s S3s only slight ones. Within the S2 class, sub-classes have been
HRGmB2 S2cws S3s S3s S3s defined based on the types of limitations present: S2e
HRGmMB2Ca S2cws S3s S3s S3s (0.38%), S2s (8.35%) and S2ws (12.06%) (Tables 1, 2). The
HRGmMC3g1 S2cwse S3s S3s S3s soil suitability class S3, which is marginally suitable for rose
KDKhB2g1 S3s S3s Ns S3s cultivation, has been subdivided into S3s sub-classes due to

severe limitations in soil physical factors such as depth,
KDKhC3g2 S3s S3s Ns S3s

CaCQO, content, and gravel content (Tables 1 and 2). Areas
KDKnC3g3 S3s S3s Ns S3s classified under the sub-class Ns (36.43%) are currently
KDKiB2 S3s S3s Ns S3s unsuitable for rose cultivation due to significant limitations in
KMDhC3g2 S3s S3s Ns S3s soil physical factors such as depth, CaCO, content and
KMDmB2 S3s S3s Ns S3s gravel content. Similar findings of moderately to unsuitable
KMDmB2g1 S3s S3s Ns S3s conditions for rose cultivation were reported by Manjunatha
KRKfC2g1 S3s S3s Ns S3s etal. (2017)and D'Souza and Patil (2021).
KRKmMC2g1 S35 S3s Ns S3s Jasmine: Jasmine garden requires a soil depth of more than
MLPAB1g1 Ns N Ns Ns 75 cm, sandy loam, silt loam, clay loam, loam texture, soils

free of salinity and alkalinity and well-drained soils. The most
MLPdC2g1 Ns Ns Ns Ns

Cont...

suitable temperature for jasmine cultivation is 18°C to 23°C
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Key
$1- Highly Suitable
S2 - Moderately Suitable
$3 - Marginally Suitable
N - Currently Not Suitable:

Limitations
climatic characteristics.
slope% (erosion hazard)
soil fertility characteristics

s-oo

- salinity, sodicity

s - physical soil characteristics

w - drainage

Suitability Area in ha.(%)

- st 157 (3.63)
S2e 17 (0.38)
s2s 361 (8.35)
S2ws 521 (12.06)
s3s 1337 (30.92)
Ns 1575 (36.43)
Mining/Industrial 13 (0.29)
Others* 343 (7.93)

*- Habitation & Waterbody
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Fig. 9. Soil sitesuitability map for Rose garden in Ganjigatti sub-watershed
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52 - Moderately Suitable
S3 - Marginally Suitable
N - Currently Not Suitable
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| - climatic characteristics.
| @ -slope% (erosion hazard)
1 - soil fertility characteristics
n - salinity, sodicity
s - physical soil characteristics
w - drainage

Suitability Area in ha.(%)
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- S2cws 776 (17.94)
s3s 2443 (56.5)
S3se 6(0.14)
Ns 209 (4.83)
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Fig. 10. Soil sitesuitability map for Jasmine garden in Ganjigatti sub-watershed

(Naidu et al., 2006). The suitability of soil phases in the
Ganjigatti sub-watershed for growing jasmine indicated that
all the mapping units were moderately suitable to currently
not suitable (N), having moderate, severe and very severe
limitations of climate, soil drainage, soil physical properties
and land forms. Areas of moderately (S2), marginally (S3)
and currently not suitable (N) classes for jasmine were 1311
(30.30%), 2449 (56.64%) and 209 ha (4.83%), respectively
(Fig. 10). The S2 class was subdivided into S2c, S2ce, S2cs
and S2cws based on the types of limitations and they covers
an area of 3.63, 0.38, 8.35 and 17.94% of TGA, respectively
(Table 1, 2). Based on the types of limitations, the soil site
suitability class S3 was subdivided into S3s (56.50%) and
S3se (0.14%). The mapping units, namely BGDhB2g1,
BGDhC3g2, MLPdB1g1, MLPdC2g1 and MLPdC2g2, are

included under sub-class Ns and are currently not suitable for
jasmine cultivation due to limitations in depth.

CONCLUSION

The majority of soils in the Ganjigatti sub-watershed were
found to be suitable for growing chilli, tomato, rose and
jasmine, albeit to varying degrees. Most soil mapping units
are moderately (S2) to marginally suitable (S3) for cultivation
due to moderate to severe limitations related to climate, soil,
drainage and slope. The soil series BGD and MLP are not
suitable for any of the four crops due to very severe
limitations in soil depth. The main limitations across all soil
mapping units include shallow soil depth, slope, texture,
CaCQO, content and climatic factors. However, the severity of
these limitations varies from slight to very severe. To identify
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specific soil resource constraints for sustainable crop
production in the study area, the results of this research could
serve as a foundational data set. Additionally, combining
remote sensing and GIS techniques could be a valuable
approach for modeling crop growth and supporting
sustainable land use planning decisions in the research area.
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Abstract: Forest degradation in Northeast India has raised concerns regarding soil health, particularly in regions like Nagaland, where forests
are vital for indigenous communities' sustenance. This study aimed to assess soil quality and create a Soil Quality Index (SQI) in Hongmong
conservation area, Mon District, Nagaland. Soil samples were collected monthly from November 2020 to October 2021 at different altitudinal
zones and analyzed for various parameters. Principal Component Analysis (PCA) was used to identify a Minimum Data Set (MDS), and SQl
was derived using Additive and Weighted methods. There were significant seasonal variation in soil properties across different depths and
sites. Soil pH, moisture content, organic carbon, and nutrient levels were significantly influenced by altitude and seasonal changes. Soil bulk
density increased with decreasing organic carbon, while clay and silt content increased with altitude. PCA identified key soil factors
contributing to soil quality across sites. The creation of SQI revealed variations in soil quality, with both methods providing accurate
assessments. The study underscores the importance of SQI in monitoring soil health, aiding sustainable land management practices. Findings

highlight the efficacy of SQl in evaluating soil conditions and guiding conservation efforts in Nagaland's forest ecosystems.

Keywords: Soil quality assessment, Forest degradation, Northeast India, Soil quality index

Forest degradation in the Northeast region of India,
attributed to factors such as logging, human settlement, and
suboptimal land use practices, has led to a notable decline in
forest cover over time (Semy et al.,, 2021, Temjen et al.,
2022). This decline raises significant concerns, particularly
considering the pivotal role forests play in sustaining the
livelihoods of indigenous communities in the region
(Banerjee and Madhurima 2013). Nagaland, situated in
Northeast India, boasts a reported forest cover of 75.31%,
upon which tribal populations heavily depend for sustenance,
encompassing food, medicinal resources, and essential
commodities, despite their primary involvement in Jhum
cultivation (Jamir et al., 2008). The practice of Jnumming, in
particular has contributed to the deterioration of forest cover
inthe region (Temjen etal., 2021).

Within forest ecosystems, soil is crucial in facilitating
biomass production and carbon sequestration (Moffat 2003).
Organic matter from forest litterfall significantly enriches soil
carbon and nitrogen content (Temjen et al., 2021). However,
forest soil quality remains vulnerable to adverse impacts from
natural phenomena and human activities, consequently
compromising its overall health (Verma and Jayakumar
2012). Therefore, an urgent need exists to establish precise
soil quality indicators capable of discerning the effects of
various disturbances on soil properties (Moffat 2003).

One practical approach for assessing soil quality involves
the development of a Minimum Data Set (MDS) for soil

monitoring. This reduces both the cost and labor intensity
associated with monitoring sites. This can be achieved by
applying dimension reduction techniques such as Principal
ComponentAnalysis (PCA) (Semy et al., 2021, Temjen etal.,
2022). Creating an MDS also facilitates the derivation of a
Soil Quality Index (SQI), which integrates diverse soil
attributes into a numerical value, aiding local stakeholders
and researchers in promptly evaluating soil conditions
(Mukhopadhyay et al., 2016). The SQI value ranges from
zero to one, with higher values denoting superior soil quality
(Mukherjee and Lal 2014). Consequently, SQIl serves as a
valuable tool for advancing sustainable management
objectives and facilitating site productivity monitoring
(Andrews etal., 2002).

Despite previous applications of SQI to assess soil quality
in contexts such as Jhum lands and coal mining areas (Semy
et al., 2021, Temjen et al., 2022), a notable research gap
exists concerning the feasibility of employing this technique
in mountainous regions, particularly those within the Mon
district. Therefore, with a focus on the beneficial aspects of
SQl, the present study endeavors to address this gap and
contribute to the body of knowledge in this field.

MATERIAL AND METHODS
Study site: The study site, Hongmong conservation area
covering 3200 hectares is located at Angphang Village under
Mon district, Nagaland. It is 71 km away from Mon
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Headquarters. The study area is located in Mon district of
Nagaland, bordered by the Tuensang district in the south,
Longleng in the west, Sibsagar district of Assam in the
northwest, Myanmar in the east and Longding district of
Arunachal Pradesh in the northeast. This study was
executed by marking three plots at different altitudinal zones.
The lower zone (Site I) is at 1478 m.a.s.IN 26° 30.057'E 095°
00.317, the middle zone (Site II) at 1790m.a.s.| N 26°
29.919'E 095° 00.660' and the upper zone Site Ill at 2118
m.a.s.IN26°29.781'E 095° 00.886".

Soil sample collections: From November 2020 to October
2021, the first week of each month, soil samples were taken
from the three Sites. Eventually, four seasonal mean values
were identified from the monthly data: Winter (November,
December, and January), spring (February, March, and
April), summer (May, June, and July), and autumn (August,
September, and October). Samples of soil were taken at
three different depths: 0-10 cm, 10—-20 cm, and 20-30 cm.
Air-dried soil samples were used to examine all the
parameters except bulk density and soil moisture. Adigital pH
meter (1:5 w/v) was used to measure the pH. Table 1 depicts
the various soil parameters studied.

Selection of minimum data set: To identify the minimum
data set (MDS), conducted principal component analysis
(PCA) using SPSS version 26.0. Factors resulting from
varimax rotation with eigenvalues greater than 1, explaining
a minimum of 5% of the data set's variation, were selected as
the MDS for each site (Mandal et al., 2008). Pearson's
correlation test was employed to mitigate redundancy among
highly weighted variables (Yu et al., 2018). Subsequently, the
MDS with the highest scores were retained from each
Principal Component as per Semy et al. (2021) and Temjen et
al. (2022).

95°0.000°E

Creation of SQI: First, the score of each soil indicator
retained in the MDS was scored as per methods utilized by
Semy et al., (2021) and Temjen et al. (2022) with values
ranging from zero to one via a linear scoring method. Next,
the Additive quality index (Nabiollahi et al., 2017) and the
weighted quality index (Raiesi 2017) were estimated to know
which method provided accurate results.

Statistical analyses: All statistical analysis were performed
using SPSS version 26.0.

RESULTS AND DISCUSSION
Seasonal and depth variation soil properties of each
site: For Site |, notable differences between seasons,
particularly with lower pH values during winter and higher
values during autumn were reported (Table 2 and 3). The
significant variation was also observed in pH levels at all
depths (Table 4), with soil moisture content exhibited
significant variation across all depths with the highest levels
recorded in autumn and the lowest in winter. Similarly, SOC
content showed significant variation at all depths being
highest during summer and lowest during winter . N, values
varied significantly at all depths with diverse seasonal trends
observed. Significant variation was also noted in K, levels
among different soil depths with seasonal differences
apparent. Similarly, for Site Il, significant variation was
observed in pH levels at all depths with notable differences
between seasons. Soil moisture content exhibited significant
variation across all depths with distinct seasonal patterns.
SOC content showed significant variation at all depths with
varying levels across seasons. N, values showed significant
variation at specific depths, with seasonal trends evident.
Significant variation was observed in K, levels at specific

Fig. 1. Land use map of study area displaying the three study sites
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Table 1. Soil parameters and its protocol

69

Method Parameter measured Reference

Gravimetric method Soil moisture Misra 1968

Pipette method Clay content Piper (1942)

Core method Bulk Density (BD) Allen (1989)

K2Cr207 wet oxidation method Soil Organic Carbon (SOC) Walkley and Armstrong Black (1934)

KMnO4 oxidation method Available Nitrogen (N,,) Kjeldahl (1883) / Kelplus Nitrogen Estimation System
Bray and kurtz method Available Phosphorus (P,,) Bray's No. 1 Extract Method (Bray and Kurtz1945)
Photometric method Exchangeable Potassium (K,,) Trivedy and Goel (1986)

Table 2. Seasonal variation of soil parameters from the different sites

Site Season Soil pH Moisture SOC N, K. P.. BD Clay Silt (%) Sand Porosity Particle
depth (%) (%) (kgha') (kgha') (kgha') (gem?®) (%) (%) density

(in cm)
| Winter 0-10 34 36.6 1.81 1434.74 21477 2213 1.01 1856 7.16 7426 21.80 1.28
10-20 3.7 344 145 72212 64.21 13.76 1.09 16.76  6.73 76,50 29.16 1.52
20-30 3.7 345 093 469.63 39.55 11.69 1.20 1420 9.83 7596 27.23 1.62
Spring 0-10 4.7 457 256 638.04 419.03 19.95 0.87 16.78 9.30 73.91 4343 1.51
10-20 4.8 392 200 52559 216.72 15.20 1.02 11.07 6.67 8225 36.06 1.57
20-30 49 373 1.73 39416  201.60 18.49 1.07 10.15 769 8215 27.93 1.50
Summer 0-10 4.2 457 293 864.46  306.57 22.23 0.98 1766 783 7450 38.73 1.62
10-20 44 453 286 70054 141.06 14.19 1.06 13.83 547 80.70 31.46 1.56
20-30 46 422 226 359.17 71.99 13.05 1.22 1047 453 8499 24.36 1.64
Autumn  0-10 4.8 473 274 950.98 45522 29.19 1.08 21.09 10.86 68.04 38.90 1.77
10-20 5.1 41.1 258 87558 44417 22.25 1.23 20.93 1240 66.65 23.23 1.67
20-30 53 36.3 237 666.71 293.41 20.31 1.29 1447 10.89 7463 17.00 1.56
Il Winter 0-10 35 334 1.23 1557.33 304.33 20.48 0.80 16.66 10.90 7236 45.66 1.44
10-20 3.7 329 098 783.61 223.24 15.28 0.94 9.46 753 83.00 46.20 1.68
20-30 3.7 287 066 990.98 198.45 12.70 1.03 10.56 193 8750 43.73 1.80
Spring 0-10 45 441 2.00 1297.61 328.10 25.67 0.76 16.59 947 73.94 53.06 1.59
10-20 46 383 1.6 975.01 194.33 20.94 0.94 9.73 756 8269 37.16 1.49
20-30 46 36.6 1.14 816.27 10845 13.82 1.02 9.06 593 85.00 31.93 1.50
Summer 0-10 44 555 226 1471.26 381.88 31.62 0.73 1443 756 78.00 63.00 1.97
10-20 44 431 213 1458.72 221.07 27.01 0.92 1430 825 7744 50.20 1.86
20-30 43 411 2.09 82485 196.90 21.42 117 10.22 3.01 86.77 38.60 1.90
Autumn  0-10 5.1 46.2 233 1008.32 388.07 26.35 0.90 17.31 1158 7110 41.43 1.53
10-20 52 405 227 925.07 250.06 20.21 1.07 1258 6.25 81.16 23.50 1.58
20-30 53 365 209 781.04 200.61 16.99 1.16 8.34 3.30 88.34 23.96 1.53
Il Winter 0-10 35 316 092 163212 340.14 20.04 6.40 1841 953 7205 52.13 1.22
10-20 3.6 302 0.83 110540 222.61 14.49 0.65 13.07 7.70 79.22 50.03 1.27
20-30 36 282 080 89598 169.72 11.66 0.72 1043 566 8390 55.86 1.69
Spring 0-10 4.2 429 1.06 132598 341.34 31.58 0.62 1917 1220 68.76 50.76 1.33
10-20 39 392 1.03  979.71 166.28 21.18 0.74 1220 826 7952 46.63 1.39
20-30 3.8 397 1.04 51890 113.83 14.92 0.89 9.58 296 8745 37.10 1.42
Summer 0-10 4.3 527 1.80 1886.82 440.89 46.78 0.66 20.44 10.54 69.01 66.60 1.98
10-20 45 516 1.70 1221.63 216.33 19.22 0.81 1465 10.92 7442 56.83 1.88
20-30 4.6 499 155 79557 154.46 16.64 0.98 13.00 8.03 78.96 47.63 1.86
Autumn  0-10 46 456 211 1168.47 31949 29.43 0.74 17.70 11.61 70.68 60.76 1.89
10-20 4.8 386 202 987.00 200.30 20.01 0.81 1286 7.39 79.74 61.03 1.81
20-30 49 342 195 69233 160.62 17.15 0.96 10.34 385 8580 41.63 1.65
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depths with distinct seasonal differences. For Site llI,
significant variation was observed in pH levels at all depths
with seasonal differences. Soil moisture content exhibited

Table 3. The p-values of the seasonal variation of soil
parameters from the different sites

Parameters Soil Site | Site Il Site Il
depth (cm)
P-value  P-value P-value
Particle density 0-10 <0.001 .002 <0.001
10-20 222 .001 <0.001
20-30 544 .002 .007
Porosity 0-10 150 .095 139
10-20 618 .500 .246
20-30 793 17 229
Moisture 0-10 <0.001 <0.001  <0.001
10-20 .001 .002 <0.001
20-30 .037 .010 <0.001
P, 0-10 425 .610 455
10-20 .365 .528 527
20-30 .368 .532 .364
K, 0-10 <0.001 .002 .006
10-20 <0.001 402 .246
20-30 <0.001 .001 278
N, 0-10 <0.001 <.001 .001
10-20 <0.001 .357 277
20-30 <0.001 .004 .048
BD 0-10 425 .610 .530
10-20 .365 .528 527
20-30 .368 .532 .364
SOC 0-10 <0.001 <0.001 .004
10-20 .015 .001 .003
20-30 .005 .005 <0.001
Clay 0-10 193 .581 164
10-20 .002 101 742
20-30 .006 .268 .245
pH 0-10 <0.001 .000 <0.001
10-20 <0.001 .000 <0.001
20-30 <0.001 .000 <0.001
Silt 0-10 428 .260 751
10-20 .099 .881 .260
20-30 .040 .206 .202
Sand 0-10 274 .365 .587
10-20 .011 .558 .363
20-30 .016 418 .202

Bold font indicates a significant result (p < 0.05). Soil moisture (Moisture),
available phosphorus (P,,), exchangeable potassium (K,,), available nitrogen
(N,,), bulk density (BD), soil organic carbon (SOC), soil clay content(Clay) and
soil pH (pH)

significant variation across all depths with varying levels
across seasons. Soil Organic Carbon content showed
significant variation at all depths, with distinct seasonal
patterns. N,, values varied significantly, with the highest
values reported in summer and lowest in autumn, while no
statistical difference was observed in K, levels. Seasonal
variation in P,, levels was observed with diverse trends
across seasons. Additionally, significant variation was
observed in clay, silt, and sand content, with distinct seasonal
patterns. Particle density and porosity of the soil exhibited
significant variation across seasons and depths, highlighting
diverse soil characteristics.

