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Abstract: This study reports the effect of conjoint application of inorganic fertilizers with organic manure on some leaf and fruit characteristics
of four high yielding walnut varieties of Kashmir. The experiment consisted of four different nutrient supplementation: inorganic fertilizer,
vermicompost, poultry manure and farmyard manure used in different combinations. All treatments were mixed well with soil and applied in the
first week of December during 2016 and 2017. Leaf nutrient status of different varieties varied non-significantly however treatments had a
significant effect on leaf nutrient status. SPAD index of SKAU/040 variety was significantly higher than rest of the varieties. SKAU/008showed
significantly higher protein and phenolic content with higher antioxidant activity than rest of the varieties. Pooled data recorded varieties
treated with T4 showed highest value of SPAD index and leaf macro and micronutrients. Conjoint application of inorganic manure with
vermicompost showed maximum fruit yield and fruit weight in selection SKAU/008. Overall integrated management improved the protein, fat,
ash content, higher total phenolic content and enhanced antioxidant activity. Thus, conjoint application of inorganic fertilizers with
vermicompost should be preferred over other organic manures for maximizing fruit yield, nutritional and nutraceutical content of walnut fruits

with substantial improvement in leaf nutrient status irrespective of the walnut variety used.

Keywords: Integrated nutrient management, Walnut, Leaf nutrient status, Fruit yield, Fruit nutrition, Fruit antioxidant activity

Asia is one of the leading producers of walnut with china
producing 1.75 million tons followed by Iran. The annual
walnut production of India is 47000 tons of which 98 per cent
are contributed by Jammu and Kashmir state. In Jammu and
Kashmir state walnut is grown on an area of about 89788 ha
with annual production of about 163745 metric tons
(Anonymous) with the productivity of 1.823 metric tons per
hectare. The demand of quality walnuts is increasing day by
day in the national and international market due to its high
nutritional and nutraceutical importance. Fertilization
treatments have the potential for increasing growth and nut
production of walnuts. The application of fertilizers to add N,
P and K have influenced the growth of tree and production of
fruits like chestnut, grapes, pears, figs and walnut trees.
However, intervention of chemical fertilizers for increasing
crop production has resulted in negative environmental
impacts through nitrate leaching and nitrous oxide
emissions. The increased use of fertilizers in non-judicious
manner, has led to diminishing soil productivity and multiple
nutrient deficiencies (Dhaliwal et al 2017). The gravity of
environmental degradation caused by the faulty cultivation

practices has led to focus on ecologically sound, viable and
sustainable farming systems. Hence, production of
horticultural crops has undergone enormous changes in the
recent years due to the development of innovative
technologies including nutrient management practice.
Minimizing use of chemical fertilizers in fruit growing is a goal
of integrated fruit production. Industrialized countries, such
as in the USA, EU, Canada etc., are convinced that organic
agriculture may represent a more achievable and much-
needed alternative, in order to reduce the use of
agrochemicals, preserving soil, water and biodiversity. The
organic manures, when applied to soil increases the fertility
status of soil and favorably influence the crop yield for several
years. It has been reported that farmyard manure,
vermicompost and poultry manure have increased growth,
yield and quality in different crops (Sahu et al 2017, Verma
and Kaur 2016). Application of vermicompost along with
mineral fertilizers has given encouraging results in terms of
crop productivity and maintenance of soil health
(Madarakhandi et al 2015). Singh and walia (2015) also
reported improved fruit yield and growth of baby corn. There
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is ample data regarding the influence of type and quantity of
fertilizer on yield and quality of food crops however, influence
of integrated nutrient management on walnut leaf and fruit
quality is not documented anywhere. Due to conflicting
reports regarding the overall production and quality of foods
affiliated to organic farming, benefits of agro-ecological
farming practices need to be widely tested. Hence, this study
was designed to explore the effect of different organic and
inorganic regimes on leaf nutrient status, yield, nutritional
and nutraceutical aspects of walnut fruit.

MATERIAL AND METHODS

The experimental orchard is located at Ambri Apple
Research Station PahnooShopian at 33.72°N latitude and
74.83° E longitudes, at an elevation of 2057 m above msl,
representing high hill zone of the state. The climate of the
area is typically temperate. Before application of manures
and chemical fertilizers a composite soil sample of the
experimental orchard was drawn and analysed for different
chemical properties (Table 1).

The studies were conducted on 9 years old four bearing
selections SKAU/002 (S1), SKAU/008 (S2), SKAU/024 (S3),
SKAU/040 (S4), of walnut grafted on seedling rootstock. For
the conduct of experiment, trees with uniform age and vigor,
placed at 6m x 6m were selected. The treatments were laid
out in arandomized block design (factorial), containing five
replications of three tree each. The details of treatment are:
T1=NPKrecommended as per package of practices through
inorganic fertilizers),

T2 =100 % through manure (FYM 50% + vermicompost 25%
+ poultry manure 25%),

T3 = 75% NPK through inorganic fertilizers + 25 % through
manure (FYM),

T4 =75 % NPK through inorganic fertilizers + 25 % through
manure (vermicompost),

T5 =75 % NPK through inorganic fertilizers + 25 % through
manure (poultry manure),

T6 = 75 % NPK through inorganic fertilizers + 25 % through
manure (1/3 FYM+ 1/3 Vermicompost +1/3poultry manure).

The recommended dose for first year was 200g N, 50g P
and 200g K and for second year 250g N, 60g P and 250g K
using urea, DAP and MOP as inorganic fertilizer source.
There were 24 treatment combinations. Farmyard manure,
vermicompost; poultry manure and inorganic fertilizer were
applied to each replication as per the treatment details. All
fertilizers and manures were applied in the first week of
December beneath the tree canopy and mixed well with soil.
Sampling: Soil samples before implementation of the
experiment and after harvest of crop were collected at a
depth of 0-50cm for analysis of macro and micronutrients.
Leaf samples from walnut trees were collected in the month
of august (15Th). Leaf Sampling was carried out between 8
and 10 a.m. on bright days and middle leaflets were used for
sampling.
Chlorophyll content (SPAD value): The chlorophyll content
of fully expanded leaf was determined by SPAD (Soil Plant
Analysis Development) [Minolta-SPAD 503 Osaka, Japan]
meter which is a convenient and reliable tool for in situ
chlorophyll measurement of plants and has been used for
different crops including walnut. The SPAD value (expressed
in SPAD index) was the mean of fifteen measurements on the
leaflet.
Leaf macro and micro status: Plant samples were oven
dried at 600°C for 48 hours and ground to pass through a 40-
mesh screen. Total nitrogen content was determined by
micro Kjeldahl'smethod, total phosphorus content was
determined by Venedomolybdo phosphoric acid yellow
colour method. Total potassium, calcium, magnesium and
micronutrients viz. zinc, manganese, iron and copper content
were estimated by Perkin Elmer Atomic Absorption
Spectrophotometer and the results were expressed in
percentage on dry weight basis.
Physico-chemical analysis: After harvesting, the nuts from
each tree were dehulled, dried, weighed and expressed in Kg
per tree. The weight of ten nuts randomly selected was
recorded. Protein, fat and ash content of walnut kernels were
determined according to AOAC (1998).

Table 1. Chemical properties of experimental orchard soil before start of experiment and organic fertilizer used in the

experiment
Macroelements (%) Microelements (ppm)
C (%) N (%) P (%) K (%) Ca (%) Mg (%)  Fe(ppm) Zn(ppm) Cu(ppm)  Mn (ppm)
OS 1.15a+0.1 308ct0.05 17.5c+0.1 230d+0.5 1197.45c+1.05 160.23c+0.5 48.9a+0.2 0.98a+0.05 2.58a+0.03 64.2b+0.05

FYM 10.22b+0.5 0.68a+0.01
VC 17.85d+0.5 2.48bx0.01

PM  14.55c+0.5 2.97b+0.05 0.95b+0.03 1.19b+0.05

0.32a+0.05 0.73a+0.03 0.72a+0.05 0.18a+0.01 144.20b+0.5 15.30b+0.2 2.40a+0.05 62.24b+0.02
0.89b+0.01 1.67c+0.02 0.82a+0.01
1.84b+0.05 0.41b+0.01 202.81d+0.5 18.00c+0.1 2.93a+0.05 52.50a+0.05

0.17ax0.03 162.15¢+0.3 22.00d+0.1 3.72b+0.01 71.50c+0.05

Values are mean + standard deviations with different letters implying significant difference between values.
OS: orchard soil; FYM: farmyard manure; VC: Vermicompost; PM: Poultry manure
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Antioxidant Assays
DPPH scavenging activity: The DPPH scavenging activity
of different extracts was measured using the method
proposed by Shafi et al (2017) with slight modifications.
Shoot extracts (100 pl) at various concentrations (0.1, 0.15,
0.2, 0.25 and 0.3 pg/ml) were mixed with 1 ml of 0.005%
DPPH and 2.4 ml of methanol. The mixture was thoroughly
mixed using a Vortex (EU Labnet International Edison, NJ,
USA) and kept in the dark for 30 min. The absorbance was
measured at 517 nm using a spectrophotometer (Hitachi U-
2900, Tokyo, Japan) against a methanol blank with DPPH,
excluding extract. Results were expressed as percent of
inhibition (% inhibition) of the DPPH. Percentage of inhibition
of the DPPH was calculated according to the following
equation:

Inhibition(%) = [(Ac-As)/Ac] x 100

Where, Ac is absorbance of control and As is
absorbance of the sample. The DPPH scavenging activity of
sample extracts was used for calculating IC50 using straight-
line equationy=mx+c.
Total phenolic content: Total phenolic content of the
extracts was determined using a FC (Folin-Ciocalteau)
assay, as described by Baba et al (2016). Each extract (100
ul) having concentration of 0.3 pg/ml was mixed with 250 pl of
FC reagent. The mixture was left to react for 5 min at room
temperature (20°C). Five ml of 20% sodium carbonate
solution was added, the mixture was mixed using the Vortex
and the total volume was made to 5 ml by adding distilled
water. The solutions were mixed and incubated for 1 hr at
37°C. The absorbance was measured at 765 nm. A
calibration curve was prepared using a standard solution of
gallic acid. Results were expressed as mg GAE/g DW (dry
weight).
Statistical analysis: Statistical analysis was done using a
commercial statistical package SPSS.10.1 (SPSS Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

Cholorphyll content (SPAD index): Maximum SPAD index
was observed in treatment T, (43.45) which differ significantly
fromT,, T,, T, and T, but are statistically at par with treatment
T, (Figure 1).

Leaf macronutrients: Different selections do not show
significant difference in leaf nutrient status treatments and
had significant effect on leaf macro and micro-nutrient status
(Table 2). A conjoint application of inorganic fertilizer with
organic manures resulted in a significant increase in the leaf
macronutrient status. Similar results were also reported in
coconut seedling by Reddy et al(2001) and in papaya by
Shivputra et al (2004). Maximum leaf nitrogen content was
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Fig. 1. Effect of integrated nutrient management on SPAD
index of walnut leaves nitrogen and magnesium from
combined application of inorganic fertilizer with
vermicompost. These results agree with those
obtained by Mishraetal (2011)

observed in treatment T, (2.79%) followed by T;, T, and T,,
while lowest was recorded in treatment T, and T, (2.71%).
Phosphorus content of leaves differed significantly with
different treatments with highest P content in treatment T,
(0.36 %). The highest K content was observed in treatment T,
(1.72 %) followed by T, and T, while lowest was fin treatment
T,. The highest leaf NPK content in treatment T, might be
because application of vermicompost along with NPK must
have enhanced mineralization of organic nitrogen thus
making more nitrogen available to the plants. Higher nitrogen
can also be due to the improvement in soil aeration, better
soil moisture retention in root zone, increased microbial
nitrogen fixation due to the conjoint application and improved
its availability to the plants. The addition of vermicompost
improves physical properties of soil, moisture retention in soil
rhizosphere, improved root development by mycelial network
of arbuscular mycorrhizal fungi, thus increased the water
absorption and hence improved nutrient contents of leaf
(Gupta et al 2005). Phosphorus applied to the soil in
inorganic form get fixed but addition along with organic
manure release P slowly due to microbial culture present in
the soil, solubilized the fixed phosphorus and make it easily
and readily available to plants. Different workers have
reported increased leaf NPK content with combined
application of inorganic fertilizer and vermicompost (Mitra et
al 2010). Maximum leaf calcium was observed in treatment T,
(2.58%) followed by T, and T,, while as lowest was in T, (2.25
%). Highest magnesium content was recorded in T, (=0.57
%) and minimum in T, (0.51 %). This increased calcium and
magnesium content in leaves might be because
vermicompost is a rich source of calcium and with the
application of vermicompost, availability of Ca would have
increased hence more leaf Ca. These results are in
confirmation with the findings of Anitha and Prema (2003)
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who reported more Ca in vermicompost. The results are in
corroboration with Morselli et al (2004) reported that addition
of organic manures enhanced the leaf content of P, K, Mg and
Ca. Emmanuel et al(2010) also reported increased tissue
concentration of N, P, K, Ca and Mg with application of
organic manure in African cherry nut.

Leaf micronutrients: The highest leaf iron content was
observed with T, (107.71 ppm) which was significantly
different from rest treatments except T,, whereas lowest iron

contentwas in T, (85.86 ppm). Maximum copper content was
in T, (10.35 ppm) followed by T, T, and T, while minimum
copper content was observed in T1 (3.48ppm). The higher
leaf iron status in T,might be due to higher iron content in
poultry manure. Leaf zinc content was also highest in t T,
(23.76 ppm), which is statistically at par with treatment T, but
show marked differences with all other treatments. The
higher concentration of leaf micronutrients in combined
application of inorganic and vermicompost application might

Table 2. Effect of integrated nutrient management on leaf mineral content

T, T, T, T, T, Ts
N S, 2.77aC 2.70bE 2.71cD 2.78dA 2.72eB 2.69fE
S, 2.78aC 2.71bE 2.74cD 2.79dA 2.76eB 2.71fE
S, 2.76aC 2.70bE 2.71cD 2.78dA 2.75eB 2.72fE
S, 2.78aC 2.72bE 2.72cD 2.79dA 2.75eB 2.70fE
P S, 0.23aD 0.30bB 0.21E 0.37dA 0.24eD 0.27fC
S, 0.25aD 0.29bB 0.21cE 0.36dA 0.24eD 0.26fC
S, 0.25aD 0.28bB 0.22cE 0.36dA 0.25eD 0.27fC
S, 0.24aD 0.29bB 0.21cE 0.37dA 0.24eC 0.26fC
K S, 1.63aB 1.55bD 1.57cC 1.73dA 1.59eC 1.51E
S, 1.66aB 1.54bD 1.58cC 1.71dA 1.60eC 1.52E
S, 1.67aB 1.55bD 1.59cC 1.72dA 1.61eC 1.52E
S, 1.69aB 1.54bD 1.57cC 1.73dA 1.59eC 1.51E
Ca S, 2.27aE 2.34bD 2.44cC 2.58dA 2.55eB 2.46fC
S, 2.25aE 2.35bD 2.42cC 2.58dA 2.56eB 2.44fC
S, 2.26aE 2.33bD 2.43cC 2.60dA 2.55eB 2.45fC
S, 2.24aE 2.33bD 2.45¢cC 2.58dA 2.58eB 2.44fC
Mg S, 0.51aD 0.53bC 0.54cB 0.57dA 0.54eB 0.53B
S, 0.50aD 0.53bC 0.53cB 0.56dA 0.53eB 0.52A
S, 0.51aD 0.52bC 0.54cB 0.57dA 0.53eB 0.52A
S, 0.51aD 0.53bC 0.54cB 0.57dA 0.54eB 0.52B
Fe S, 84.86aD 94.33bB 95.72cB 107.27dA 109.27eA 91.12fC
S, 85.58aD 94.59bB 95.5cB 105.5dA 106.49eA 89.56fC
S, 86.40aD 96.49bB 97.43cB 106.93dA 107.26eA 89.91fC
S, 86.61aD 95.42bB 95.39¢cB 108.25dA 107.8eA 91.09fC
Cu S, 2.85aF 7.11bE 8.86¢cC 9.58dA 9.33eB 7.72fD
S, 2.99aF 6.56bE 8.34cC 10.4dA 9.47eB 8.31fC
S, 4.18aF 6.45bE 9.18cC 10.94dA 10.09eB 8.03fD
S, 3.92aF 6.21bE 8.85cC 10.48dA 10.13eB 7.73D
Zn S, 20.74aB 21.43bB 21.43cB 24.43dA 23.37eA 21.92B
S, 20.25aB 22.05bB 22.17¢cB 23.33dA 23.81eA 21.56B
S, 20.21aB 21.97bB 21.98cB 23.84dA 23.52eA 22.47B
S, 20.25aB 21.47bB 22.56¢B 23.45dA 22.96eA 20.80B

Values are mean + standard deviations (n=3) measurements with different letters in a column (small) and row(capital) in a specific assay vary significantly (p<0.05)
T,=NPK (recommended as per package of practices) through inorganic fertilizers, T,=FYM, vermicompost and poultry manure (2:1:1), T, = (NPK: FYM in the ratio
of 3:1), T, = NPK: vermicompost (3:1), T, = NPK: poultry manure (3:1), T6 = 75% NPK through inorganic fertilizers + 25% through manure (1/3 FYM + 1/3
vermicompost + 1/3 poultry manure). S, =SKAU/002, S2=SKAU/008, S,=SKAU/024, S, =SKAU/040
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be due to the reason that vermicompost must have improved
soil properties like microbial population, enzymatic activities
especially dehydrogenase and hydrogenase that increased
the availability of micronutrients in vermicompost treated
soils.

Physico-chemical analysis: Fruit yield in four walnut
varieties varied significantly in the order S,> S,> S;> S,. Fruit
yield obtained after application of inorganic fertilizer (T1) and
organic manure (T2) varied non-significantly irrespective of
the walnut varieties studied. No significant difference in fruit
yields through organic and inorganic fertilization was
previously reported in strawberry (Hargreaves et al 2008).
However, a conjoint application significantly affected the fruit
yield in walnut varieties. Highest fruit yield was found in
walnut varieties with treatment T4 (5.87 kg tree”) that was
significantly higher than treatment T5 (5.30 kg tree™) and
treatment T6 (4.92 kg tree™) (Fig. 2a). Wojcik and Filipczak
(2015) also reported a higher fruit yield in Tibetan
blackcurrants using a combination of organic and inorganic
fertilizer while lowest yield was reported for organic
combinations only. Fruit weight in S, (12.56 g) was
significantly higher than rest of the walnut varieties while the
lowest value was observed in S, (11.87 g). Treatments
significantly affected fruit weight of walnut varieties (Fig. 2b).

Application of organic manure (T2) resulted in a significant
decrease in the fruit weight than inorganic fertilizer (T1).
Integrated nutrient management significantly affected the
fruit yield in all the walnut varieties under study. Among
different treatments, maximum fruit weight (13.16 g) was in
T4 while minimum fruit weight (11.68g) in T6. Sileshi et al
(2011) also observed similar trend in six paprika cultivars.
Addition of vermicompost along with inorganic fertilizer
showed highest results for fruit yield. Similar results have
been reported in groundnut (Sahana 2019) and apple (Raina
et al 2011). This increase in fruit parameter with combined
application of vermicompost and inorganic fertilizers might
be because vermicompost through the supply of important
micro-nutrients and enzyme activation may have improved
the fruit parameters. Fruits from different varieties were
studied for protein, lipid and ash content (Table 3). The S2
variety showed significantly higher protein fat and ash
content. Treatments did not show any remarkable
differences in the nutritional content except for protein.
Dangour et al (2009) also reported no significant difference in
nutritional quality of organically and inorganically produced
foods. T1 resulted in significantly higher protein content of
fruits than organic treatment (T2). Lower protein content in
organically produced food stuffs is very well documented

Table 3. Effect of integrated nutrient management on nut characteristics

Spacing oF T2 3 T4 T5 T6
Protein S1 16.1aB 15.25aC 16.33aB 16.93aA 16.67aB 16.37aB
s2 18.37bB 17.52bC 18.6bB 19.2bA 18.94bB 18.64bB
s3 17.11aB 16.36aC 17.442B 18.04aA 17.78aB 17.48aB
sS4 16.65aB 15.8aC 16.88aB 17.48aA 17.22aB 16.92aB
Fat S1 58.25aB 57.4aC 58.48aB 59.08aA 58.82aB 58.52aB
s2 58.63aB 57.78aC 58.86aB 59.46aA 58.74aB 58.9aB
s3 58.24aB 57.39aC 58.47aB 59.07aA 58.81aB 58.51aB
sS4 58.38aB 57.53aC 58.61aB 59.21aA 58.85aB 58.65aB
Ash S1 1.52aC 0.67aD 1.75aB 2.35aA 2.09aB 1.79aB
s2 1.94bC 1.09bD 2.17bB 2.77bA 2.51bB 2.21bB
s3 1.64aC 0.79aD 1.87aB 2.47aA0.02 2.21aB 1.91aB
sS4 1.48aC 0.63aD 1.71aB 2.31aA0.02 2.05aB 1.75aB
TPC S1 60.84aE 63.69aD 64.92aC 67.02aA£0.02 65.26aB 64.96aC
(mg GAE/g dw) s2 61.74bE 64.50bD 65.82bC 67.92bA%0.05 66.16bB 65.86bC
s3 61.62bE 64.47bD 65.7bC 67.86bA0.03 66.04bB 65.74bC
sS4 60.60aE 63.45aD 64.68aC 66.78aA0.05 65.02aB 64.72aC
DPPH (EC,,) S1 0.21aE 0.19aD 0.21aC 0.26aA0.01 0.24aB 0.22aC
s2 0.25bE 0.23bD 0.25bC 0.30bA0.02 0.28bB 0.26bC
s3 0.23bE 0.21bD 0.23bC 0.28bA0.01 0.26bB 0.24bC
sS4 0.19aE 0.17aD 0.19aC 0.24aA 0.22aB 0.21aC

See Table 1 for details
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Fig. 2. Effect of integrated nutrient management on a) Fruit
yield and b) Fruit weight

(Worthington 2001). However, a conjoint application of
organic and inorganic fertilizer significantly improved the
nutritional profiling viz; protein, fat and ash content in all
walnut varieties with highest values recorded for T4. Higher
results for T4 can be due to better establishment of microbes
through vermicompost that would have helped the soil to
become ready to serve zone for essential nutrients to plant
root system.

Total phenolic content (TPC): Among different varieties, S,
showed significantly higher value for TPC while lowest value
was in S,. Different treatments significantly affected the total
phenolic content of varieties in the order T4>T5>T6=T3>T2
(Table 3). Application of organic manures significantly
increased the total phenolic content in comparison to
application of inorganic manure in all varieties. TPC of
walnuts obtained by addition of organic manure walnut was
~5% higher than TPC of fruits obtained through inorganic
fertilization. Higher TPC thorough organic manuring than
inorganic fertilization was previously reported in beans
(Yahya et al 2017) and tomatoes (Toor et al 2006). A higher
TPC content due to organic manures can be because
inorganic fertilizers supply more bioavailable nitrogen that
may accelerate the plant growth but not the secondary
metabolites. Among organic manures highest TPC was

found with the application of T4>T5>T6=T3>T2. TPC of
walnuts treated with T4 was 10% higher than the TPC of T1.
Higher results for vermicompost were previous also reported
by Omar et al (2012). Higher values due to vermicompost can
be due to fundamental differences between different sources
of supplements. In addition, enzymatic activity of worms in
vermicompost as well as the presence of beneficial
microorganism may positively affect the plant growth.

DPPH radicle scavenging activity: Antioxidant activity of
walnut varieties varied significantly with the type of nutrient
management employed (Table 3). Antioxidant activity of
walnut fruits showed a similar trend to that of TPC. Inorganic
fertilizers resulted in lower DPPH radicle scavenging activity
than organic fertilizers. Similar results were reported in
cabbage (Bimova and Pokluda 2009). Antioxidant activity in
walnut fruits due to application of organic fertilizers showed
the trend as T4>T5>T6= T3>T2. Antioxidant activity of fruits
is strongly correlated to their total phenolic content
(Muzzaffar et al 2016) that explains the antioxidant activity
trend of walnut fruits in this study.

CONCLUSION

Chemical fertilizers can be used in combination with
economic and eco-friendly  organic manures to achieve
substantial productivity. The integrated nutrient management
of walnut is one of the important factors to boost the yield and
improve the quality of nuts. A combination of inorganic and
organic nutrient sources improved fruit yield with enhanced
fruit nutritional and nutraceutical quality of walnut. Conjoint
application of inorganic fertilizers with vermicompost exerted
a significant role in improving leaf nutrient status and fruit
quality of walnut rather than independently using organic or
inorganic nutrient sources. Among different organic nutrient
sources, vermicomposting should be preferred over other
organic manures for integrated nutrient management in
walnuts.
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Abstract: The study area was fall under semiarid climatic condition where groundwater serves as the most consistent source of water for their
domestic and agricultural activities. Seventy eight groundwater samples were collected and analyzed for pH, electrical conductivity (EC),
anions (HCO,” CO,*) and cations (Ca’", Mg* and Na"). From the results of the analyses and measurements, the suitability of the groundwater
for irrigation were evaluated based on the EC, sodium adsorption ratio (SAR), permeability index (Pl), residual sodium carbonate (RSC),
Kelly's ratio (KR) and US salinity laboratory diagram. The interpolation technique of geospatial technology was also used to evaluate and
mapping of spatial changeability of EC, pH, SAR, RSC and groundwater quality, which provide first-hand information about the quality of
groundwater. The analysis of above cites phenomena showed that the EC of groundwater ranged from 450 to 16300 ps/cm and 61.04% of the
samples fall under unsuitable and 25.97% under doubtful category respectively. These unsuitable and doubtful categories were more
prominent in central, North-east and West as rising trends in the area and occupied 72.91% and 26.31% area of study area, respectively. The
central and western part of area is most affected by this groundwater quality and most of the area suffers from waterlogging and soil salinity. As
per US salinity diagram the groundwater of the area falls within the high salinity-low sodium hazard and medium salinity-low sodium hazard
classes. Regarding the indices viz. RSC, SAR, Pland KR, the results showed that more than 90% of the samples were found to be within the
safe limit and likely suitable for agricultural irrigation purposes. The major aim of the study was to find out pre-treatment and monitoring of the

studied samples if they were to be utilized for irrigation. One option is to beat this issue to grow salt tolerant crops.