Seasonal variations in soil properties, such as pH,
moisture content, and organic carbon, exhibit distinct
patterns with higher values observed during warmer seasons
due to increased moisture and decomposition activity, while
colder seasons show lower values attributed to decreased
microbial activity and moisture levels (Table 2). These
fluctuations highlight the importance of monitoring soil
parameters across seasons to understand their dynamic
influence on soil health and nutrient availability (Temjen etal.,
2022). Soil pH was highest in site | across all soil depths. The
higher soil pH value was at the lower altitude and it decreased
with the increase in altitude. This may be due to the organic
matter accumulation on the top soil with the increase at
higher elevation (Badia et al., 2016). Ramesh et al. (2019)
and Kamal et al. (2023) also observed similar trend. The soil
moisture did not show any statistical difference among the
three sites, but it was slightly higher at Site Ill, the higher
altitude. Griffiths et al. (2009), observed an increase in soil
moisture with increasing elevation in the Oregon Cascade
Mountains, aligning with the present study. This increased
moisture at higher elevation may be due to the slow
decomposition of litter on the forest. soil organic carbon
(SOC) decreased with increase in elevation, this may also be
attributed to the low accumulation of the organic matter at
higher altitude which has lower temperature (Sheikh et al.,
2009, Amir et al., 2019) observed lower soil organic carbon
in higher elevations in forest soil_in Garhwal Himalaya.
Similar trend was observed by Bangroo et al., (2017) with
altitudinal zones ranging from 1800-2500 masl at the Mawer
Range Forest, Kupwara District of Jammu & Kashmir. The
N.. P, and K, showed an increased value with the altitude
which may be attributed to the slow process of mineralization
and decomposition at the higher elevation (Shedayi et al.,
2016). The lower zone, site | has a high BD (1.19 g cm®) while
the upper zone site |l has low BD value (0.65 g cm®). The
human activities at the base of the forest may have caused
compaction of soil that has led to low Bulk density. With the
decrease in organic carbon at different layers of solil, there



Enhancing Soil Quality Monitoring for Sustainable Forest Management

was an increase in the soil bulk density at all three sites. The
clay and silt particle increased with increase in altitude, Site
I<Site Il <Site Ill. The soil samples contain sand, silt, and clay
in the following ranges: 70.12-86.90% for sand, 3.54-10.97%
for silt, and 9.55-18.93% for clay. These values fall within the
ranges reported by Pravin et al. (2013). The soil porosity
values were similar Yafei et al. (2022). The increasing trend of
the bulk density at Site | is reflected in the porosity of the soil
that decreases.

Creation of SQI from MDS: The result of the PCA depicts
that PCA corresponding Site |, Il and Il explained 85.96,

Table 4. Depth-wise comparison soil parameters
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80.45 and 82.36% respectively of the total data variance
(Table 5). In Site I: Sand, SOC, BD and N,,were retained as
MDS. Under Site II: Sand, SOC, N,, and porosity, and under
Site lll: Clay, pH and porosity were retained, respectively. The
retention of these MDS at the particular site reflects the most
influencing soil factors (Longchar et al., 2023). Workers have
similarly isolated such MDS for aiding in soil monitoring
activities. Temjen et al., (2022) isolated and created MDS for
fallow and Jhum lands under the region and isolated similar
soil traits such as SOC and pH from a total soil data set,
highlighting the significant role of these soil variables in

Soil depth Sites pH  Porosity SOC (%) Nav Kex Pav  Moisture BD Clay (%) Silt(%) Sand (%) Particle
(kgha') (kgha') (kgha') (%) (gcm®) density
(gm cm”?)
0-10cm  Site | 431a 3572a 251c 972.05a 348.89a 23.37a 46.39a 0.98c 16.25a 8.79a 72.68ab 1.54a
Site Il 4.38a 51.02b 1.90b 1333.63b 350.59a 26.03a 44.83a 0.800b 18.52b 9.87a 73.85b 1.63a
Sitelll  4.15a 57.56b 1.45a 1710.60b 360.46a 31.96b 43.21a 0.6575a 18.93b 10.97a 70.12a 1.60a
10-20 cm Site | 451a 29.98a 222b 705.95a 222.17a 16.35a 40.02a 1.1025c 15.65b 8.23a 76.52a 1.58a
Site Il 444a 50.79a 1.79ab 1073.43a 201.38a 20.86b 38.69a .969b 11.52a 7.40a 81.07a 1.65a
Sitellll  4.18a 53.63a 1.42a 1503.35a 216.53a 18.73ab 39.90a .7558a 13.20ab 8.57a 78.22a 1.59a
20-30 cm Site | 4.62a 2413a 1.82a 47241a 176.10a 16.23a 37.58a 1.19b 1232a 7.82b 7943a 1.58a
Site Il 449a 3455b 1.49a 853.28c 149.65a 15.09a 35.71a 1.09b 9.55b 3.54a 86.90a 1.68a
Sitellll 4.25a 45.55c 1.34a 72569b 151.63a 15.89a 38.02a .890a 10.83ab 5.13ab 84.03a 1.65a

Values in the same column with different superscripts in their respective soil depth (0-10 cm, 10-20 cm, and 2030 cm) are significantly different at 5% level by

Duncan's multiple range test (p<0.05)

Table 5. Principal Component Analysis (PCA) with factor loadings of the different soil parameters

Site SITE | SITE Il SITE IlI
Principal component PC-1 PC-2 PC-3 PC-4 PC-1 PC-2 PC-3 PC-4 PC-1 PC-2 PC-3
Eigen value 4.62 2.455 2.038 1.198 5.17 227 1.14 1.064 6.20 2.56 1.1
% Variance 38.54 20.45 16.79 9.82 43.10 18.92 9.56 8.86 51.67 21.39 9.29
% Cumulative frequency  38.54 59.00 75.98 85.96 43.10 62.02 71.59 80.45 51.67 73.06 82.36
Factor loadings

Ko 574 .710 .768 438 .853 .329
P., .566 .663 .548 .703 746 .353

BD -.925 -.694 -.446 -.338 .365 -.821
Particle density 332 727 -.657 391 .885
SOC .905 913 .664 .589

N., 495 -767 .927 .849 .346
Moisture Ta77 401 .359 814 419 746

pH 511 .675 -.337 .766 .890

Porosity .897 .307 .884
Clay .839 .862 .955

Silt .875 .817 .765

Sand -.972 -.904 -.938

Bold indicates the highest loaded factors in their respective columns which are retained for minimum data set (MDS). PC-1 (Principal Component one), PC-2
(Principal Component two) and PC-3 (Principal Component three). soil moisture (Moisture), available phosphorus (Pav), exchangeable potassium (Kex), available
nitrogen (Nav), bulk density (BD), soil organic carbon (SOC), soil clay content (Clay) and soil pH (pH)
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Fig. 3. Weighted SQlI of the three sites

determining soil quality. Therefore, the present MDS
highlight the distinct soil variable in the region.

The creation of the SQI from the MDS is depicted in
Figure 2 and 3. The result of the additive SQI depict soil
quality in the order llI>1I>] and the weighted SQl also depictin
the order IlI>11>1. Mishra et al. (2017), Semy et al. (2021) and
Temjen et al. (2022) have used the weighted index owing to
its greater accuracy. But in the present study both additive
and weighted method give accurate result. The utilization of
SQl is effective in reducing both cost and resources
associated with monitoring programs (Mamehpour et al.,
2021)

CONCLUSION
The study emphasizes the importance of assessing soil
quality in forest ecosystems, particularly in Northeast India
where forest degradation threatens biodiversity and
community livelihoods. Through techniques like Principal

Component Analysis and the development of a Minimum
Data Set (MDS), have shown a practical approach to
monitoring soil health, crucial for informing sustainable land
management. There was distinct seasonal variations in soil
properties across different altitudinal zones, highlighting the
dynamic nature of soil processes and the need for continuous
monitoring. Creating a Soil Quality Index (SQl) from the MDS
provides a comprehensive tool for evaluating soil conditions
promptly, aiding in effective soil conservation and
management. This study fills a research gap by
demonstrating the feasibility of SQI techniques in
mountainous regions like the Mon district of Nagaland. By
enhancing understanding of soil dynamics in challenging
terrains, can equip stakeholders and researchers with
valuable insights for implementing evidence-based soil
conservation strategies. Ultimately, preserving soil quality in
forest ecosystems is essential for sustaining biodiversity,
ecosystem services, and the livelihoods of indigenous
communities. Continued efforts in monitoring soil health and
implementing evidence-based management practices are
crucial for promoting resilience and sustainability amidst
ongoing environmental challenges.
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Abstract: Salinity hinders seed germination and causes a delay in emergence, diminishes photosynthesis, promotes senescence, and
eventually reduces crop yields. This study examined the impact of soil salinity levels (0, 100, and 200 mM) on seed germination and seedling
growth in seven rice cultivars. The parameters, viz. germination rate, mean germination time, root and shoot length, root and shoot fresh
weight, and seedling height stress index, assessed during the germination and early seedling phases were found to be influenced by salinity,
genotypes, and their interactions. Results showed that increased salinity levels led to an increase in germination time and a decrease in
germination index. According to the study's findings, cultivars MR211, MR220, and Pokkali had the highest values for the characteristics being
examined. In contrast, all cultivars showed a decline in these characteristics as saline levels rose. Under conditions of salt stress, genotypes
MR211, MR220, and Pokkhali outperformed other genotypes in terms of seedling growth in root and shoot length. Based on their germination
index and average germination time, Pokkhali and BR29 can be categorised as salt-tolerant and salt-sensitive, respectively.

Keywords: Seed germination, Salinity, Seedling growth, Morphophysiological response

Several environmental factors act as inhibitors of plant
growth, with salt emerging as a prominent limitation (Ashraf
2004, Munns et al., 2006). Soil salinity is one of the most
detrimental effects of climate change on coastal agricultural
land, as rising sea levels have increased salinity from 1 to
33% over the last 25 years (Rahman et al., 2018). Plants
exhibit heightened vulnerability to environmental stresses
during seed germination and early seedling growth
(Ashrafuzzaman et al., 2003). Anegative correlation between
seed germination and increasing salinity levels has been well
demonstrated in previous studies. This decline in
germination can occur through two mechanisms:
osmotically, by reducing water absorption, or ionically, by
promoting the accumulation of sodium (Na") and chloride
(CI") ions. Consequently, this imbalance in nutrient uptake
and the presence of toxic ions can hinder the germination
process (Sarwar et al., 2020, Tobe et al., 2002). Salinity
inhibits the process of seed germination, retards the plant
growth, and diminishes the overall yield of crops.

Cereal crops e.g., wheat, maize, rice, and barley, are
classified as glycophytes (salt-sensitive), however, salt
tolerance can differ both between species and within a species
(Shelden and Munns 2023). Rice (Oryza sativa L.) holds
significant global importance, serving as a dietary staple for
more than half of the world's population. There is considerable
interest in developing rice cultivars that are both high-yielding
and resistant to salinity. Pokkali and Nonabokra are two rice
cultivars known for their salt tolerance; nonetheless,

production potential is somewhat lower when compared to
contemporary rice types. Malaysian Agricultural Research and
Development Institute, like other rice-growing countries, has
released several high-yielding rice cultivars, including MR84,
MR211, MR219, MR220, and MR232. However, the salinity
tolerance of these rice cultivars has not yet been verified.

Many studies have been conducted to elucidate rice
plants' physiological responses to NaCl salinity stress (Liu et
al., 2018). Rice cultivars are salt tolerant during germination,
though salinity retards germination, but crop yield is affected
due toits increased sensitivity to salinity during early seedling
growth. Significant variation in seed germination occurs
between rice cultivars grown in salinity conditions, (Liu et al.,
2018) extensively. The objective of this study was to
investigate the physiology of salt tolerance in rice plants, to
assess the tolerance level of Malaysian high-yielding rice
cultivars to salinity during germination and early seedling
stage in the laboratory before field trials, and to identify
cultivars with a high potential for breeding salt-tolerant lines.

MATERIAL AND METHODS

Laboratory experiment was conducted to study
germination and seedling growth of different rice cultivars
under different salinity levels. Seven rice cultivars namely
MR84, MR211, MR219, MR220, MR232, Pokkali, and BR29,
were used in this study. The seeds were surface sterilizedina
1:10 (v/v) dilution of commercial hypochlorite bleach for 10
min and rinsed several times with distilled water. The surface
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sterilized seeds were placed on Whatman no.1 filter paper
lined in the Petri dishes. Twenty-five seeds were kept at
equidistance in each Petri dish (9 cm diameter). The filter
papers were moistened with saline solutions of 100 and 200
mM. Distilled water-moistened Petri dishes served as
control. Petri dishes were sealed with Parafilm and placed on
the laboratory bench at room temperature 24-28°C with a 12-
hour photoperiod for germination up to ten days. Each
treatment was replicated three times in a completely
randomized experimental design.

Germination was observed daily according to the
recommendation of the International Seed Testing
Association (ISTA 1993). Seeds exhibiting radicle
emergence (>2 mm) were recorded every day until
germination ceased. The total number of seed germinated
were counted and the percentage was calculated. The
germination index (Gl) was calculated after final germination
with the following equation:

Germination % in each treatment
Gl = . X x100
Germination % in the control

The mean germination time (MGT) was calculated
according to the equation proposed by Ellis and Roberts
(1981), as follows: MGT :%

Where MGT is the mean germination time, n is the
number of seeds, which were germinated on day D; D is the
number of days counted from the beginning of germination.

The rate of germination was estimated using a modified
Timson index of germination velocity =% G/t, where G is the
percentage of seed germination at one-day intervals and t is
the total germination period (Khan and Ungar 1984). The
maximum possible value using this index with our data was
50 (i.e. 1000/20). The higher the value, the more rapid the
rate of germination.

On the 10" day, fresh weight, root, and shoot length of
germinated seedlings were measured. Subsequently, the
seedlings were placed in an oven at 70°C for 48 hours and
dry weights were determined. Seedling fresh and dry weight
was computed by adding the fresh and dry weights of root
and shoot.

The seedling heightis considered the sum of the length of
the shoot and root; the seedling height stress index (SHSI)

was calculated by the following formula:
Seedling height of stressed seedlings

Seedling height of control seedling

SHSI =

Seed vigor index (SVI)was calculated as:
SV = Seedling dry weight (SDW)

Mean germination time (MGT)
Water absorption rate (WAR) was calculated using the

following formula WAR (%) = 100 (a-b)/b, where a is the
weight (g) of seeds after soaking in distilled water for 24 h and
bis the initial weight (g) of seed sample.

Proline estimation: Proline content from shoots was
extracted according to the method of Bates et al. (1973).
Determination of soluble sugars: Total soluble sugars
were determined by the phenol sulfuric acid method (Dubois
etal., 1956) using glucose as standard.

Statistical analysis: Statistical analysis was performed
using SAS program.