Keywords: Groundwater quality, Geospatial technology, Anions, Cations, SAR, KR, RSC

Groundwater is the main source of water that meets the
agricultural, industrial and household requirements. During
the past few decades, the contest for economic development
allied with the population growth and urbanization has led to
the major changesin land use, thus resulting in more demand
of water for these activities (Nag and Das 2014). Water
quality is decreasing due to the rapid growth of a large
number of industries as well as other infrastructures. These
human activities have a significant effect on the water quality
of the particular region and therefore, the need for community
recognition and enforcement of the Land-use Legislation,
better drainage, treatment plant construction and catchment
management in these areas has been recommended
(Chauhan and Bhardwaj 2017). The surface freshwater
bodies are rapidly declining day by day today's need to
conserve these freshwater ecosystems (Abhishek et al
2020). The usable water resource is not sufficient in India for
irrigation. Due to this, efforts are required to enhance the
source of water for irrigation in agriculture (Ahamed et al
2013). As per Agricultural Statistics of Haryana 2016-17, the
irrigation facilities in the state mainly cover by canals (38.8%)
and tube-well (61.2%). The groundwater is largely used in
irrigation so the quality and suitability of groundwater is major

requirement for sustainable crop production.

The groundwater quality for irrigation depends upon the
mineral constituents present in the water and is essential to
maintain the soil crop productivity at a higher level.
Assessment of groundwater quality for irrigation was
prerequisite for sustainable agricultural development and
crop production, so care should be taken before water gets
contamination (Vinothkanna et al 2020). The excessive
ground water draft from randomly distributed tube-wells for
irrigation purposes has changed the ground water level,
quantity and quality scenario. The basic feature controlling
ground water quality is dissolved substances, which are
generally called as the salts. The salts should contain small
amounts of dissolved solids originating from dissolution or
weathering of the rocks.

The interactions of water, soil, rock and source of various
pollutants are responsible for the inequality of groundwater
quality. Sequentially to excess withdrawal of groundwater
can also change the natural quality of groundwater.
Groundwater quality was also decreasing day by day due to
anthropogenic activities like excess amount of fertilizers and
pesticides used for crop yield (Kumar et al 2019). Keeping in
view the aforementioned facts, the present study was
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undertaken to evaluation and suitability of groundwater
quality for irrigation purposes in Nathusari Chopta block of
district Sirsa, Haryana.

MATERIAL AND METHODS

Location of the study area: The 'Nathusari Chopta block' of
Sirsa district is situated on the border of Haryana and
Rajasthan. Itis located between 29°13'21” t0 29°31'28” North
latitude and 74°54'13” to 75°18'40 East longitude.

Methodology: The 78 groundwater samples were collected
during 2019 from private tube-well, hand-pump and wells in
pre cleaned sterilized polyethylene plastic bottles (Fig. 1).
The ground water samples were analyzed for hydro-
chemical parameters of calcium (Ca), magnesium (Mg) and
sodium (Na+).The physical parameters like electrical
conductivity (EC) were also measured by conductivity meter
and pH by pH meter. All chemical parameters are expressed
in milli equivalent per liter except pH and EC. To find irrigation
water quality based on EC, SAR and RSC, water samples
were classified into different categories as per the
classification of All India Coordinated Research Project
(AICRP) on Management of Salt Affected Soils and Use of
Saline Water in Agriculture (AICRP-1989, Table 1). In order to
find the suitability of groundwater in agricultural irrigation,
several indices such as sodium absorption ratio (SAR),

Table 1. Irrigation water quality classification

Water quality Class Quality parameter

EC (dSm™) SAR  RSC (meqlL”)
Good A <2 <10 <2.5
Saline B
Marginally saline B, 2-4 <10 <2.5
Saline B, >4 <10 <25
High SAR saline B, >4 >10 <25
Alkai water C
Marginally alkali C, <2 <10 2.5-4
Alkali C, <2 <10 >4
Highly alkali C, Variable >10 >4

Table 2. Equations used to calculate the irrigation induces

permeability index (PI), residual sodium carbonate (RSC),
Kelly's ratio (KR) electrical conductivity (EC) and US salinity
laboratory diagram have been used. The concentrations of
the ions were interpreted and calculated from standard
equations as (Table 2).

RESULTS AND DISCUSSION
Electrical conductivity (EC): The EC indicated that 61.04 %
(47 samples) fall within the unsuitable category; while 20
(25.97%) and 8 samples (10.39 %) fall within the doubtful and
permissible categories, respectively. Only 2 samples
(2.60%) fall within the good categories (Table 3, Fig. 2).
Residual sodium carbonate (RSC): All samples of study
area are within the safe quality categories for irrigation this
indicates that water is suitable for irrigation. The RSC values
varied from -91.3 to 0.78 meq I'. Most samples (95%)
showed negative values which indicated that dissolved
calcium and magnesium contents were higher than
carbonate and bicarbonate contents. It indicates that 100%
of the samples have a good water quality where RSC values
are lessthan 1.25meq|” (Table 4).
Sodium adsorption ratio (SAR): The SAR values in the
study area range from -3.43 t0 9.04 meq ", which is less than
10 and all the samples of the study area have been in
excellent quality of groundwater to suitability for irrigation.
There is no threat of sodium consideration in soil as per SAR.
The higher the SAR values in the water, the greater the risk of
sodium. Aplot of groundwater data on the US salinity diagram
(Richards 1968), in which the EC is taken as salinity hazard
and SAR as alkalinity hazard (Fig. 3), shows 19.48 % of the
samples fall within the medium salinity-low sodium type of
water (C2-S1) and 40.26 % fall under medium salinity-low
sodium class (C3-S1). More over 45% of the samples fall
within the high-salinity hazard-medium sodium hazard class
(C3-S2) (Table 5). Groundwater that fall within the C1-S1 and
C2-S1 can be used for irrigation on all types of soil with little
danger of the development of harmful levels of exchangeable
sodium. However, C3- S2 and C3-S4 types of water could
only be used toirrigate certain semi-tolerant crops.

Index Equation Reference
Sodium adsorption ratio _ Na' Raghunath (1987)
SAR = 2 2 172
[(Ca* +Mg?*")/2]"
Kelly's ratio KR = Na * Kelly (1963)
Ca’ + Mg 2+

Permeability Index

Doneen (1964)

Residual sodium carbonate

pp - (Na+ JHCO ) x100

Ca + Mg + Na

RSC = (CO, + HC, - (Ca + Mg))

Eaton (1950)
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pH: The pH of groundwater samples ranged from 6.7 to 8.4
with a mean value of 7.31 indicating that the water is neutral to
alkaline in nature (Fig. 4). The lowest pH was observed in
Jogiwala and highest in Mochiwali. The variations in pH are
relatively small and the results also show that the alkaline pH
is particularly due to bicarbonate and not due to carbonate
alkalinity (Ahmad et al 2013. The higher pH of most of the
groundwater samples may be due to considerable sodium,
calcium, magnesium, carbonate and bicarbonate
concentration (Al-Tabbal and Al-Zboon 2012) as carbonates and
bicarbonates are hydroxyl generating ions (Bhat et al 2018).

Groundwater Sample Location Map
Nathusari Chopta Block, Sirsa
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Permeability index (Pl): Permeability index of the soils can
be affected by the long term use of the irrigation water when it
contains high concentrations of salts. It is a crucial parameter
for assessing the suitability of irrigation water. In accordance
with PI, water can be classified as Class |, Il and Il and class |
stand for P1% values more than 75, Class-Il P1% varied
between 25-75 and Class-Ill covers the P1% less than 25.
The present area the groundwater samples varied from-
557.89 to 89.64 with an average of 32.57%, while as 68.83 %
(53 samples) of groundwater fall within Il class and 27.27%
(21Samples) with in lll class categories, respectively.

Spatial Variability in EC of Groundwater
Nathusari Chopta Block, Sirsa
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Fig. 1. Groundwater sample location map

Table 3. Groundwater quality based on EC

Fig. 2. Spatial variability in EC of groundwater

Criteria Parameter Category Range No. of sample Percent of samples
USSL classification after E.C. (uS/m) Excellent <250 Nil Nil
Richards (1954) Good 250-750 2 2.60
Permissible 750-2250 8 10.39
Doubtful 2250-5000 20 25.97
Unsuitable >5000 47 61.04

Table 4. Suitability of irrigation water based on RSC

Criteria Parameter Value range Suitability for Irrigation  Area in Sq. km  Percent of study area
EEC classification in Lloyd and RSC(meq/l) <1.25 Suitable 756.44 100
Heathcote (1985) 1.25-2.5 Marginal 0 0

>25 Unsuitable 0 0
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Kelly's Ratio (KR): Waters with a KR value <1 are regarded
suitable for irrigation, while those with higher values are
considered unsuitable. In the present study area, the KR
values of groundwater varied from -0.86 to 2.26 while as the
majority (80.52%) of the collected samples fall within the
permissible limit of <1 and thus are considered suitable for
the agricultural irrigation. Only 19.48% (15 Samples) of
collected groundwater fall within unsuitable class as per KR
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Fig. 4. Spatial variability in groundwater quality

Table 5. Groundwater suitability class

Water quality Class Number of sample Per cent of sample

Very good C1- 81 2 2.60

Good C2-S1 15 19.48
C2-S2

Medium C2-S3 31 40.26
C3-S1

Bad C2-34 17 22.08
C3-S2

Very bad C3-S3 12 15.58
C3-354

Table 6. Groundwater quality classification of Nathusari
Chopta block

Class Number of sample Per cent of sample

Water quality

Good A 10 12.99
Saline B Nil Nil
Marginally saline B, 11 14.29
Saline B, 56 72.73
index.

Groundwater quality as per AICRP Criteria: According to
AICRP (1989) on Management of Salt Affected Soils and Use
of Saline Water in Agriculture classification, in the present
study area out of 77 groundwater samples 72.73% (56
samples) fall within saline category; while as 10 samples
(12.99%) and 11 samples (14.29%) fall within the good and
marginally saline categories, respectively (Table 6, Fig. 4).

CONCLUSION

The overall groundwater qualities vary from marginally
saline to saline category. Based on EC, 87% of the samples
of groundwater were under unsuitable and doubtful category
forirrigation purpose. The high salinity in groundwater mostly
central and south-west part of area was affected by this
groundwater quality. These areas were also face the problem
of waterlogging and soil salinity. In this situation saline
groundwater quality is more dangerous for the area. Thus,
more attention should be paid on groundwater salinity
variations in future management for sustainable utilization.
Other indices (RSC, SAR, and Pl and KR) of groundwater
quality for irrigation suitability, the result showed of PI that
72.73% groundwater samples falls under Class | and II,
making the groundwater suitable for irrigation. The US
salinity diagram also reveals that majority of the groundwater
fall within the high salinity-low sodium (C3-S1) hazard and
high salinity-medium sodium (C3-S2) hazard class. The
remaining indices showed that more than 90% of the
samples were found to be within the safe limit and likely
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suitable for agricultural irrigation purposes. The subtle use of
geospatial technology in spatial distribution of groundwater
quality for sustainable development management of
resources and aware to use of groundwater for irrigation first
know suitability has been demonstrated in the present study.
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Abstract: The objectives of the study were to find out the best post emergent non chemical formulations for weed management in maize.
Among the weeds, itchgrass (Rottboellia cochinchinensis) was dominant. Lower total dry weight of weeds were at 20 days after sowing (DAS)
in plots treated with vinegar 20%, followed by traditional formulation @ 101 ha™ (cow urine + lemon fruit + Terminalia chebula). At 45 DAS, lower
dry weight of weeds was observed in hand weeding twice on 20 and 45 DAS. At 20 DAS, more than 88% weed control efficiency was observed
in post emergence application of vinegar 20 % and post emergence application of vinegar 20 + hand weeding on 45 DAS. Among different post
emergent non-chemical formulations, higher grain yield (7214 kg ha™), lower weed index (1.38%) and higher returns on invest (93.29) were
obtained in post emergence application of vinegar 20% + hand weeding on 45 DAS followed by early post emergence application of traditional
formulation @ 10 1ha” (cow urine + lemon fruit + T. chebula) + hand weeding on 45 DAS.

Keywords: Maize, Non chemical formulation, Vinegar, Weed flora, Weed management

Maize (Zea mays L.) is the most adaptable food crop of
universal importance. It is the third most important food grain
crop after rice and wheat in India providing food, feed, fodder
and as a source of basic raw material for manufacturing
number of industrial products. Due its cultivation in rainy
season and widely spaced planting, maize gets infested with
variety of weeds and subjected to heavy weed competition
during the first 4-6 weeks after emergence (Saini et al 2013).
Very low to high range of actual yield losses (8.6-51%) and
economic losses of USD 750 million (estimated) were
observed due to weeds in maize in India (Gharde et al 2018).
Increasing herbicide usage is a prime concern today.
Indiscriminate uses of herbicides are having serious
environmental and ecological effect. The overuse of
herbicides has also lead to the fast evolution of herbicide-
resistant weeds (Beckie 2006, Egan et al 2011, Powles and
Yu 2010). Use of same group of herbicides will lead to weed
shift also. Ever increasing populations of herbicide resistant
weeds, weed shift and consistent public pressure to reduce
overall pesticide use, herbicide alternatives are now required
without delay. Proper assessment and use of directed
application of post emergent non chemical formulations are
possible substitution for herbicidal weed management.
Information on non-chemical formulations in weed control
should be collected and assessed properly in research fields
to meet the present and upcoming situation. Cost
effectiveness of formulations also needs much attention in
this regard. Less information is available on the changes in
weed flora, due to use of post emergent non chemical

formulations for weed management in maize. This
experiment aimed to study the changes in weed flora, yield
and cost effective point of view for finding the best non
chemical formulation for weed control in maize

MATERIAL AND METHODS

Location and soil: Afield experiment was conducted during
Kharif (first crop season) 2017 at Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu. The farm is located in
Western Agro climatic zone of Tamil Nadu (11°N latitude and
77°E longitude) and 426.7 m above mean sea level. The
experiment was laid in randomized block design with ten
treatments and three replications. The soil texture of the
experimental site was sandy loam with slightly alkaline pH
(8.4), low in available N (219 kg ha”), and medium in
available P (15 kg ha™) and high in available K (449.8 kgha™).
Agronomic practices: Maize hybrid COH (M) 6 released by
TNAU was used as the test crop. Seeds were sown at a
spacing of 60 cm x 25 cm in plots of size 4.8 m x 5 m.
Recommended dose of nutrients at 250: 75: 75 kg NPK ha
were applied. Entire dose of P and K and 25% of N were
applied basally. Half the dose of N was top dressed at 25 DAS
and the remaining 25% of N was top dressed at 45 DAS.

Non chemical formulations and its application: Spraying
(early post emergence and post emergence) of non-chemical
formulations as well as spraying followed by hand weeding
was included in the treatments. Common salt (NaCl) was
bought from the market and made into 30% concentration
and vinegar at a concentration of 20% was used in respective
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treatments. Traditional formulation was prepared by mixing 3
kg finely grounded powder of dried fruits of Terminalia
chebula, juice of ten numbers of lemon fruit in 10 litre of one
month old cow urine. This was kept for 15 days under shade
after covering with gunny bag. Regular stirring was also
done. Before spraying, the formulation was sieved using a
muslin cloth. Early post emergence (EPOE) applications
were done at two to six leaf stage of weeds (15" day of
sowing) and post emergence (POE) at 20" day of sowing
using knapsack sprayer fitted with deflector type nozzle and
hood to avoid direct contact of the spray fluid with crop plants
(protected spray). Hand weeding twice at 20 and 45 DAS and
weedy check were also maintained for comparison. The
details of treatment are in Table 2.

Weed flora: Observations on weeds in maize crop were
recorded on 20 and 45 DAS. Weed species in unweeded
control plot were observed, identified and grouped as
grasses, sedges and broad leaved weeds and presented as
weed flora of the experimental field. Weed density of
grasses, sedges, broad-leaved weeds was recorded by
using quadrate (0.5 m x 0.5 m) in four places at random and
expressed as number m? to get absolute density (AD).
Relative density of individual weed species and group wise
weeds were worked out as detailed below and expressed as

percent.
Absolute density of a given
species (No. m?)

Relative density (RD %) = x 100

Total absolute density of all
species (No. m”)

Weed dry weight: Data on weed dry weight was estimated
by using quadrat of size 0.5 m x 0.5 m in four places at
random. The weed species were pulled out and the samples
were air dried and then oven dried at 80°C to attain a constant
dry weight. Total dry matter of weeds was expressed as g m”
to find out the weed control efficiency.
Weed control efficiency: Weed control efficiency was
calculated on the basis of weed dry weight recorded on each
treatment at 20 and 45 DAS, using the formula of Mani et al
(1973) and expressed in per cent.
WDW, - WDW,

WDW, *

Where, WCE is the weed control efficiency in per cent,
WDW, is weed dry weight in unweeded control plot (g m?)
and WDW,is the weed dry weight in treated plot (g m?).

Grain yield: The cobs harvested from net plot area of
each treatment were sun dried, threshed, cleaned and grain
yield (kg ha™) was recorded at a moisture level of 14 per cent.
Weed index: Weed index was calculated by following
formula suggested by Gill and Vijaya Kumar (1966).

X-Y

WCE (%) = 100

WI x100

Where, X is the yield obtained in the weed free plot (kg
ha') and Y is the yield obtained in the respective treatment
plot (kgha™).

Economic evaluation: Cost effectiveness was calculated
on the basis of returns on investment (ROI) as suggested by
Zivenge etal (2013), were as follows,

ROI = (Net returns/Production costs) x 100

Where, the expenditure incurred from sowing to harvest

was worked out for finding the production cost and expressed
in Rs ha". Gross income obtained from grain and stover
yields were calculated for individual treatments. Net return
was calculated by deducting the cost of cultivation from gross
return.
Statistical analysis: The observed data on weeds and crops
were statistically analysed based on the procedure given by
Gomez and Gomez (1984) to find out the treatment
differences. The data on weed count and weed dry weight
having higher variation were subjected to square root
transformation (V(X + 0.5)) and analysed statistically.

RESULTS AND DISCUSSION

Weed flora: The weed flora of the experimental field during
the cropping period primarily composed of grasses, sedge
and broad leaved weeds. Rottboellia cochinchinensis,
Dactyloctenium aegyptium, Dinebra retroflexa under
grasses and Digera arvensis, Corchorus olitorius,
Trianthema portulacastrum and Acalypha lanceolata under
broad leaved weeds were observed (Table 1). Cyperus
rotundus was the only sedge observed in the experimental
field. Among the group of weeds, grass weeds registered
higher absolute density (94 and 117 No. m?) at 20 and 45
DAS and was followed by broad leaved weeds (52 and 65 No.
m?) and sedges were comparatively lower (3 No. m? each) at
20 and 45 DAS respectively. Relative density of individual
weed species of the experimental field showed that among
weeds species Rottboellia cochinchinensis recorded higher
relative density of 28.19 and 30.27% at 20 and 45 DAS. The
grasses, broad leaved weeds and sedges constituted about
63.24, 35.14 and 1.62% of total weed flora at 45 DAS (Table
1). The similar spectrums of weeds were also reported by
several workers (Mynavathi et al 2008, Swetha et al 2015).
Among the weeds, grass weeds were dominant and
itchgrass/corn grass (R. cochinchinensis) in the grass weed
(Table 1). Both the corn grass and corn belongs to C, species
and directline of descent from Rottboellia through Tripsacum
to Zea mainly contributed not only to the persistence but also
to the noxiousness of R. cochinchinensis in maize and has
become a major weed in tropical and sub-tropical regions.

Weed dry weight: Significant variations in weed dry weight
were observed at 20 and 45 DAS due to the imposition of
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non-chemical formulations (Table 2). At 20 DAS,
considerable reduction in total weed dry weight recorded in
POE vinegar 20% + hand weeding on 45 DAS which was
comparable with POE vinegar 20% and the reason was rapid
drying of the weeds as result of the contact action of vinegar.
At sub-lethal levels, vinegar could be used to cause leaf
damage in weeds outside of crop rows, which could reduce
seed production and mitigate herbicide resistance
development, as reported by Heap (2005). Vinegar might
have caused widespread damage throughout the leaf tissue
with lysis of cellular contents including the upper and lower
epidermal cells (Evans et al 2009).

At 45 DAS, hand weeding twice on 20 and 45 DAS
recorded significantly lower dry weight. This might be due to
the prevention of emergence of second flush of weeds as a
result of hand weeding, which resulted in vigorous growth of
maize during all stages. This was followed by POE vinegar
20% + hand weeding on 45 DAS and POE vinegar 20%
because of burning of weed foliage and reduction in vigour as
reported by Evans et al (2009). At later stages, weed control
was less in vinegar treated plots due to regrowth and new
weed emergence. This might be due the fact that the
underground roots might have unaffected by the application.
These results are confirming the results of Evans and
Bellinder (2009).

Weed control efficiency: POE vinegar 20% + hand weeding
on 45 DAS and POE vinegar 20% recorded higher weed
control efficiencies at 20 DAS of more than 88 per cent (Table
2). POE vinegar resulted in killing of weeds due to direct
contact application and hence reduced the number of weeds

Table 1. Weed flora of the experimental field

and ultimately with weed dry weight. There are earlier reports
of 80 to 100% weed control using acetic acid (10 to 20%)
concentration (Moran 2007).

Hand weeding twice on 20 and 45 DAS registered higher
WCE at 45 DAS and was followed by POE vinegar 20% +
hand weeding on 45 DAS and POE vinegar 20%. This might
be due to reduction in weed survival, since the weeds get
covered by soil, while using hand hoe and desiccation of soil
surface might have inhibited the weed regeneration. Similar
results of higher weed control efficiency due to hand weeding
twice were also reported by Sanodiya et al (2013) and Das et
al (2016). Reduction in WCE of vinegar treated plots was
because of regrowth and new weed emergence. This was
followed by EPOE traditional formulation @ 10 | ha” (Cow
urine + Lemon fruit + T. chebula) and EPOE traditional
formulation @ 10 1 ha™ (Cow urine + Lemon fruit + T. chebula)
+ hand weeding on 45 DAS, due to inhibitory effect of
allelochemicals like syringic acid present in T. chebula or
Indian walnut which reduced the hypocotyl length during
seed germination which finally led to reduced dry weight of
weeds. This was in accordance with the findings of
Manikandan and Rejula (2008). Manikandan and Rejula
(2008) also reported the inhibitory effect T. chebula
containing hydroquinone, syringic acid, trans-cinnamic acid,
gentisic acid, vanillic acid, and transferulic acid (phenolic
acids) or else known as allelochemicals on seeding growth
of Cassia occidentals and Crotalaria retusa from their
bioassay studies. In addition to the Indian almond, the
limonene is present in lemon fruit (Viuda-Martos et al 2009)
even at a low concentrations of 0.1 and 0.5 pL limonene

Weed Common name Family 20 DAS 45 DAS

AD (No. m?) RD (%) AD (No. m?) RD (%)
Grasses
Rottboellia cochinchinensis Itch grass Poaceae 42.00 28.19 56.00 30.27
Dactyloctenium aegyptium Crowfoot grass Poaceae 18.67 12.53 20.33 10.99
Dinebra retroflexa Viper grass Poaceae 33.33 22.37 40.67 21.98
Total 94.00 64.09 117.00 63.24
Sedge
Cyperus rotundus Purple nutsedge Cyperaceae 3.00 2.01 3.00 1.62
Broad leaved weeds
Digera arvensis False amaranth Amaranthaceae 40.00 26.85 47.33 25.58
Corchorus olitorius Jew's mallow Tiliacea 9.33 6.26 13.00 7.03
Trianthema portulacastrum Horse purslane Aizoaceae 1.00 0.67 2.00 1.08
Acalypha lanceolata Indian copper leaf Euphorbiacea 1.67 1.12 2.67 1.44
Total 52.00 34.90 65.00 35.14
Total weeds 149.00 100.00 185.00 100.00
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inhibited the germination of the weed (Amaranthus viridis L.).
Itis concluded that limonene can be exploited in future era of
weed management either directly or as a lead molecule due
toits weed suppressing potential (Vaid etal 2011).

Grain yield: Post emergent non chemical formulations
significantly influenced the grain yield in maize (Table 2).
Higher and comparable grain yield were obtained in the plots
hand weeded twice on 20 and 45 DAS (7315 kg ha™) and with
post emergence application of vinegar 20% + hand weeding
on 45 DAS (7214 kg ha™). Timely removal of weeds in hand
weeding and killing of weeds due to directed application of
vinegar has created a lesser weed infestation as well as weed
competition. This is in accordance with the finding of Evans
and Bellinder (2009). Favourable growing condition
occasioned better nutrient uptake and finally resulted in an
increased yield. These traditional weed management options
created a yield difference of 3900 and 3799 kg ha’,
respectively compared to weedy check. Early post emergence
application of traditional formulation @ 10 | ha” (Cow urine +
Lemon fruit + T. chebula) + hand weeding on 45 DAS recorded
next best in grain yield (6546 kg ha™). Inhibition of germination
of weed seeds and seedling growth due to the presence of
allelochemicals in T. chebula in the early stages and manual
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removal of weeds by hand weeding on 45 DAS have created
favourable condition and lesser weed competition between
crop and weeds through reduced weed density and weed dry
weight. Inhibitory effect of T. chebula due to the presence of
allelochemicals on weed seeds was earlier reported by
Manikandan and Rejula (2008). Lower grain yield was noticed
in weedy check (3415 kg ha") due to uncontrolled weed
growth which recorded a decline of 53.32% in yield compared
to the treatment hand weeding twice on 20 and 45 DAS.