RESULTS AND DISCUSSION

Germination Percent (FGP), Germination Index (Gl) and
Germination rate: In the control group, all cultivars exhibited
100% final germination. Up to a sodium chloride (NaCl)
concentration of 100 mM, the final germination percentage
remained consistent across all cultivars. However, notable
differences emerged at extreme NaCl concentrations. The
germination rates varied among cultivars at specific salt
concentrations, with MR84, MR211, MR232, and Pokkali
demonstrating the highest germination capability even at 100
mM NaCl. At 200 mM NaCl, there was a significant reduction in
the final germination percentage for all cultivars. As NaCl levels
increased, the germination index decreased, with a strong
negative correlation coefficient between NaCl concentrations
and the germination index. High-yielding -cultivars
demonstrated relatively consistent germination performance.
Decline in gibberellic acid (GA) content in seeds due to salinity
may contribute to reduced germination rates (Liu et al., 2018).
Mean Germination Time (MGT): In contrast, under normal
conditions (control), germination started promptly with
minimal variation in germination time. However, salinity
caused delays in initiation and decreased the rate of
germination, effects that became more pronounced with
lower seed water content. The mean germination time (MGT)
varied significantly among different treatments, gradually
increasing with higher salt concentrations. Among Malaysian
HYVs, MR84 exhibited the shortest MGT, statistically similar
to other varieties. The escalating salt levels led to a decrease
in MGT, indicating a slowdown in germination likely due to
inhibited activation of enzymes crucial for reserve hydrolysis
and mobilization. This pattern was consistent even at 100
mM. All cultivars managed to germinate under varying NaCl
concentrations, the time taken differed based on cultivar and
salt concentration. Higher NaCl levels primarily prolonged
germination time rather than affecting the final germination
percentage. Hence, MGT and germination index could serve
as reliable indicators for assessing salt tolerance during
germination, as salt-tolerant genotypes typically exhibit the
shortest MGT and highest Gl.



66

Water uptake (%): There was a clear relationship between
water uptake and salinity, indicating that as salinity levels
increase, water uptake decreases. Specifically, the increase
in salinity stress significantly reduces water uptake. MR211
exhibits the highest water uptake, while Pokkali shows the
lowest (Fig. 1). Variability in seed water uptake among rice
cultivars is considerable, ranging from 22.14% to 33.33%,
with significant differences. Moreover, water uptake is
influenced by seed size. Despite differences in cultivars, their
responses to salinity stress vary. Although there's no
significant difference in water uptake as NaCl levels rise,
seeds absorb water rapidly in the initial 6 hours. Throughout
the measurement period, water uptake remains relatively
consistent across NaCl levels. Imbibition, or water uptake,
marks the initial stage of seed germination, wherein dry
seeds, typically containing less than 10% water, absorb
water and swell. This process kickstarts essential metabolic
activities, including the breakdown of stored starches into
sugars for energy and cellular structure formation.

Root length: MR219 showed the maximum root length
under non-saline conditions, whereas MR232 had the
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Fig. 1. Effect of NaCl on water uptake (%) of seeds of seven
rice cultivars after placing in NaCl treatment at 0, 100
and 200 mM. Bars indicate standard errors
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minimum (Table 2). However, this trend shifted at 100 mM
and 200 mM NaCl concentrations. At 100 mM, MR84
displayed the longest root length (34.67 mm), accounting for
72.73% of the control, whereas MR232 and Pokkhali had the
shortest lengths. Root length of MR219, MR232, and MR220
was more affected compared to MR211, BR29, and Pokkali
at higher salt concentrations indicating that the salt stress not
only affected germination but also the growth of seedlings,
which indicates that synthetic ability of seed and thus dry
matter production of the seedlings was affected. This
conforms with the findings of Vibhuti et al. (2015) where they
observed that root length was conspicuously affected by salt.
Shoot length: The longest shoot length was observed in
Pokkali, followed by MR219, which was statistically similar to
other high-yielding Malaysian cultivars, while MR211
exhibited the minimum shoot length under normal conditions.
Generally, shoot length decreased gradually as the NaCl
concentration increased across all rice cultivars. At 200 mM
NaCl, MR84 recorded the longest shoot length (19.18 mm),
which accounted for 23.88% of the control. The decline in
shoot length due to high salinity was minimal (34.64%) in
MR211, while MR219 and MR220 showed the maximum
decrease. This indicates that the shoot growth of MR220 was
the most affected by NaCl levels.

Seedling height: Pokkali consistently produced the tallest
seedlings, maintaining its superiority even in the presence of
100 mM NaCl. However, at 200 mM NaCl, there was a
significant reduction in seedling height, down to 22% of the
control level (Table 2). Except for MR211, there were no
statistically significant differences in seedling height among
the rice cultivars. MR211 produced the tallest seedlings at
200 mM NaCl, approximately 50% of the control level,
followed by MR84 (Table 2). Both root and shoot lengths
experienced substantial decreases with higher salinity
levels. Root growth was more severely affected, decreasing

Table 1. Germination percentage, germination index, mean germination time and mean germination rate of some rice cultivars

under different salinity levels

Cultivars Germination (%) Germination Index Mean germination time Mean germination rate
0mM 100mM 200mM 100 mM 200 mM 0mM 100 MM 200 mM 0mM 100 mM 200 mM
MR84 100.0a 100.0a 93.0ab  100.00a 93.00ab  6.05d 6.44d 8.18b 37.53a 29.74ab  10.06bc
MR211 100.0a 100.0a 93.0ab  100.00a 93.00ab  6.13d 6.52d 7.95b  35.68a-c 28.50ab  11.96ab
MR219 100.0a 95.0a 78.0abc  95.00a 78.00bc  6.07d 6.50d 7.92b 36.98ab 27.08ab  9.88bc
MR220 100.0a 93.0a 87.0ab 93.00a 87.00a-c 6.10d 6.53d 7.76b  36.32a-c  26.26b 12.46a
MR232 100.0a 100.0a 87.0ab  100.00a 87.00a-c  6.26¢c 6.44d 7.97b 33.08¢c 30.04a  10.95ab
Pokkali 100.0a 98.0a 94.0a 98.00a 94.00ab 6.17d 6.60c 8.31b  34.98a-c 26.53ab  8.11cd
BR29 100.0a 90.0a 73.0bc 90.00a 73.00c 6.24d 6.86bc 8.23b 33.66bc  21.29c 6.98de
CV (%) 55 6.3 9.5 7.15 7.05 9.5 7.5 2.55 4.76 4.97 8.76




Morphophysiological Responses of Rice Genotypes to Salinity Stress During Germination 67

by up to 99% compared to a maximum reduction of 86% in
shoot growth (Table 2). Conversely, in some species, root
growth may remain unaffected or even increase under low
salinity conditions, while shoot growth declines (Shelden and
Munns 2023).

Seedling height stress index (SHSI): High salt levels
consistently inhibited the growth of rice seedlings across
different genetic varieties, as shown by the SHSI. The varieties
MR84, MR211, and Pokkali demonstrated better growth at salt
concentrations of 0-100 mM, while other varieties showed less
favorable results. Some cultivars displayed mixed responses
under salt concentrations of 100-200 mM.

Seedling fresh weight: The fresh weight of seedlings was
consistently and significantly reduced in all rice cultivars at
concentrations between 100 mM and 200 mM (Table 3). The
shoot fresh weight of each cultivar fluctuated with varying
NaCl concentrations. Seedling fresh weight varied from

38.33 10 92.67 mg. Among the rice cultivars, Pokkali had the
highest seedling fresh weight, followed by MR220, which was
statistically similar to MR84, MR219, and MR211.

Timson index of germination velocity: Salinity gradually
reduced the germination velocity (Timson index). Values of
the Timson index did not differ significantly among the rice
genotypes in the control (Table 3). At 100 mM NacCl, the
highest Timson index was recorded in MR232 which is
comparable to MR84 and MR211 while the minimum was
recorded in BR29. However, this trend was different at 200
mM NaClwhere MR220 possessed the highest value.

Seed vigour index (SVI): Seed vigour index differed
significantly among the rice genotypes even in the control
environment (Table 3). Rice genotypes responded differently
to different salt levels. The SVI sharply decreased as the
NaCl levels increased and it was maximum in Pokkali
followed by MR220 which was statistically similar to MR84

Table 2. Effect of different NaCl levels on shoot and root length, seedling height and seedling height stress index of rice

cultivars.

Cultivars Shoot length (mm) Root length (mm) Seedling height (mm) SHTI
0mM 100 mM 200 mM 0 mM 100 mM 200 mM 0mM 100mM 200mM 100 mM 200 mM

MR84 80.33b 22.31c-e  19.18a 47.67c 34.67a 0.67cd  128.00b 56.98ab  19.85b 44.52a  15.50bc
(100) (27.78)  (23.88) (100) (72.73) (1.40)

MR211 52.00c 2529c 18.01ab 45.33cd  16.00c 2.68a 97.33d 34.01c 27.96a 35.15bc  29.08a
(100) (48.63)  (34.64) (100) (35.29) (5.90)

MR219 84.67b  20.98cd  13.39d 66.00a  14.33cd  0.50cd  150.67a 35.31c  13.89cd  23.51d 9.27d
(100) (24.78)  (15.82) (100) (21.72) (0.76)

MR220 84.33b 33.02b 13.19d 41.00d 21.00b 0.83c 125.33b  54.02b  14.02cd 43.31ab  11.18d
(100) (39.16)  (15.64) (100) (51.22) (2.03)

MR232 80.67b  21.00cd 17.50ab  28.33f 12.33cd  0.50cd  109.00c  33.33c  18.00bc 30.58cd  16.54b
(100) (26.03)  (21.70) (100) (43.53) (1.76)

Pokkali 103.67a 56.46a 17.26a-c  56.33b  12.02cd 2.17b 160.00a  68.48a 19.43b  42.92ab  12.13cd
(100) (54.46)  (16.65) (100) (21.34) (3.85)

BR29 72.33b 25.00c  16.00b-d  38.33e 15.09¢c 2.00b 110.67c  40.09c  18.00bc 36.20a-c  16.27bc
(100) (34.56) (22.12) (100) (39.37) (56.22)

CV (%) 7.2 9.42 7.18 8.0 10.0 9.0 3.2 9.9 9.5 9.4 9.8

SHTI- Seedling height stress index; Values in parentheses represent the percentage relative to untreated control plants (setat 100%)

Table 3. Seedling fresh weight, Timson index of germination velocity and Seed vigor index of rice cultivars

Cultivars Seedling fresh weight (mg) Timson index of germination velocity Seed vigor index (SVI)

0mM 100 mM 200 mM 0 mM 100 mM 200 mM 0mM 100 mM 200 mM
MR84 62.00b 40.67b 21.60bc 49.17 41.93 22.47 2.31b 0.88ab 0.45bcd
MR211 52.33c 26.00de 26.03a-c 47.33 41.37 25.37 2.09bc 0.65cd 0.34de
MR219 64.67b 30.97de 24.67a-c 48.73 38.83 20.13 1.86¢ 0.77bc 0.39cde
MR220 65.00b 39.50bc 20.83cd 48.17 37.37 26.03 2.31b 0.80bc 0.52b
MR232 52.33c 27.33de 19.93cd 4517 42.50 22.73 1.86¢ 0.80bc 0.48bc
Pokkali 92.67a 58.23a 29.57a 46.73 39.40 19.30 3.35a 0.98a 0.71a
BR29 48.33cd 24.00e 21.33b-d 45.73 35.43 15.10 1.33d 0.70cd 0.55b
CV (%) 4.54 8.57 11.17 5.5 7.2 4.5 6.9 7.75 8.61
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Table 4. Effect of NaCl on proline and sugar content in rice seedlings

Cultivars Proline Sugar content
0 mM 100 mM 200 mM 0 mM 100 mM 200 mM

MR84 4.41£0.09 3.42+0.58 2.76x0.14 43.0+2.11 51.20+2.11 28.35+0.03
MR211 1.03+0.16 1.59+0.04 1.53+0.34 36.21+£2.72 43.04+0.33 20.81+0.37
MR219 6.33+0.29 7.17+0.63 1.18+0.01 60.88+0.57 54.07+5.36 21.81+1.05
MR220 4.49+0.07 2.63+0.25 2.82+0.39 76.68+10.51 50.62+5.92 30.99+9.15
MR232 3.75+0.51 4.95+0.045 2.67+0.28 59.74+6.36 71.35+9.84 46.16+2.99
Pokkali 1.53+0.12 1.88+0.01 1.33+0.11 64.89+3.15 55.18+6.68 24.95+1.70
BR29 45.73 35.43 15.10 1.33d 0.70cd 0.55b
CV (%) 5.5 7.2 45 6.9 7.75 8.61

and MR211 while it was minimum in BR29.

Proline content: The amount of proline substantially
increased in plants under salt stress and generally followed
an increasing trend except for MR84 and MR232 (Table 4).
There was a significant variation in proline content among all
rice cultivars. MR211 and MR185 genotypes accumulated
the maximum amount of proline while BR29 and MR220
genotypes had the minimum amount of proline in their shoot
tissue. MR 211 cultivar showed high amounts of proline in
both salt-stressed and control treatments and is also tolerant
to salinity stress (Table 4). These results are similar to Danai-
Tambhale et al. (2011) but contradictory to Momayezi et al.
(2009). Momayezi et al. (2009) have reported that the highest
accumulation of proline was detected at a salt concentration
of 5dS m™and a decreasing tendency was noted beyond this
point. Moreover, there was no proven correlation found
between the growth metrics and proline accumulation
(Momayezi et al., 2009). The seed priming with varying
concentrations of proline significantly enhanced the
germination (%), seed vigour index, and a-amylase activity of
rice genotypes under both normal and salinity conditions
(Singh et al., 2018). The beneficial effect of seed priming with
proline on various traits was more pronounced under salinity
thanin normal conditions.

Sugar content: The salinity stress increased sugar content
in MR211 and MR232, while sugar content was decreased in
MR84, MR219, MR220, Pokkali, and BR29 (Table 4). The
total sugar in the treated seedlings was reduced to 48%. The
accumulation of soluble sugars in response to salinity is quite
well documented in many plant species (Dubey and Singh
1999, Pattanagul and Thitisaksakul 2008). While the rise in
sugar buildup in reaction to salinity stress was only observed
in salt-sensitive cultivars (Pattanagul and Thitisaksakul
2008), it was also observed in MR211, a cultivar that is
moderately tolerant to saline conditions (Table 4). The under
salinity stress accumulation of sugars along with other
compatible solutes contributes to an osmotic adjustment

allowing the plants to maximize sufficient storage reserves to
support basal metabolism under a stressed environment
(Dubey and Singh 1999). Soluble sugars may function as a
typical osmo protectant, stabilizing cellular membranes and
maintaining turgor pressure.

CONCLUSION

Rice has higher salt tolerance during the seed
germination phase compared to the initial seedling stage, like
other crops like barley, wheat, and triticale. Contemporary
rice varieties, except BR29, show higher salt tolerance during
the early stages. Evaluating salt resistance during advanced
growth phases is crucial for accurate rice cultivars, which is
currently underway in our research.

AUTHOR'S CONTRIBUTION
All authors contributed equally to the conception,
execution, data collection, data analysis, writing, and
critically revised the manuscript, and approved the final
version.

REFERENCES

Ashraf M 2004. Some important physiological selection criteria for
salttolerance in plants. Flora199: 361-376.

Ashrafuzzaman M, Khan MAH and Shahidullah SM 2003. Response
of vegetative growth of maize (Zea mays) to a range of salinity.
OnLine Journal of Biological Sciences 3(2): 253-258

Bates LS, Waldren RP and Teare ID 1973. Rapid determination of
free proline for water stress studies. Plant Soil 39: 205-207

Danai-Tambhale S, Kumar V and Shriram V 2011. Differential
response of two scented Indica rice (Oryza sativa) cultivars
under salt stress. Journal of Stress Physiology & Biochemistry
7(4):387-397.

Dubey RS and Singh AK 1999. Salinity induces accumulation of
soluble sugars and alters the activity of sugar metabolising
enzymes inrice plants. Biologia Plantarum 42: 233-239.

Dubois M, Gilles KA, Hamilton JK, Rebers PA and Fred Smith 1956.
Colorimetric method for determination of Sugars and Related
Substances. Anal Chemistry 28(3): 350-356.

Ellis RH and Roberts EH 1980. Towards a rational basis for testing
seed quality. Hebblethwaite, P.D. (ed.), Seed Production,
Butterworths, London. pp. 605-635.



Morphophysiological Responses of Rice Genotypes to Salinity Stress During Germination 69

ISTA (International Seed Testing Association). 1993. International
Rules for Seed Testing. Seed Scence. Technology 21
(Supplement).

Khan MA and Ungar |A 1984. The effect of salinity and temperature
on the germination of polymorphic seeds and growth of Atriplex
triangularis Willd. American Journal of Botany 71: 481-489.

Lin CC, Hsu YT and Kao CH 2002. The effect of NaCl on proline
accumulation in rice leaves. Plant Growth Regulation 36: 275-
285.

Liu L, Xia W, Li H, Zeng H, Wei B, Han S and Yin C 2018. Salinity
inhibits rice seed germination by reducing aG-Amylase activity via
decreased bioactive Gibberellin content. Frontiers in Plant
Science9: 275.

Momayezi MR, Zaharah AR, Hanafi MM and Ismail MR 2009. Seed
germination and proline accumulation in rice (Oryza sativaL.) as
affected by salt concentrations. Pertanika Journal of Tropical
Agricultural Science 32 (2): 247-259.

Munns R, James RA and Lauchli A 2006. Approaches to increasing

the salt tolerance of wheat and other cereals. Journal of
Experimental Botany 57: 1025-1043.