Weed index: POE vinegar 20% + hand weeding on 45 DAS
recorded lower weed index (1.38) compare to all other
treatments (Table 2). This was followed by EPOE traditional
formulation @ 101 ha™ (Cow urine + Lemon fruit + T. chebula)
+ hand weeding on 45 DAS. Decrease in weed index was
mainly due to improved growth of crop plants as a
consequence of effective weed control by the vinegar and
reduction of crop-weed competition. This enabled crop to
take up more nutrients such as nitrogen, phosphorus and
potassium which in turns accumulated more biomass and
finally lead to more yield (Gaurav et al 2018). Weedy check
resulted in higher weed index. This may be due to the
uncontrolled weed growth during the crop period. These
findings endorsed with Rao etal (2016).

Table 2. Effect of post emergent non chemical formulations on total weed dry weight and weed control efficiency at 20 and 45
DAS, yield, weed index, production cost, net return and returns on investmentin maize

Treatment Total weed dry WCE (%)* Yield WI  Production Net return ROI*
weight (g m?) (kg ha')  (%)* cost (Rsha’)*
(Rs ha™)*

20 DAS 45DAS 20DAS 45DAS

EPOE 30% common salt 5.49 18.53 30.7 22.3 4202 4255 51823 14590 28.15
(29.65) (343.29)

EPOE 30% common salt + HW on 45 DAS 5.45 18.58 31.8 22.0 4940 32.47 58623 19309 32.94
(29.17) (344.80)

POE vinegar 20% 2.33 13.93 88.4 56.2 5712 21.91 53573 36416 67.97
(4.94) (193.70)

POE vinegar 20% + HW on 45 DAS 2.30 13.81 88.8 56.9 7214 1.38 58673 54738 93.29
(4.80) (190.43)

EPOE traditional formulation @ 10 | ha™ (cow 4.46 16.21 54.3 40.6 4224 4226 49793 16945 34.03

urine + lemon + T. chebula) (19.56) (262.39)

EPOE traditional formulation @ 10 | ha” (cow 4.49 16.24 53.8 40.1 6546 10.51 54893 48057 87.55

urine + lemon fruit + T. chebula) + HW on 45 DAS (19.74) (264.69)

EPOE traditional formulation @ 7.5 | ha™ (cow 5.43 18.30 321 24.0 4167  43.03 49738 16133 32.44

urine + lemon fruit + T. chebula) (29.02) (335.76)

EPOE traditional formulation @ 7.5 | ha™ (cow 5.44 18.38 32.0 23.6 4986 31.84 56538 22108 39.11

urine + lemon fruit + T. chebula) + HW on 45 DAS (29.10) (337.57)

HW twice on 20 and 45 DAS 6.52 5.18 1.6 94.0 7315  0.00 68953 46119 66.88
(42.09) (26.33)

Weedy check 6.58 21.03 - - 3415 53.32 48553 5594  11.52
(42.76) (442.07)

LSD (0.05) 0.41 1.17 635

C.V. 4.97 4.25 7.02

Figures in parenthesis are mean of original values; Data subjected to square root transformation

*Data statistically not analysed
EPOE: Early post emergence application

POE: Post emergence application DAS: Days after sowing

HW: Hand weeding
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Returns on investment: Post emergence application of
vinegar 20% + hand weeding on 45 DAS resulted in higher
returns on investment (ROI) ( 93.29%) because of its higher
yield, due to better weed control which resulted in favourable
growing environment with less weed competition and higher
net return (Table 2). This was followed by early post
emergence application of traditional formulation (Cow urine +
Lemon fruit + T. chebula) @ 10 | ha + hand weeding on 45
DAS with a ROl of 87.55%. This might be due to good yield as
well as cost effectiveness of the treatment adopted. ROI
value of 66.88 % was obtained hand weeding twice on 20
and 45 DAS which recorded higher and comparable yield to
that of POE vinegar 20% + hand weeding on 45 DAS. Higher
grain yield recorded in hand weeding twice was not enough to
project it as a cost effective management option due to its
higher production cost (Rs 68953 ha") involved in hand
weeding operation. Lower net return obtained in weedy
check due to competition for nutrients and space and low
yield obtained has pull down the ROI to a magnitude of
11.52%. Similar results were also reported by Kaiira et al
(2014).

CONCLUSION

Application of various post emergent non chemical
formulations significantly affected the weed flora in maize.
Post emergence application of vinegar 20% greatly
influenced the weed flora in maize. Of the various post
emergent non chemical formulations tested, post emergence
application of vinegar 20% followed by hand weeding on 45
days after sowing resulted in higher grain yield, lower weed
index and higher returns on investment and it can be used as
a non-chemical weed control tool in maize. Combination of
vinegar with other plant based products having allelopathic
effects on weeds may be evaluated for managing weeds and
research may also focus on the development of newer
molecules analogues to the allelochemicals.
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Abstract: Zinc oxide (ZnO) nanostructure was prepared by using a sol-gel reaction between ZnO and gentamycin. Characterization was done
using various techniques such as UV-VIS spectroscopy, Fourier transform infrared spectroscopy (FT-IR) and x-ray diffraction (XRD). The other
techniques also used included scanning electron microscopy (SEM) and atomic force microscope (AFM). The results show the intercalation of
gentamycin within ZnO is possible and they are of great importance to the field of chemical admixtures in bioinorganic composites. This study
demonstrated the use of gentamycin as the normal way of intercalating ZnO layered hydroxides with the use of hydrothermal synthesis at a
temperature of 400C in the formation of stable complex gentamycin-ZnO nanopatrticles. It released and characterized the end-composite

structure of gentamycin power.
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Zinc oxide layered hydroxides (ZLHs) has two
dimensional material and an ion exchange property. ZnO was
intercalated with folic acid and a mixture containing two
anions (2, 4- dichlorophenoxy Oacetate and 4- chlorophenoxy
acetate) in its solution which acted as a host (Bashi et al
2013). This caused the substitution of smaller anions such as
carbonate, nitrate and H,O. The intercalations of ZnO are
similar to those of the layered double hydroxide ZnO
nanoparticles (Bashi et al 2012, Zhang et al 2006), when
loaded are purposely packaged against pathogens which are
foodborne (Li et al 2005, Xie et al 2006, Glei et al 2006, Chen
etal 2008, Shaheed etal 2014). Various morphologies of ZnO
nanostructures are produced after synthesis such as
nanowire, tetra pods, Nano rods, Nano flowers and also Nano
belts. These methods can be obtained through wet chemistry
(Li et al 2005, Xie et al 2006). Numerous endeavors are
focused on the synthesis of ZnO materials (Bashi et al 2014).
These methods of synthesizing ZnO particles are based on
physical and chemical technologies. The growth of the
crystals is controlled by organic complexion additives (Xu et
al 2007, Lu etal 2007, Baltes et al 2008) which offer stability to
the nanoparticle implying the importance of using effective
measures to help induce conversion of the Zn complex into
Zn organic nanoparticles. Zinc fibers were obtained through
the decomposition procedure of bis (acetyl acetonate) using
ZnO at temperatures of high heat 110°C (Zhang et al 2007,
Ghimbeu et al 2007). The main objective of this work was to
explore the potential use of ZnO as a starting material for the
intercalation of Gentamycin for the formation of a new

gentamycin —Zinc oxide Nano hybrid. Then, the resulting
Nano hybrid could be used as a controlled release
formulation of drug activity of Gentamycin in further
application studies.

MATERIAL AND METHODS

ZnO and gentamycin were used without further
purification. The 50 ml solution of (0.05, 0.1, 0.2 M) of
gentamycin was prepared, mixed with a solution of 1gr of
ZnO in 50 ml de-ionized water. The gel suspension was kept
at 40°C for 18 hours, cooled, centrifuged and washed four
times with de-ionized water, dried in the oven at 50°C, grinded
and stored.

Powder (PXRD) was obtained with a Shimadzu XRD-
6000 powder diffractometer using (A=1.540562 A) at 40 kV
and 30 mA with a scan rate of 1 min. /degrees. Fourier
Transform Infrared (FTIR) spectra were recorded by using a
spectrophotometer (Bruker) in the range of 4000-400 cm-1.
The surface morphology and bulk structure of the sample
were observed by scanning electron microscope (SEM)
model vga-easy and AFM microscope, AFM model AA3000
and Advanced Angstrom Inc- USA.

RESULTS AND DISCUSSION
X-Ray diffraction technique: The evidence for the phase
structure of the synthesized sample was obtained by XRD
pattern, (Fig. 1) and the diffraction peaks can be indexed to
those of hexagonal ZnO. After refinement, the Iattice
constants, a=3.251 A, ¢c=5.210 A were obtained, which is



Synthesis and Characterization of Nano Hybrid Gentamycin

very close to the reported value for ZnO (a=3.253 A, ¢
=5.209, JCPDS card, N0.80-0075). The average particle size
was estimated as 169 nm based on the Scherer equation, D
2 KA BdcosB, K is the shaping factor of average crystallite, A
is wavelength for the Ka1 (1.54056 A), B is full width at half-
maximum of the diffraction line and 8 is Bragg's angle (Fig. 2).
The first basic reflection corresponding to the highest d -
value gives information about the interlayer distance. The
intercalation of gentamycin shows well-ordered Nano hybrid.
The observation of the other harmonics with the inter layer
distance of phase (a), the interlayer distances of the plan
d003, d006 and d015 for the phase are 5.72, 10.54 and
22.3A, respectively. The diffractions d003, d006 and d009
are situated at 3.48, 2.23 and 0.264nm, respectively. This
phase may be resulted from the orientation of one
gentamycin molecule which attached perpendicular to the
ZnO layer. This was confirmed by SEM image as a
hexagonal-structure (Fig. 4). This indicated that gentamycin
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found its own way and assembled itself in the formation of the
monophasic Nano hybrids. This made the intercalation of
gentamycin more homogenized and crystalline. Atthe same
time the peaks belong to ZnO (26= 33.50, 36.72 and 46.88)
were reduced in intensity compared with the more intense
pattern of gentamycin at (2.54) intercalated with ZnO. The
test done by using SEM shows no change in the original
hexagonal structure of ZnO. Intercalation was observed
between the ZnO layers (Shen etal 2005).

Surface morphology studies (AFM and SEM): The ZnO
sheet with a mean size of 70nm Figure. 3. The AFM
observation is in good agreement with the data obtained by
the XRD technique. The SEM image of ZnO (Fig. 4b) shows
small particles clearly indicating the hexagonal lattice, but in
the case of gentamycin-ZnO, the SEM (Fig. 4a) shows a
different morphology of the resulted sample from the
intercalation of gentamycin with ZnO. This was a good
indication of the completion of intercalation

Atomic force microscope (AFM): The image of AFM (Fig.
3) shows the roughness of the surface is approximately
3.24nm.The root mean square indicate a high crystallinity of
the resulted synthesis and sample shows a high regularity.
The hybrid parameters show the distant peak to peak is
approximately 14.6nm and the mean distance of ten peaks is
8.47nm which is a good indication that the intercalation
successfully occurred. The surface mean ratio is 2.5nm with
surface bearing index (6.69nm) and the particle height on z-
axis is 14.29nm. AFM images of the ZnO layered and the
Nano particles synthesized with the gentamycin-ZnO in two
and three dimensions (Fig. 3).

Scanning electronic microscope (SEM): The SEM images
show a good crystallinity of the hexagonal shape of the ZnO
intercalated with gentamycin and was confirmed by the AFM
and the XRD. The particle width of gentamycin-ZnO was
nearly 169.2nm (Fig. 4). This is also a good indication of the
conjugation of the gentamycin on the surface of ZnO.
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Fig. 2. PXRD pattern spectrum shows the gentamycin —Zinc oxide Nano hybrid
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FTIR Technique: The different functional groups, the broad
harmonic vibrations at 3400-3600 cm™ corresponding to the
stretching of hydroxyl from the water physically adsorbed
(Fig. 5), and stretching of the OH groups 1648cm™ and the
band from 1085-581 cm” which are attributed to the
vibrations of the ZnO.

All the vibrations of ZnO were presented in the Nano
hybrid of gentamycin-ZnO spectrum (Fig. 6). The FTIR
spectrums provide further evidence for the intercalations in
addition, some absorption bands are slightly shifted due to
the interaction of both the anion and the host layer (Fig. 5, 6).
The characteristic broad absorption bands of zinc layer
hydroxide were superposing with the anion hydroxide
observed, the water molecules at 3540-3370 cm™ and the
band due to the (C-O-H) stretching vibration of C-H stretching
at 2932 cm”. The asymmetric and symmetric stretching of
C=0 appears at 1700 cm™. The bands at 1470 cm™ attributed
to C=C vibrations of the aromatic ring. The bands at
approximately 1200 cm™ are due to C—H twist vibrations. The
gentamycin—-ZnO Nano composites show a combination
spectrum of both the host ZnO and the guest anions (Fig. 6).
The bands located at 1467 cm” were due to the stretching
vibration of C=C in the aromatic ring and the band 1409 cm™
were due to CH,; bending. The presence of carboxylate
group, COO can be deduced by the observation of bands at
1712 and are due to C=0 stretching. The band at 1583 are
due to C-O-H bending, 783 and 893 cm” are due to
symmetric and anti-symmetric vibrations of the COO- group
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in the gentamycin intercalated in the inter layers of ZnO.
Bands at 2400-2365 cm’ are corresponded to C-H
stretching mode. These are attributed to asymmetric and
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Fig. 3b. Atomic Forcing Microscope of the Nano hybrid of
gentamycin-ZnOin 2D

b

Fig. 4a. SEM image of gentamycin—Zinc oxide Nano hybrid
shows the hexagonal crystals structure, SEM
image; (b) Shows hexagonal crystals of ZnO

GSPM Imager Surface Roughness Analysis
Image size: 1629 88nm X 1647 0dnm

Amplitude parameters
Sa(Rougnnass Average) 324 [nm]
Sq(Root Mean Square) 383 jhm]
Ssk(Surface Skewness) -0342
Sku(Surace Kurtoss) 21
SyiPeak-Peak) 146 [nm]

Sz(Ten Paint Height) 847 [nm)

Hybrid Parameters

Sst{Mean Summit Curvature) -1.#J[1inm]
Sdag{Root Mean Square Slope)  0.242 [1/nm]
Sdr(Surface Area Ratio) 25

Functional Parameters

3Sbi(Surface Beanng Index) 669

SeilCore Fluid Retention Index) 131

Svifvalley Fluid Retention Index) 0112

Spk{Reduced Summit Height) ©  [nm]

Sk{Core Roughness Depth) 109 [nm]

Svk(Reduced Valley Depth) 324 [nm]

Sdr 0-5{0-5% height intervals of Bearing Curve)  0.572 [nm]

Sdc 5-10(3-10% height intervals of Bearing Curve)  0.472 [nm]
Sdc 10-50(10-50% heightintervals of Bearing Curve) 4.53 [nm]
Sdc 50-95(50-93% height intervals of Bearing Curve) 722 [nm)]

Spatial Parameters

Sdas(Density of Summits) 0 [Tumz]

Fractal Dimension 2 36

Fig. 3a. Atomic forcing microscope of the nano hybrid of gentamycin-ZnO in 3D
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symmetric vibration,respectively (Tong et al 2006) whereas a
band at around 1037, 1352 cm is corresponded to (—C-O-)
stretching vibration.

Controlled release of gentamycin into aqueous
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Fig. 5. Spectrum showing the vibrations of ZnO
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Fig. 7. Percent release of Gentamycin from the layer of ZnO

solutions: De-ionized water and carbonate aqueous
solution; (0.005M) and (0.05M) were used to study the effect
of the release media on the percentage release of
gentamycin from gentamycin—ZnO Nano particles (Fig. 7).
The collected gentamycin released into de-ionized water
enlarged with contact time. The release was practically
complete, with the first 33 hours. The accumulations reached
80% in the acidic pH=2. At the same time the release in
alkaline media pH=13 is an 85% solution equilibrium that was
achieved at around 33 hours. The amount of accumulated
gentamycin released as well as the release rate increased
with increasing initial concentrations of the carbonate ion in
the aqueous solution. The CO,? ions are ion-exchanged with
the anions on to the nanocomposite surface and at the same
time and gentamycin then released into the solution. The
process slowed down as the time proceeded, due to the
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Fig. 9. 2" order kinetic model of the release of gentamycin to
the carbonate media (t/ C,= 1/k,C,* +t/C;)
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equilibrium of CO,?ion concentration in between the layers of
ZnO and that in the solutions with carbonate as the counter
anion. We applied the zero order (Fig. 7), 1* order (Fig. 8) and
2" order (Fig. 9). We found that the release obeyed the
pseudo second order kinetic model. (t/ Ct = 1/k,CT?> +t/ CT),
with ¥ =1and K,=0.0371.

CONCLUSION

The intercalation of gentamycin within ZnO is possible.
XRD characterization revealed large interlayer distances
caused by the gentamycin intercalation. A maximum gallery
height of (2.5) nm was observed for the intercalate
gentamycin-ZnO. This confirms that not only surface
adsorption, but the intercalation of the gentamycin-ZnO has
taken place. These results are of greatimportance to the field
of chemical admixtures in biocinorganic composites. This type
of antimicrobial molecules was intercalated into ZnO phases.
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Abstract: In the present study, an attempt was made to develop landslide hazard zonation map using various thematic maps such as
precipitation, slope, geology, aspect, land cover, distance from road, lineament density, distance from river, elevation by using AHP and
modified power method based AHP technique. Mapping performed using AHP and PM-AHP concluded that 32 and 15% of the total taluk area
falls under highly risk zone in Saklespur. Results concluded that PM-AHP provided better results in mapping the highly risk zone covering an

area of 85% of the landslide hit locations whereas using AHP technique only 57% of the landslide hit location falls under highly risk zone.

Keywords: Landslides, Analytical hierarchy process, Power Method, Disaster, Remote Sensing, GIS

Geological, hydrological and atmospheric vicissitudes
lead to calamitous destruction of flora and fauna, artificial
constructions and fatalities resulting in socio economic
disruption. Disaster events triggered by nature are
inexorable but the rate of fatalities can be abridged by
creating awareness among the people. Frequent occurrence
of disasters events are recorded lately due to the
incongruous enhancement accomplishments implemented
by human life without considering earth natural system
(Suresh and Yarrakula 2020a). Over 1 billion of people's life
are critically affected by natural disasters during the past 2
decades due to the deficiency of possessions, framework
and preparedness systems (Watson et al 2007). Changes
occurring in earth's atmosphere and modification of
topography due to human activities result in various natural
and manmade disasters (Suresh and Yarrakula 2018a,
2019). Landslides are one among the various disasters that
results in fatalities and loss of infrastructure and economy
(Mata-Lima et al 2013). Among various natural disasters
experienced within the Indian extent, one of the foremost
hydrogeological hazardous event that distress major portion
of India is landslides (Kapur 2005). Landslides are one of the
most epoch-making hazards that have an impact on
numerous locations of the subcontinent mainly during
monsoon season (Senthilkumar etal 2017). Landslides are a
natural process of earth's life cycle that hits the mountainous
regions frequently during monsoon period (Suresh and
Yarrakula 2020b). Landslides are failure of land mass down
the slope affecting landscapes intimidating human life, flora,
fauna and non-natural structures under unpredictable
climatic and lithological conditions (Shirani and Pasandi

2019). Being a natural disaster existing in mountainous
provinces, landslides distresses communal and economic
development, specifically in emerging provinces. Himalayan
range in the northern and north-eastern of India and Western
Ghats and Eastern Ghats in the southern part of India are
highly prone to landslide events resulting in casualties and
economical loss. Varying topography along Himalayas and
Western Ghats in India hold an astonishing historical
catastrophic landslide events over decades.

MATERIAL AND METHODS

Saklespur is a hill station located along the Western
Ghats at a mean sea level of about 956m, which is a tourist
attraction spot well known for coffee, cardoman, pepper and
areca plantations. Frequentlandslides recorded in Saklespur
had led to the damage of crop fields and for the villagers to
migrate to rehabilitation camps. Figure 1 represents the
location of the study area considered in the present study
situated in 12.9442° N, 75.7866° E. Geology is utilised as a
major layer for landslide vulnerability analysis and for the
present study the geology layer of 1:50000 scale is obtained
from Geological Survey of India (Fig. 2). Rainfall is a primary
catalyst for landslides as most of the landslide in India are
triggered by rainfall during the monsoon season. INSAT 3D
HEM Rainfall data is collected from MOSDAC website for the
period of 1* June 2019 to 31% August 2019 and the average of
the datasets are calculated and utilised in the present study
(Fig. 3). Shuttle Radar Topography Mission Digital Elevation
Model (SRTM DEM) of the study area is obtained from USGS
earth explorer at a spatial resolution of 30m (Fig. 4). SRTM
DEM obtained is utilised in obtaining the slope angle of the
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region as shown in Fig. 5. Slope angle is one of the primary
factors to be considered in landslide hazard zonation
mapping which is directly proportional to landslides. Slope
angle integrated with the input parameters such as rainfall
and geological parameters can aid in understanding and
characterising the landslide events in updating the
vulnerable zones. Aspect for the study area is developed
using SRTM DEM and is also considered as an instability
factor based on the slope face during rainfall, sunlight and
blowing winds which directly influence the distribution of
vegetation, evapotranspiration, thickness of soil and degree
of saturation of water (Fig. 6). The land use categories
directly influence the occurrence of landslides (Fig. 7).
Modifications to the natural features based on human
requirements influence the landslides and one of the major
human activities along the hilly regions that trigger landslides
are deforestation. Land use/ land cover map for the study
area is prepared with the aid of Sentinel 2 data with Bhuvan
land cover map as reference. Distance from roads plays a
major role in triggering landslides and the buffer zone created
from the roads are shown in Figure 8. The drainage are
obtained using DEM and the drainage density map is
developed by using inverse distance weighting method (Fig.
9). Lineament density is prepared based on the density of
lineaments using IDW method (Fig. 10). The layers collected
are analysed and mapped using QGIS 3.10 LTR version for
the identification of Landslide hazard zonation (LHZ) regions.
Layers collected from various sources are assigned weights
based on the confusion matrix developed using AHP
technique. The detailed methodology adopted in the present
study is shownin Fig. 11.

Analytical hierarchy process: Input parameters are
compared based on the confusion matrix and the weights of
each layer are obtained based on the eigen vector concept.
Weighted eigen vector is analysed for the normalised matrix
to validate the consistent ratio (CR) of the judgement matrix.
Consistency ratio is the ratio of consistency index and the
random consistency index obtained from Satty's book of
random index values and if the values of consistency ratio is
found to be less than 0.1, the weighs derived are proven to be
correct. If the consistency ratio value calculated is greater
than 0.1, the procedure has to be repeated with new set of
values. Consistency ratio is given by the formula in equation

Where, CR = Consistency Ratio, Cl = Consistency
Index, Rl = Random Consistency Index = 1.45 (for n = 9)
obtained from Table 1.

Considering all the input parameters a pairwise
comparison matrix was generated based on the weightage of
each layer to a scale of 1 to 9. In the present study, geology,
rainfall and slope parameters are given higher weightage
based on their influence to the landslide occurrence. Pair
wise comparison matrix developed for all the nine
parameters are shown in Table 2. Based on the pair wise
comparison matrix developed using AHP technique, the
weights of each spatial layer are determined. Weight
obtained are solved with the comparison matrix using power
method to obtain the accurate weights.

Power method based AHP: The most commonly used
numerical method is adopted with AHP to derive the accurate
weights of each layers based on its relationship with other
layers as shown in equation 2. PM-AHP (Power Method —
AHP) is carried out based on the iterations as mentioned
below in equation 3.

A* X =X, (2)

Where, A is the pairwise comparison matrix, X, is
weights obtained by the average of the rows of each
parameter in the pairwise comparison matrix, X, is the new
weights obtained based on the pairwise matrix and the
weights. The iteration is repeated till the values of the weights
of each parameter are found to be equal. The iteration
repeats as follows till the values of X, is equal to the values of
X,. PM—AHP pairwise comparison matrix is used in obtaining
weights for each layer based on iterations and the obtained
weights are listed in Table 3.

A*X,=X,
A" X=X, (3)

Based on the comparison matrix obtained using PM —
AHP method, the modified weights are found to be equal and
even if the iterations are repeated the weights for each layers
will never change. Weights obtained by using PM-AHP is
found to be consistent after five iterations providing the
accurate values of each layers. Obtained PM-AHP Eigen
vectors and AHP Eigen vectors are checked for the
consistency ratio by using the formula in equation 4 with A
is the maximum Eigen value,

'max

-N
1 cr= tucll @
’ N-1
Ccl 9.9
CR= — (1) =22 -9

RI 94
Table 1. Random Index values obtained from Saaty's book
n 1 2 3 4 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Source: Saaty 1977
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RESULTS AND DISCUSSION
Weights obtained by using AHP and PM - AHP are at an
acceptable limit based on the CR values (CR should be less
than 0.1) and it is found that the AHP based CR value is 0.04
whereas Power Method based CR values is 0 which defines
that the weights obtained using PM- AHP method is perfectly
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consistent. Weights obtained are assigned for the
corresponding layers and the overlay analysis is performed
in QGIS platform for the identification of hazardous zones in
Saklespur Taluk, Karnataka. Weights obtained using PM-
AHP matrix are assigned for each layer are assigned and
ranks for the classification of the layers (Table 4).