Pattanagul W and Thitisaksakul M 2008. Effect of salinity stress on
growth and carbohydrate metabolism in three rice (Oryza sativa
L.) cultivars differing in salinity tolerance. Indian Journal of

Received 05 October, 2024; Accepted 10 January, 2025

Experimental Biology46: 736-742

Rahman AKMM, Ahmed KM, Butler AP and Hoque MA 2018.
Influence of surface geology and micro-scale land use on the
shallow subsurface salinity in deltaic coastal areas: A case from
southwest Bangladesh. Environmental Earth Sciences 77:423.

Sarwar AKM Golam, Tinne FJ, Islam N, Islam MM, Hossain MA2020.
Salinity tolerance of dhaincha genotypes at seed germination
and seedling growth. Journal of Food, Agriculture and
Environment1: 53-57.

Shelden MC and Munns R 2023. Crop root system plasticity for
improved yields in saline soils. Frontiers in Plant Science 14:
1120583.

Singh M, Singh AK, Nehal N and Sharma N 2018. Effect of proline on
germination and seedling growth of rice (Oryza sativa L.) under
salt stress. Journal of Pharmacognosy and Phytochemistry 7(1):
2449-2452.

Tobe K, Li X and Omasa K 2002. Effects of sodium, magnesium and
calcium salts on seed germination and radical survival of a
halophyte, Kalidium capsicum (Chenopodiaceae). Australian
Journal of Botany 50: 163-169.

Vibhuti CS, Kiran B and Bargal SS 2015. Assessment of salt stress
tolerance in three varieties of rice (Oryza sativa L.). Progressive
Agriculture 6(6): 50-56.



Manuscript Number: 4457
NAAS Rating: 5.38

Indian Journal of Ecology (2025) 52(1): 70-73
DOI: https://doi.org/10.565362/IJE/2025/4457

Elemental Composition of Soil Primary Particles in Alfisols of
Northern Karnataka

D.S. Charishma, V.B. Kuligod and H.C. Nagaveni
Department of Soil Science and Agricultural Chemistry
University of Agricultural Sciences Dharwad-580 001, India
E-mail: charishma.3296@gmail.com

Abstract: Study on total elemental composition of soil primary particles in Bailmadapura micro-watershed of Gadag district, Karnataka was
conducted during 2022-23. Horizon-wise soil samples were collected and analysed for major and trace elemental content in sand, silt and clay.
Alfisol pedons 1 and 2 revealed the various patterns in elemental composition across horizons and soil fractions. Elemental analysis showed
significant variations in the composition of major elements (Si, Al, Fe, Ca, Mg and K) and trace elements (Zn, Pb, Sr and Cu) among soil
fractions (sand, silt, clay) at different depths. In Pedon 1, the upper horizon (Ap) showed higher concentrations of Si, Al and Fe in the sand
fraction, with erratic distribution of Ca, Mg, P and S. The Bt1 horizon exhibited changes in element content, particularly in Fe concentration and
the distribution of trace elements. The Bt2 horizon displayed further alterations, with Si and Al maintaining consistent patterns, while trace
elements exhibited different distributions influenced by soil forming processes. In Pedon 2, similar trends were observed, emphasizing the
influence of soil fraction and depth on elemental composition. The findings highlighted the complexity of interactions involving mineralogical

composition, organic matter content, redox conditions, and pH in shaping elemental distribution in Affisols.

Keywords: Alfisols sand, Silt, Clay, Soil primary particles

The total elemental composition of soil primary particles
in Alfisols could be complex and highly variable, depending
on the landscape and environmental conditions. Total major
and trace elemental composition in virgin soil generally
depends on geochemical, geomorphic and pedological
processes and the lithology of the soil parent material. The
elemental composition of soil particles is influenced by
weathering of parent material, secondary mineral formation,
organic matter decomposition and leaching. The breakdown
of rocks and minerals in the parent material through
weathering releases various elements into the soil. Organic
matter decomposition contributes to the release of carbon,
nitrogen and other nutrients. Leaching, the movement of
water through the soil profile can lead to the loss of certain
elements, especially in areas with high rainfall.

The total elemental composition of soil particles and bulk
soil will allow a better understanding of the presence of major
and trace elements in available form (Sanjay and Kuligod,
2020). In this context, the information on the total elemental
composition of soils is essential not only for the evaluation of
inherent soil fertility and soil quality from an agricultural point
of view but also for the understanding of the stock and flow of
elements through a variety of natural and anthropogenic
processes. Vertical distribution of major and trace elements
in soil particles gets affected by plant cycling relative to
leaching, weathering, dissolution and atmospheric
deposition. As the interface between the atmosphere,
biosphere and lithosphere, soil undergoes an intense vertical

exchange of materials resulting in steep chemical and
physical gradients from surface to bedrock. The present
study helps to understand pedological evolution of Alfisols of
Northern Karnataka.

MATERIAL AND METHODS

Bailmadapura MWS in Shirahatti taluk, Gadag district is
located between 14° 59'-15° 10" North latitudes and 75° 34'-
75° 37' East longitudes. Bailmadapura MWS comes under
Agro-climatic Zone 3: Northern Dry Zone. Most of the MWS is
at an elevation of 450-800 m above MSL. The average
annual rainfall of the zone ranges from 464 to 785 mm. The
soils are medium red soils in major areas, with sand loams in
the remaining areas. The main cropping season is Rabi.
Groundnut, chickpea, wheat, sorghum and sugarcane are
the important crops of the zone.

The samples were collected from each master and sub-
horizons of soil profiles and their morphological characters
were recorded by describing the profile. Collected soil
samples were dried in shade. The air-dried samples were
ground with a wooden pestle and mortar and passed through
a 2 mm sieve to separate the coarse fragments (> 2 mm).
Particle size-distribution of soil samples was determined by
international pipette method using sodium
hexametaphosphate as a dispersing agent for separation of
sand, silt and clay (Piper 2002). Each soil fractions. (0.25g)
were subjected for microwave digestion with concentrated
nitric and hydrofluoric acids at 220° C for 2 hours and
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immediate cooling for >30 minutes (Silva et al., 2016). The
digested solution was filtered by grade 40 paper and stored in
polyethylene bottle and kept in refrigerator. Total content of
major elements was determined by feeding extractant to ICP-
OES (inductively coupled plasma optical emission
spectroscopy), AAS (atomic absorption spectroscopy), flame
photometer and spectroscopy for total silicon and aluminium,
total iron and manganese, potassium and phosphorus and
sulphur, respectively. The total calcium and magnesium
content were determined by adopting Versanate titration
method. The experimental data was subjected to statistical
analysis by using SPSS software (2002).

RESULTS AND DISCUSSION
Total elemental composition of pedon 1 of Alfisol: The
comprehensive overview of the distribution of major and
trace elements within the pedons of Alfisol is presented
across different horizons, depths and soil fractions.

In pedon 1 across the various studied horizons (Ap, Bt1
and Bt2) there variation in the elemental composition (Table
1). The soil fractions sand, silt and clay exhibited differences
in their elemental composition. This is expected since each
soil fraction has distinct physical and chemical properties,
which affect the retention and molecular availability of
different fractions. Total elemental composition varied across
different soil horizons. This is attributed to differences in the
processes that occur at different soil depths. In the
uppermost horizon (Ap), the major elements Si, Al and Fe
were significantly higher (110.92, 54.93 and 52.39 g kg™) in
sand fractions and maintained relatively consistent and
higher concentrations across the silt and clay soil fractions,
indicating their widespread presence throughout the soil. The
Ca, Mg, P and S concentrations showed an erratic
distribution across the soil fractions. Trace elements like Zn,
Pb and Sr (97.30, 18.22 and 56.83 mg kg" respectively)
exhibited diverse behaviour, with their concentrations
varying between sand, silt and clay fractions. As the depth
increased into the Bt1 horizon, there were changes in
element content in different fractions. The major elements Si
and Al (129.25 and 57.28 g kg™") continued to show consistent
patterns, while Fe concentrations decline. The
concentrations of Ca, Mg, P and S was lower in sand content.
Trace elements, on the other hand, continued to display
variability. Zn and Pb concentrations increased in the clay
fraction. Similarly, Cu concentration rose in the clay fraction
(79.67 mg kg"), indicating a distinct distribution pattern.
Trace elements (Zn, Pb and Sr) recorded variable behaviour
across different fractions, indicating complex interactions.
This might have resulted from factors such as mineral
adsorption, organic matter content, mineralogical

Table 1. Distribution of elements (major and trace) in soil fractions of pedon 1 of Alfisol

Trace elements (mg kg™)

Major elements (g kg™)

Horizon

Co Rb As

Ni

Zn Pb Sr Cr Cu

Mn

Mg

Ca

Al Fe

Si

Soil
fraction

3.38

5.19
11.31
10.48

8.99
4.04

5.99
12.29

7.44

3.76

5.41
12.00

7.06

14.01

32.80 25.15
54.19

51.76
87.09

38.71

13.30 42,58
19.74  63.90
21.62 64.01
18.22 56.83

69.40
124.30

1.79
2.65
2.75
2.40
1.23
1.73
3.24
2.07
2.03
2.37
2.67
2.36

0.83
1.27
1.15
1.08
0.57
0.88
1.63
1.03
1.77
2.04
2.33
2.05

1.19
1.99
1.19
1.46
1.65
2.49
3.13
242
217
2.59
3.40
2.72

2.48
4.55
5.65
4.23
3.58
5.48
6.75
5.27
2.32
2.68
3.41
2.80

5.34
8.03
5.98
6.45
5.98
6.96
9.14
7.36
5.33
6.19
7.60
6.37

4.52
5.66
3.96
4.71
3.96
4.56
6.51
5.01
4.98
5.84
4.55
5.12

52.39

110.92 54.93

Sand
96.22

Silt

Ap

2511 Tr

44.61

58.09

75.27
49.68

63.22

Tr
3.38

21

24.86

7112 4788 42.36
69.99

58.19

98.21

41.27

101.62 53.14

97.73
157.71

Clay

21.33
10.29
14.75

30.91

4496 37.37
22.07
30.73

51.66
26.13

97.30
31.74

58.16

59.11

Mean

18.13
25.99

29.99
41.85
79.67
50.50

28.74
41.92

76.11

8.41
13.01

20.36

44.96

48.28

Sand
Silt

Bt1

Tr

38.11

55.90

117.42 56.45

112.61

Tr
2.11

3.45

50.74

56.51

69.19

96.74
62.21

65.80

67.12

Clay

18.65
7.84
12.41
21.67
13.97

36.44 31.62
18.34

44.48

13.93 48.92

7.20

129.25 57.28 55.55

Mean

13.62

19.95
29.02

20.53

22.45

23.88
38.59

59.99

137.08 32.38 29.14

Sand
Silt

Bt2

Tr

27.54 20.33

29.71

10.05 32.55
12.82 52.30
10.02 35.77

36.55
51.00

38.90

103.62 36.78

88.19

Tr
3.45

37.74
23.90

46.62 43.92
31.86

47.66

40.88

Clay

29.93

32.63

40.82

109.63 36.68

Mean

71

Tr- Traces
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composition and redox conditions in the soil. These findings
were in conformity with Liu et al. (2002). The Bt2 horizon,
representing deeper depths, showcased further changes in
elemental content. Major elements Si, Al, Fe, Ca, Mg and K
maintained consistent trends, while trace elements like Zn
and Pb exhibited slightly different patterns compared to the
shallower horizons. The mean concentration of total
elemental composition indicated the erratic distribution of
major and trace elements across the soil depth. In Bt2
horizon, major elements like Si and Al continued to display
consistent and higher concentrations, while Fe remained
lower than in the upper horizons due to mineralogical
composition and weathering process affecting this element.
Soil forming process transformation were influencing the
distribution of these elements across different depths. This is
typical as iron oxides are prone to reduction and leaching at
greater depths. Similar distribution pattern and mobility of
elements was observed by Dey (1999) in Alfisols. Trace
elements (Zn and Pb) exhibited different patterns of content
at deeper depth compared to shallower horizons. This kind of
distribution was influenced by changes in pH, redox
conditions, mineralogical content and the availability of
colloids for adsorption

Total elemental composition of pedon 2 of Alfisol: In
pedon 2, across the horizons (Ap, Bt1 and Bt2) there was a
variation in the elemental composition (Table 2). In the
uppermost horizon (Ap), the major elements Si, Al and Fe
(101.62, 53.14 and 59.11 g kg" respectively) displayed
consistent patterns across soil fractions, suggesting their
prevalence throughout the soil. Trace elements such as Zn,
Pb and Sr (97.30, 18.22 and 56.83 g kg", respectively)
exhibited diverse behaviour, with varying concentrations
among the fractions. Major elements (Si, Al and Fe) were
significantly higher in the sand fraction of Alfisols. This
pattern revealed that these major elements were prevalentin
the coarser and primary mineral soil particles and are
relatively consistent throughout the soil profile. This could be
due to the presence of minerals like quartz (Si) and iron
oxides (Fe) in the sand fraction. In the Bt1 horizon, there were
changes in element concentration emerge. The major
elements Si and Al maintained their consistent higher
content, while Fe concentration showed a decrease.
Concentration of Ca, Mg, P and S was lower in sand fraction.
Trace elements exhibited intricate trends; Zn and Pb
concentrations rose in the clay fraction. Cu concentration
increased in the clay fraction, revealing distinct spatial
patterns. Arsenic concentration was present in traces in silt
and clay fractions across all the horizons. In Bt1 horizon
major elements such as Si and Al maintained consistent
patterns of distribution, while Fe concentrations declined.

Table 2. Distribution of elements (major and trace) in soil fractions of pedon 2 of Alfsiol

Trace elements (mg kg™)

Major elements (g kg™)

Horizon

Co Rb As

Ni

Zn Pb Sr Cr Cu

Mn

Mg

Ca

Al Fe

Si

Soil
fraction

0.32

5.7
7.67
13.75
9.04
6.83
9.81
15.18

10.72
14.91

2751 3092 2201 18.02

12.14  30.03

38.72
71.79
104.77

3.71

2.83
3.16

3.

3.16
3.17
3.43
3.25
4.04
6.08

5.51
6.12
7.1
6.25
5.01
6.13
5.83
5.66
1.56
2.68
2.38
2.21

6.18
7.43
9.28
7.63
8.14
9.87
9.99
9.33
4.69
6.42
6.54
5.88

5.35
5.97
6.6
5.97
6.4
6.96
6.28
6.55
2.95
3.51
2.83
3.10

40.23
49.25

64.03

156.86 35.17
108.81

Sand

Silt

Ap

Tr

30.98 25.34
48.44 43.75
33.81

4445 40.62 4591

16.6
15.14 66.25

14.63 46.91

4.18
5.13
4.34

4.51

37.59
45.48

Tr
0.32
4.58

28.03
17.89
10.46
15.03
22.7

74.68

60.44
42.86

39

95.21

Clay

29.04
15.55
22

50.50
22.87

71.76
36.12

3.13
3.91

120.29 39.41 51.17

Mean

18.85
29.27
48.96 4494 39.74

33.24

22.33

24.22

10.02
11.51
17.38
12.97
6.57
8.06

32.71

127.38 40.14
112.54

Sand
Silt

Bt1

Tr

27.89

35.48
51.39
36.40
18.88
32.03
47.94
32.95

46.48
56.18

51.65
65.87

6.24
4.78
5.18
1.06
2.79
1.33
1.73

5.25

32.54
38.94

34.73

40.9
51.94

Tr
4.58

1.13

4.58
4.58

4.3
4.81
0.59
2.63
0.85

90.24

Clay

10.61
3.38
6.36

16.06
7.01

11.58
19.25
12.61

25.76

31.02
15.4

42.29

51.21

110.05 44.33

Mean

121

19.42
24.44

20.77
45.51

32.67
48.2

0.46
1.8
1.13
1.13

29.26
29.09

123.93 36.69
35.49

Sand
Silt

Bt2

Tr

18.55
36.29

25.82

43.03

109.09 37.45

86.79

Tr
1.13

11.73
7.16

41.49
27.57

13.93 52.73

9.52

62.42
47.76

48.49

Clay

22.31

29.79

38.84

1.36

106.60 40.88 31.28

Mean

Tr- Traces
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This decline in Fe might be due to the reduction of iron oxides
as one moves deeper into the soil profile. Trace elements
(Zn, Pb and Cu) concentrations increased in the clay fraction,
revealing occlusion and co-precipitation. This could be
attributed to large surface area for adsorption and retention.
Alekseeva et al. (2011) also made similar observation.
Transitioning to the Bt2 horizon at greater depths, further
shifts in element distribution become apparent. Major
elements Si, Al, Fe, K, Ca and Mg continued to exhibit
consistent and higher content, while trace elements such as
Zn and Pb manifested distinct patterns compared to
shallower horizons.

CONCLUSION

This study provides valuable insights into the total
elemental composition of Alfisols, emphasizing the influence
of soil depth and fractions on major and trace element
distribution. The consistent patterns observed in major
elements (Si, Al and Fe) across soil horizons and fractions
indicate their prevalence in specific soil fractions, likely
associated with primary minerals such as quartz and iron
oxides. The variations in trace element distribution suggest
intricate interactions influenced by factors like pH, redox
conditions, and mineralogical content. The decline in Fe
concentration with depth in both pedons indicated potential
reduction of iron oxides. The study contributes to
understanding the dynamic nature of elemental composition
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in Alfisols, providing essential knowledge for soil
management and environmental studies.
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Abstract: The influence of nano urea as foliar spray along with split application of potassium was studied on wheat cv. DBW 187 (Karan
Vandana) during 2022-2023 at Seacom Skills University, Birbhum, West Bengal. The maximum plant height, more dry matter production, more
number of tillers per m* were observed in treatment with Basal dose of 50:60:20 kg NPK/ha and foliar spray with 0.5% Nano Urea and 1% MOP
solution at Crown root initiation and Flag Leaf stage. The same treatment showed highest number of spikes/m’, spike length, filled
grains/spike, test weight, grain yield and straw yield as well. Soil enzymatic activity was maximum in RDF with split potassium doses. The gross
returns, net returns and benefit: cost ratio too were maximum in the same treatment. Hence, a basal dose of 50:60:20 kg NPK/ha and foliar
spray with 0.5% Nano Urea and 1% MOP solution at CRI and Flag Leaf stage was beneficial for wheat production in the Red and Lateritic soils

of West Bengal, keeping soil health in view.

Keywords: Wheat, Nano urea, Enzymatic activity, Potassium

Wheat (Triticum aestivum L.) accounts for approximately
one-fifth of the total area under food grains and provides
roughly one-third (40%) of India's total food grain production,
showcasing the significant role of this crop in India's food
security (Pyne et al., 2022). India is the second largest
producer of wheat, accounting 12 per cent of the global
production (Kundu et al., 2020). West Bengal produces only a
small fraction of India's total wheat output, accounting for
5.15% of the state's food grain production and 3.1% of the
national production. Given the region's population growth and
dietary preferences, it is imperative to increase wheat
productivity in West Bengal to satisfy the growing food
demands (Goswami et al., 2020). Following the introduction of
the Green Revolution in India, food production soared,
paralleled by a rapid escalation in the use of chemical
fertilizers, which in turn has triggered a range of environmental
concerns and negative impacts on soil health. While fertilizer
is necessary in producing high yields, synthetic fertilizers have
environmental consequences, such as altering the global
nutrient budget, affecting water and air quality, and ultimately
contributing to climate change through greenhouse gas
emissions (Lu 2017). Even nutrients applied through the
fertilizers at the time of sowing are not fully utilized by the crop
and are lost through various ways (leaching, fixation etc.) and
the crop may suffer from nutrients deficiency at the later stage
(Pratihar et al., 2023). Despite decades of technological
advances, the efficiency of N, P, and K fertilizers has remained
relatively constant at 30-35, 15-20, and 35-40%, respectively,

with a substantial proportion of the applied fertilizer
accumulating in the soil or leaching into aquatic systems,
contributing to eutrophication (Yahaya 2023). All these led to
major issue through which farmers have been facing two
simultaneous challenges i.e., to cater to the ever increasing
population and avoiding inorganics on soil. Thus, by
decreasing its soil requirement of inorganic could be curtained
to some extent, through foliar application to compensate the
nutrient requirement. Foliar spray of one or more nutrients to
supplement soil application of fertilizers has been gaining
more attention in recent years to overcome the problem of low
fertilizer nutrient supply from soil to plant (Verma et al 2023).
NPK 19:19:19 fertilizer is available as hundred percent water
soluble complete fertilizer containing nitrogen, phosphorus
and potassium each with 19% low salt index. Nano fertilizers
have distinctive novel characteristics than the bulk materials
and also have enormous advantages over the traditional
fertilizers and used to improvise the crop production and soil
properties in general (Roy et al., 2023). Nano Urea (Nano
Nitrogen), developed by Indian Farmers Fertilizer
Cooperative Limited (IFFCO), provides a novel alternative to
ease farmers away from urea. Foliar fertilizers can provide the
plant nutrient at critical stages of plant growth when the
nutrient requirement of plant exceeds the normal uptake for
certain nutrients (Sarkar et al., 2021). Large amount of
potassium is required by wheat, and once the reproduction
stage is finished, a constant supply is required until heading
(Sharma et al., 2022). The present study was conducted to
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find out the best possible application of liquid fertilizers NPK
19:19:19 and nano urea comparing with the conventional soil
application of recommended dose of fertilizer.

MATERIAL AND METHODS

Field experimentwas undertaken in wheat in Rabi season
of 2022-23 at the Instructional Farm (23°70' E latitude, 87°67'
N longitude and 9.75 m above mean sea level) of Seacom
Skills University, Kendradangal, Birbhum, West Bengal,
India to observe if substituting soil application of inorganics
(either partly or fully) with foliar spray could be possible
without sacrificing the production and degradation of soil
health. The soil of experimental field was sandy loam sail,
with slightly acidic (pH 5.9), available N (186 kg/ha),
phosphorus (16.37 kg/ha) and potassium (225.06 kg/ha).
The trial was conducted in a randomised block design with 3
replications consisting of 8 different treatments with a plot
size of 6.0 X 4.0 m*(Table 1). The biofortified, high yielding
variety of wheat [DBW 187 (Karan Vandana)] was line sown
on 20" November, 2022 and harvested on 10" March,
2023.The inter row spacing given was 22.5 cm with a depth of
4 cm to get an uniform germination. The growth parameters,
yield and yield attributes were recorded at specified stages
with standard procedure. After maturity, harvested plant
samples were collected, oven dried and ground for analyzed
to study the total uptake of N, P and K following the standard
procedures (Jackson 1973), soil enzymatic activity like
dehydrogenase activity (DHA), acid phosphatase activity
(APA) were determined (Sahoo et al 2022).The Cost of
cultivation were estimated and gross and net return (as per
market price in West Bengal) were worked out for economic
analysis. The experimental data were analyzed by SPSS
(Version-26.0) package. The comparison of treatments was
made with or Duncan's Multiple Range Test (DMRT).

RESULTS AND DISCUSSION
Growth parameters: The treatment comprises of basal

Table 1. Treatment details

application of 50:60:20 kg NPK/ha and foliar spray with 0.5%
Nano Urea and 1% MOP solution at CRI and flag leaf stage
attained the highest plant height (76.12 cm) with more
number of tillers per m*(370.93) (Table 2). This treatment also
showed highest leaf area index (LAI) (4.94) and dry matter
production (910.7 g/m?) closely followed by the treatment T,-
Basal dose of 50:60:20 kg NPK/ha + top dressing of 25:20 kg
NK/ha at CRI stage and 25 kg N/ha at flag leaf stage (RDF
with split application of N and K as well) (4.91) and (891.2 g
/m?). It might be due to increased photosynthetic rate and
higher leaf area that increased total dry matter production
observed by supplementation of nitrogen through foliar spray
(Rawate et al 2022). Moreover, foliar nutrient of MOP along
with nano urea, produced an optimal nutrient supply and, as a
result, enhanced meristematic cell activity and cell
elongation, both of which are known to have positive impacts
on the metabolic process and improved vegetative
development (Patel et al 2022).In addition, the rate of growth
was also highest (17.52) in T,- Basal dose of 50:60:20 kg
NPK/ha and foliar spray with 0.5% Nano Urea and 1% MOP
solution at CRI and Flag Leaf stage, which is because of
ample nitrogen supply as well as availability, generating an
optimal environment for root zone growth and development.
The results were in conformity to the findings of Choudhary et
al. (2023).

Yield attributes and yield: Basal dose of 50:60:20 kg NPK/ha
and foliar spray with 0.5% nano urea and 1% MOP solution at
CRI and Flag Leaf stage has shown a hike in yield attributes
and yield of wheat, compared to control treatment (T,) as well
as only application of RDF (Table 2). The number of
spikes/m’varied between 119.56 and 295.67. Highest number
of spikes/m” (295.67) was in T,- Basal dose of 50:60:20 kg
NPK/ha and foliar spray with 0.5% Nano Urea and 1% MOP
solution at CRI and flag leaf stage. Similar trend was also
observed in spike length (14.04 cm). The increase was
because of positive response in terms of availability of
nutrients through foliar application of nano urea as well as split

Sl. no. Treatmentdetails

T, Absolute control (no NPK)

=4 - -

~

splitapplication of N and K as well)

~ ® o

— -4 4 -

®

R Basal dose of 50:60:40 kg NPK/ha + top dressing of 25 kg N/ha at CRI and Flag Leaf stage {RDF (conventional application)}
Basal dose of 25:30:20 kg NPK/ha + top dressing of 12.5 kg N/ha at CRI and Flag Leaf stage (50% RDF)
Basal dose of 50:60:20 kg NPK/ha + top dressing of 25:20 kg NK/ha at CRI stage and 25 kg N/ha at Flag Leaf stage (RDF with

Only foliar spray with 0.5% solution of 19:19:19 NPK at 10 Days interval, starting from 11 DAS

Basal dose of 50:60:20 kg NPK/ha and foliar spray with 0.5% Nano Urea and 1% MOP solution at CRl and Flag Leaf stage
Basal dose of 50:60:20 kg NPK/ha and foliar spray with 0.5% solution of 19:19:19 NPK at CRI and Flag Leaf stage

Basal dose of 50:60:20 kg NPK/ha and foliar spray with 0.5% solution of Nano Urea at CRl and Flag Leaf stage
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doses of potassium through MOP. Similar kind of results were
demonstrated by other investigator (Rawate et al 2022). This
also led to increased number of filled grains/spike which varied
from 8.56 to 27.82 with an average increase of 225% in the
treatment T, as compared with T, (absolute control). Test
weight varied from 37.36 to 40.31 g with variation of 7.9% and
was highest in treatment T,. The grain yield varied between
1660 to 4292 kg/ha and highest value was recorded from T,
treatment which was statistically at par and closely followed by
treatment T, and lowest grain yield of wheat was in control
treatment. Wheat straw yield also followed the same trend,
varied from 3824 to 6262 kg/ha and highest value observed
was in T,. The synergistic effect of the integrated use of
potassium in splits (basal and foliar) along with nano urea
might have improved several yield-contributing traits, as well
as various vegetative growth characteristics, enhancing the
overall performance of the crop. Nano fertilizers have been
found to enhance the efficiency of conventional fertilizers by
facilitating better absorption of nutrients through plant cells,
resulting in optimal growth of plant parts and metabolic
processes, such as photosynthesis. This led to increased
accumulation and translocation of photosynthate to the
economic parts of the plant, thereby enhancing source and
sink strength and ultimately resulting in higher yield (Ojha et
al.,, 2023, Patel et al., 2022). The harvest index of wheat
increased from 30.89 to 41.30 and the hike was noted up to
33.70%. Highest value was recorded in the treatment (T;). The
foliar application of nitrogen in combination with split doses of
potassium led to proper maintenance of leaf nutrients and
enhanced photosynthetic capacity, ultimately leading to
increased grain and stover yield. The improved photosynthate
formation, as a result of the foliar application of nano urea, led
to a significant positive impact on the harvest index.

Acharjee et al

Soil enzymatic activity: Dhydrogenase activity varied from
9.2 to 11.3 (ug TPF/gm/24 hr) with a variation of 22.82% and
acid phosphatase activity varied from 23.18 to 28.69 (ug
PNPP/gm/ hr) with an average rise of 23.77% (Table 3). In
both cases highest activity was recorded in T, treatment. Split
doses of nitrogen and potassium led to better availability of
nutrients to plants might have resulted in higher uptake of
them through which less disturbance occurred on soil biotics
elements and in fact application of foliar spray of nano urea in
T, plot has also shown significant effect on the microbial
activity in soil which led to almost equivalent result of
dehydrogenase activity as well as acid phosphatase, giving a
hike in yield of wheat. This results were also observed on pea
by Symanowicz etal. (2018).

Nutrient uptake: After the harvest, nutrient uptake of grain
and straw varied significantly with different split nutrient
management practices as per treatments (Table 3). The total
nitrogen uptake varied from 43.6 to 118.6 kg/ha, with the
variation being 172.02%. Phosphorus uptake varied from
5.57 to 16.22 kg/ha, with the variation of 191.20% and the
potassium uptake varied from 49.6 to 114.1 kg/ha and the
variation was 130.04%. The foliar application of nano-
fertilizers might have allowed the rapid absorption of
nutrients through the epidermis or stomata, followed by
efficient translocation via apoplast or symplast pathways,
significantly improving the nitrogen uptake of the plants
(Kumar et al., 2023). Furthermore, as only half the dose of
urea was applied as basal fertilizer, it was completely
absorbed by the plants due to their high nitrogen demand
during vegetative growth, thus reducing nitrogen loss. The
reduced urea application also allowed beneficial biotic
colonies to mobilize nutrients such as phosphorus, resulting
in higher uptake of this nutrient. Even the split doses of

Table 2. Effect of integrated nutrient management on growth and yield of wheat

Treatment Plant  Dry matter No. of LAI CGR No. of Length of Number Test Grain Straw Harvest
height production tillers/m*> (90 (61-90) spikes/m’ spikes  of filled weight vyield yield index (%)
(cm)at (g/m*)at atharvest DAS) (cm) grains/ (9) (kg/ha) (kg/ha)
harvest harvest spike
T, 45.59° 443.6° 168.59° 1.86° 7.72° 119.56" 9.55° 8.56° 37.36 1660° 3824° 30.89°
T, 70.10%° 891.0° 327.02° 455" 17.73° 252.23° 12.09° 19.35° 39.86 3909*° 5812° 40.22°
T, 56.43" 551.2° 265.25° 3.50°° 8.73° 222.97° 10.43*° 17.95" 39.54 3468 5800° 37.48"
T, 72.05° 891.2° 354.63* 4.91° 17.59° 284.82° 12.63° 27.6° 40.28 4011*° 5844° 40.66
Ts 54.32° 518.19° 199.55° 3.43° 923>  147.89" 9.77°¢ 10.64° 37.70 3231 5368 37.76°
T, 76.12° 910.7° 370.93° 4.94* 17.52° 295.67° 14.04° 27.82° 40.31 4292 6262° 41.30°
T, 64.21°¢ 671.6° 316.44>°  3.94° 11.13" 265.54** 11.63"° 18.53° 39.61 3867*° 5911° 39.52°
T, 61.15% 576.5° 282.41°° 3.54"° 8.96° 236.43" 11.23°°° 17.97° 38.09 3704° 5801° 39.12°

See Table1 for treatment details

Individual values in column with the same letter are not significantly different at p<0.05 according to DMRT
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Table 3. Effect of nutrient management on soil enzymatic activity, nutrient uptake and economics of wheat

Treatment Enzymatic activity Nutrient uptake Economic Analysis

DHA (ug AP (ug N P K Costof  Gross return Net return B:C

TPF/gm/24 hr) PNPP/gm/ hr)  (kg/ha) (kg/ha) (kg/ha) cultivation  (x 10%%/ha) (x 10°%/ha)
(x 10%%/ha)

T, 9.2 23.18° 43.6' 557 49.6° 24.56° 29.88° 5.32' 1.22°
T, 11.2° 28.45*" 102.2°¢ 8.02° 91.4° 31.80"° 70.36™" 38.57°° 2.21°
T, 10.0*"° 25.29* 96.2°¢ 8.1*" 89.4° 30.43*° 62.44° 32.01° 2.05°
T, 11.3° 28.69° 108.3° 9.3* 104.3* 31.80* 72.21%° 40.42*" 2.27°
T, 9.2 23.18° 86.7° 11.08* 95.1° 36.06" 58.16° 22.10° 1.61°
T, 11.1*° 27.92*° 118.6° 16.22° 114.17 32.78* 77.27° 44.49° 2.36°
T, 10.4*° 26.17° 105.7°° 10.65™° 90.0° 30.93* 69.62*"° 38.69°° 2.25°
T, 10.3* 25.06° 101.6% 9.67*° 99.4*° 32.31* 66.68"° 34.37°% 2.06°

See Table1 for treatment details

Individual values in column with the same letter are not significantly different at p<0.05 according to DMRT

potassium through MOP also made it easy for the plant for its
uptake without much loss. This findings was collaborated
with the findings of Patel etal. (2022).

Economics: Gross return (377.27 x 10%ha), net return
(344.49 x 10°ha) and benefit: cost (B:C) ratio (2.36) were
higher in treatment T, followed by T, (Table 3).