Based on the Power method based AHP it is found that
around 32% of the area of Saklespur taluk falls under risk
zone where only 2% of the district area falls under heavily risk
regions. AHP results obtained concluded that around 15% of
the area of Saklespur is prone to landslides and falls under
heavy risk zone. Results display that only a part of the regions
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Table 2. Pair-wise comparison matrix for AHP method
Weight-decision matrix Precipitation  Slope Geology Aspect Land cover Distance Lineament Drainage Elevation
fromroad  Density Density
Precipitation 1
Slope 1/2 1
Geology 1/2 1/3 1
Aspect 1/3 113 1/3
Land cover 1/4 113 1/2 1/2 1
Distance from road 1/3 1/4 1/3 1/2 1/2 1
Lineament density 1/3 113 1/4 1 1/2 12 1
Drainage density 1/4 1/4 1/4 1/2 1/2 1 1/2 1
Elevation 117 1/7 117 1/4 1/3 1/4 1/3 1/3 1
Sum 3.63 4.96 7.83 12.75 13.83 16.75 16.83 20.33 39
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Weight-decision Precipitation Slope Lithology Aspect Land Distance Lineament Drainage Elevation AHP PM-AHP
matrix cover from road density density weights weights
Precipitation 0.275 0.403 0.255 0.235 0.289 0.179 0.178 0.197 0.179  0.244 0.278
Slope 0.138 0.202 0.383 0.235 0.217  0.239 0.178 0.197 0.179  0.219 0.214
Lithology 0.138 0.067 0.128 0.235 0.145 0.179 0.238 0.197 0.179  0.167  0.143
Aspect 0.091 0.067 0.042 0.078 0.145  0.119 0.059 0.098 0.103  0.089  0.082
Land cover 0.069 0.067 0.064 0.039 0.072  0.119 0.119 0.098 0.077 0.080 0.074
Distance from road 0.091 0.050 0.042 0.039 0.036 0.060 0.119 0.049 0.103  0.065 0.065
Lineament density 0.091 0.067 0.032 0.078 0.036  0.030 0.059 0.098 0.077  0.063  0.066
Drainage density 0.069 0.050 0.032 0.039 0.036 0.060 0.030 0.049 0.077  0.049  0.051
Elevation 0.039 0.028 0.022 0.020 0.024 0.015 0.020 0.016 0.026  0.023 0.027
Sum 1 1 1 1 1 1 1 1 1 1 1
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Table 4. Weightage obtained for various thematic layers with

Continues Table 4

their classification Layer Classification Values Rank
Layer Classification Values Rank Weightage - PM-AHP-5.08 , APH-4.9
Slope Very Low 0-125 1 Landuse/Landcover 9
Low 125-25 3 Forest 3
Moderate 25-37.5 5 Agricultural 5
High 37.5-50 7 Water 1
Very High 50 - 65 9 Barren Land 7
Weightage - PM-AHP-21.37, APH-21.9 Weightage - PM-AHP-7.38 , APH-8.0
Aspect North 000-2250 9 Geology 5
North-East 2250-67.50 5 Pyroxene Granulite 7
East 67.50-112.50 1 Calcrete 3
South-East 112.50-157.50 5 Meta-Ultramafite °
South 157.50-202.50 7 Granite Gneiss >
South-West 202.50-24750 7 Dolerite °
West 247.50 - 292.50 5 Quartz Ve|n/reef. !
Banded Magnetite 9
North-West 292.50 - 337.50 9 Quartzite
North 337.50 — 360.00 9 Amphibolite 7
Flat -1.00 1 Quartzite 9
Weightage - PM-AHP-8.21 ; APH-8.9 Acid to Intermediate 7
Lineament Density Very Low 0-36 1 Charnockite
Low 36-72 3 Weightage - PM-AHP-14.30 , APH-16.7
Moderate 72-108 5
High 108 - 144 7 Table 5. Comparison of landslides hazard zones obtained
Very High 144 - 181 9 using AHP and PM-AHP
Weightage - PM-AHP-6.61 , APH-6.3 Area (sq. m) Area (%)
Rainfall Very Low <4 1 PM-AHP AHP PM-AHP AHP
Low 4-7 3 Very low 9468624 15737462 0.93 1.55
Moderate 7-10 5 Low 230280800 293742465  22.70 28.96
High 10-13 7 Moderate 451706786 548017493  44.53 54.03
Very High 13-18 ° High 301041428 153769643  29.68 15.16
Weightage - PM-AHP-27.84 , APH-24.4 Veryhigh 21854238 3084813  2.15 0.30
Distance from Roads 0-100 9
100 - 200 7 in Saklespur is prone to landslides along the Western
200 - 300 5 Ghats. Comparison of the historical landslides location in
300 - 400 3 Saklespur Taluk, it is found that around 86% of the landslides
400 - 500 1 fall under highly risk zone that is estimated using PM-AHP
Elevation Very Low 1-358 1 method and the comparison with that of AHP based LHZ map
Low 358 - 583 3 it is found that only 57% of the landslides are found to be
Moderate 583 - 808 5 recorded in highly risk zone and around 43% of the slides are
High 808 - 1033 7 recorded in the moderate zone, (Fig. 12, 13 and Table 5).
Very High 1033 - 1260 9
Weightage - PM-AHP-2.7 , APH-2.3 CONCLUSIONS
Drainage Density 0-53 9 The study demonstrated the mapping of landslide hazard
53-106 7 zones using AHP methods and based on the location of the
106 - 159 5 historical landslides in Saklespur. PM-AHP method provided
159-213 3 better result in mapping the hazardous zones by covering
213 - 266 1 around 85% of the landslide hit region in heavily prone zones

Cont...

where as by using AHP method, only mapped 57% of the
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landslides falls under heavily risk regions. Outcome of the
study suggests that the modified AHP using Power Method
can be used in mapping hazardous zones effectively
compared to AHP method. Updation of the LHZ maps has to
be done periodically with the changes in the land features and
used by the local authorities in creating awareness among the
general public and also take necessary measures to reduce
the rate of fatalities. Located in the Western Ghats that is
prone to landslides, occurrence of landslide events are very
less when compared to places such as Munnar, Madikeri,
Nilgiris, Western part of Pune district, etc., it failed to receive
the attention of the researchers in studying the scenario of
landslides in Saklespur. Even though few landslides are
recorded necessary action has to be taken by the local
authorities to keep them updated with the current scenario
and educate the people on the effects of landslides and their
damage to life and property.
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Abstract: In terrestrial ecosystem, the nitrogen requirement is fulfilled by biological nitrogen fixation. The fixation of nitrogen on earth is done
by diazotrophs. Agriculture practices like application of fertilizers influence the population of microbes in plant rhizosphere and in turn has
impact on sail fertility. It is crucial to understand the effects of different fertilizers on diazotrophic diversity of the rhizosphere. Denaturing
gradient gel electrophoresis (DGGE) was carried out to understand the bacterial community structure and real-time PCR was performed for
nifH expression. Manure increased diazotrophic diversity and nifH expression in wheat rhizosphere, while urea fertilizer treatment decreased
diazotrophic diversity and nifH expression. Compost manure in the rhizosphere could increase the availability of soil nutrients and might have
positive impacts on soil fertility and crop productivity. The diversity of the nifH gene represents to be a suitable marker for predicting the

capability of diazotrophs to fulfill the nitrogen demand of the ecosystem.
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Microbes have important role in maintaining soil health
and functions of ecosystem. The rhizosphere is the zone in
soil around the roots of plants which is rich in organic material
and supplies nutrients like carbon, nitrogen, and energy
needed for the growth of soil microbes. It is rich and diverse in
composition of microbial population, resulting in uniqueness in
soil nutrients and microbes present in the non-rhizosphere
(Cordero et al 2020). A strong interaction between soil, plant
roots, and microbes is present in rhizosphere (Kehinde et al
2019). These microbes are important for growth of plants and
flow of energy in terrestrial ecosystem (Jacoby et al 2017).
Nitrogen is an important nutrient after water and carbon that
restricts the productivity of the plants (Rutting et al 2018). To
increase crop production, nitrogen is applied in the form of
chemical fertilizers which has negative impacts on the
environment. This affects the quality of soil and water,
contributes to the emission of greenhouse gases and employs
consumption of non-renewable fossil fuels (Lin et al 2019).
Therefore, Biological Nitrogen Fixation (BNF) remains a viable
alternative for inorganic nitrogen fertilizers. The majority of
BNF is accomplished by bacteria known as diazotrophs. Both
symbiotic and free-living diazotrophs are the principle
contributors of total nitrogen in an ecosystem (Pereira et al
2011). The chemical fertilizers have major impact on richness
and diversity of soil microbes (Lin et al 2019). But, there is a
lack of knowledge about the level of shifts in the diazotroph
population with different types of fertilizers. For sustainable
agriculture, it is important to understand the roles that wheat
plants and fertilizers play in shaping diazotrophic communities

in wheat rhizosphere. This help us to advance soil fertility and
crop productivity by using different fertilizer strategies.

MATERIAL AND METHODS

The soil samples were collected from Agriculture
Research Institute, Jaipur (latitude: 24.5802 and longitude:
76.15135) from sandy-loam soil. The experimental design
consisted of three sets, soil with no treatment (C), with
compost manure (M), and 80 kg/h urea (U) contains 46%
nitrogen according to the Indian Council of Agricultural
Research (ICAR). The experiment was run in pots. Different
sub pots were taken for each treatment. Each treatment was
run in replicates. Internal surface area of each pot was 10, 10
and 8 cm in size. Experiment was started in November 2015
and ended in April 2016. Wheat variety Raj MR1 was used for
cultivation and 20 seeds were sown in each pot. Pots were
kept outside in the open natural environment and irrigated at
regular interval (weekly basis). Soil samples were collected
at stem elongation (after 60 days of seed sowing), grain filling
stage (after 90 days of seed sowing), and harvesting stage
(after 120 days of seed sowing) of the plant. During
sampling, the whole plant with the roots took out from pots.
For rhizosphere soil sample, the soil was removed from the
surface of the roots. Sampling was done in replicates and
stored at -20°C for molecular analysis and 4°C for physico-
chemical parameters.
Soil physico-chemical properties: J. Forster's method was
used for pH estimation Alef 1995. The soil moisture level was
calculated by comparing the fresh and dry weight of soil
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samples (105°C; 24h). Total organic carbon was estimated
by using the Walkley-Black method (Schinner 1996).
Kandeler and Gerber's method was used to estimate soil
ammonium while Scharf and Wehrmann's method was
utilized for nitrate content estimation (Schinner 1996).

DNA lIsolation and nifH amplification: DNA of bacteria
was isolated from soil using the MOBIO kit (Mo-Bio, USA).
For the first reaction, universal gene primers were used to
amplify a 370 bp fragment (Orr et al 2009). The second PCR
was done with PolF and AQER primers produced 320 bp
products (including GC clamp) . Each 25 pl of PCR mixture
contained 25 ng DNA, 1X Taq buffer, ANTP 200 uM each,
primer 1 yM each, and Taq polymerase 1.5 U. PCR
conditions as follows: 1 cycle at 94°C (5 min), 30 cycles at
94°C (1 min), 55°C (1 min), 72°C (2 min), 1 cycle at 72°C (7
min), and finally hold at 4°C in C1000TM Thermal Cycler (Bio-
Rad). DGGE was done using the D-Code system (Bio-Rad,
Germany) at 60 V for 16 hrs at 60°C (Baxter et al 2008).
Bands were detected and relative intensities were calculated
using Image Lab software (Bio-Rad). Unique bands were
excised from the gel and reamplified using PolF and AQER
without GC clamp and sequenced.

Quantification of nifH mRNA: nifH mRNA was quantified
using SYBR Green chemistry by Real-time PCR. Reactions
were set up using SYBER green (applied biosystem) with
applied biosystem viia 7 system. Heating of the reaction
mixtures was done at 95°C for 15 min to activate SYBER
green, followed by 40 cycles of denaturation (95°C, 15 sec),
annealing (60°C, 15 sec) and extension (72°C, 15 sec). nifH
gene-specific PolF, and PoIR primers were used. 16S rDNA
was used as an internal control. For 16S rDNA primers used
were 357F and 518R. Relative quantitation for nifH mRNA
levels could be done by using the comparative AACt method
(Livak and Schmittgen 2001).

Calculations and statistical analyses: Pearson's
correlation coefficient calculation was done with the help of
program Sigmaplot version 12.5. Diversity index was
estimated using number of bands present in samples,
Principle component analysis (PCA) were calculated using
MVSP (Multi-variate Statistical Program) software version 3.

Table 1. Physico-chemical properties of soil samples

RESULTS AND DISCUSSION

The pH of rhizosphere soil decreased significantly in
compost manure and urea treated soil while in control sample
no significant change was seen in pH (Table 1). For organic
carbon content of rhizosphere soil samples, no significant
change was observed in three treatments during all growth
stages of plant. Exceptionally high organic carbon content
(0.49 mg/g in %) was observed in compost manure treated
soil during the harvesting stage. Manure treated samples
showed a significant high level of ammonium (15.3ug/g dry
weight of soil) content during the stem elongation stage. The
nitrate content of the rhizosphere soil was minimum in the
control sample and high in compost manure treatment. This
may be related to more absorption of soil nitrate by roots of
plants.

DGGE gel analysis revealed dissimilarity in nifH gene
banding pattern profile of the soil samples (Fig. 1). Detection
of each band was done based on relative front and large
number of phylotypes was detected during all three plant
growth stages. The diversity index values were calculated
using the banding profile which varied in soil samples in all
three treatments. The highest index value (3.1) was
observed in rhizosphere soil at the grain filling stage in the
compost manure treated sample and the lowest index value
(2.5) was in urea treated soil sample at the stem elongation
stage (Table 2). There was no significant difference in
samples showed by Simpson, Chao1, and ACE indices.
Additionally on comparing rhizosphere soil bacterial diversity
was significantly different among soil samples. The species
index values were showing a significant positive correlation
with soil pH and ammonium concentration. But nitrate
concentration showed a negative correlation. Soil pH
showed a positive correlation with the Chao1 and ACE
indices. The diversity index values help in calculating the
richness and diversity of diazotrophic communities.

Diazotrophic community composition varied between
the three treatments at the grain filling stage (Fig. 2). The
relative abundance of unknown uncultured bacterium
species decreased, whereas that of Azospirillum lata, A.
lipoferum, Sinorhizobium sp. Acinetobacter  and

Samples pH

Organic carbon (mg/g in %)

Ammonium (ug/g dry weight of  Nitrate (ug/g dry weight of soil)

soail)
Stem Grain- Harvesting  Stem Grain- Harvesting  Stem Grain- Harvesting  Stem Grain-  Harvesting
Elongation filling Elongation filling Elongation  filling Elongation filling
Control ~ 8.1#0.05 8.0+0.1 7.9+0.08* 0.43+0.03 0.37+0.02 0.42+0.02 2.45+0.02 0.39+0.01 0.11+0.03 0.96+0.02 0.53+0.06 0.05+0.04
Urea 7.7+0.03* 7.5+0.03 7.4+0.05 0.44+0.04 0.46:0.03 0.49+0.03 15.3+0.05* 4.8+0.01 3.6+0.03 6.13+0.01* 6.76+0.2* 3.73+0.01*
Manure  7.2#0.02 7.0+0.01 6.9+0.1 0.35+0.03 0.42+0.03 0.45+0.04 4.4+0.02 6.54+0.07*5.13+0.03* 4.3+0.01 3.51+0.005 2.5+0.03

*Represents the significant difference between samples
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Fig. 1. 8% polyacrylamide gel showing DGGE profile of nifH .
Numerical represents the number of bands excised
from DGGE gel. Sample lanes are attop, Lane 1,4, 7
are control sample, lane 2, 5, 8 are urea treated
samples and lane 3, 6, 9 are manure treated samples
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00%

Relative Abundance of diazotrophic
populations
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Azohydromonas australica (Fig. 2) increased with
application of manure. The diazotrophic community
compositions of control soil during three plant growth stages
were more similar to each other. Rubrivivax gelatinosus
phyla were commonly present in compost manure and urea
treated samples (Fig. 2). Relative abundance of
proteobacteria was observed in manure treatment, while that
of unknown phylum of bacterial species was higher in the
control and urea treated soil samples.

Principle component analysis (PCA) was used to identify
the variation in species composition in soil samples. PCA
demonstrated that plant growth phases and agricultural
practices influenced the diazotrophic community structure
(Fig. 3). PCAresults showed that compost manure and plant
root exudates were responsible for more diverse
diazotrophic population in rhizosphere soil. Jaccard similarity
index was calculated to make hierarchical clustering UPGMA
(Fig. 4). The diazotrophic population in soil with different
fertilizer treatments had significant correlation with soil
parameters like pH, nitrate and ammonium . The results are
presented in the form of a dendrogram showing the most
similar cases or clusters linked most closely together. The
vertical lines joining two cases or clusters indicate the level of
similarity between them. Bray Curtis analysis also showed
significant correlation between soil abiotic factors and
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Fig. 2. Relative abundance of the diazotrophic populations from DGGE fingerprinting

during fertilizer treatments
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bacterial diversity.

In present studies, low pH value was observed in urea
treated soil sample which may be due to application of
fertilizers which lowers the soil pH by releasing H" into soil
(Neina 2019). The high level of soil organic carbon contentin
compost treated sample during harvesting stage could be
due to application of manure (Mekki et al 2017). The

Ll

Compannt

Fig. 3. Variations in the structure of the diazotrophic
communities from DGGE fingerprinting during
fertilizer treatments using principal correspondence
analysis (PCA)

D

50

Fig. 4. Variations in the diazotroph communities as
characterized by cluster analysis of the DGGE data
for different fertilizer treatments. Soil samples
without fertilizer (C), with urea (U) and with
compost (M). 1, 2 and 3 show soil sample collection
at stem elongation stage, grain filling stage and
harvesting stages of plant growth respectively

concentration of soil ammonium and nitrate depends on the
numerous factors like humus, fertilizers and abiotic (Gaitan et
al 2019). It has been reported that chemical fertilizer
application increases soil nitrate and ammonium content
(Tripolskaja et al 2014). Plant species are also responsible
for the varied concentration of mineral nitrogen. Crops
accumulate more amounts of soil nitrate and ammonium in
soil. Wheat crop is also responsible for a high concentration
of soilammonium and nitrate in soil (Yu etal 2014). Larger the
value of diversity index shows the high richness and diversity
of the population. Application of various types of fertilizers
had different effects on bacterial richness and diversity (Lin et
al 2018). Chemical fertilizers were reported for the decline of
bacterial population in the soil, while organic fertilizers
enhanced the bacterial richness and diversity (Bertherog et
al 2014, Sapp et al 2015). In present study, diverse
communities of nitrogen-fixing bacteria were present in
rhizospheric soil samples of compost manure treatment.
Manure is rich in organic matter which is absorbed and
utilized by microbes for their functions (Liang et al 2020).

Soil microbiota participates in nutrient cycling and
important for maintaining ecosystem stability. Studies have
shown that ten bacterial groups are dominantly presentin soil
samples (Laurent et al 2010). Proteobacteria number was
relatively high in the rhizosphere soil of wheat plant (Ai et al
2015). In present study phyla of bacteria and their relative
abundances were significant different in all three treatments.
Azospirillum species like A. lata, A. lipoferum, Sinorhizobium
sp. Acinetobacter and Azohydromonas australica were richly
present in the soil samples. They are broadly distributed
ecologically and observed in enormous crop varieties of like
rice, maize and wheat (Fukami et al 2018). Several bands in
DGGE gel were representing unidentified bacterial species.
These changes in the bacterial population may due to soil
type or different climatic conditions (Cavicchioli et al 2019).
This analysis helps us to show the capability of nitrogen fixing
bacteria under different factors. Applications of fertilizers
cause changes in the physico-chemical factors of soil, which
results in changes the soil bacterial population (Ling et al
2016, Wang et al 2017). Previous studies have shown that

Table 2. Diversity index values for fertilizer treated soil samples

Diversity indexes C1 Cc2 C3 U1 u2 u3 M1 M2 M3
Dominance_D 0.0625 0.0625 0.05 0.05882  0.04348 0.0625 0.05882  0.04762  0.05556
Simpson_1-D 0.9375 0.9375 0.95 0.9412 0.9565 0.9375 0.9412 0.9524 0.9444
Shannon_H 2.773 2.773 2.996 2.833 3.135 2.773 2.833 3.045 2.89
Evenness_e"H/S 1 1 1 1 1 1 1 1 1
Chao-1 136 136 210 153 276 136 153 231 171

*Represents the significant difference between samples. Soil samples without fertilizer (C), with urea (U) and with compost (M). 1, 2 and 3 show soil sample
collection at stem elongation stage, grain filling stage and harvesting stages of plant growth respectively
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Fig. 5. mRNA expression profile of nifH gene in soil samples
with fertilizer treatments
*Represents the significant difference between samples

soil parameters like pH, nitrate, and ammonium were crucial
factors influencing the microbial population (Liu et al 2018,
Zhalnina et al 2015). It also showed changes in diazotrophic
community structure with different fertilizers. The soil nitrate,
ammonium, and carbon make the availability of soil nutrient,
which influences soil microbes. Composed manure improved
the availability of nutrients in rhizosphere zone that resulted
in growth of nitrogen-fixing bacteria but urea treatment
decreased the availability nutrient. The diazotrophic
population in with its nitrogenase activity in rhizosphere zone
of soil. Diazotrophs play a crucial role in nitrogen cycle of the
terrestrial ecosystem. Different fertilizer treatments caused
changes in the functional diversity of diazotrophs and their
structure which resulted in fertility of soil. The diversity of the
nifH gene represents to be a suitable marker for predicting
the capability of diazotrophs to fulfill the nitrogen demand of
the ecosystem. This work may help us to show the working
potential of diazotrophs. For biological nitrogen fixation is
dependent on several environmental factors. Diverse
nitrogen fixers need distinctive environmental parameters for
atmospheric nitrogen fixation.

CONCLUSION

The variation in the nitrogen-fixing bacterial population
in the sandy-loam soil of semi-arid region was observed.
Compost manure increased the diazotrophic community
population and nitrogenase activity but the urea treatment
decreased diazotrophic diversity. Manure enhanced the
population of Azospirillum sp. in the rhizosphere, while urea
increased the population of unknown bacterial species. Soil

pH, organic carbon, ammonium, and nitrate were key
parameters impacting the diazotrophic population and their
functions in rhizosphere soil. This helps to understand the
factors impacting diazotrophic bacteria and BNF will advance
the nitrogen demand of earth.
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Abstract: Coal mining activities along the forested hills and plains of various districts in Northeast India has caused substantial environmental
damages altering the landscape and soil properties as well. The present study aims to evaluate the soil physico-chemical parameters of the
coal mining affected forest (CMAF) and non-affected forest (NAF) at Changki, Nagaland, India. Soil samples were collected at varying depths
from September, 2018 to August, 2019 covering the four seasons viz., winter, spring, summer and autumn. The soil parameters such as soil
organic carbon, pH, porosity, soil moisture, particle density, exchangeable potassium, available nitrogen, available phosphorus and cation
exchange capacity were higherin NAF soil in all the seasons. Comparative analysis between the results of the two sites indicates deteriorated
soil quality and altered soil properties in the affected forest as the rejuvenating process is hampered while the soil nutrient availability and

organic carbon composition in the NAF indicates fertile soil status.

Keywords: Changki, Coal mines, Disturbed forest, Soil quality, Seasonal values

Coal excavation is one of the major mining activities in
North-East India and most of the production comes from
opencast mines. However, unscientific mining of minerals
poses serious consequences to the environment, resulting in
soil erosion, reduction of forest cover at a greater scale and
loss in biodiversity. Large scale denudation of forest cover,
scarcity of water, pollution of air, water and soil, degradation
of agricultural lands are some of the conspicuous
environmental implications of coal mining (Gupta and Tiwari
2000). Mining gradually removes the fertile top layer of soil
enriched with biomass of organic forest litters and hence has
environmental repercussion. The overburden dumps
deposited in un-mined forest build mine spoils and its impact
can be felt over a vast area of land. Sarma (2002), Rai et al
(2011) and Talukdar et al (2016) reported deteriorated soil
quality in coal mining affected area with relatively low pH, low
nutrients content and organic carbon. Nagaland, a state in
northeast India is situated along the Indo-Burma biodiversity
hotspot, lies between Latitude of 25°06° N and 27° 04" N and
Longitude of 93° 20" E and 95° 15" E. The state has a sub-
tropical to warm temperate monsoonal climate with an
annual average rainfall of 1,800-2,500 mm. Some of the
mining sites reported by NPCB (2015) in Nagaland are at
Mon, Longleng, Wokha and Mokokchung district. For
decades, open cast coal mining has been taking place
extensively in the forested hill slopes of Changki in
Mokokchung district. The mining affected study site has coal

field covering an area of 52,000 m’ and is surrounded by
semi-deciduous forest. On average, overburden mine spoils
of 250 tons are dumped annually at the borderline of adjacent
forest which has greatly reduced the vegetation cover and
drastically changed the forest landscape by altering the soil
properties. Assessment of soil physico-chemical
characteristics of coal mine is of utmost important because it
not only paves the way of greater understanding the direction
of improving soil fertility and bioremediation, but also is pre-
requisite for assessing the process of spoil reclamation,
leading to the vegetational development or succession with
respect to time (Maharana et al 2013). Therefore, the present
study aims to compare the soil physico-chemical
characteristics between the coal mining affected and non-
affected forest. This willimpart knowledge and awareness on
environmental issues occurring due to mining activities and
initiate necessary steps to counter the repercussion effects.

MATERIAL AND METHODS
Experimental area and sampling site: The present study
was conducted at two forest sites of Changki and designated
as Coal Mining Affected Forest (CMAF) having a latitude -
26'26'18" N and longitude - 9422'48"E with an altitude of 248
m above 'm a.s.l." and Non-Affected Forest (NAF) which lies
at latitude - 26'24'40”"N and longitude - 94'23'31"E with an
altitude of 598 m above 'm a.s.l.'. The CMAF is located
adjacent to the coal fields along with residential area and
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passing highway, it is more prone to anthropogenic activities
like logging and plantation practices. However, the NAF
being situated near the protected forest which is
approximately 6 km away from the CMAF is not influenced by
mining activities. Soil samples were collected from
September, 2018 to August, 2019 covering the four seasons
of winter, spring, summer and autumn. Random sampling
position plot, one from each selected site was taken into
consideration. Soils were sampled from three layers depthi.e
0-10 cm, 10-20 cm and 20-30 cm by using a sampling corer
(area of 10 cm?). The landuse and landcover map of the study
areais shownin Figure 1.