CONCLUSION

Wheat responded very well to the foliar application of
nano urea along with split application of MOP. Application of
split dose of fertilizer along with nano urea markedly
improved the plant growth, yield attributes, and grain yield of
wheat as compared to traditional practices. The basal dose of
50:60:20 kg NPK/ha and foliar spray with 0.5% solution of
Nano Urea at CRI and flag leaf stage, increased the grain
yield to the tune of 236 kg/ha when it was supplemented with
50% RDF. It was further increased to about 584 kg/ha when
an additional potash was applied as foliar spray @1%
solution along with nano urea as basal dose of 50:60:20 kg
NPK/ha and foliar spray with 0.5% Nano Urea and 1% MOP
solution at CRI and flag leaf stage. Thus combined
application of nano fertilizer as foliar spray and MOP (in split
doses) could be more acceptable in the growth, yield and
economics of wheat in the red and lateritic soils of West
Bengal.
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Pulicaria undulata (L.) C. A. Mey. (1831) (syn.
Francoeuria crispa subsp. crispa, F. crispa var. crispa,
Pulicaria crispa subsp. crispa, P. crispa var. crispa, P. crispa
var. gracillima Maire, P. undulata var. undulata, belongs to the
family compositae (asteraceae) (GBIF Secretariat 2020) .
This is native in Iraqg, Iran, Yemen, Afghanistan, Algeria,
Benin, Chad, Djibouti, Egypt, Eritrea, Ethiopia, Gulf States,
India (Dawar et al., 2002). This species very important
medicinal plant known as Dethdath, and used medicinal
plants to make traditional medicines all over the world since
ancienttimes. The branches and flowers are used to prepare
powders to repel insects (Khansaa et al., 2017). This species
is used for a traditional medicine which act as tonic,
antispasmodic, antihypoglycemic drugs and ingredients of
perfumes (Ghazanfar and Edmondson 2019) and is rich
source for large number of bioactive compounds such as
flavonoids which are the secondary plant metabolites and are
compounds of low molecular weight. They are chemically
polyphenolic and their nature offers a common structure,
benzo- y-pyrone (Ahmed and lbrahim 2018). This study
aimed to characterize the plant through morphologic
characteristics and to evaluate the flavonoids presentinit.

MATERIAL AND METHODS

Twelve plant were collected from Al- Zafaraniyah/
Baghdad- Iragin 2020 during the flowering period in April at3
geographical locations, the coordinate of these stations was
33°15'49.0"N 44°29'16.6"E, 33°15'44.4"N 44°29'13.1"E and
33°15'34.7"N 44°29'17.4"E. The taxonomical key was used
to identify the specimens of this species for precise
identification (Ghazanfar and Edmondson 2019). After being
air dried, the aerial parts of this species were grounded in a

mortar and flavonoids were isolated from Pulicaria undulata
in pure form. Five grams of plant material separated in 100 ml
of methanol using maceration (48 h). Then removed in the
vacuum with the temperature at 50°C and the extracts were
freeze-dried (Romanik etal., 2007).

RESULTS AND DISCUSSION
Morphological study: Pulicaria undulata is perennial plant
and twiggy subshrub were 30-120 cm high with a deep root.
Plant branches from the base, white-floccose or light gray in
color, densely glandular, and take the form of extensive
cushions. Its branches are many and may intertwine. The
leaves are are very long at the bottom and shorter towards
the top with shape as lanceolate, semi-amplexicaul and
decurrent on one side. The margin of the leaves are very
clearly undulating, 2-25%x1-5 mm, base almost auriculate
(Fig. 1). Inflorescence is irregular cymes, peduncles 4-5 cm
long, involucre 5-7 x 3-4 mm, phyllaries numerous, linear,
brown, hairy or glabrous Ghazanfar and Edmondson (2019)
also mentioned similar observation. Corolla yellow, 2.75-3
mm long, the ligule only 1 mm, and the discflorets 2.5-3.5 mm
long, with glandular hairs. Cypsela 0.8 mm long, glabrous,
brown, 5-ribbed, the bristles with a short narrow tuft of slightly
longer hairs at the tip. Outer pappus is ring of scales and inner
pappus of bristles (short stiff hair) joined at the base into a
tube, each bristle with a narrow apical tuft of slightly longer
hairs. The morphology gave as clear features of this species
very useful for the delimitation and identification. There were
two types in trichomes that spread densely in its parts. The
non-glandular and glandular which spread and concentrated
in all parts organs: leaves, stems and flowers (Abid and
Qaiser 2002) Trichome diversity were divided into 4 groups.
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Non-glandular trichome: These are found in all plant parts
and are simple non-glandular unicellular trichomes, different
lengths ranging from short to very long about 10-860um,
curved all with acute apex (Fig. 2. A 1- A 3) (Krak and Mraz
2008).

Non-glandular multicellular trichomes: These are also
found in all parts of plants, some trichome fragmented from
ending with a thin flagellum, others have basal cell broader,
3- 7 cells long and the apical cell like a conical shape, others
consists of two cells of different lengths, straight or curved
and all with obtuse apex (Fig. 2. A 3- A7) (Al-dobaissi et al.,
2016).

Stellate trichomes: The sparse stellate hairs are on the
involucral bracts (Fig. 2. A8).

Glandular trichome: These were multicellular divided into
head and stalk (Fig. 2. B1) (Valkama et al., 2003, Ciccarelli et
al., 2007).

Chemical profile: Six different flavonoids were extracted
and identified: Kaempferol, kaempferol 3-methyl ether, 6-
methoxykaempferol, quercetin, quercetin 3-methyl ether,
quercetin 3,7-dimethyl ether (Fig. 3 ). The peaks for target
flavonoids eluted at retention times 47.82, 52.38, 44.71,
34.41,83.22 and 40.32 min, respectively, through the sample
extract (Table 1). Fahmi et al (2019) also made similar

h i j

Fig. 1. Morphological characteristics of Pulicaria undulataa:
Whole plant, b: Root, c: the stem, d1-3: Different
lengths of leaves, e-i: Inflorescence, j: Pappus calyx

observation. Kaempferol recorded the highest value 0f160.55
but quercetin recorded the lowest value both in retention time
and area which was 36.66 and 34.41, respectively. The
highest concentration recorded for kaempferol was 0.26
mg/mL. Flavonoids protect plants against different biotic and
abiotic stresses, and responsible resistance to frost,

Table 1. Flavonoids component with retention time and area
of this species

Flavonoid compounds Retention ~ Area Concentration
time (mints) mg/mL
Kaempferol 47.82 160.55 0.26
Kaempferol 3-methyl ether 52.38 50.32 0.1
6-Methoxykaempferol 44.71 40.13 0.05
Quercetin 34.41 36.66 0.04
Quercetin 3-methyl ether 83.22 90.71 0.15
Quercetin 3,7-dimethyl ether 40.32 110.53 0.20

Fig. 2. Morphological characteristics for the trichomes of the
species Pulicaria undulata A1-8: Non-glandular
trichomes (300x), B1: Glandular trichomes (400x)

M e /"\/l:\izv
~ L]
k1,; T
Kaempferol Kaempferol 3-methyl Methoxykaempferol-6
| L ether | ]
oH OH O
o p OCHj TR e
) HO | o| o \0”1‘\‘4[“OZH\E/TT,I/DH
OH oo
OH O OH
Quercetin Quercetin 3-methyl ether | Quercetin3,7-dimethyl ether

Fig. 3. Morphological form for the flavonoid compounds of
the species P. undulata
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hardiness, drought resistance, also have a functional role for
plant heat acclimation and freezing tolerance (Vieira et al.,
2003). Mierziak et al. (2014) reported that the essential oil of
the aerial parts for P. gnaphalodes has shown the presence
of flavonoids, but studies on the concentrations of flavonoids
areveryrareinlraq.

CONCLUSION

The study verified the morphological features of Pulicaria
undulate (L.) C. A. Mey. (Asteraceae) which collected from Al-
Zafaraniyah/ Baghdad-Irag. Trichomes (hairs) were mainly
divided into non-glandular and glandular .Various chemical
kaempferol, kaempferol 3-methyl ether, 6-
methoxykaempferol, quercetin, quercetin 3-methyl ether,
quercetin 3,7-dimethyl were estimated by HPLC
chromatography. This will be helpful for medicinal use and
furtherinvestigations.
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Abstract: The present investigation was carried out during 2017-18 and 2018-19 at Regional Research Station, Bawal to study the effect of
irrigation regimes and anti-transpirants on quality, WUE and economics of Indian mustard. The experiment was laid out in spilt plot design with
three irrigation regimes (control, one irrigation at 40 DAS and two irrigations at 40 and 75 DAS) and two varieties (RH-725 and RH-749) in main
plots, whereas, anti-transpirants (Control, PMA @ 250 ppm, 6 % kaolin and PMA @ 250 ppm + 6% kaolin at 45 and 90 DAS) in sub plots. The
significantly higher oil content and oil yield, maximum consumptive use of water (CU), water use efficiency (WUE), gross returns (GR), net
returns (NR), B-C ratio as well as netincome per day (NIPD) were in crop irrigated at 40 and 75 DAS. In anti-transpirants, highest oil yield, CU,
WUE, gross return and net returns, B-C ratio and netincome per day (NIPD) were with application of PMA @ 250 ppm + 6% kaolin at45 and 90
DAS as compared to control but it was statistically at par with application of kaolin 6 % at 45 and 90 DAS t. Variety RH-749 performed better
over to RH-725 with respect to the yield, CU, WUE and economic returns. However, varieties did not exhibit a significant influence on the seed

oil and glucosinolate content.

Keywords: Anti-transpirants, Indian mustard, Varieties, Water use efficiency

Indian mustard is a rabi season crop grown in diverse
agro-climatic conditions, ranging from northern hills to down
south under irrigated and rainfed conditions. In global
oilseeds scenario, India occupies 12-15 per cent of oilseeds
area, 6-7 per cent of vegetable oils production, 9-11 per cent
of the total edible oil consumption and 14 per cent of
vegetable oil imports (Bhukhar et al., 2022). Itis cultivated on
10 million hectares of area with 12.90 million tonnes of
production and 1209 kg/ha productivity in India during 2023-
24, whereas in Haryana, crop grown on 0.72 million hectares
area and produce 1.40 million tonnes with average
productivity of 1944 kg/ha (Anonymous 2023).

The production of mustard is not being fully exploited
because of the lack of proper information of water
requirement. Adequate supply of irrigation water helps in
proper utilization of plant nutrients, resulting in better crop
growth and higher yield. Therefore, there is need to find out
some appropriate solution to fulfil the irrigation requirement
of mustard crop. Application of irrigation at flowering and
siliqua development stage significantly increases the CU and
oil content (Shivran et al., 2018). For increasing the
productivity of mustard crop the improved varieties which are
capable of giving high yields need to be cultivated. Kumar et
al. (2017) observed that mustard variety RH-749 registered

significantly higher yield, oil content and net returns and B-C
ratio. Kumar et al. (2018) revealed that genotypes RH-725
recorded higher oil content, oil yield and net returns.

The anti-transpirants are used in agricultural field which
reduce transpiration rate by reducing the size and number of
stomata and gradually hardening them to stress (Kumar et
al., 2018). Spraying of anti-transpirants, reduces
transpiration loss of water from vegetative parts of the plant,
go a long way in economizing water and making more water
available to the plant for productive purpose. The combined
spray of PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS
recorded significantly higher oil content, net returns, B-C
ratio, WUE and nutrient use efficiency (Rajput 2012) and
Kumar et al. (2017). The present investigation was carried
out to evaluate the Indian mustard varieties under different
irrigation regimes and anti-transpirants.

MATERIAL AND METHODS
Study area: The experiment was conducted at Regional
Research Station, Bawal (Fig. 1) CCSHAU, Hisar (India)
during rabi season 2017-18 and 2018-19. The site is located
in south-west (SW) zone of Haryana which comes under arid
and semi-arid region having latitude and longitude of 28.10N,
76.50 E, respectively above mean sealevel of 266 meters.
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Weather: The climate of the site is arid and semi-arid type,
with severe cold days in winter and hot sunny days in summer
season. The mean maximum temperature touches as high
as 48°C during summer season. However, minimum
temperature of 2-3°C is recorded during winter months. The
south-west monsoon (SWM) brings rain from July-
September providing 80-85 % of total annual rainfall of the
region. The weather remains dry except light rainfall during
the months from October-April. However, the high
temperature is prevailing in June month.

Sampling and analyses: The experimental soil was sandy
loam in texture. The composite soil sample was collected
before sowing and brought to laboratory. The soil samples
were air dried, grinded and passed through 2 mm sieve for
the analysis of physico-chemical properties. The pH of the
experimental soil was neutral in nature (8.24) having
electrical conductivity of 0.19 ds/m (Rechard, 1954). The
determination of organic carbon by Walkely and Black
(1947), available nitrogen by Subbaiah and Asija (1956),
available phosphorus by Olsen et al. (1954) and available
potassium by Jackson, 1973 and it indicated that soil content
0.23 %, 148 kg/ha, 14.22 kg/ha and 208 kg/ha of organic
carbon, available nitrogen, available phosphorus and
available potassium, respectively.

Experimental setup: The experiment was laid out in split
plot design having twenty-four treatment combinations with
three replicates. The experiment had three irrigation regimes
(I;: control, 1,: one irrigation at 40 DAS, |,: two irrigations at 40
and 75 DAS), and two varieties (V,: RH-725, V,: RH-749) in
main plots, whereas, four anti-transpirants (A,: control, A,:
PMA @ 250 ppm at 45 and 90 DAS, A;: 6 % kaolin at 45 and
90 DAS and A,: PMA @ 250 ppm + 6% kaolin at 45 and 90
DAS) in sub plots. Pre-sowing irrigation was applied before

seed bed preparation to ensure adequate soil moisture.
Mustard variety RH-749 and RH-725 was sown at 30 cm row
spacing. Application of irrigation and anti-transpirants as per
the treatment. The seed and stover yield per plot were
recorded and then converted into kg/ha.
Observation Recorded
Oil content (%): The oil content was determined in
percentage by steam distillation method (AOAC 1995).
Oil yield (kg/ha) = —veight of empty flask =)o
Weight of flask with oil
Oil yield (kg/ha): The seed yield obtained for each treatment
was multiplied by the percent oil content in seed of respective
plot for calculation of oil yield which was reported in kg/ha.
Oil contentin seed X Seed yield (kg/ha)
100
Glucosinolate content (%): Spectrophotometric estimation
was done using methanolic extract' prepared from the same
genotypes by homogenizing 0.2 g defatted seed meal in a 2
ml vial with 80 % methanol. Total glucosinolates was
calculated by putting the OD of each sample at 425 nm into
the predicted formulay = 1.40 + 118.86 x A425 (Kumar et al.,
2004).
Moisture content (%): Soil profile moisture content was
determined by gravimetrical method. Plot wise soil samples
were drawn at depth intervals of 0 to 15, 15-45 and 45-90 cm
soil layers before and after each irrigation. Soil moisture
content of soil samples was worked out by using the following
formula:

Oil yield (kg/ha) =

Soil moisture content (%) = %X 100
Where, W, = Fresh weight of soil (g), W, = Dry weight of

soil (g)
Consumptive use (mm): The CU was computed from the

CCS Haryana Agricultural University, Hisar)

Experimental Location
Regional Research Station, Bawal

Fig. 1. Experimental Location, RRS, Bawal, CCS Haryana Agricultural University, Hisar,

Haryana
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water balance (Dastane 1972).
N Ml' - MZi . .
CU = Z'— xAsi x Di
; 100
Where, i=l
CU =Consumptive use of water between two successive
sampling periods (cm)
M, = Soil moisture at firstsampling in i layer (%)
M,,= Soil moisture at second sampling in " layer (%)
Asi =Apparent specific gravity of the i" soil layer
Di  =Depthofthei"layer of soil (cm)
N =Number of soil layers in the root zone
Water use efficiency (kg/ha/mm): The WUE was worked
out with the help of the following formula:
Seed yeild (kg/ha)

WUE (kg/h =
(kg/ha/mm) consumptive water use (mm)

Statistical analysis: Experimental data were statistically
analyzed by using SPSS software.

Table 1. Average mean weekly values of weather
parameters during cropping season (2017-18
and 2018-19)

Parameters Unit 2017-18 2018-19
Rainfall (mm) 18.8 344
Temperature (max.) 27.14 24.75
Temperature (min.) 9.30 9.00
Relative humidity M (%) 84.75 87.16
E (%) 30.62 38.83
Bright sunshine (hrs.) 6.62 5.90
Wind speed (km/h) 2.22 2.78

RESULTS AND DISCUSSION

Effect of irrigation: The successive increase in number of
irrigations at different phenological stages increased the oil
content in both the years (Table 2). Application of two
irrigations at 40 and 75 DAS established its superiority by
producing significantly the highest oil yield. In general, oil
yield decreased significantly with each number of irrigations
at different phenological stages in both the years and was
statistically at par with one irrigation at 40 DAS only during
2018-19. The different irrigation regimes did not exert their
significant influence on the glucosinolate content,
respectively during both years. Probably adequate supply of
moisture helps in the greater uptake of nitrogen, which in
turn, higher the oil content in seed. Therefore, the higher
seed yield was responsible for higher oil yield under I,
whereas, increased in temperature at maturity stage under
control condition, increased the loss of oil through
volatilization might have reduced the oil content of seed.
Contrarily, a significant response of irrigation on oil content
and oil yield of mustard was Observed in earlier studies
(Tyagi and Upadhyay 2017, Shivran et al., 2018, Mishra et
al., 2019, Piriet al., 2019 and Kumar and Dhillon 2023).

The soil moisture content under in control declined
consistently from sowing till harvest (Table 3). The decline in
moisture content was faster in beginning and at crop maturity
stage than during mid-season. The irrigation frequency
increased the soil moisture content considerably by
application of two irrigations at 40 and 75 DAS followed by
one irrigation at 40 DAS. At harvest, soil profile under both

Table 2. Oil content (%), oil yield (kg/ha) and glucosinolate content (%) of Indian mustard as influenced by irrigation levels,
varieties and anti-transpirants(Pooled of 2017-18 and 2018-19)

Treatment

Oil content (%) Oil yield (kg/ha) Glucosinolate

content (umol/g)

Irrigation levels (1)

I,- Control (No post-sowing irrigation)

I,- One irrigation at 40 DAS (At pre-bloom stage)

I,- Two irrigation at 40 and 75 DAS (At pre-bloom + pod filling stage)
CD (p=0.05)

Varieties (V)

V,-RH-725

V,-RH-749

CD (p=0.05)

Anti-transpirants (A)

A,- Control

A,- PMA @ 250 ppm at 45 and 90 DAS

A,- Kaolin 6 % at 45 and 90 DAS

A,- PMA @ 250 ppm + Kaolin (6%) at 45 and 90 DAS
CD (p=0.05)

38.7 543.0 79.1
39.4 673.3 80.1
39.7 788.7 82.2
0.6 95.9 NS
39.1 626.5 79.7
39.4 710.3 81.2
NS 78.3 NS
39.1 592.2 79.7
39.2 652.7 81.2
39.3 683.6 79.8
39.4 744.8 81.1
NS 7.7 NS
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control and irrigated condition exhausted completely. Soil
moisture use was maximum under 0-15 cm layer and it
declined with the increased in profile depth during both years.
The increase in soil moisture content might be due to timely
water supply through irrigation. The moisture content at pre-
bloom stage before irrigation under all the irrigation
treatments remained more or less same because at this
stage none of the plots were irrigated. However, at pod filling
stage moisture content in all the three depths (0-15, 15-45

85

and 45-90 cm) were higher under |, treatment because at this
stage crop had received two irrigations at pre-bloom and pod
filling stage, whereas, under I, treatment received only one
irrigation at pre-bloom stage.

The increase in consumptive water use and water use
efficiency by application of two irrigations at 40 and 75 DAS
was 30.3 per cent and one irrigation at 40 DAS was 14.8 per
cent over control (Table 4). Consumptive use of water by the
crop increased progressively and appreciably with increase

Table 3. Soil moisture content (%) at varying depth of Indian mustard as influenced by irrigation levels, varieties and anti-

transpirants (Pooled of 2017-18 and 2018-19)

Treatments Initial 1*Irrigation 2" |rrigation Harvest
Before irrigation After irrigation Before irrigation After irrigation
0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90
cm ¢©cm cm cm cm ¢©m c¢cm cm cm ¢cm ¢cm cm cm cm cm
Irrigation levels (1)
I, 13.4 70 84 104 68 81 101 50 61 79 48 58 76 30 38 55
l, 12.7 72 86 105 107 124 149 95 104 120 68 80 97 59 61 65
I, 12.5 71 80 104 109 13 136 90 119 122 116 134 160 7.7 86 107
Varieties (V)
V, 12.7 71 83 100 94 105 127 78 96 108 76 91 111 56 63 75
V, 13.1 71 84 109 95 107 130 78 94 106 79 90 1M1 55 60 76
Anti-transpirants (A)
A, 12.8 71 87 103 96 105 125 80 97 108 77 93 12 56 64 75
A, 12.4 72 87 102 95 12 129 79 96 103 79 94 11 55 62 77
A, 13.1 69 79 105 92 102 133 78 92 M2 75 86 110 54 59 74
A, 13.3 73 80 107 96 106 128 77 93 105 78 90 11 56 60 77

See Table 2 for treatment details

Table 4. Consumptive use of water (mm), water use efficiency (kg/ha/mm) and economics of Indian mustard as influenced by
irrigation levels, varieties and anti-transpirants (Pooled of 2017-18 and 2018-19)

Treatment Consumptive use of water (cm)  Consumptive Water use Gross Net Net income B: C ratio
use of water efficiency returns returns per day

0-15 15-45 45-90 (mm) (kg’lha/mm)  (Z/ha) R®/Mha)  (/halday)
Irrigation levels (1)
I, 6.9 6.3 5.1 180.7 7.8 67671 25557 184 1.6
I, 8.1 71 5.7 207.3 8.3 82923 39609 281 2.0
I 9.5 7.8 6.3 235.3 8.4 95452 50938 357 22
Varieties (V)
V, 8.1 7.0 5.6 205.5 7.8 77574 34260 246 1.8
V, 8.3 71 5.7 210.1 8.6 86456 43142 301 2.0
Anti-transpirants (A)
A, 8.2 6.9 5.6 205.0 7.4 73616 31508 226 1.8
A, 8.1 71 5.6 206.8 8.1 80420 36728 261 1.9
A, 8.1 6.9 5.8 207.2 8.4 83711 40775 287 2.0
A, 8.3 7.2 5.7 212.2 8.9 90315 45795 322 2.0

See Table 2 for treatment details
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in number of irrigations because irrigation increased the
available water in the soil profile and this facilitated more loss
of water through evapotranspiration as compared to no
irrigation. Frequent irrigations though, necessary for yield
maximization usually lower the water use efficiency because
moist or wet surface of soils results in increased loss of soil
moisture through evaporation but simultaneously increases
consumptive use. These findings are in close proximity with
Tyagiand Upadhyay (2017) and Shivran etal. (2018).

Significantly maximum gross monetary return, net

realization, netincome per day and benefit cost ratio was with
the application of twoirrigations at 40 and 75 DAS followed by
one irrigation at 40 DAS (Table 4). The mean increase in net
realization due to application of two irrigations at 40 and 75
DAS was to the extent of 28.8 per cent over |, and 99.2 per
cent over |,. The increase in seed yield under this treatment
had appreciably been compensated by the increased
expenses on account of increase in irrigation and hence,
resulted in greater net return, netincome per day and benefit
cost ratio. These results are in consonance with Verma et al.
(2014) and Tyagi and Upadhyay (2017).
Effect of variety: The significantly the highest oil yield was
recorded under RH-749 over RH-725, respectively during
both years. Percentage increase in oil yield with RH-749
were 13.3 per cent over RH-725. Whereas, varieties did not
exhibit their significant influence on the oil content of seed
and glucosinolate content (Table 2).

An appraisal data in Table 3 indicated that soil moisture
content among genotypes there was very little difference in
moisture extraction from different layers during both years.
Whereas, among the different genotypes there was very little
difference in moisture extraction from different layers,
Consumptive use and water use of efficiency (Table 4) was
recorded significantly higher with RH-749. Percentage
increase in WUE with RH-749 were 10.3 and 11.0 per cent
over RH-725. The data reveals in Table 4 that mustard variety
RH-749 accrued the maximum gross and net realization, net
income per day and B:C ratio. Percentage increase in net
realization with RH-749 was 25.9 per cent over RH-725.
Genetic potential of a particular variety plays a role in
exploitation of higher yield and there by remuneration.
Results are in concurrence with those of reported earlier by
Kumar et al. (2017), Singh et al. (2017), Meena et al. (2017),
Kumar et al. (2018), Yadav et al. (2018), Jaiswal et al. (2019),
Rajyalakshmi et al. (2019), Maurya et al. (2022) and Tamboli
etal. (2024).

Effect of anti-transpirants: The experimental results
indicated that effect of different anti-transpirants was noted
on oil yield but did not exhibit any influence on oil content and
glucosinolate content (Table 2). As compared to control,

application of PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS recorded significantly higher oil yield and was at par with
both application of kaolin 6 % at 45 and 90 DAS only during
2018-19. The above treatment directly influenced the
physiology of the crop and reduced the losses of moisture
from field and increased moisture utilization and uptake of
nutrients, which ultimately resulted in higher grain yield of
mustard and its quality. The oil yield is dependent on oil
content in seed and seed yield. Therefore, the higher seed
yield was responsible for higher oil yield under application of
PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS during both
years. The results are also close agreement with those
reported by Rajput (2012), Badukale et al. (2015), Kumar et
al. (2017), Kumaretal. (2018) and Mphande et al. (2020).

The consumptive use of water and water use efficiency
(Table 4) of mustard increased significantly due to application
of PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS followed
by application of kaolin 6 % at 45 and 90 DAS. The above
treatment directly influenced the physiology of the crop and
reduced the losses of moisture from field and increased
moisture utilization. The application of PMA and kaolin alone
and in combination through foliar spray may be an option to
improve the biometric parameters by reducing the size and
number of stomata and gradually hardening them to stress.
Thus, it can be helpful in economizing water and making it
available to the plant for growth and seed production. The
present findings are agreement with Rajput (2012), Badukale
et al. (2015), Kumar et al. (2017), Kumar et al. (2018) and
Tambolietal. (2024).

The highest gross and net monetary return, net income
per day and benefit cost ratio (Table 4) accrued with
application of PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS followed by application of kaolin 6 % at 45 and 90 DAS
and PMA @ 250 ppm at 45 and 90 DAS over control. The
mean increase in gross realization due to application of PMA
@ 250 ppm + kaolin (6%) at 45 and 90 DAS was to the extent
of 45.3 per cent over control. The above treatment directly
influenced the physiology of the crop and reduced the losses
of moisture from field and increased moisture utilization and
uptake of nutrients, which ultimately resulted in higher grain
yield of mustard, which might be responsible for higher net
monetary return, net income per day and benefit cost ratio,
which showed significant positive correlation with seed yield.
These findings are in conformity with results reported by the
present findings are agreement with Rajput (2012), Badukale
et al. (2015), Kumar et al. (2017), Kumar et al. (2018) and
Tamboli et al. (2024). Interaction effect on oil yield between
levels of irrigation and anti-transpirants was significant (Table
5). The significantly higher oil yield was recorded when
application of two irrigations at 40 and 75 DAS with PMA @

Add .
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Table 5. Interaction between levels of irrigation and anti-transpirants on oil yield (kg/ha) of Indian mustard

Treatment Oil yield (kg/ha)
2017-18 2018-19
Anti-transpirants (A)
A, A, A, A, Mean A, A, A, A, Mean
Irrigation ) 434.8 607.7 5655 5462 5385 4740 6454 5345 5360 5475
levels (1) I, 609.7 5782 6565 7409 6463 6738 6152 7371 7747 7002
I, 731.6 7104 7089 9381 7721 6295 75904  899.3 9332  805.3
Mean 592.0 6320 6436 7417 592.4 6734 7236 7479
CD (p=0.05) 1155 132.7

See Table 2 for treatment details

250 ppm + kaolin (6%) at 45 and 90 DAS, respectively during
both year and was statistically at par with treatment
combinations of |,A,only during 2018-19.

CONCLUSIONS

The higher oil content, oil yield, glucosinolate content, soil
moisture content, consumptive use of water, water use
efficiency, net return and B: C ratio could be obtained when
mustard is grown with two irrigations, each at 40 and 75 DAS.
The variety RH-749 proved to be better as compared to RH-
725 in terms of oil yield, net return and consumptive use of
water and water use efficiency. The application of PMA @
250 ppm + kaolin (6%) at 45 and 90 DAS recorded
significantly higher oil vyield, soil moisture content,
consumptive use of water and water use efficiency. Thus,
higher quality, net return and consumptive use of water and
water use efficiency can be achieved by sowing the mustard
variety RH-749 along with application of two irrigations at 40
and 75 DAS and PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS on loamy sand soils.
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Abstract: The socio-economic challenges faced by Ghatal, West Bengal, due to frequent floods in the lower Shilavati River basin are the focus
of this study. Employing a mixed-methods approach, it combines comprehensive household surveys with advanced statistical analyses to
assess the impacts on the local community, particularly within the Ghatal Sub-division. The research highlights how flooding during the
monsoon season exacerbates issues in low-lying areas, significantly affecting agriculture and disrupting livelihoods. Key findings reveal that
78% of households remain in flood-prone areas despite the risks, and there is a significant loss of residential and agricultural lands, posing
major threats to riverbank communities. The study also emphasizes the public health risks associated with flooding, including outbreaks of
waterborne diseases and reduced access to healthcare due to damaged infrastructure. By detailing the adaptive measures that communities
have ingeniously adopted in response to these persistent environmental challenges, the research offers valuable insights into community
resilience. Furthermore, it provides recommendations for policymakers and researchers aimed at fostering sustainable development and

enhancing the capacity to address climatic challenges.
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Geographically and historically, West Bengal is one of
India's most prosperous states. Known for its rich ethnic and
religious cultural heritage, West Bengal is also distinguished
by its diverse physiographic, climatic, and environmental
attributes, earning it the reputation as one of the most
resourceful states in India (Adhikary 2022). Alarge part of the
state of West Bengal is exposed to frequent natural
catastrophes like floods, cyclones, droughts and landslides
that often turn into disasters causing significant disruption of
socioeconomic life of communities and loss of human lives
and properties (Das et al., 2011). The situation in India is not
better since 55 per cent of India's landmass is prone to
earthquakes; 68 per centis vulnerable to drought; 12 per cent
to floods; and 8 per cent to cyclones apart from the heat
waves, and severe storms (Chawla 2012). From 2000 to
2019, floods affected more than 1.5 billion people worldwide.
They accounted for 44% of all global disasters during this
period. This highlights the significant impact of floods on
global populations (UN Office for Disaster Risk Reduction
2020; (Yu et al., 2022). Floods displace millions annually,
caused by heavy rain leading to river overflow. They cause
secondary effects including structural damage,
contamination, and disturbance of life and property, in
addition to direct hazards like water contact. (Venkatesan
and Mahindrakar 2020). Flooding during the monsoon
season in India, especially in July and August, is driven by

unpredictable weather and intense rainfall (Chaudhury
2021). In India, the monsoon period sees various types of
floods, including riverine floods, dam break floods, and storm
surge floods. Flooding is a common phenomenon, occurring
every one to two years. Many rural and urban areas regularly
experience floods due to the variability of monsoonal
behavior. The study employs rural participatory research
approaches in developing four vulnerability categories
namely socio-economic, ecological, engineering and
political; which were used to develop indicators that aided the
calculation of total community vulnerability index for each
community (Antwi et al., 2015). Floods, among other natural
forces like earthquakes and storms, have significantly
shaped Earth's landscape. When floods interact with human
settlements and infrastructure, they can cause devastating
disasters (Chaudhary and Piracha 2021). In the relentless
dance between water and human civilization, floods emerge
as formidable specters, casting their pervasive shadows over
communities and leaving indelible imprints on landscapes.
Natural and human-made disasters are prevalent globally
and persist without prior notice and are believed to be
escalating in terms of their scale, intricacy, occurrence rate,
and economic ramifications. These natural calamities, born
of water overflow, transcend mere meteorological events,
posing existential threats to agriculture, infrastructure, and
the very fabric of human settlements. Whether provoked by
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the relentless deluge of rainfall or the gradual release of
snowmelt, floods unfold as harbingers of chaos, precipitating
widespread damage and irrevocable change. The symphony
of destruction orchestrated by floods is not confined to
physical upheaval alone; it extends its reach to the
displacement of entire populations, compromising water
quality, and demanding urgent mitigation measures.
Navigating the treacherous waters of floods requires a
multifaceted approach, incorporating advanced early
warning systems, the fortification of resilient infrastructure,
and the implementation of sustainable water management
practices. Yet, at the heart of this complex equation lies the
linchpin of community preparedness-a proactive stance that
becomes instrumental in minimizing the devastating impact
of these natural cataclysms. In the intricate tapestry of India's
climatic embrace, the monsoons unleash torrential
downpours that swell rivers and water bodies to their zenith,
setting the stage for the perennial drama of floods. The
42.55% of the topography stands susceptible to the
capricious whims of flooding in Ghatal sub-division (Annual
Flood Report 2019).The Ghatal-Daspur, in Paschim
Medinipur District, the landscape epitomizes heightened
susceptibility to flooding. This study explores the historical
flooding patterns in Ghatal Block by assessing the socio-
economic impacts on livelihoods, housing, and agriculture,
and delving into adaptive strategies alongside residents'
perceptions of risk and vulnerability.

MATERIAL AND METHODS

Study area: The study area is nestled between coordinates
N 22°31'63’N to N 22°49'26” and E 87°30'47” to E
87°48'16”E, Ghatalsub-division spans 953.09 sq.km with
total cropped area 69787 hectors. Positioned in West
Bengal's Paschim Medinipur district, the area boasts a
unique river pattern, dividing it into three sections. Ghatal, the
focal point, lies at the lowest elevation, intricately intersected
by rivers like Shilabati and Rupnarayan. Excessive rainfall
poses a flood threat (Dandapat and Panda 2017). Ghatal
sub-division encompasses five blocks, with portraying the
captivating study area and its vulnerability to natural
calamities (Table 1). The survey was conducted within the
research area using anthropogenic inquiry methods to
engage the local community. Collaborative flood mapping
efforts were complemented by symbiotic mapping ventures,
and hydrological data were extracted from governmental
repositories. Integration of advanced technologies like the
Digital Elevation Model (DEM) and Landsat satellite imagery
enhanced analytical capabilities, seamlessly blending
community perspectives, governmental datasets, and
cutting-edge technology within the study.