Soil and data analysis: Soil samples from each of the three
layers were collected in airtight polythene bags and taken to
the laboratory for analysing the parameters such as soil
temperature (soil thermometer), pH (Jackson 1973), soil
moisture content (gravimetric method), soil texture (pipette
method given by Piper 1942), bulk density, particle density
and soil porosity (core method), organic carbon (Walkley and
Black's method 1934), available Nitrogen by Kjeldahl method
using Kelplus Nitrogen estimation system, Phosphorus
(Bray's no. 1 extract method, 1945) using
spectrophotometer, Exchangeable Potassium using flame
photometer (Photometric method) and Cation exchange
capacity (Bower et al 1952). Pearson correlation matrix was
calculated among the physico-chemical parameters of soil
for the affected and non-affected forest in order to evaluate
the significant relationship between the parameters by using
statistical software SPSS version 21.

RESULTS AND DISCUSSION

Soil temperature: Soil temperature ranges from 21.7°C
(NAF, Winter at 20-30cm) to 35°C (CMAF, Summer at 0-
10cm). It varies seasonally and daily which may result from
changes in radiant energy and energy variation taking place
through the soil surface and also the rate of organic matter
decomposition and mineralization of different organic
materials (Onwuka 2016). The rich vegetation and soil
moisture in NAF counters the rise of soil temperature upto
some extent. Higher soil temperature in CMAF is due to less
forest canopy cover and direct exposure of sunlight on the
soil surface.

Soil texture: Soil texture represents the relative content of
particle such as sand, silt and clay varying in sizes. Average
value of sand (CMAF - 60.8%, NAF - 57.04%) was the major
constituent of the soil samples in both the study sites,
followed by silt (CMAF - 21.07%, NAF - 21.1%) and clay
(CMAF - 18.05%, NAF - 21.2%). The greater percentage of
sand content in CMAF increases aeration of soil which
restricts the presence of moisture. Clay was comparatively

Fig. 1. Landuse and landcover map of the study area at
Changki

higher in NAF and it serves as a medium for organic matter
and water retainment capacity which increases soil fertility by
influencing nutrient composition through sequestration and
stabilization.

Soil porosity: The average soil porosity at the CMAF is
0.41% while NAF is 0.48%. The increasing organic matter
contributes to the overall improvement in porosity in native
soil (Gairola et al 2010) apparently the biomass from
vegetation at NAF is higher than CMAF impacting the soil
porosity as well.

Bulk density (BD): Bulk density is another important
property for gaseous exchange, such as high bulk density
would pose restriction to the growth of deeper rooted plants
and may be one of the reasons of cessation of plant growth
(Ghose et al 2004). CMAF has average bulk density of 1.44g
cm® while NAF has 1.25g cm®. Higher BD at CMAF can be
due to low organic matter and moisture in the soil as these
parameters stands in determining the BD.

Particle density (PD): The average soil particle density of
NAF is 2.47g cm® and CMAF is 2.48g cm®as shown in Table
1. PD of soil plays a role in sustaining vegetation and
impacting bulk density, soil moisture, water holding capacity
and nutrient composition.

pH: pH is an important index of ecological condition of
terrestrial environment (Rai et al 2011). The observed range
of pH at NAF is 4.46 (Winter, 0-10 cm) -5.33 (Summer, 0-10
cm) and CMAF is 2.96 (Winter, 0-10 cm) -4.13 (Autumn, 20-
30 cm). Considerably pH of all the sampling sites in NAF is
slightly acidic and CMAF sail is acidic in nature. Coal spoils
are rich in pyrites, sulphates and toxic metals which on
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1.2+0.03

CMAF
24.3+1.18

MeanzS.D

NAF
32.7+1.44
2.11£0.12

CMAF
32.38x2.7
32.36x2.5
30.61+1.9
1.46+0.39
1.36+0.43

Autumn

NAF
37.68+6.6
35.7645.3
35.2345.2
2.89+0.24
2.88+0.13

CMAF
25.36+3.6
23.56+3.6

22.2+4.7
0.95+0.13
1.16+0.22

Summer

NAF
31.7£1.9
30.46+1.1
29.3+1.5
1.9+0.45
1.63+0.27

Season

CMAF
24.56x2.7
23.16+3.6
23.22+1.9
1.32+0.23
1.18+0.31

Spring

NAF
35.04+5.5
32.6315.3
31.23+3.8
2.21+0.88
1.99+0.72

CMAF
20.06+2.65
18.09+2.7
16.89+2.15
1.24+0.32
1.08+0.22

Winter

NAF
33.04+2.84
2.03+0.17
1.76+0.16

(cm)
0-10

Capacity (meq100g9™") 10.20 30.78+2.93
0-10

10-20

Soil

depth
20-30 30.38+2.13

Table 1. Seasonal variation (Mean * S.D) in the soil physico-chemical properties of the coal mining affected and non-affected forest at Changki

Soil
Organic Carbon (%)

Cation Exchange

parameters
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- ~ - oxidation can acidify soil pH of the CMAF. This in turn can
© % g retard the root system of plants while NAF has no intervention
g g § from mine dumps and the acidity level is therefore favourable
- B ~ for plant growth.
© © N Soil moisture: Average means site soil moisture of CMAF
a2 @ 2 (26.54%) is lower than NAF (35.21%). NAF in rainy-summer
3 8 & has the maximum moisture content with 43.5% at 0-10cm
% § 'o; and minimum value of 17.6% was recorded at 20-30cm soil
depth from CMAF in winter. Itis evident that moisture content
g g E E % E 2 T o9 in soil is more in the rainy season as the soil capillaries
a3 228848 % ﬁ 2 (porosity) retain a lot of water from the run off (Mohapatra and
hE E 8 § g S 8 °,f = : Goswami 2012). Low moisture content in CMAF is due to
higher content of sand, stone and lack of organic substances
3 g g ~ g ® g 5 <@ while higher organic matter and finer soil texture in NAF
= i'rf & % dxH b A retains the soil moisture and increases its availability.
S E § & § % § < R Electrical conductivity: The conductivity of CMAF and NAF
was 302.4 yScm™and 230.1 uScm'respectively. The value of
6 TO8® o L ®® electrical conductivity at CMAF indicates higher
% Errl ﬁ OLE % E % g ; ; concentration of salts of various chemicals, dissolved solids,
@ S g S5 8 g @ § § trace metals, colloidal substances and ions which increases
A the soil conductivity.
cNNNL®woD T Cation exchange capacity (CEC): The CEC at NAF (37.68
% E ',E E % °£. E}, % == meq100g”) and CMAF (32.38 meq100g™) was highest in
S T8 Sws 8288 autumn at 0 - 10cm depth of soil. In the CMAF the soils are
TNSNEe e T22 more or less sandy type where cation exchange capacity is
lower than NAF soils. Results from the anaylsis also suggest
§ % % g % 5 % f § E that low cation exchange capacity has reduced soil organic
g % % g 3 § @ § 3 § carbon and nutrient properties of the soil (Bahrami et al
-+ NMNN© o6 oo 2010).
Organic carbon: The percentage of soil organic carbon in
E @ § ® § 2 5828 both the NAF (2.89%) and CMAF (1.46%) was recorded
§ é‘ ':r. % § § § E g % highest in autumn at 0-10cm depth of soil. The main sources
< NI AT @B g of organic carbon in soil are plant debris, dead roots and the
surface litter or dead leaves which are more abundantly
22E 2SN T o available in NAF than in CMAF. Un-mined site has highest
5 § G ﬁ § 42393 soil organic carbon content because of favourable conditions
cegd ¥ s 3w for microbial activity in the process of organic matter
decomposition (Yadav et al 2015) which contributes to its
9522232:;@ formation.
SHFIIIIISES Exchangeable potassium: The concentration of potassium
©N MO TR o m . 4 4
@ E § § @ § § NN in both the NAF (272.4 Kg ha™) and CMAF (178.4 Kg ha™)
was highestin autumn at 0-10cm depth of soil while minimum
BOIBSIBS2RI in NAF (237.3 Kg ha') and CMAF (143.4 Kg ha") was
Re2&=28R°2R recorded at 20-30cm depth of soil in winter season.
3 Exchangeable K content is lowest in mining affected site
i«? E’) .g‘ which indicates low fertility status of the soil (Mukhopadhyay
2 g £ _§ and Maiti 2010). Higher percentage of organic carbon and
gg ;A ;'A clay in autumn can elevate the content of potassium in soil,
§ 2 E o E o which was observed in NAF.
SE gg gg Available nitrogen: Highest available nitrogen was
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observed during autumn (202.6 Kg ha™) in NAF and CMAF
(105.63 Kg ha") in summer at 0-10cm soil depth. The
average value of available nitrogen in NAF and CMAF are
158.03 Kg ha'and 83.46 Kg ha” respectively. Lower values of
total N in mining affected site was due to lower rates of
mineralization in the dump samples and also due to loss of
organic carbon which affects nitrogen and nitrogen fixing
microorganisms (Rai et al 2010). The reduction of vegetation
cover in CMAF decreases soil organic matter, this in turn
affects the availability of nutrients as the rejuvenating
properties of soil is retarded so is the fertility.

Available phosphorus: Available phosphorus present in
NAF soil was in the range of 6.93 Kg ha™ (winter) to 10.9 Kg
ha" (summer) and that in CMAF was between 5.5 Kg ha”
(winter) to 8.3 Kg ha” (summer). The amount of organic
matter, microbial activities, moisture and clay content plays a
crucial role in the formation of phosphorus and other
nutrients. Lower concentration of phosphorus in soil
indicates low organic waste in the forest as seen in CMAF
while the nutrient composition is relatively better in NAF
indicating higher organic matter in the soil strata.

Correlation analysis among the soil physico-chemical
parameters of the non-affected forest: The physico-
chemical characteristics of NAF soils are correlated to show
the significant level between the parameters (Table 2).
Temperature is positively significant with pH, moisture,
potassium, available nitrogen and phosphorus. An increased
in temperature generally facilitates the decomposition of soil
organic matter and accelerate the accumulation of soil
available nutrients (Conant et al 2011). The physico
parameter sand is negatively significant with clay, cation
exchange capacity and organic carbon. The result is similar
with the findings of Adhikari and Bhattacharyya (2015),
where soil clay and sand had positive and negative
contributions respectively to the soil organic carbon. Positive
significant was seen in clay with cation exchange capacity
and organic carbon. Soil porosity is negatively significant with
bulk density and positively significant with organic carbon,
potassium, temperature, clay and available nitrogen. The
correlation of bulk density is negatively significant with
available nitrogen, phosphorus, moisture and clay while
particle density is negatively significant with potassium and
temperature. The bulk density of soils increased with
decreasing content of soil moisture in soil (Urik and Nemcek
2012). pH was positively significant with moisture, potassium
and phosphorus. Cation exchange capacity is positively
significant with clay and organic carbon. Potassium is
positively correlated with clay and soil porosity while
phosphorus and available nitrogen is positively significant
with soil porosity and potassium, which is similar to the

Table 2. The correlation matrix between the various physico-chemical properties of non-affected forest at Changki

Organic Exchangeable Available Available

Bulk Particle pH Moisture Conductivity Cation

Soil
porosity density density

Sit Clay

Sand

Soil
temperature

Soil parameters

nitrogen phosphorus

potassium

exchange carbon
capacity

.599* 408

.087
.528
.507

1

-.100
417

.266

.900**

-.520 .845**
-.348 .630*

-.654*

-.613*
-.692*
-.813*

455

711

-.025 .239

-.176

-.519
-.648*
-.728*

.863**

Available phosphorus
Available nitrogen

796

-.225
102
.326
237

.536
724**

130 .635*
377 672
.386 .763**
.356 .854**

-.107
.095
.061

742+

497
793**

787

.660*

.831**

Exchangeable potassium

Organic carbon

.368
31

.249

.047
.016
.086

.020
-.048
-.186

-472
-.396
-.445
-.646*

.650*

.354

134

126
.891**

-.803**

Cation exchange capacity

Conductivity
Moisture
pH

449
551

147
.385

-.059
-.331
-.285
.300
-.483
-.465
-.910*

1

-444 711+

530 -.756** -.729** 1

-.269

355 .

.885**

1

.684*

=172 -327

-.619*
-.803**

Particle density
Bulk density

1

-.060 -.619* -.885**
-.037 .638*

.345

1

.664*

Soil porosity
Clay
Silt

497
.097
-.406

1

-.695*

1

Sand

Soil temperature




Table 3. The correlation matrix between the various physico-chemical properties of coal mining affected forest at Changki

Organic Exchangeable Available Available

Bulk Particle pH Moisture Conductivity Cation

porosity density density

Sit Clay Soll

Sand

Soil
temperature

Soil parameters

nitrogen phosphorus

potassium

exchange carbon
capacity

.591* -.144 .641* .854** 1

.550
.606*

-.592* 651* .692*

-.588*
-.641*
-.806**

217
425
.638*
181

-.090
-.276

496
444
242

-.155
159
-.287
.059
-.304
146
-.065
-.046
.386
496
-.263
-.860**

.827**

Available phosphorus

.001 .690*

187

.599*

.837**

-410 .783**
-.389 .917*

-.184

.924**

Available nitrogen

.810**
313

.388
-119
101

.859**

.841**

Exchangeable potassium

-.105
.541
679*

.196

-.276
-.819**

-.185 .207
- 116 .395

.697*

- 113

.643*

Organic carbon

-.328 .757*

-.156

.708*

Cation exchange capacity

Physico-chemical Properties of Coal Mining Affected Forest Soil 41

535 1

-.228
-.687*
-719**

132
540
.535
167

- 745"

-.409
-.162
-.036
-.239
-.455

610*
.957**

Conductivity

1

-.330 .872**

.508
.308
-.370
-.189

Moisture
pH

1

-.395

.846**

.533

1

-.395
- 742%

Particle density

Bulk density

1

-.076 .336

.565
-.158
492
-.056

Soil porosity
Clay
Silt

1

-440

.005

1

Sand

Soil temperature

findings of Adhikari and Bhattacharyya (2015) where they
obtained correlations existing among soil organic carbon (C),
nitrogen (N), phosphorous (P) and potassium (K).
Correlation analysis among the soil physico-chemical
parameters of the coal mining affected forest: Soil
temperature was positively significant with pH, moisture,
potassium, available nitrogen and phosphorus while
negatively significant with bulk density (Table 3). The rise of
soil temperature increases P availability (Jiao et al 2016). Soil
texture such as sand was negatively significant with clay as
the proportion of sand increases the clay content decreases.
The correlation of bulk density with soil temperature, soil
porosity, pH and potassium was negatively significant. Pravin
et al (2013) also observed correlation between bulk density
and pH as negatively significant. pH has high positive
significant correlation with available nitrogen, temperature,
moisture, cation exchange capacity and potassium.
Significant positive correlation was observed for moisture
with available nitrogen, potassium and phosphorus. Positive
significant correlation of cation exchange capacity was
recorded with available nitrogen, phosphorus, temperature
and soil porosity. Potassium was positively correlated with
temperature, moisture and cation exchange capacity.
Phosphorus is negatively significant with bulk density and
particle density. Sandy soils have a limited capacity to
stabilize organic compounds on mineral surfaces compared
with clay, which affects the capacity, magnitude and rate of
SOC storage (Feng et al 2013). CMAF has sandy type of
soils, with low CEC which adsorb lesser quantities of cations
and this implication is important when deciding on nutrient
availability and its correlations.

CONCLUSION

The comparative analysis on soil physico-chemical
characteristics conducted between the coal mining affected
forest and non-affected forest at Changki shows the CMAF
soil is adversely strained from its natural rejuvenating process
due to the impacts of mine spoils from the overburden dumps.
Nitrogen, phosphorus, potassium and soil organic matter
were depleted in the CMAF. The impact of mining on the soil
properties was felt even upto 30 cm in depth, suggesting that
mine spoils can disrupt the root system and retards the growth
of plants. NAF soil has rich organic matter from forest litter
which serves as a soil restoring initiator that ensures the
availability of nutrients for proper functioning of the forest
ecosystem. If the trend of dumping overburden mine spoils
and other anthropogenic activities continues at the CMAF
site, detrimental environmental changes will affect the
reclamation and restoration process of soil. Therefore, an
urgent necessary strategy is required to dump the new
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overburden in old landfills where coal has been excavated,
separation of coal toxic spoils while dumping, the discharged
of coal mining effluents should be treated, mine-dumping
laws should be formulated and enforced by village councils or
board members.
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Abstract: The present study was conducted to standardize NPK doses for nursery plants of apple. NPK doses were examined for their effects
on growth of nursery plants of apple cv. Oregon Spur grafted on Merton 793 clonal rootstock and nutrient contents of nursery soil. The
experiment comprised of 14 treatments where 12 treatments were combinations of NPK with 3 levels of N (N,,N,and N, @ 12, 15and 18 gm?
nursery bed, respectively), two levels of P (P,and P, @ 3 and 6 gm” nursery bed, respectively) and two levels of K (K,andK, @ 4.5and 9 g m”
nursery bed, respectively), whereas two other treatments were Jeevamrut (10% drenching at fortnight intervals) and untreated control. The
maximum linear growth, number of leaves per plant, leaf area, total root length, fresh and dry weight of roots, soil P and soil Mg were recorded
in the plants treated with N,P,K,. However, highest scion radial growth, internodal length, fresh and dry weight of shoots, total plant biomass,
available soil N and soil K were registered by the plants subjected to N,P,K,. The treatments N,P,K, and N,P,K, were statistically at par with one
another with respect to majority of observations. Thus, the application of N:P:K @ 18:6:4.5 g m” nursery bed, respectively was the most
efficacious treatment and recommended for production of quality nursery plants of apple.

Keywords: Apple, Nursery, NPK, Plant growth, Soil nutrient contents

Apple is known as premiere fruit crop of the world and is
an extremely important fruit crop in the north western
Himalayan region of India. Itis a crucial commercial fruit crop
of Jammu and Kashmir, Himachal Pradesh and Uttarakhand,
therefore serves a vital role in the economy of these hilly
states. Good quality planting material is consequently the
basic need of horticulture as production and productivity of an
orcharding entrepreneur is highly dependent on quality of
planting material. Shortage of quality planting material is the
major bottleneck in the production of fruit crops. The planting
material being raised by majority of nurseries in the country
fails to meet the nursery standards and results in poor
survival and orchard performance. In order to produce
healthy and vigorous nursery plants, genuine nutrient
management practices are needed to be followed. Nutrients,
especially, NPK are needed to be provided to the nursery
plants in balanced doses. Nitrogen is a key element essential
for the formation of amino-acids, proteins and enlargement of
new cells and tissues. It enhances the metabolic processes
that are based on proteins leading to increase in vegetative
growth (Wang et al 2008). It encourages the uptake and
utilization of other nutrients including P and K and thus
controls the overall growth of plants (Bloom 2015, Hemerly
2016). The initial growth of plants in spring during cell division
depends mainly on nitrogen (Bi et al 2004). Phosphorus is
another very vital nutrient as it promotes early root formation

and helps the plants to survive under severe conditions.
Potassium is equally important as it plays a significant role in
uptake and transportation of water by the plant and is also
required for manufacturing and translocation of sugars and
starch. Good potassium nutrition also assists in the quick
conversion of inorganic nitrogen into proteins, thus the
efficiency of nitrogen fertilizer gets improved (Kumar et al
2006). Since the demand of quality planting material is on a
high and uninterrupted supply of such planting material can
be achieved by application of balanced doses of NPK. The
objective of this study was to assess the effect of graded
levels of NPK on plant growth and nutrient contents of
nursery soil and find out their optimum doses for quality
nursery production of apple.

MATERIAL AND METHODS

The experiment was carried at Dr'Y S Parmar University
of Horticulture and Forestry, Nauni, Solan during 2017-18ina
randomized block design with fourteen treatments viz.,
T,=N,PK, (12:3:4.5 g m? nursery bed), T,=N,P,K, (12:3:9 g
m? nursery bed), T,=N,P,K, (12:6:4.5 g m” nursery bed),
T,=N,P,K, (12:6:9 g m? nursery bed), T,=N,PK, (15:3:4.5 g
m? nursery bed), T.=N,P.K, (15:3:9 g m” nursery bed),
T.=N,P,K, (15:6:4.5 g m? nursery bed), T,=N,P,K, (15:6:9 g
m” nursery bed), T,=N,P.K, (18:3:4.5 g m” nursery bed),
T..=N,P.K, (18:3:9 g m? nursery bed), T,=N,P,K, (18:6:4.5g
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m? nursery bed), T,=N,P,K, (18:6:9 g m” nursery bed),
T,;=Jeevamrutdrenching (10%) at fortnight intervalsand T,,=
No chemical fertilizer/control. Each treatment was replicated
thrice. FYM @ 8.0 kg m” nursery bed was applied at the time
of bed preparation as per the treatments. Rootstocks of
Merton 793, having uniform size and vigour were planted ata
distance of 3x20 cm in nursery beds during January. After the
rootstocks got established, tongue grafting was performed in
the first week of March. Shoots of Oregon Spur were grafted
at a height of 15 cm above the ground. N, P,O,andK,O were
applied through urea, single super phosphate (SSP) and
muriate of potash (MOP), respectively. Full dose of single
super phosphate (P,O,) and muriate of potash (K,0) were
applied after bed preparation before planting of rootstock in
the month of January. Urea (N) was applied in split doses;
first half was applied during transplanting of rootstock and
another half during the onset of monsoon. Consistent and
conventional cultural practices were adopted in the
experiment including the application of FYM @ 8 kg m? bed.
Jeevamrut was prepared by mixing cow dung (1 kg), cow
urine (1 litre), gram flour (200 g), jaggery (200 g) and virgin
soil (100 g) and making the final volume 20 litre with the tap
water. After mixing the component and making the final
volume, it was allowed to ferment for 7 days. During the
process of fermentation, the solution was stirred clockwise
regularly thrice a day. The properly fermented and well
prepared jeevamrut was diluted ten times and applied at
fortnightly interval in the form of soil drenching to each
assigned bed right from the start of the experiment until the
plants were uprooted. Fresh Jeevamrut was prepared for
each application and applied @ 10 litre m? nursery bed area.
Linear and radial growth of the plant was measured at
the end of season. To calculate the internodal length, height
of the scion portion of the plant was divided by the number of
nodes on the plant. The leaf area was measured with the help
of an Automatic Leaf Area Meter (Licor Model-3100). To
determine the fresh weight of shoots and roots, after
uprooting the plants at the end of season, shoot and root
portion was separated and cut into small pieces. The fresh
weight of shoot and root segments was then recorded
separately on electronic balance. To record the dry weight,
the root and shoot segments were dried in an oven at 65 +
5°C temperature until a constant weight was obtained. The
length of the main roots was measured with the help of
measuring tape. Total root length was measured with the help
of root length scanner (Comair root length scanner). Total
plant biomass was obtained by adding the dry weight of
shoots and roots. To determine the soil nutrient contents, the
soil samples from 0-45 cm depth were collected at the end of
experiment from individual bed. The soil samples, thus

collected were dried in shade, grounded, sieved through 2
mm plastic sieve and stored in cloth bags. Samples were
prepared for analysis in accordance with the procedure given
by Piper (1966). Nitrogen was estimated by alkaline
potassium permanganate method (Subbiah and Asija 1956).
Phosphorus in soil was analyzed by stannous chloride
reduced ammonium molybdate method using Olsen's
extractant (Olsen et al 1954) and determined on Thermo-
Scientific Spectronic 20 D+ at 660 nm wave length.
Potassium was extracted with neutral ammonium acetate as
per the procedure given by Merwin and Peech (1951).
Potassium was estimated using Flame Photometer (MODEL
TMF-45) and Calcium and magnesium were extracted with
the neutral normal ammonium acetate and determined using
Analyst400 Atomic Absorption Spectrophotometer.

RESULTS AND DISCUSSION

The perusal of data reveals that the soil application of
graded levels of NPK exerted a significant influence on the
plant growth characteristics (Table 1). Plant growth
parameters increased with increasing doses of NPK. The
maximum linear growth (156.62 cm) and number of leaves
per plant (53.00) were in plants in T,, (N,P,K,), followed by T,
(N,P,K,) and both these treatments were statistically at par
with T, (N,P,K,) and T,, (N,P,K,). Similarly, leaf area (24.35
cm?’), total root length (14.90 m), fresh weight of roots (67.83
g) and dry weight of roots (38.17 g) were also observed with
N,P,K, (T,,) which was followed by N,P,K, (T,,). However,
increase in scion radial growth (5.23 mm), intermodal length
(3.38 cm) and total plant biomass (88.75 g) were significantly
higher under N,P,K, (T,,), closely followed by N.P,K, (T,,) and
both these treatments were statistically at par with T, (N,P,K,)
and T,, (N,P,K,). Similarly, the trees subjected to T,, (N,P,K,)
exhibited significantly higher fresh and dry weight of shoots
(95.51g and 51.0 g, respectively followed by T,, (N,P,K,) and
both these treatments were statistically at par with T,,
(N,P.K,) and T,, (Jeevamrut drenching). The higher growth of
nursery plants under increasing doses of NPK may be
attributed to the fact that these nutrients are crucial
determinants of plant growth and development. Fertilization
with NPK improves plant growth by either increasing soil
resources or by enhancing the ability of plants to garner
resources by modifying soil pH (Lincoln et al 2003).
Increasing dose of NPK fertilizers might have activated the
physiological processes for rapid absorption and utilization of
nutrients for the primary metabolic process. Nitrogen uptake
and assimilation are essential growth-promoting processes
in plants and has to be converted into amino acids after its
uptake in plants. Thus, nitrogen supply enhanced the total
and individual amino acid concentrations and indicates that
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more N is channelled to the production of precursors of
protein biosynthesis to provide basic compounds for rapid
biomass production. Nitrogen plays an important role in
synthesis of the plant constituents through the action of
different enzyme activities and protein synthesis, thus
improves the quantity of dry matter. P activates co-enzymes
for amino acid production used in protein synthesis and K
plays an important role in uptake and transportation of water
and quick conversion of inorganic nitrogen into proteins. As a
result, plants increases stem diameter, height, basal area
and volume (King et al 2006). The results of present studies
are in conformity with those of Cooke et al (2005), who
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reported that high nutrient levels stimulate plant growth and
biomass production. Similarly, Prado et al (2009) also
reported significant increase in growth of shoot and root
system in nursery plants of sweet orange with the application
ofN,Pand K @ 918, 184, 876 mg dm™ of substratum.