Methodology: This investigation systematically explores the
factors contributing to flooding in the Ghatal block and the
significant impacts on local livelihoods. The work combines
both primary and secondary data sources to ensure a
comprehensive analysis. Flood experiences, impacts, and
damages were assessed through focus group discussions
and key informant interviews, particularly with elderly
residents and those highly exposed to river pollution is an
enormous problem in developing countries like India. The
main cause attribute could be lack of proper planning and
ignorance of local and common people (Roy et al., 2021).
Primary data is collected through interviews with local
residents and administrative officials, and collaborative flood
mapping efforts to capture the direct experiences of those
affected. Secondary data was sourced from governmental
records, including gauge data and rainfall statistics from the

Table 1. Study area

Area name Block Latitude Longitude

Ramijibanpur Chandrokona -1 N 22°49'26”  E 87°35'55"
Jara Chandrokona -1 N 22°46'7” E 87°35'2”

Kirpai Agi Farm Chandrokona -1 N 22°43'15”  E 87°36'30”
Mohanpur Chandrokona -1 N 22°36'33” E 87°35'18”
Mangrul Chandrokona -1 N 22°46'41” E 87°42'4”

Lalghar Chandrokona -2 N 22°43'56"  E 87°28'32”
Metela Chandrokona -2 N 22°48'25"  E 87°30'09”
Piyardanga Chandrokona -2 N 22°46'18”  E 87°31'51”
Ramganja Chandrokona -2 N 22°43'50”  E 87°32'09”
Pinglash Chandrokona -2 N 22°39'31”  E 87°31'01”
Chandrokona- Chandrokona -2 N 22°44'04”  E 87°30'47”
Kharar Ghatal N 22°42'55"  E 87°40'07”
Irpala Ghatal N 22°44'25"  E 87°42'50”
Ajabnagar Ghatal N 22°39'55"  E 87°42'04”
Mansuka Ghatal N 22°42'43"  E 87°44'07”
Ghatal Ghatal N 22°39'57"  E 87°44'08”
Palaspai Daspur -2 N 22°30'54” E 87°46'53”
Goura Daspur -2 N 22°31'53” E 87°44'17”
Panchberia Daspur -2 N 22°32'08” E 87°44'46”
Basudevpur Daspur -2 N 22°34'00” E 87°43'25”
Gochati Daspur -2 N 22°32'39"  E 87°46'04”
Chaipat Daspur -2 N 22°34'17"  E 87°48'16”
Rajnagar Daspur -1 N 22°35'34”  E 87°41'09”
Lankagar Hat  Daspur -1 N 22°33'27”  E 87°37'37”
Harirajpur Daspur -1 N 22°33'48” E 87°35'24”
Daspur Daspur -1 N 22°35'15” E 87°43'03”
Khanjapur Daspur -1 N 22°38'31” E 87°46'01”

Source: Google
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sub-divisional irrigation department, to provide empirical
support. Yearly damage data was compiled from reports on
storm damage and losses. This was followed by flood risk
assessments and the creation of flood risk maps, (Asare-
Kyei et al., 2015). The study employs a range of methods for
detailed analysis include immersive oral interviews with key
stakeholders offer nuanced insights into flood dynamics
historical flood data, tidal characteristics, and demographic
information are drawn from administrative archives and
scholarly literature. Geospatial analysis uses a Digital
Elevation Model (DEM) and multi-temporal satellite imagery,
including Landsat satellite data, to map regional slopes and
floodwater paths. The Global Positioning System (GPS) is
used to accurately identify flood-prone areas and inundation
sites. This combination of methods provides a robust
foundation for understanding and addressing the flooding
issuesin Ghatal.

RESULTS AND DISCUSSION
Climate of the explored area & its relation to flooding:
The tropical monsoon climate characterized by hot summers
and evenly distributed rainfalland experiences four distinct
seasons: a cool winter (mid-December to February), a warm
summer (March to May), the South-West monsoon (June to

September), and a mild post-monsoon phase (October to
mid-November). Flooding is a significant concern during the
monsoon season, severely impacting the region (Sahoo and
Sivaramakrishnan 2014). The historical flood trends (1959-
2021) emphasize the extensive damage incurred with flood
history (Table 2). The vulnerability of Ghatal to disasters and
water contamination is increasingly exacerbated by climate
change and rising pollution levels in the Bay of Bengal as
observed by (Dolui and Ghosh 2013). This underscores the
urgent necessity for comprehensive strategies to tackle
these intertwined challenges and strengthen the resilience of
local communities. In these economically challenged areas,
homes are built from readily available materials despite
frequent flooding. In Ghatal subdivision, residents primarily
engage in animal husbandry and lumbering. The analyzed
data of river water levels from highlights hydrological
conditions and flood risks, with a focus on rainfall distribution
(2011-2023) for the Shilabati, Rupnarayan and Old Cossy
Rivers (Table 3) .

Cropping intensity in Ghatal sub-division and temporal
shift due to flood: Climate change and flood have a great
impact on local people's lives including agricultural
production, food security and rural live hoods (Table 5, 7).
Food grain and commercial grain farming are common, with

Table 2. Flood chronology in Ghatal Sub division: Tabular overview (1959-2023)

Year More than one month Less than one month Total loss (lakh)

Stagnant flood water Stagnant flood Stagnant flood water Stagnant flood

(Areasq.km) water depth (meter) (Area sg.km) water depth (meter)

1959 100 2 184 1.5 -
1967 100 25 69.3 1.5 -
1968 350 25 307.64 2 -
1973 208 150 2 247.64
1974 61 102.83 2 191.85
1975 104 25 110 2 309.5
1976 55.17 25 108 2 52.79
1977 100 35 130 2 1361.92
1978 710 35 356 2 517419
1999 78.39 3 100 2 8585.34
2000 80 3 120.85 2 16313.09
2007 232.5 3 400 2 49923.05
2013 200 3 125 2 4515.7
2015 700 35 330 2 10000
2017 800 35 425 2 13847.12
2019 400 2.6 176 2 832.51
2021 400 3.7 512 24 14879
2023 86 1.8 205 2 421

Source: Data collected from Irrigation Department, Ghatal sub division
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poultry farming being significant in Chandrakona-1 and
Chandrakona-2 blocks, but less so in Daspur-1. The area
also hosts small-scale industries related to rice, wheat, jute,
oilseeds, potatoes, pulses, and various processed foods.
Showcasing variations in crop damage underscores the
dynamic nature of agricultural outcomes across regions and
years. The farmers of this area are mainly affected due to
flood mainly Kharif paddy crop is totally damaged. Kharif
vegetables are also damaged. Due to floods from July to
October farmer cannot prepare proper seeds for winter
cultivation. Monsoon flooding forces Ghatal farmers to rely
on other crops, requiring irrigation for cultivation.
Approximately 47% use River Lift irrigation, 24% depend on

habitant: The 78% of households remain in flood-prone
areas, undeterred by the evident risks. Floods affect around
42% of total land area (Table 5). Between 1960 and 2000,
11% of the state's land was submerged by 13 high-magnitude
and 10 medium-magnitude floods (Gayen et al., 2022). In
flood days, people have been living in relief camps or on the
roadside. Most have sought temporary shelter in the homes
of relatives or roadside camps with their children and elderly
family members while their own homes are being repaired.

Table 4. Affected and shifted population during flood and
sources of drinkable water available during flood

mini shallow tubewells, while others use deep tubewells, Year Flood impact: Shifted & affected Water source (%)
1 0,

canals, or ponds. Agriculture during the non-monsoon period population (%)

is fully reliant on these irrigation practices, which remain 2017 39.36 25

effective despite recurring flood risks. Majority of farmer 2019 1.97 28

about 60percent people generally buy the seeds from open 2020 4.38 28

market at higher price. About 75% agricultural lands are 5951 36.41 24

Iocate-.d in low lying areas where water logging condition 2023 28.32 21

prevails about 3 months (Table 2, 3). Source: Sub division disaster management and health department of Ghatal

Self-perceived vulnerability to flood by location and sub division

Table 3. Analysis of river depth gauge and rainfall data (2011 t02023)

Shilabati Rupnarayan Old Cossye Yearly Flooded period in
rainfall data year

Banka Gadghat Bandar Ranichak Gopiganja Kolmijore

Highest flood Record

P.D.L-4.7 (m) P.D.L-8.38 (m) P.D.L-6.24 (m) P.D.L-4.72(m) PD.L-42(m) P.D.L-68(m)

D.L.-5.08 (m) D.L-899(m) D.L-6.85(m) D.L-5.33(m) D.L.-5.03(m) D.L.-9.29 (m)

E.D.L-6.9 (m) E.D.L-9.60 (m) E.D.L-7.46 (m) E.D.L-5.94 (m) E.D.L-5.64 (m) E.D.L-9.90 (m)

HFL-34(m)  HFL-11.12(m) H.FL-9.47 (m) H.FL-9.14 (m) H.F.L-8.41(m) H.F.L-11.12 (m)

15.69 (m) 8.47 (m) 6.95 (m) 5.91 (m) 4.42 (m) 7.95 (m) 2049.30 mm  18.06.2011 to
27.06.2011

15.34 (m) 7.56 (m) 5.39 (m) 4.78 (m) 3.22 (m) 8.11 (m) 1539.90 mm  07.09.2012 to
26.09.2012

15.58 (m) 8.53 (m) 6.70 (m) 6.06 (m) 4.57 (m) 9.76 (m) 2187.80 mm  28.07.2013 to
21.08.2013

12.14 (m) 5.09 (m) 3.59 (m) 3.81(m) 2.68 (m) 6.40 (m) 1251.60 mm  05.09.2014 to
18.09.2014

15.79 (m) 9.90 (m) 8.41 (m) 7.58 (m) 5.82 (m) 10.24 (m) 1993.80 mm  27.07.2015 to
04.08.2015

15.52 (m) 8.59 (m) 7.40 (m) 6.39 (m) 4.75 (m) 9.600 (m) 1879.20 mm  22.08.2016 to
09.09.2016

15.50 (m) 10.02 (m) 8.38 (m) 7.37 (m) 5.79 (m) 10.700 (m)  1837.40 mm  21.07.2017 to
25.07.2017

14.88 (m) 7.34 (m) 5.45 (m) 4.99 (m) 3.78 (m) 10.150 (m)  1287.40 mm 08.08.18 to
17.08.2018

12.93 (m) 6.79 (m) 5.80 (m) 4.81 (m) 2.59 (m) 7.550 (m) 1728.30 mm  27.10.2019 to
11.11.2019

14.94 (m) 7.92 (m) 6.27 (m) 6.10 (m) 4.11 (m) 9.575 (m) 1910.20 mm  22.08.2020 to
27.08.2020

16.37 (m) 10.42 (m) 8.62 (m) 7.80 (m) 5.99(m) 10.500(m)  2692.00 mm 27.07.2021
21.08.2021

Source: Irrigation Department, Ghatal sub division. (P.D.L- Primary danger level, D.L- Danger level, E.D.L-Extreme danger level, H.D.L-Highest flood level)



Socio-Economic Symphony of Ghatal Sub- division

Comprehensive health issues due to prolonged flooding:
During floods, water becomes polluted, leading to waterborne
diseases. Prolonged flooding in the region causes significant
health issues, with many residents affected by diarrhea and
cholera. Waterborne diseases, food poisoning, and snake
bites are also common. In the past, the lack of medical access
led to flood-related fatalities. They experience waterborne
diseases such as fever, dysentery, cholera, and snake bites,
as well as psychological trauma. The flood impact of Ghatal
sub-division (2017-2021) on disease patterns and roads can
lead to increased waterborne and vector-borne illnesses,
disrupted healthcare access, and hampered emergency
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response efforts, posing significant challenges to public
health and community resilience shows a poetic dance
between health and infrastructure challenges, reverberates
with the imperative to address both facets for the fortification
of community resilience shows in (Table 6). Human activities,
including engineering structures and dam construction,
greatly affect the river basin, altering river flow and increasing
flood risks. Nearly every household in Ghatal owns a small
boat (Dingi or Donga) for mobility during such times. Medical
care in Ghatal block is provided by hospitals, health centers,
allopathic doctors, homeopathic practitioners, and unlicensed
quacks. The disruptions in local markets compound these

Table 5. Crop damage mouza wise of Ghatal sub-division over seven years of intense rainfall and flooding

Year Total no.of Mouza affected in different block
Ghatal Chandrakona-1 Chandrakona-2 Daspur-1 Daspur-2

2013 130 46 100 156 87
2015 130 46 100 156 87
2016 151 73 86 Nill 87
2017 153 120 120 120 120
2019 156 148 140 162 87
2020 117 30 8 71 22
2021 156 60 103 162 87
2022 121 41 25 69 59
2023 126 38 21 87 76

Source: Disaster Management Department, Ghatal sub division and personal interviews

Table 6. Impact of floods on medical concerns and road infrastructure (2017-2021)

Year Medical concern (number of person) Impaired road (km)
Diarrhoea & Cholera Snake bite Other water bourn diseases
2017 1257 32cases/Death-2 3596 99.4
2019 258 0 456 184
2020 302 1 cases /Death-1 658 152
2021 1042 21 cases 3456 142
Source: Sub division disaster management andhealth department of Ghatal sub division
Table 7. Crop damaged in Ghatal sub-division due to heavy rainfall andflood (hectare)
Sub-division Kharif/Aman paddy Kharif/faman paddy Vegetables Jute Potato/groundnut Flower
total (in ha.) seed bed transplanting (hector) (hector) (hector) (in hector)
( hector) (hector)
Coverage Damaged Coverage Damaged Coverage Damaged Coverage Damaged Coverage Damaged Coverage Damaged
2013 6302 1383.8 22385 15211 2855 2017 600 84.5
2015 6302 1383.8 22385 15211 2855 2017 600 84.5
2016 59010 12909 3200 606 795 85.7
2017 5008 3640 15775 12575 2695 2290 795 590
2019 59465 45920 865 780 150 5 35 25
2020 58246 13180 2391 1146 720 90 57 20
2021 3761 2526 22364 20083 2130 1855 650 390

Source: Sub-division agriculture department and personal interviews
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challenges, casting ripple effects on education and
livelihoods. A discerning scrutiny of road lengths in Ghatal for
2017-2021, especially within non-pucca road categories,
suggests potential deterioration, further expounded upon in
our study, "Epidemiological Analysis (2017-2021): Disease
Patterns and Flood-Induced Road Impact." Floods,
formidable challenges that they are, cast their pervasive
shadows on education and livelihoods. Stakeholder opinions
converge on Ghatal as a region teetering on vulnerability,
beckoning the imperative for comprehensive solutions. This
review discussion advocates for a holistic approach,
seamlessly integrating hydrological, geomorphological, and
community-driven strategies, thus underscoring the exigency
for further scholarly exploration in this pivotal domain.

CONCLUSION

The Shilabati River experiences regular flooding due to
factors like irrigation, urban development, and changes in
hydrology caused by the construction of the Shilabati dam.
This has resulted in significant damage to both floodplain
residents and agricultural areas, with floods becoming more
frequent and severe during heavy rainfall, while the river
often dries up in the non-monsoon season. Urbanization has
further altered the river's morphology, increasing flood risks.
Existing mitigation efforts, such as the Ghatal master plan,
have had limited success. Key solutions include building
flood shelters, elevating infrastructure, and constructing
detention storage facilities to manage floodwaters.
Community involvement and sustainable water management
are essential for creating long-term flood resilience in the
region, making urgent action necessary to address these
challenges effectively. The recurrent floods in the
GhatalShilabati River severely impact low-lying areas in
Paschim Medinipur, damaging homes, infrastructure, and
livelihoods, particularly in agriculture, where paddy
cultivation has suffered significant losses. Despite the risks,
78% of households remain in flood-prone areas, relying on
vulnerable livelihoods such as animal husbandry and small-
scale farming. Floods also lead to outbreaks of waterborne
diseases, worsened by damaged roads and disrupted
healthcare access, highlighting the need for mobile medical
camps and infrastructure improvements. Human activities
like dam construction further increase flood risks by altering
river flow patterns. This study emphasizes the importance of
holistic flood management strategies that integrate
hydrological, geomorphological, and community-based
solutions to enhance resilience in the Ghatal region.
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Abstract: Cotton leaf curl disease, caused by the Geminivirus and transmitted by whitefly, is a major concern for cotton growers. This study
observed the effect of resistance-inducing chemicals (RICs); salicylic acid (SA) and B-aminobutyric acid (BABA), on pathogen-related
proteins, total soluble protein, disease incidence, and disease index. Both elicitors were applied @ 250 yM using two methods: seed priming
(once) and foliar spray (thrice at 5, 19, and 33 days after germination) on three cotton cultivars showing differential responses: F1378
(susceptible), LH2076 (moderately resistant), and FDK124 (resistant). The activities of proteins such as chitinase (PR-3), 3-1,3-glucanase
(PR-2), peroxidase (PR-9), and total soluble protein were estimated at 7, 21, and 35 days after germination. These resistance-inducing
chemicals work via systemic acquired resistance, an eco-safe technique providing long-term protection. Our results revealed that SA and
BABA significantly increased PR-proteins' activities viz. chitinase, 3-1,3-glucanase, peroxidase and total soluble protein content compared to
the controls. Furthermore, treated plants showed a remarkable reduction in cotton leaf curl disease incidence and index compared to
untreated plants. The higher activity of PR-proteins might be responsible for the decreased disease incidence and index in cotton cultivars. In
addition, -1,3-glucanase and chitinase negatively correlated with disease incidence and index, strongly indicating PR-proteins' role in the
plant defense mechanism. A comparison between modes 