The different NPK doses on soil N, P, K, Ca and Mg
contents of apple nursery soil indicate significant differences.
The N, P, K, Ca and Mg contents in the nursery soil increased
with the increasing doses of NPK. The maximum nitrogen
(467.80 kg/ha) was in the nursery beds treated with N,P,K,
(T,,) which was statistically at par with N,P,K,(T,), N,P.K, (T,),
N,P.K,(T,,) and N,P,K, (T,,) but significantly higher than rest of

Table 1. Effect of graded levels of NPK on the growth of grafted nursery plantsof apple cv. Oregon Spur

Treatment Linear Increase in Number of Internodal Leaf  Total Fresh Dry Fresh Dry Total plant

growth radial growth leaves length (cm) area root weight of weight of weight of weight of biomass (g)

(cm) of scion (cm® length  shoots shoots (g) roots (g) roots (g) (dry weight
(mm) (m) (9) basis)
T,-N,PK, 132.93 3.44 40.33 3.03 20.77 8.70 64.42 33.05 40.42 28.93 61.98
T,-N,P.K, 134.00 3.56 41.00 3.06 2171 8.50 65.85 36.67 41.06 29.29 65.96
T,-N,PK, 136.50 3.77 41.33 3.10 21.08 10.78 70.04 37.33 50.22 32.50 69.83
T,-N,P.K, 139.68 3.27 41.67 3.12 21.22 1085 72.33 38.08 52.65 32.42 70.50
Ts- N,P.K, 140.33 3.24 43.33 3.21 2159 1255 75.75 41.09 43.42 29.25 70.34
Te- N,P.K, 142.40 4.01 44.33 3.24 21.32 1251 76.09 41.53 43.44 28.94 70.47
T,-N,PK, 145.75 4.04 45.00 3.24 21.29 1330 78.05 42.25 58.30 36.83 79.08
T, - N,P.K, 151.58 4.92 47.33 3.27 21.74 1360 81.68 42.42 57.33 34.93 77.34
T, - N;P.K, 155.75 4.49 50.67 3.32 2251 10.27 82.28 44.89 52.91 34.57 79.46
T, - N;P.K, 155.25 4.46 50.33 3.34 23.27 10.31 86.47 45.61 54.58 33.83 79.44
T, - N,PK, 156.62 4.87 53.00 3.35 2435 1490 89.49 49.17 67.83 38.17 87.33
T, - N,P,K, 156.00 5.23 50.00 3.38 23.97 1450 9551 51.00 62.67 37.75 88.75
T,-Jeevamrut  144.53 4.1 48.67 3.20 22.82 933 88.14 42.92 45.10 29.98 72.90
T,,— Control 128.05 3.20 34.00 2.96 20.34 7.7 62.28 30.57 35.51 23.62 54.19
CD (p=0.05) 8.98 0.78 4.49 0.13 1.14 0.44 9.87 8.72 5.51 4.46 10.01

Table 2. Effect of graded levels of NPK on nutrient contents of apple nursery soil

Treatment Nitrogen (kg ha™) Phosphorus (kg ha’)  Potassium (kg ha™) Calcium (mgkg')  Magnesium (mg kg™)
T,-N,P.K, 383.67 58.83 315.76 1637.22 568.32
T,-N,P.K, 387.71 60.45 333.03 1625.14 563.01
T,- N,P,K, 391.33 69.94 319.99 1650.11 574.88
T,-N,PK, 407.00 72.52 328.57 1634.18 573.69
T, - N,P.K, 418.00 62.65 325.29 1665.45 576.45
T,- N,P.K, 435.67 63.95 350.68 1651.74 573.96
T, - N,P.,K, 447.00 75.90 330.90 1675.52 578.39
T, - N,P.K, 448.00 74.78 354.02 1664.59 576.81
T, - N,P.K, 456.19 65.40 341.63 1698.14 585.77
T.-NPK, 462.10 67.58 367.62 1683.21 582.66
T, - NPK, 465.34 78.87 349.89 1684.17 591.13
T,-NPK, 467.80 76.91 370.67 1677.20 584.38
T,, - Jeevamrut 371.84 56.00 328.92 1682.41 573.21
T,, - Control 367.86 51.52 308.82 1618.60 561.95
CD (p=0.05) 20.17 8.71 18.50 42.71 12.33
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the treatments. Similarly, the nursery beds subjected to
N,P,K,(T,,) exhibited maximum potassium content (370.67 kg
ha') and was significantly superior to all other treatments
except N,P.K, (T,) and N,P.K, (T,,). However, maximum soil
phosphorus content (78.87 kg ha™) was observed in the soil of
nursery beds fertilized with N,P,K, (T,,), which was statistically
at par with those of N,P.K, (T,), N,P,K, (T,), N,P,K, (T,) and
N,P.K, (T,,). Similarly, maximum soil magnesium content
(591.13 mg kg") was recorded in the soil of nursery beds
subjected to N,P,K, (T,,) which was significantly higher than
other treatments under study except N,P.K, (T,), N,P.K, (T,,)
and N,P,K, (T,,). The maximum soil calcium content (1698.14
mg kg") was registered by the nursery beds treated with
N,P.K, (T,) which was statistically at par with N,P.K, (Tj),
NLPK; (T7), NoP.K; (Ty), NoP K, (T:o), NoP.K, (Ts), NsPK, (T )
and Jeevamrut (T,;) treatments. The increase in the available
N of soil with increasing N fertilizers doses may be anticipated
due to increase in NH," ions and the conversion of these ions
to NO, ions by soil bacteria through nitrification. Phosphorus
fertilizers in the soil increase the available P through
production of carbonic acid in the presence of organic matter
which increases solubility of phosphate compounds. The
increase in potassium content with the increasing supply of
NPK might be attributed to increase in K" ion concentration in
the soil solution due to the increase in acidity resulting from N
application which might have favoured sublimation of K and
other cations. Potassium plays an important role in
translocation of N, P, Ca, Mg and amino acids thus an ample
supply of Kiis essential for efficient transport of these nutrients
(Thomas and Thomas 2009). Ernani et al (2002), also
recorded an increase in concentration of K in the soil with
increasing level of KCI. Similar increase in available
potassium content was also observed by Szewczuk et al
(2011) with increasing K level from 12 to 20 mg K 100 g” of
soil. The increase in soil Ca content with the application of N,
P and K might be due to addition of calcium in the form of
single super phosphate to the soil.

CONCLUSION

The application of 18 g N, 6 g P and 4.5 g K m” nursery
bed (N,P,K,) to grafted nursery plants of apple cv. Oregon
Spur registered significantly higher linear growth, number of
leaves, leaf area, fresh and dry weight of roots, total biomass
of plant, soil P and Mg content. However, radial growth of
scion, internodal length, fresh and dry weight of shoots and
soil N and K contents were found significantly higher under
treatment comprising 18 g N, 6 g P and 9 g K m? nursery bed
(N,P,K,) Thus soil application of 18.0 g of N, 6.0 g of P and
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4.5 g of K m? nursery bed was most effective and can be
recommended for the production of quality nursery plants of
apple on clonal rootstocks.
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Abstract: The aim of this study was to assess changes in physicochemical parameters and nutrient concentrations with the season and to
generate helpful data for water quality managers. The physicochemical properties of the river investigated were all within the recommended
range of acceptable water quality (Temperature: 13.3 - 25.9; pH: 7.84 - 8.63; DO: 4.2- 9.2 mg I'") except for salinity which was higher than
recommended threshold. However, the concentrations of heavy metals were negligible at the upstream, but the suspended matter was higher
at the upstream (94 mg I'") than that of the downstream (0.026 mg I'"). Water surface in the region of oum Er-rabia has good water quality with
high concentration of salinity and is suitable for drinking purposes after treatment.
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Fresh water is vital to life and yet it is a finite resource and
of all the water on earth, just 3% is fresh water. Although its
composition is dependent on natural factors (geological,
topographical, meteorological, hydrological and biological)
and varies with seasonal differences in runoff volumes,
weather conditions and water levels. Nevertheless, surface
water quality is largely influenced by both natural processes
and by anthropogenic inputs (Kazi et al 2009) such as
discharge of untreated industrial effluent, agricultural and
municipal run offs tend to change the physical and nutrient
river water qualities (Gao 2014, Pan et al 2014). These
activities pose serious threats to surface water quality and the
ecosystem services of the river (Banunle et al 2018, Elayaraj
et al 2011). Sustainable development is thus a difficult task to
achieve without ensuring adequate quality and quantity of
fresh water. In Morocco, awareness of environmental
problems is rapidly increasing. In recent years, several
studies, showing that the water quality of many rivers has been
deteriorating with various anthropic activities (El Baghdadi et al
2015, Nadem et al 2015, Abbou and Fahde 2017). The
vulnerability of water resources pollution in Moroccan rivers is
due to industrial activity including oil mills, phosphate
extraction, and sugar beet processing. The Oum Er Bia basin
is the primary source of water for a variety of purposes
(drinking, agriculture, industry, recreation) and also receives
wastes from vast rural areas and several large cities along its
banks. The protection of surface water in associated reservoirs
is therefore crucial to providing suitable and safe drinking
water for both rural and urbanized areas. This study compares

the upstream and downstream water qualities with the aim of
assessing the level of purity of the Oum Er-rabia River and the
anthropogenic impact on the quality of River Oum Er-rabia.

MATERIAL AND METHODS

Study area: The Oum Er-rabia River, which runs for
approximately 35 000 km? from its source in Middle Atlas (at
1800 m) to the Atlantic Coast of Azemmour city, is among the
national's longest, widest, and deepest rivers. It is located in
the Center-Western of Morocco on the southern borders of
the Mediterranean area of the northern hemisphere,
straddling the 32nd parallel. It is based on the north-western
slope of the limestone High Atlas and on an element of the
Middle Atlas, and it slopes towards the northwest, towards
the Atlantic Ocean: 31°19.33'-33°22.21"N lat and 5°8.55'"-
8°22.53'W Long (Loup 1962). Three sampling sites were
targetat Oum Errbia (Fig. 1).
--S1(31°19.33'N; 5°8.55'W): located on a Middle Atlas 30 km
from Khénifra.
--52(32°22.21'N; 8°22.53'W): located 50 km from Settat city,
just proximity to the city's urban waste.
--S3(33°17'15.1"N; 8°20'22.0"W): located at the mouth

The selection of the sampling sites was based on
different criteria related to the contamination vulnerability,
and the exploitation of the area as drinking, agriculture,
industry, recreation. The stations near to the river source
were supposed to be less impaired by urban contamination
and the stations downstream were supposed to be more
impaired by this contamination type.
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Field sampling and abiotic factors analysis: The water
column is sampled seasonally at three points along the study
area, during January-December, 2015. At each sampling
location, the water temperature, pH, salinity, and dissolved
oxygen (DO) were measured in situ. The other parameters
were determined within 24 h in the laboratory according to the
standard methods (Rodier et al 2009). The current study took
place for a twelve month period (January-December 2015).
The period between January-March and October-November
2015, was considered the wet season period while the period
between April-September 2015 was considered the dry
season. The sampling stations were selected on the basis of
their contamination vulnerability, the stations near to the river
source were supposed to be less impaired by urban
contamination and the stations downstream were supposed
to be more impaired by this contamination type.

Fourteen parameters hydrological criteria were
measured along the Oum Er-rabia river typology were water
temperature (T°), salinity (S), pH, dissolved oxygen (DO),
suspended matter (DM), ammonium (NH."), total
phosphorus (ICP), zinc (Zn), copper (Cp), lead (Pb),
chromium (Cr), cadmium (Cd), mercury (Mr), nickel (Ni).
Temperature, salinity, pH, and dissolved oxygen were
chosen to characterize this river (Table 1).

RESULTS AND DISCUSSION

Temperature followed a seasonal pattern, with a distinct
thermocline in winter-spring and autumn at S1 and S2 (higher
levelin spring), contrariwise S3 indicated stable temperature.
Generally, values recorded along the Oum Er-rabia river
ranged between 13.3 and 25.9°C (Table 2). The temperature
doesn't have any effect on salinity variations the whole year.
The salinity of the downstream samples from the Oum Er-
rabia river was higher than that of the upstream. The average
salinity at the upstream was 2.02 PSU while that of the
downstream sample was 29.425 PSU (Fig. 2). However, pH
reported along Oum Er-rabia river was alkaline in all
samples, it ranges from 8.4 to 8.63 at S1 and S2; whereas, at
S3rangesfrom7.84to0 8.

The DO level at the downstream was slightly higher than
that of the upstream (Fig. 2). The average DO recorded at the
upstream was 6.425 mg I while that of the downstream was
6.78 mg/L. Suspended matter (DM) determined in the Oum
Er-rabia river at both the upstream and downstream have
shown the concentrations at the upstream (94 mg I") were
higher than that of the downstream (0.026 mg I"). The
concentrations of heavy metals factors including arsenic,
lead, copper, cadmium and mercury vary between 0 and 0.65
mg I in winter and between 0 and 0.26 mg " in summer. The
statistically analysis of upstream and downstream were

significant (Table 2). There was no significant difference
between the mean temperature and dissolved oxygen of the
water samples. The results show significant difference in the
salinity between the upstream and downstream. The pH at
the upstream was significantly higher than that downstream.
The NH4" values vary between 0 and 0.65 mg I'in winter and
between 0 and 0.26 mg I"in summer. NH4" values remain
below the normal rate set by the Moroccan standards except
in S2 located downstream dam. In this station higher value
was recorded, indicating moderate to highly polluted river
water. The concentration DM in the Oum Er-rabia river at both
the upstream and downstream show DM at the upstream (94
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Fig. 1. A map showing the study area of the Oum Er-rabia
river

Table 1. The water quality parameters and their analytical
method in this study

Parameters Analytical method Unit

Temperature (T°) Temperature probe °C

pH Potentiometry/pH probe

Salinity (S) Hydrometer PSU

Dissolved oxygen (DO) Oximeter mg O2 L"

Ammonium (NH+") Spectrophotometry mgL"

Total phosphorus (ICP) Spectrophotometry mgL"

Suspended matter (DM) COD meter mg 02 L"

Zinc (Zn) Flame atomic absorption mg L"
spectrometry

Copper (Cp), Flame atomic absorption mg L"
spectrometry

Lead (Pb), Flame atomic absorption mg L"
spectrometry

Chromium (Cr), Flame atomic absorption mg L"
spectrometry

Cadmium (Cd), Flame atomic absorption mg L"
spectrometry

Mercury (Mr) Flame atomic absorption mg L"
spectrometry

Nickel (Ni) Flame atomic absorption mg L"

spectrometry
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mg I"') were higher than that of the downstream (0.026 mg I")
but both were also lower (within acceptable threshold) than
MG of 200 mg I and WHO threshold of 1000 mg I

Important factors in the quantitative balance of surface
waters are precipitation and snowmelt. These factors have
both quantitative and qualitative influences, mainly because
of surface transport of sediment, pesticides, fertilizers etc.
The rainfall in the Oum Er-rabia basin varies between 1100
mm on the Middle Atlas and 300 mm in the down river region
with an average of 550 mm. Critical conditions may occur at
the interactions of physical, chemical and biological
characteristics of the receiving waters and pollutant loading
sources. Such conditions can increase the adverse effects of
a pollutant of concern (Syed et al 2006). DO concentrations
along Oum Er-rabia basin at both the upstream and
downstream were within the acceptable threshold of 5 mg I"in
comparison with the MG standard. Generally, summer is the
critical period for low dissolved oxygen as increasing
temperature reduces the dissolution of ambient DO in river
water( Kumari et al 2013). Yang et al (2007) conjectured that
the low DO values in summer were connected to the high
activities of microorganisms requiring a lot of oxygen for
metabolizing activities and for organic matters degradation.
Water temperature increased as the water moves down
stream and similar results were reported by ElI Morhit et al
(2012) in downstream of Loukkos river (Maroc). In addition,
Middle Atlas characterized by a humid cold climate, classified
as Mediterranean mountain climate. Contrary to observations
reported by Adiyiah etal (2013) along the River Tano in Ghana
that water temperature on the other hand increased along the
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river course upstream throughout the sampling period and
were observed to be higher upstream compared to the
downstream. However, the temperature measured during the
study period (at upstream and downstream) was statistically
non-significant. The lower pH value at stations close to at the
mouth point (S3) in summer was observed. The downstream
samples recorded a minimum pH that is lower than that of the
upstream. Generally, the recommended acceptable threshold
for pH is 6.5 to 8.5 and 6.5 to 9.2, respectively for Moroccan
surface water guidelines (2002) and the World Health
Organization (WHO). The difference between the upstream
pH and that of the downstream was relatively small. The
higher pH values along Oum Er-rabia basin could be
attributed to the release of alcalin forming substances such as
sulphate, phosphate and nitrates into the water body.
Phosphate might have entered the river through the
detergents. Apart from these factors, the geology of the
underlying rocks might have also contributed to the increased
pH values observed. Both downstream and upstream salinity
was outside the tolerable limits of the MG, the S2 has lower
salinity than S1 which impacted by geological conditions. and
S3 which influenced by ocean salinity. Moroccan surface
water guidelines threshold limits for salinity at 0.055-0.408
and 0.408-0.724 PSU in upstream and downstream of many
rivers (El Morhit et al 2012, Adiyiah et al 2013, Neissi et al
2019, Dunea et al 2020). NH4 " values remain below the
normal rate set by the Moroccan standards in both stations,
except in S2 located downstream of the dam of Settat were
higher than recorded. The possible explanation for higher
value may due biodegradation of waste and inputs from

Table 2. Physico-chemical parameters analyzed at all stations

Parameters 22nd February 2015 15th May 2015 3rd August 2015 15th October 2015

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3
T° (°C) 13.3 223 22 245 25,2 23 19,8 243 23 18 25,9 23
pH 8.48 8.25 8 8.63 8.38 8 8.49 8.2 7.84 8.4 8.42 8
S (PSU) 2.246 0.683 21 1.768 0.717 325 2.503 1.185 34.7 1.578 0.689 295
DO (mg L") 5.8 7.3 10 6.5 6.5 7.51 7.2 6.3 5.21 6.2 7.7 44
DM (mg L") 8 10 0.007 94 12 0.026 93 68 0.02 27 6 0.01
NHs (mgL') <0.100 0.089 <0.100 0.154 0.65 <0.100 <0.100 0.246 <0.100 <0.100 <0.100 <0.100
ICP (mg L") <0.15 <0.15 <0.15 0.32 0.25 <0.15 0.86 <0.15 <0.15 <0.15 <0.15 <0.15
Zn (ml G™") 0.06 <0.02 ND <0.02 <0.02 ND 0.03 0.08 ND <0.02 <0.02 ND
Cp (mg L") <0.01 <0.01 ND <0.01 <0.01 ND <0.01 <0.01 ND <0.01 <0.01 ND
Ld (mg L") <0.0040 <0.0040 ND <0.0040 <0.0040 ND 0.004 <0.0040 ND <0.0040 <0.0040 ND
Cr(mgL") <0.0040 <0.0040 ND 0.014 <0.0040 ND 0.02  <0.0040 ND <0.0040 <0.0040 ND
Cd (mg L") 0.0011  <0.0010 ND <0.0010 <0.0010 ND 0.001  <0.0010 ND <0.0010 <0.0010 ND
Mr(mgL’)  <0.0001 0.0002 ND <0.0001 <0.0001 ND <0.0001 <0.0001 ND <0.0001 <0.0001 ND
Ni (mg L") 0.01 <0.00 ND 0.01 <0.00 ND 0.01 <0.00 ND <0.00 <0.00 ND
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Table 3. Results of an analysis of variance -one-way ANOVA

F. Souilmi and S. Tahraoui

Sites T pH S DO F p
S1/S2 0.05311 0.04759 0.8784 0.9894 T 3.991 0.05744
S1/S3 0.1887 0.0002231 0.0001838 0.9422 pH 34.14 6.281E-05
S2/S3 0.6919 0.001398 0.0001835 0.9803 S 86.47 1.332E-06
DO 0.0549 0.9469
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Fig. 2. Averaged values for temperature, salinity, pH and dissolved oxygen measured for up and down streams of Oum Er rbia

River

domestic, agricultural and industrial (Koukal et al 2004, Houti
et al 2014). However, the values are in range of good quality
water.

CONCLUSION

The estimation of the quality of surface water is complex
due to spatial and temporal variations in water quality, could
provide an overview of the temporal condition as well as
seasonal and geographical evolution of the ecosystem. In the
current case, the water surface in the region has good water
quality. Nevertheless, several explanations can be suggested
to account for the observed physicochemical improvement at
all sites. such as dilution of contaminated Oum Er-rabia River
water by uncontaminated water provide by the precipitation in
winter season. More likely that most of the pollutants have
been deposited in bottom sediments. It is expected that bottom
sediments in this area would have elevated metal
concentrations and some additional sampling. River bottom
sediments in the area would be necessary to assess the extent

as well as the potential remobilization of this contamination.
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Abstract: In the study, an attempt has been made to find physicochemical properties of groundwater samples for Sahibabad Region of NCR,
for Ghaziabad District of Uttar Pardesh. To find out the groundwater quality total 10 samples have been collected and tested. Total seven
parameters, namely pH, conductivity, turbidity, residual chlorine, total dissolved solids, chloride and fluoridewere determined. Water quality
index (WQI) has been determined by weighted arithmetic water quality index method. WQI shows that samples fall in the excellent water
quality whereas 5 samples fall in good water quality. Only one sample falls in the poor quality of water category. The overall water quality for the

region shows water is acceptable for drinking use.
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Groundwater is stored in and moves slowly through
geological formations of soil, rocks and sand. Precipitation
and surface water recharge is the main source of
groundwater (Chakraborty et al 2016, Patil et al 2020).
Industrial, commercial, municipal and agricultural activities
all can affect groundwater quality. Contamination in
groundwater is main cause for poor drinking water quality
and loses of water supply. Due to increasing demand of
groundwater, it is under threat in north-west India (Lapworth
et al 2014, Chopra and Krishna 2014). Water quality index
(WAQl) used to expresses overall water-quality in a single
number at any location and time which is based on different
water quality parameters (Singh et al 2016, Solangi et al
2019).

Due to groundwater importance as a source of water
supply, WQI have been extensively studied by different
researchers and good treaties are available. Boateng et al
(2015) used an approach and WQI for groundwater quality
assessment for Ejisu-Juben Municipality of Ghana. Krishan
et al (2016) used WQI for assessment of quality of
groundwater for drinking purpose in Shamli and
Muzaffernagar Districts of UP (India). Based on total five
parameters (pH, total dissolved solids, hardness, chloride
and sulphate), the result showed overall water quality class is
good. Khan and Jhariya (2017) observed groundwater
quality for drinking purpose using GIS and WQlI in Raipur City
of Chhattisgarh. Authors collected total 34 samples and 76%
of samples were under excellent, very good and good quality
whereas 24% of water samples were under poor & very poor
quality. Abbasnia et al (2019) evaluated groundwater quality
using WQI for drinking as well as for irrigation purpose for

Sistan and Baluchistan City of Iran. The result of the studied
shows that for drinking purpose 1.2% sample fall in excellent
quality, 52.1% as good, 39% as poor and 6% as very poor
where as 1.7% samples were unsuitable for drinking. For
irrigation purpose, 19.9% and 80.1% samples were in
excellent and good classes respectively. As the Sahibabad is
an industrial area of NCR, there is a need to study for
evaluation of groundwater quality. This study was carried out
with the aim to calculate different physicochemical properties
of groundwater sample and based on these parameter
obtained WQ for drinking purpose.

MATERIAL AND METHODS

The study was carried out at Sahibabad, NCR region of
Ghaziabad District in Uttar Pardesh State, India. Sahibabad
arealocated at 28°39' N and 77°50' E, 207 m above mean sea
level. The average annual temperature of the area is 25°C
and annual rainfall is 796 mm.
Methodology: The total 10 samples were collected from
different location of Sahibabad (Table 1). All the collected
samples of groundwater were analysed according to
standard method of examinations for 7 physicochemical
parameters. pH meter, conductivity meter, turbidity meter
and TDS meter have been used to determine pH value,
conductivity, turbidity and total dissolved solids in samples
respectively. Fluoride and residual chlorine have been
determined by color matching technique. Chloride has been
determined by titration technique. Water quality parameters
as per BIS: 105000-2012 used in the study (Table 3).
Water Quality Index: To determine the WQI value for
different sample weighted arithmetic water quality index
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method has been used. This method has been used by
different researchers to determine WQI (Chathamet al 2010,
Tragiet al 2013, Alteret al 2016). The WQI has been
calculated using following equation
> RiWi
> Wi
In above equation R, is quality rating scale of each
parameter and calculated using following expression
R, =100 5 =Co
i o
Where, C, is estimated concentration of i' parameter.
C, is the ideal value of same parameter of pure water (0
for all parameter except 7 for pH and 14.6 mg I" for DO)
C, is the standard value of i parameter
W, in the equation is unit weight for each parameter and
calculated using formula:

WQI =

WhereAis the proportionality constant.

RESULTS AND DISCUSSION
Suitability of Groundwater for drinking purpose: The
suitability of drinking water based on 7 parameters has been
determined (Table 3). The pH ranged from 6.88 to 7.82 with
mean value of 7.24. Seventy present of total samples are

Table 1. Location of collected samples
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alkaline in nature whereas 30% were acidic but all the
samples are in not exceeding the recommended limit of BIS
10500:2012. Conductivity in the groundwater varies from 110
to 1240 with mean value of 451 and turbidity ranged from
0.62 NTU to 4.50 with mean value of 1.68 with 4 samples in
the range of maximum permissible limit whereas 6 samples
exceeded the limit. There was no residual chlorine and
fluorides in the tested samples. TDS of tested samples
ranged from 105 to 729 with average value of 360.1. 3
samples exceeded the limit of TDS as per BIS and the other 7
samples are in limit. Chloride content of the tested samples
ranged from 60 to 380 with an average value of 187. Total 7
samples are under permissible limit of BIS.

Assessment of WQI: The computed WQI values for studied
area ranged from 11.43 to 64.69 (Table 4). As per the

Table 2. Rating of water quality as per weighted arithmetic
water quality index method (Tragietal 2014)

WQI value Water quality rating Grading
0-25 Excellent A
26-50 Good B
51-75 Poor C
76-100 Very poor D
>100 Unsuitable for drinking purpose E

Table 4. Observed values of WQI

Sample Latitude Longitude Sample wal Grade Water quality
S1 28.674 77.367 S1 64.69 C Poor

S2 28.666 77.366 S2 11.43 A Excellent

S3 28.656 77.352 S3 17.51 A Excellent

S4 28.669 77.372 S4 26.09 B Good

S5 28.677 77.380 S5 28.72 B Good

S6 28.659 77.355 S6 30.20 B Good

S7 28.677 77.381 S7 12.36 A Excellent

S8 28.677 77.380 S8 46.57 B Good

S9 28.670 77.371 S9 16.40 A Excellent
S10 28.656 77.350 S10 28.49 B Good
Table 3. Physicochemical parameters of samples

Test Acceptable limit ~ S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
pH 6.5-8.5 6.94 6.92 7.60 7.1 6.88 7.55 7.26 7.05 7.30 7.82
Conductivity (us cm™) 500 470 1240 490 450 310 180 420 110 330 510
Turbidity (NTU) 300 450 0.73 0.68 1.49 1.96 1.60 0.62 3.20 0.75 1.25
Residual Chlorine (mg 1) 1 0 0 0 0 0 0 0 0 0 0
TDS (mg I") 250 288 729 670 150 190 605 251 188 105 425
Chloride (mg ") 0.2 130 140 170 60 280 220 110 380 310 70
Fluoride (mg I') 5 0 0 0 0 0 0 0 0 0 0
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classification, total 4 samples fell under excellent quality and
5 samples fell into good quality of water. One tested sample
of groundwater was in poor water quality.

CONCLUSIONS

The total 9 of samples are fit for drinking purpose where
as one sample is poor in quality. In Sahibabad region,
continuous monitoring of groundwater is important in future
due to established and growing industrialization in the area.
The overall water quality of the region shows groundwater is
suitable for drinking purpose. Continuous monitoring and
awareness at industries are required to improve public health
in this area.
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Abstract: The present study was designed for the estimation pollution status by two heavy metals cadmium, lead and the variation in physico-
chemical characteristics of the soil samples taken from an open dumpsite in Kani-Qrzhala - Erbil. (Latitude 36°13 N, longitude 43°58 E). Soil
samples selected at different depths (0-10, 10-20 and 20-30 cm) were collected randomly at the dumpsite field with one sample as a control.
The soil samples were analyzed for physico-chemical parameters and contaminated metals by cadmium and lead. The samples of dumpsite
had higher silt and lower sand contents in comparison with the control site. The soil pH varied between 7.2 - 7.7 in the dump. The highest f
organic matter was (25 mg kg™ in dump soils. The levels of Pb, Cr, Cd and Ni ranged from 90.11-140.08, 1.05-1.24, 0.95 -2.98 and 9.63 -11.8
mg kg™ in the dump and 12.08-28.83, 0.084-0.100, 0.10-0.73 and 7.61-8.00 mg kg'in the control. All values of the heavy metals obtained in the
study area were below the maximum allowable limit of soils used for farming purpose. Results of the simple geoaccumulation index (l,,,) for Pb,
Cr, Cd and Ni indicated that the soil qualities were generally are under the class (1) uncontaminated status, but limited sampling sites fell in

class 5, highly polluted index

Keywords: Heavy metals, Dumpsite soils, Physicochemical Properties, Igeo

The rapid increase in the recent years of the volume,
type of solid waste and hazards waste generated in Kurdistan
region especially in Erbil governorate mainly due to the
economic growth and urbanization is observed. This flux is
not treated or disposed in norms that can prevent pollution. In
Arbil governorate, owing to the lack of awareness, all types of
waste, especially solid waste including hazardous waste are
often mixed with domestic wastes and disposal. The
environment pollution by toxic metals characteristics of Cd,
Cr, Ni, and Pb has become a worldwide disaster, affecting
agriculture products and promoting to bioaccumulation and
biomagnifications in the food chain. Certain toxic metals can
abide in the environment for a long time and may induce
course bioaccumulation of higher concentrations that may
affect human health (Dipu et al 2011). Garbage dumps are
commonly unhygienic and make up places in which malady-
carrying infestation such as flies and rats grow rapidly
(Bellebaum 2005). Different gases such as methane are
released into the adjoining air as putrefy by microorganisms
of the solid wastes and pollute the air by fires with pungent
smoke and other scores of inconsistent. Liquids that flow and
trickle in the course of the solid waste stack ultimately pollute
the soil, surface water and ground water. Perilous resources
like pesticides, trace elements, hydrocarbons that are
disintegrating in this liquid frequently contaminate water and
soil (Adelekan and Alawode 2011). Anikwe and Nwobodo
(2002) recommended thatincessant dumping of urban waste

on soil may augmentin heavy metals in the surface water and
soils that would be unfavorable to profound consuming
plants. Heavy metals such as lead, chromium, cadmium,
mercury, and nickel are of serious and foremost concern
because of their harm plants, animals and soil organisms
(Adelekan and Abegunde 2011, Brady et al 2014, Pan et al
2016, Weissmannova and Pavlovsky 2017, Ahmed and
Khoshnaw 2019, Mwstefa and Ahmed 2019). The landfills
management in Kurdistan region was poorly regulated and
was not by the strategy of sustainable development.
Moreover, there were almost limited studies and information
about the environmental status of the landfill as a source of
pollution. Therefore, this study aims to study the impacts of
the refuses on some physicochemical properties of
surrounding soils at three different depths from the landfill
source and investigate the impacts of the mentioned landfill
refuse on the levels of the metals in the same soil samples by
applying the Geo-accumulation index (Igeo).

MATERIAL AND METHODS
Study area: Erbil, the capital city of Kurdistan region, the
town is located in a arid to semi arid area with mean yearly
rainfall of about 250 mm. Dump field investigated is located at
the west of Erbil city lies between latitude 36°13 North and
longitude 43°58 East, at the road of Arbil-Mosul governorate
and is an open dump area for all of wastes (domestic,
commercial, industry, and wastes from hospitals and clinics)
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together without any segregation before dumping.

Soil sampling: After removing the overlying wastes of
surface soil samples, were randomly collected from the
deposit field at divergent depths of 0-10, 10-20 and 20- 30 cm
. The control sample collected at the same depths, from
unfarmed land at 100 m away from the landfill. The soils were
air dried ground and sieved through a 2 mm, and kept until
use.

Determination of some physico-chemical properties of
soil samples: Particle size distribution was determined by
Hydrometer method (Rowels 1996). Soil pH was measured
in soil extraction (1:5) using HANNA pH meter, model pH211
microprocessor pH meter (Jackson 1958). Organic matter
was determined by the modified (Walkley and Black method)
as described by Jackson (1958). Total Calcium Carbonate
(CaCO,) which involves the dissolution of carbonate in HCI
(2M), followed by back titration with (0.1M) NaOH as
described in Rowell (1996). The evaluation of soil
contamination by heavy metals, Geoaccumulation index (I
40)» Was calculated (Kowalska et al 2016)
Geo-accumulation index (l,,) =
(03 T - T 1

Where Ci is the measured concentration of the studied
metal in the surface soil

Cig is the geochemical background concentration or
reference value of the metal, and

1.5is constant that is used for litho logic variations of the
heavy metal.

Igeo index can compare between the present and past
pollution levels. Furthermore, Igeo index uses the
multiplication factor of (1.5) to minimize the possible variation
of lithogenic effects. However, Igeo index has also many
weak points such as in case of using incorrect geological
background (BG), unreliable results will be obtained,
possible natural fluctuation within the geological background
(BG) will also lead to mistaken results, and dismissing the
possible capability of another present heavy metal for
causing pollution Kowalska(etal 2016). Forstner et al (1993)
have classified the geo-accumulation index into seven
intensity classes and they are as follow: |,,< 0 named as
class 0 or uncontaminated; 0<l<1 called class 1or
uncontaminated to moderately contaminated; 1<I,,<2,
termed class 2 or moderately contaminated; 2<I,,,<3 named
class 3 or moderately to strongly contaminated; 3<I <4 is
termed as class 4 or strongly contaminated; 4<I <5 is
considered as class 5 or strongly to very contaminated, and
finally 1,>5 is regarded as class 6 or very strong
contaminated.

Preparation of soil samples and heavy metals analyses:
0.5 gram of less than 0.5 mm size diameter air dry soil from

log2 Ci /

each samples was digested by mixed acid thoroughly using
the nitric/ perchloric procedure, after appearance of white
fumes, the digested samples were diluted and filtered and
finally the volume were completed to 50 ml, a comprehensive
description of this digestion method (Hseu et al 2002). The
heavy metals concentrations such as Pb, Cr, Niand Cd were
determined using atomic absorption spectrophotometer
(Alpha-4) after preparation of appropriate calibration
standards. All samples were digested and analyzed in
replicate.

RESULTS AND DISCUSSION
Physico-chemical characteristics of the studied Soil.
Soil Textural properties: The soil texture classes had
higher silt and lower clay and sand contents in comparing
with the control site which consists of fairly high clay parts,
thus they display flexibility and hold up surface water flooding
and contamination. This clay loamy to clayey texture of the
control soils samples also favors leacheates and low
permeability of water (Ahn 1993).

Hydrogen ion concentration (pH value): The pH in
dumpsite varied from 7.2-7.7 against 7.6 in the control
sample indicating a neutral reaction (Table 1).

Soil organic matter: Total organic matter presence in the
soils ranged from low to moderate (Table 1). The content of
organic matter in the dumping site soil varied from 13.81 to
25.85 g kg” against 15.99 in control. The soils of garbage
dump clutch high quantity of organic matter at two locations
and this may be due to the type of source of plant residues.
Total heavy metals concentrations (mg kg”) in soils
regarding different soil depths:

The heavy metals Pb, Cd, Crand Ni concentrations were
much higher in the entire dumping site than control samples
(100 m) away from the landfill area. The depths affected of
heavy metal concentration which varied significantly with
depth. The concentration of heavy metals in the soil of dump
sites was limited to the top 15 cm.

Lead (Pb): The mean values of Pb in the landfill soil samples
ranged 90.11-140.08 mg kg" against 12.87-28.83 mg kg™in
control. The Pb was higher than observed by Koaser (2003),
with the highest value of 14.2 mg kg' and the maximum
allowable limits proposed for farmland soils 15 mg kg of
uncontaminated soils (Kabata-Pendias and Pendias 2011)
and higher than the standard background rate of 10 mg kg
reported by Alloway (1995). This is in conformity with the
results obtained from similar modification by Umoh and Etim
(2013) for soils from dumpsites. Concentration of lead in the
soils from both areas should be as a result of batteries dry
cell, sewage waste water, atmospheric depositions of wastes
and runoff. The sampling depth caused a significant
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decrease on the total concentration of Pb in soil samples, the
decrease of Pb under the effect of depth may be due to the
heavy metals characteristics (Fig. 1). The characteristics
localization of Pb near the soil surface in most soil samples is
primarily related to surface accumulation of organic matter
and an organic matter should be considered as an important
sink of Pb polluted soils (Sheng Lu et al 2008). The highest
value of lead (140.08 mg kg™) was from (L,D,) and in depth (
0-10cm) and may be as aresult of long term waste disposal
because the waste disposed contained several sources of
lead such as cans, fuels, pigments, wheels, and chemicals.
Traunfeld and Clement (2001) identified that lead
accumulated in the upper (20 cm) of the contaminated soil
and is highly immobile. Ahmed (2012) observed that highest
amount of Pb accumulated at surface soil. The lowest value
of lead (90.11 mg kg™) was from the (L,D,) may be due to
mobility which could not be easily leached to bottom layer
and physical properties of the soil and soil pH value (Al-
Khashman and Shawabkeh 2006). Al Farraj and Al Wabel
(2007) also observed that the heavy metals concentration
decrease with increasing soil depth. There results indicates
that the maximum amount of Pb was concentrated on the soil

Table 1. Some physicochemical properties of the soils
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surface, Miclean et al (2009) reported that lead is especially
accumulated in surface horizon of soil because its low water
solubility within an environmentally relevant pH range results
in very low mobility. Soil polluted at the surface with Pb
deposits from aerial contamination show little indicators of
metal leaching over many years. However, Al-Farraj and Al-
Wabel (2007) indicated that the concentration of heavy metal
decrease with increasing the depth.

Chromium (Cr): The average concentrations of Crin the soil
dumpsite various between 1.05 -1.24 mg kg™, highest value
of chromium was from (L,D,) while the lowest value of chrome
was from the (L,D,). The values slightly higher than control
sample (0.084 - 0.10 mg kg™), but are at a standstill lower
than the vital permissible level of 50 mgkg™ for farmland soils
recommended by MAFF (1992) and in agreement with the
maximum allowable limit (0.6- 3.4 mg kg') of Kabata -
Pendias and Pendias (2011). Wastes consisting of lead-
chromium batteries, colored polythene bags, discarded
plastic materials and empty paint containers could be due to
the sources of Crin the soils.

Cadmium (Cd): The mean concentration of cadmium in the
dumpsite soil samples were 0.95-2.09 mg kg™ (Fig. 3)and are

Location No. pH o.c* O.M* T.CaCO,* Particle size distribution* Soil Texture
Sand Silt Clay
1 7.7 14.86 25.85 268 197 533 270 Silty clay loam
2 7.6 13.41 23.33 271
3 7.2 7.93 13.81 262
4 (Control) 7.6 9.19 15.99 200 322 386 292 Clay loam
0O.C- Organic carbon, O.M- Organic matter. * in g kg
Table 2. Concentration of heavy metals at different depths of soil (mg kg™)
Locationsand depths Depths (cm) Cd Cr Ni Pb
L1D1 0-10 1.98 1.18 10.7 120.48
L1D2 10-20 2.07 1.23 1.7 94.27
L1D3 20-30 2.09 1.24 11.8 90.11
L2D1 0-10 0.95 1.11 10.0 133.81
L2D2 10-20 0.96 1.15 9.84 110.11
L2D3 20-30 1.31 1.17 9.63 108.91
L3D1 0-10 1.45 1.05 9.82 140.08
L3D2 10-20 1.52 1.13 10.5 133.2
L3D3 20-30 1.54 1.12 10.1 111.98
L4D1 0-10 0.73 1.00 8.00 28.83
L4D2 10-20 0.22 0.096 7.85 18.98
L4D3 20-30 0.10 0.084 7.61 12.78

L= Locations; D= Depths
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with normal limits of 0.01-3.0 mg kg™ in soil MAFF (1992).
The high level of cadmium (2.09 mg kg™') was from (L,D,) may
be due to increase the mobility of cadmium by the effect of
rain fall that cause leaching Cd from top layer or due to
decreasing soil pH (Wuana and Okieimen 2011), while the
lowest value of cadmium (0.95 mg kg™) was obtained from
the (L,D,) and this may be due to geochemical properties of
soil such as pH, organic matter, and inorganic legends. In
addition Cd known as more mobile and highly soluble than
other heavy metals. Cadmium in soil was not strongly
affected by soil organic matter, but cadmium existed in
solution as a free divalent cation (Cd*) or with inorganic
legends' CI, SO,”, or HCO,. The compound formation
between metals and inorganic compounds CI and SO,”
prevent the adsorption of Cd on soil and this may be due to
the creation of cadmium complexes that were not strongly
adsorbed by soil. Cadmium is precipitate as CdCO, or co-
precipitate with CaCO, with resulting decrease in solubility/
availability when soil pH > 7 (Saha et al 2017). Ahmed (2012)
mentioned the highest value of Cd was accumulated at
surface layer, while the lowest value recorded at bottom
layer. The Cadmium values in the MSW soils at the locations
study were in the allowable limits of Cd in the soils (EU 2006).
Nickel (Ni): Nickel concentration in the landfill soils ranged
from 9.63 to 11.80 mg kg™ slightly higher than the control soil
samples (7.6-8.00 mg kg") and results were located at the
allowable limit (5-500 mg kg™ soil) of nickel according to Allen
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Fig. 1. Variation of Pb concentration in various plots and in
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Fig. 3. Variation of Cd concentration at different depths

etal (1974) and less than with the permissible range in United
State (13-30 mg kg soil) (McBride, 1994). The highest value
of nickel (11.8 mg kg”) was in L,D,. This may be due to soil
contamination with different sources of nickel as a result of
anthropogenic activities which leads to release higher level
on nickel to the soil. Esakku et al (2003) observed that higher
levels of heavy metals at the middle layer may be due to the
downward migration of leacheates. The higher level of
metals (Ni, Cd, Pb and Zn) occurred in MSW. The lowest
value of nickel (9.63 mg kg") was obtained from the (L,D,)
and this low value may be due to high level of Fe and Mn
oxides and a part of soil nickel occluded in Fe and Mn oxides
also seems to be available to plant roots (Saha et al 2017).
Ahmed (2012) was recorded lowest amount of Ni at bottom
layer. The nickel concentration in MSW soils of the present
study ranged from 96.3-11.80 mg kg” and were in the range
with the permissible limits of Ni in the soils (EU 2006). The
highest values of Cd, Crand Ni(2.09,1.24 and 11.8 mgkg ")
were from d, , while the lowest 0.95,1.05 and 9.63 mg kg
from surface soils (d,and d,) (Figure 4). These results agree
with Das (2005) and Esakku et al (2003). The concentration
of heavy metals both in natural and in converted soil at
varying depth does not follow any specific trend .The
concentration of some parameters increased with increasing
depth and other parameters decreased with depths since the
concentration does not follow any regular trend (Mamtaz and
Chowdhury 2008). These results may be due to the single
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Fig. 2. The variation of Cr concentration in various plots and
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Table 3. Geoaccumulation index (1,,) of metals in the soils

Locations no. Cd Cr Ni Pb
1 2.15 0.30 0.63 3.09
2 0.57 0.22 0.48 3.32
3 1.48 0.10 0.44 3.44
4 0.00 0.00 0.00 0.00

Table 4. Metal contamination in Kani - Qrzhala soil based on

Igeo
Station/ ltems Cd Cr Ni Pb
1 4 1 1 5
2 1 1 1 5
3 3 1 1 5
4 0 0 0 0

Uncontaminated 1. Uncontaminateted to moderate 2. Moderate 3. Moderate to
strong, 4. Strong 5. Strong to very strong 6. Very strong

effect of the study factors since the combination between two
factors or more may create different environmental condition.
All values of heavy metals in the control samples observed
the highest values of Pb, Ni, Cr and Cd (28.83, 8.0, 0.10 and
0.73 mg kg™) at the depth of 0-10cm of soil dumpsite and the
lowest of 12.87, 7.61, 0.084 and 0.10 mg kg" were at 20-30
cm

Indices assessment of soil heavy metals pollution: The
Geoaccumulation Index (Igeo) for Pb, Cr, Ni, and Cd in landfill
soil (Igeo) revealed that 11 values out of 16 (68% of the
sampling sites) had values 0<Ilgeo<1 indicating that those
sampling sites are still unpolluted to moderately polluted
(Simeon and Friday 2017) (Table 3). At sampling sites of
location 3 of Cd estimated index of geo-accumulation was in
class 3 (1<lgeo<2 (moderately polluted) and at location 1 of
Cd of the estimated index of geo-accumulation fell in class 4 (
2<Igeo<3 (moderately to high pollute). The index values of
16 (18.75% of the sampling sites) had values (3-4) indicating
that those sampling sites are still high polluted soil. Igeo as a
simple index cannot covers the effects of the whole studied
metal in composed form, short working period and production
ofthe dumpsites.

CONCLUSION

The Kani -qrzhala refuges effects on soil properties such
as increasing the heavy metals concentration at study area.
The pollution level was placed under uncontaminated to
highly contaminated classes depending on the value of
Geoaccumulation index of the soil samples. The heavy
metals concentrations in the affected area were higher in
comparing with the control samples. The depth effects on the
distribution of heavy metals and some of the heavy metals
increased with depth and distance while others were

decreased. The metals such as Pb has very high polluted and
Cd and Ni have moderate polluted while Cr has have
unpolluted to moderate polluted status.
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Abstract: This study was conducted to estimate the contribution of clay, silt, organic matter, iron oxides and active CaCQO, in CEC of Wasit and
Maysan soils with equation of Asadu and Chibuike (2015). There was highly significant positive correlation between the clay content and the
CEC values (r* =0.74).There was no significant correlation between the CEC and each of the silt content organic matter, iron oxides and active
calcium carbonate. The relationship between CEC with the soil components (clay, free iron oxides, active calcium carbonate, silt, organic
matter) were all positive and highly significant and with a higher correlation coefficient (’=0.87). The percentage of the contribution soil
components for clay and free iron oxides was 69.04 and18.29, respectively, while for active calcium carbonate, silt and organic matter was

6.671,3.609and 1.219% respectively.
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Cation exchange capacity (CEC) is one of the important
chemical properties in soils, through which many of the soil
components and their properties can be identified such as
the content of clay, texture, porosity, permeability and the
extent of the need to add fertilizers to the soil (Lorandi 2012,
Dinesh et al 2020). Numerous studies have indicated that the
physical and chemical properties of soils such as organic
matter, the degree of soil interaction and the size of soil
particles are factors affecting the CEC (Wang and Zhang
2009, Ljiljana et al 2015). The soil with a high content of clay
has a high CEC with a linear correlation between them, The
CEC have a linear relationship with organic matter compared
to the distribution of soil particles volumes (clay and silt).
Negative charges on the particles surfaces of the clay are
obscured by the organic matter and results in a negative
correlation between the particles of the clay particles and the
CEC, depending on the difference in the quality of the clay
minerals. The covering of the surfaces of the silt minerals with
clay increase the contribution of the clay particles to the CEC
compared to the silt particles. The aim of the observe the
contribution of soil components (clay, free iron oxides, active
calcium carbonate, silt and organic matter) on CEC.

MATERIAL AND METHODS
The study area located in the governorates of Wasit and
Maysan, and this region represents the southern part of the
Iraqi sedimentary plain at the latitudes NO (33.06-) (32.08-)
and longitude E0(44.40-) (46.56-) (Al-Fatlawi 2016). The
area was divided into three transects, within the area

between the left bank of the Tigris river and the mountainous
at the Irag-lran border in the east. Pedons sites were chosen
on the basis of the topographical location and were divided
into two parts, sites flooded by torrents coming from the
borderline, which include the sites of Pedons (Badra,
Alshahabi, Chlatt, Tajaldyine, and Jassan), while the sites
affected by sediment of Tigris river, included the Pedons at
Alsawira, Aldabunie, and Ali algharbi). Statistical analysis
was performed using SAS, 2012 for each of clay by applying
Regression analysis using the model described by (Zar
1974).

y=a+b,(X;)+b,(X,) +by(Xs)+b, (X, )+bs (X; )

y= CEC, x, = clay percent, x, = silt percent, x, = OM
percent, x, = free iron oxide percent, x; = percent of active
CaCQ,

b, ,b,, b,, b, , b, = Partial regression coefficients
expressing the values of CEC For each independent variable
Xy5 X%y, X3, X, , Xs , Fespectively.

The contribution of clay, silt, organic matter, free iron
oxides, and percent CaCO, individually calculated from the
regression equation were calculated using the mean of the
variables, as shown by the following formula:-

X (%)=100bX /Y -a

WhenX= The relative contribution of clay, silt, organic
matter, free iron oxides, and active calcium carbonate

X "= mean value of clay, silt, organic matter, free iron
oxides, and active

calcium carbonate, Y = mean value of CEC, a =
intercept/regression constant, b = partial regression
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coefficient which is specific for each independent variable
(clay, silt, organic matter, free iron oxides, and active calcium
carbonate).

RESULTS AND DISCUSSION
Cation exchange capacity: The CEC of the soil pedons
ranged from 12.85 (C1 horizon for soil Pedon of Chlatt site) to
32.00 Cmol.kg” (Ab horizon at soil Pedon of Alsawira). The
vertical distribution of the CEC did not show a specific pattern
and was a random distribution in the soil of all study Pedons.
The reason for the randomization distribution was that soils

Table 1. Chemical and physical properties and CEC

are alluvial, consisted of deposits of various texture,
depending on the speed and capacity of the conveyor water,
causing random distribution of its components, in particular
that of clay (Krull et al 2004,Ljiljan et al 2015, Yunan et al
2018). The horizantal distribution of the CEC affinity of all
studied soils , except within the Pedon of Chlatt site recorded
lowest CEC. This may be due to the lowest content of the clay
particles and the high content of the sand particles in that
pedon.

There was highly significant positive correlation
between the clay content and the CEC (r*= 0.74), which

N. pedone  Horizon Depth EC pH CaCoO, CaCoO, silt Clay Fe, oM CEC
cm Ds.m’ total%  active % % % % % Cmol.kg"
1 Badra Ap 0-25 2.8 7.22 28.56 2142 77.8 8.7 0.66 1.9 20.11
C1 25-52 25 7.24 41.41 26.18 69.9 20.5 0.38 1.63 23.58
Cc2 52-85 2.6 7.23 34.75 27.18 47.3 34.8 0.56 1.3 28.39
C3 85 27 7.25 34.51 23.08 41.9 46.7 0.64 0.9 28.22
2 Tajaldyine Ap 0-10 3.3 8.19 22.61 11.9 81.3 10.5 0.44 0.22 21.44
C1 Oct-34 4.1 7.97 21.66 11.18 54.5 38.8 0.59 0.31 29.03
Cc2 34-58 34 8.11 22.85 11.9 88 6.4 0.4 0.22 19.25
Ab 58+ 5.3 8.01 24.99 9.52 64.1 28.9 0.33 0.48 23.81
3 Alsawira Ap 0-10 16 7.64 19.29 15.47 81.2 6.3 1.12 0.1 15.24
Cz, Oct-60 8.6 7.45 29.04 19.51 48 37.9 0.89 1.82 26.94
Cz, 60-90 12.3 7.7 39.27 17.85 43.1 54.6 0.76 1.37 30.78
Ab 90+ 1.3 7.65 29.27 9.52 42 56.4 0.96 0.22 32
4 Al-Shihabi Ap 0-10 3.9 7.78 375 21.18 44.5 30.1 0.85 0.44 23.95
Cz, Oct-38 5.9 7.73 36.8 22.13 204 46 0.64 0.22 24.59
Cz, 38-72 7 7.53 45.1 23.08 43.9 40 0.81 0.66 30.39
Ab 72+ 27 7.45 49.7 27.37 36.2 39.8 1.28 1.55 18.18
5 Jassan Ap 0-20 5.8 7.47 41.7 29.75 17.8 4.2 1.36 0.8 15.04
C1 20-83 10.7 7.24 50.1 26.89 421 51.5 1.24 1.99 30.93
Cc2 83-100 12.3 7.35 345 25.46 55.3 374 0.86 1.37 28.59
Ab 100 11.1 7.2 52.7 27.37 54.2 19.6 0.81 1.55 18.28
6 Aldabunie Ap 0-32 1.6 7.47 20.23 9.75 48.5 35.1 1.28 1.83 28.11
C1 32-50 1 7.38 19.04 4.76 46.2 455 1.16 2 27
Cc2 50-75 1 7.49 24.99 16.66 46.3 43.6 0.88 1.1 25.03
C3 75 0.8 7.55 23.8 14.75 74 11.3 0.96 1.36 22.72
7 Chlatt Ap 0-10 0.3 8.3 20.71 14.75 8.8 4.6 0.46 0.85 14.39
C1 Oct-40 0.1 8.5 17.85 8.09 12.8 24 0.71 0.74 12.85
Cc2 40-70 0.1 8.1 21.66 14.51 17.3 8.5 0.54 0.83 15.73
Ab 70+ 0.2 8.03 25.47 13.56 12.2 6.4 0.64 0.83 13.51
8 Alialgharbi Ap 0-10 27 7.68 24.75 16.89 82.3 6.5 0.92 1.5 19.22
Bz, 25-Oct 39.1 7.39 24.99 18.32 80.9 44 0.85 1.95 20.79
Bz, 25-60 50 7.86 26.18 15.47 81.2 10.3 0.79 1.66 21
Ab 60+ 441 7.49 23.32 15.23 59.1 344 1.24 1.89 23.73
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indicates the influence of the clay content on CEC in these
soils. Statistical analysis did not show a high significant
correlation between the CEC and the silt content (r’= 0.02),
organic matter (* =0.01), free iron oxides (* = 0.004) and
active calcium carbonate (* =0.005). The relationship
between the CEC with the summation of all components
were positive and highly significant correlation coefficient (=
0.87) and higher than that recorded with the clay content. The
clay particles have the effect and the greatest contribution to
CEC compared to other soil components (Table 2).
Correlation coefficient (r* = 0.87) increase between CEC with
the combined components (clay, silt, organic matter, free iron
oxides, active calcium carbonate) confirms the contribution
of these components and their effect on CEC in these soils..
The percent of clay contribution in the CEC of these soils
was 69.040%, while the content of iron oxides contributed by
18.29%. The percent active carbonate, silt, and organic
matter contribution was 6.67, 3.60 and 1.21respectively. The
largest contribution of the clay particles to CEC of the soils is
expected as clay fraction have a high surface area through
the expanded mineral content, especially 2:1 minerals and
interstratified minerals which provides many sites for
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exchange on their surfaces and inter layers, which is
reflected inincreasing the CEC of these soils.

The iron oxides, which contributed 18.29% of the CEC
indicate effect on CEC of soils, especially in soils with a
pH=7.5-8. The availability of charges on their surfaces is of
pH-dependent charges, especially if these oxides are
present in the amorphous form. The high soil CEC was due to
its high surface area (Rhoton et al 2000). Moreover these
oxides may exist as coatings around different soil particle

Table 4. Relative contribution of soil components to clay, silt,
organic matter, crystalline iron oxides and active
calcium carbonate in the CEC

Component SMA Relative contribution %
CEC 22.900
Clay 26.003 69.040
Slit 50.720 3.609
oM 1.087 1.219
Fe, 0.841 18.295
CaCo, active 17.833 6.671
Total 98.834

Table 2. Simple and multiple linear regression relationship between the CEC and clay, silt, organic matter, crystalline iron

oxides, and active calcium carbonate

Variables Regression Straight Linear equation R? Level of sig
-b value Y" =a+bx

Clay 0.271 Y"=15.839+0.271Clay 0.74 **

Silt 0.0034 Y'=21.157+0.0034 Silt 0.02 NS
oM 0.982 Y'=21.832+0.982 OM 0.01 NS

Fe, -1.678 Y"=24.500-1.678 Fe, 0.004 NS
CaCo, active 0.061 Y"=21.809+0.061 CaCO, 0.005 NS
Y'=a+b1(x1)+b2(x2)+b3(x3)+b4(x4)+b5(x5)

Clay ,Silt, OM, Fe,, and CaCO, Y=11.94+0.291Clay+0.0078 Silt +0.123 OM+2. 382Fe, +0.041CaCO, active 0.87 *

active
**(P<0.01)

Table 3. Simple and multiple nonlinear regression relationship between the CEC and clay, silt, organic matter, crystalline iron

oxides, and active calcium carbonate

Variables Regression Straight Linear equation r Level of sig
-b value Y" =a+bx

Clay 0.00472 Y"=18.255+0.0047Clay 0.67 **

Silt -0.00013 Y"=23.295-0.00013 Silt 0.01 NS
oM 0.704 Y'=21.775+0.7040M 0.01 NS

Fe, -0.589 Y"=23.477-0.589 Fe, 0.003 NS
CaCO3 active 0.0018 Y"=22.236+0.0018 CaCO3 0.006 NS
Y'=a+b1(x1)’+b2(x2)*+b3(x3)*+b4 (x4 )*+b5(x5)*

Clay ,Silt, OM, Fe,, and CaCO, Y=14.72+0.00585Clay+0.00068 Silt +0.368 OM+1.257Fe, +0.0041CaCO, active  0.84 **

active
**(P<0.01)
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(clay particles and carbonate mineral surfaces) which are
considered one of the important and predominant processes
in calcareous soils (Uygur and Rimmer 2000).

The contribution of the active carbonate minerals was
6.67% to the CEC. This is possibly due to the high carbonate
minerals content of these soils. This increases of the capacity
of specific and non-specific sorbing of many elements on
their surfaces. The mechanism of adsorption of ions on the
surfaces of carbonate minerals is carried out through the
process of exchanging these ions with the calcium ion within
the layers of those minerals which was called the Lattic —Ca
layer.

The high content of carbonate minerals in all soils plays
a significant role in influencing the nature of the
physicochemical behavior of many ions and their interactions
in those soils, and cause the great variation in the properties
of these minerals and the nature of their presence in the soil
material, which effect the overall chemical physical and
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Fig. 1. Relationship between soil components (clay, silt,
organic matter, active calcium carbonate, free iron
oxides)and CEC

fertility soil properties. Besides the importance of the total
content of carbonate minerals, the active part in these
minerals is called active carbonate where active carbonates
formed a large part of the total content of carbonate minerals
in the study soils, which greatly affected the characteristics of
these properties soils.

The contribution of silt fraction was 3.60% to the CEC.
The contribution can be due to more than one reason. The
first reason is the high content of silt and its superiority over
other soil fractions in all soils. This can be due to the effect of
the process of coting the clay fraction to the surfaces of the
medium and coarse soil particles, which makes the latter to
contribute to CEC in the soil (Morras 1995, Turpault et al
1996). Thirdly, may be due to the effect of Clay-OM-
Complexes, which leads to reduced interchange sites on the
surfaces of clay and leads to an increase in the contribution of
the very fine silt to the values of CEC (Asadu and Chibuike
2015).

There was decrease in the contribution of the organic
matter to the values of the CEC in the study soils, which
recorded a low rate of 1.219% as compared to the
contribution of other components (Table 4). The contribution
of the low organic matter to the CEC of the soils is expected,
due to low vegetation, high temperatures, and a prolonged
drought period, All of which led to a reduction in the content of
organic matter in these soils .This affected its contribution to
providing exchange sites on their surfaces that contribute to
raising the values of cation exchange capacity (Snapp and
Grandy 2011).

CONCLUSION

The vertical distribution of the CEC did not show a
specific pattern and was a random distribution in the soil of all
study Pedons. There was highly significant positive
correlation between the clay content and the CEC. Statistical
analysis did not show a high significant correlation between
the CEC and each of the silt content, Organic matter, free iron
oxides, and active calcium carbonate. The relationship
between the CEC with the summation of all components
were positive and highly significant correlation coefficient
and higher than that recorded with the clay content. The clay
particles have the effect and the greatest contribution to CEC
compared to other soil components (free iron oxides, active
calcium carbonate, silt, organic matter).
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Abstract: Laboratory experiments were conducted to investigate the infiltration and wetting front under various thicknesses of the soil layers.
Two layered of Northern Iraqi soils, including a sandy loam, silty loam and loamy sand of different depths, fine texture layer over coarse texture
layer and coarse texture layer over fine texture layer were evaluated. The numerical model HYDRUS-1D based on the Richards equation was
applied to simulate a series of infiltration processes accumulated infiltration and wetting front, with van Genuchten hydraulic parameters. R
(coefficient of determination) and RMSE (root mean square error) were used to show the degree of accurate prediction between the observed
and simulated data. The accumulated infiltration and wetting front affected by the sequence and thickness of soil layers. An interface existing in
the layered soils, whether a fine over coarse layer or a coarse over fine layer, had a common feature of limiting downward water movement. In
general, the fine soil layer eventually controls the infiltration process in both cases of fine over coarse and coarse over fine providing the
waterfront pass the interface between coarse and fine layer. The HYDRUS-1D provided accurate simulation results of accumulative infiltration
and wetting front depths, since the R’values varies from 0.9to0 0.99, between simulated and observed values. RMSE values ranged between
1.3 to 1.6 for accumulative infiltration depths and between 0.6 and 0.9 for wetting front depths. The depression in R* and RMSE values was
observed with the increasing of upper layer depths from 5 to 20 cm. This indicates that HYDRUS-1D model was capable of accurately

simulating the various infiltration processes in multilayered soils.

Keywords: Infiltration, Wetting front, Layered soil, Modeling, HYDRUS-1D

Infiltration has a distinguished fundamental role in
surface, subsurface agricultural irrigation and hydrology (Milla
and Kish 2006). For evaluation of infiltration computation a
huge number of mathematical models developed, which
classified into empirical, semi-empirical models and physically
based models, the semi-empirical and empirical models
derived from experimental data such as Kostiakov and Horton
models (Aminul Islam et al 2019). The physically based
models can easily describe the detailed infiltration process
unlike the semi-empirical and empirical equations, which
cannot give the detailed information of infiltration. The most
famous physically based models are Richards's equation,
which derived by using Darcy's law and the mass
conservation. These equations have been solved numerically
by using finite difference and finite element methods, which
can be solved tediously by an iterative implicit technique. 1-D
infiltration model based on layered soils have been developed,
and this model was used to study infiltration in a three-layered
system (seal-tillage-subsoil) (Damodhara Rao et al 2006).
HYDRUS-1D software code was developed to solve the
Richards's equation to simulate one and two dimensional
water movement in variably saturated media (Simunek et al
2005). When water move from course to fine soils layer,
wetting front reaches the finer soil due to the attraction for
water of the underlying finer soil the infiltration rates slightly

increased and because of the fineness of the pores a markedly
reduction happen owing to the resistance to flow. When water
moves from fine texture layer into a coarser layer, water cannot
enter the coarse soil layer until the water pressure sufficiently
fill the larger pores and narrow flow channels occur through the
entire coarse layer (Jury and Horton 2004).

The effective relationship between the observed and
simulated data generated by using HYDRUS-1D simulation
of infiltration rate and the accumulative infiltration was
observed. However, modified Green-Ampt model could
better describe the advancing of wetting front than HYDRUS-
1D (Ying Maa et al 2010). Xiaofang et al (2018) used
HYDRUS-1D to simulate infiltration, wetting front and water
content during horizontal and vertical infiltration in wettable,
slightly water-repellent, and strongly water-repellent soils
and observed very good agreement, which confirmed the
application of HYDRUS-1D in water-repellent soils. The aim
of this study is to exam and evaluate HYDRUS-1D model in
simulation the accumulated infiltration and advancing of
wetting front with different soil textures, and with layered soils
of different textures of different thickness at the top and the
bottom of soil columns.

MATERIAL AND METHODS
Four different soils were used to study the infiltration and
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wetting front process. Two from Ninava governorate
(Rashidiah and Mosul), longitude 43.20 and latitude 36.21,
another from Erbil governorate (Challok and Shewarash)
longitude 43.38 and latitude 36.17 (Jamel 1986). For five soil
samples, initial water content , bulk density , soil texture ,
hydraulic conductivity and saturated water content were
determined (Table 1). Water infiltration experiment under
ponded condition were conducted using clear plastic tube of
14 cm inside diameter and 50 cm long with the same bulk
density of the field .The flow was considered to be
one—dimension with down ward vertical movement , the
wetting front advances were measured with time during each
experiment.

HYDRUS-1D package Ver. 4.0 were used for simulation.

RMSE were used with the following equation.

2

RMSE = Z field thdr‘u.v‘
n

Table 1. Physical properties of the soils
Site Sand Silt Clay Texture Qi Qs Pb
(g/kg) (g/kg) (g/kg) (%) (%) (kg/m3)

Mosul 586 300 112 Sandyloam 19.1 46 1.42
Rashidiah 328 540 132  Siltyloam 19.9 51 14
Shewrash 792 112 96 Loamysand 5.6 42.1 1.43
Challok 104 797 102 Siltyloam 19 57 1.39

RESULTUS AND DISCUTION

HUDRUS-1D have a very good ability to model the
accumulated infiltration in one layer of different soil textures
with little deviation from the observed data, over or under
estimation (Table 3). This results supported by high values of
R’which ranged from 0.979t0 0.990 between observed and
simulated values of accumulated infiltration and low values of
RMSE for all soils (Table 2). This agreement between
observed and simulated data decrease as the soils became
coarser and this agree with Mohammed et al (2010).
HUDRUS-1D showed the same ability to model the wetting
front in one layer of different soil textures with very small
deviation between observed and simulated data of wetting
front and approved statistically by high values of R* (0.996-
0.998) and very small error of RMSE (0.85 — 0.94) for all soil
textures. The silty loam soil textures have the best agreement
with the simulated data of accumulated infiltration.

In soil column with two layers, loamy sand soil
(shewarash) at the top followed by silty loam soil (challok) the
prediction was accurate between predicted and observed
accumulated infiltration and this matching was decreased as
the thickness of the top layer increased as indicated by the
decrease in of R? as the top layer became thicker (Table 2, 4).
R? values were 0.9857, 0.9395, 0.9347, 0.9019 with the
thickness of top layer 5, 10, 15, 20 cm, respectively. The
overlap occurred at depths 15 and 20 cm between predicted

Table 2. Statistical parameters for measured and simulated accumulated infiltration and wetting front by HYDRUS-1D

Soil texture Wetting front Accumulated infiltration
RMSE R’ RMSE R
Shewarash loamy sand 0.9405 0.9966 1.6351 0.9779
Challok silty loam 0.8587 0.9980 1.6739 0.9977
5 cm Shewarash loamy sand over 35 cm Challok silty loam 0.8018 0.9855 1.4012 0.9857
10 cm Shewarash loamy sand over 30 cm Challok silty loam 0.7728 0.9407 1.4551 0.9395
15 cm Shewarash loamy sand over 25 cm Challok silty loam 0.7439 0.9292 1.3783 0.9347
20 cm Shewarash loamy sand over 20 cm Challok silty loam 0.6528 0.9028 1.2209 0.9019
5 cm Challok silty loam over 35 cm Shewarash loamy sand 0.7957 0.9982 1.3626 0.9973
10 cm Challok silty loam over 30 cm Shewarash loamy sand 0.7008 0.9902 1.2148 0.9776
15 cm Challok silty loam over 25 cm Shewarash loamy sand 0.6512 0.9887 1.1608 0.9675
20 cm Challok silty loam over 20 cm Shewarash loamy sand 0.7362 0.9914 1.3975 0.9676
Mosul sandy loam 0.9087 0.9970 1.8154 0.9904
Rashidiah silty loam 0.8678 0.9979 1.5262 0.9895
5 cm Mosul sandy loam over 35 cm Rashidiah silty loam 0.8659 0.9797 1.6158 0.9912
10 cm Mosul sandy loam over 30 cm Rashidiah silty loam 0.7862 0.9609 1.5934 0.9798
15 cm Mosul sandy loam over 25 cm Rashidiah silty loam 0.8207 0.9323 1.6646 0.9753
20 cm Mosul sandy loam over 20 cm Rashidiah silty loam 0.8146 0.9287 1.6981 0.9750
5 cm Rashidiah silty loam over 35 cm Mosul sandy loam 0.7895 0.9978 1.5870 0.9959
10 cm Rashidiah silty loam over 30 cm Mosul sandy loam 0.7638 0.9857 1.4940 0.9945
15 cm Rashidiah silty loam over 25 cm Mosul sandy loam 0.7496 0.9816 1.4015 0.9971
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and observed accumulated infiltration curves, since when the
top soil thickness are less than 15 cm the output of HYDRUS-
1D model were more than observed accumulated infiltration
values and the reverse happen when top soil thickness are
equal or more than 15 cm. Huang et al (2011) also observe
that HYDRUS-1D model give overestimated values of the
infiltration volumes in the first 20 min, but then
underestimated at later 20 min. The results showed that
HYDRUS-1D model was capable of accurately simulating
the various hydrological processes in multilayered soils.
RMSE values for observed and predicted accumulated
infiltration with all thickness values of top layer were very

small as can be noticed from (Table 2). For the same soil
column of two layers loamy sand soil at top followed by silty
loam soil, the predicting and observed wetting front values
acts exactly the same as with accumulated infiltration except
that the RMSE values were much smaller and reach half of
their values and this indicate a very good estimate between
measured and simulated wetting front values by HYDRUS-
1D.

The same results were observed when soil column as a
reverse of the first one were used, with two layers loamy silty
loam soil (challok) at the top and loamy sand soil (shewarash)
at the bottom (Table 5). The accurate prediction was observe

Table 3. Accumulated infiltration and Wetting front measured data and simulated by HYDRUS-1D for four soils Shewarash
(loamy sand), Challok (silty loam), Mosul (sandy loam) and Rashidia (silty loam).

Time min  Shewarash (Loamy sand) Challok (Silty loam) Mosul (Sandy loam) Rashidia (Silty loam)
Measured HYDRUS Measured HYDRUS Measured HYDRUS Measured HYDRUS

2 21 12 15 15 18 8 18 3
5 46 19 18 23 40 13 22 14
10 55 28 21 33 51 18 27 20
15 64 35 25 43 63 23 32 25
20 72 41 28 48 72 27 37 29
25 79 47 32 54 78 30 41 32
30 86 53 34 59 83 34 45 35
40 97 63 36 69 96 40 50 41
50 107 74 39 78 109 45 56 47
60 117 83 42 86 119 50 61 51
70 127 92 44 93 127 55 66 56
90 53 106 143 65 75 64
120 61 124 155 71 88 75
150 68 140 18 8 99 85
Wetting front cm

2 9 6 4 5 7 3 4 4.8
5 12 9 6 7 10 45 6 6.8
10 16 12 9 10 13 6 8 9.6
15 20 15 11 12 16 7.5 9 12
20 23 18 12 14 18 8.5 10 13.6
25 25 20 13 16 20 9.5 11 15.2
30 27 23 14 17 22 10.5 12 16.8
40 31 27 16 20 25 12 14 19.2
50 35 31 18 22 28 14 15 22.8
60 39 34 19 24 31 15.5 16 244
70 42 38 21 27 33 17 18 26
90 23 30 38 19.5 20 29.6
120 26 35 41 215 23 344
150 29 40 25 38.8
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between predicted and observed accumulated infiltration
and also wetting front values for all thickness of the top layer
5, 10, 15, 20 cm keeping the final depth of soil column at 40
cm ( Table 2, 5). But no distinguished effect of the thickness of
the top layer could be found, since the values of R?and RMSE
did not vary with increasing of top layer thickness in great
difference. The decreasing of R*with the increasing of soil top
layer thickness for accumulated infiltration were 0.9973,
0.9776, 0.9675, 0.9676, respectively. However, RMSE have
slightly differ results and there was small decrease with soil
thickness increase, and this were the same results for wetting
front. This indicate that when medium texture on the top
followed by fine texture or the reverse (fine texture on the top

followed by medium texture), make no difference in the
simulation of HYDRUS-1D of the accumulated infiltration and
also wetting front and will benefit of using of HYDRUS-1D in
soil water and irrigation applications. Ying Maa et al (2010)
also observed similar findings.

Using soil columns with two layers coarse texture soil
sandy loam (Mosul) followed by fine texture silty loam
(Rashidiah) showed the same behavior for soil column with
two layers loamy sand soil (shewarash) at the top followed
by silty loam soil (challok), and this was true for both
accumulated infiltration and wetting front (Fig. 1, Table 2).
This show that HYDRUS-1D simulated data for both
accumulated infiltration and wetting front were very similar to

Table 4. Accumulated infiltration and wetting front by HYDRUS-1D for two layered soils Shewarash (loamy sand) at the top
followed by Challok (silty loam) for four depths of each soil

Time min 5cm (LS) /35 cm (SL) 10cm (LS) /30 cm (SL) 15cm (LS) /25 cm (SL) 20cm (LS) /20 cm (SL)
Measured HYDRUS Measured HYDRUS Measured HYDRUS Measured HYDRUS
2 21 15 20 15 21 15 19 15
30 26 44 25 47 25 42 25
10 35 37 50 36 57 36 58 36
15 38 45 53 47 61 46 65 46
20 41 51 56 56 66 54 72 54
25 44 57 59 63 70 63 77 62
30 46 62 61 70 73 72 79 69
40 50 71 66 80 77 84 84 83
50 52 83 69 90 81 94 88 97
60 55 89 72 94 84 103 92 106
70 58 96 74 99 87 111 96 116
90 62 104 78 112 92 117 102 121
120 70 112 83 119 101 124 11 129
150 74 119 87 126 108 132 119 136
Wetting front (cm)
2 7 36 8 5 9 5 9 5
5 9 6.4 12 12 7 12
10 12 9.6 15 16 9 17 9
15 13 12 16 12 19 1 20 1
20 15 14.4 18 14 21 13 23 13
25 16 16.4 19 16 22 15 25 15
30 18 18 20 18 24 17 26 16
40 20 21.2 21 21 25 21 28 20
50 22 25.2 23 24 27 24 30 23
60 23 27.4 24 27 28 27 31 26
70 24 29.6 25 30 30 29 32 29
90 26 32.8 27 35 32 34 34 34
120 29 38 30 38 35 37 38 39
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Table 5. Accumulated infiltration and wetting front by HYDRUS-1D for two layered soils Challok (silty loam) at the top followed

by Shewarash (loamy sand) for four depths of each soil

Time min 5cm (LS) /35 cm (SL) 10cm (LS) /30 cm (SL) 15cm (LS) /25 cm (SL) 20cm (LS) /20 cm (SL)
Measured HYDRUS Measured HYDRUS Measured HYDRUS Measured HYDRUS
2 15 15 16 15 17 15 15 15
20 21 19 23 21 23 19 24
10 23 26 22 34 25 33 22 34
15 27 31 26 41 28 41 25 42
20 30 34 29 45 31 48 28 48
25 34 38 31 48 34 54 30 54
30 37 41 33 51 37 59 32 60
40 45 47 36 56 41 66 36 69
50 50 53 41 61 44 70 39 78
60 55 59 45 66 46 75 42 85
70 61 65 49 71 49 79 44 89
90 72 76 57 80 54 88 50 97
120 89 91 70 92 67 99 57 118
150 106 107 81 104 75 110 65 119
Wetting front (cm)
2 4 44 4 44 44 44
5 6 5.6 6 6.8 7.2 7.2
10 8 7.2 8 9.6 10 9 10
15 10 8.4 9 11.2 1 12 11 12
20 1 9.6 10 12.4 12 14 12 14
25 12 10.8 1 13.2 13 15.2 13 15.6
30 14 11.6 12 14.4 14 15.6 14 17.2
40 16 13.6 14 16 16 17.6 16 20
50 18 15.2 16 17.2 18 18.8 18 20.8
60 21 16.8 18 18.8 19 20.2 19 22
70 23 18.4 20 20.4 21 21.6 20 23.6
90 27 21.6 23 23.2 24 244 23 26
120 33 25.6 28 26.4 28 28 26 29.2

the measured values, this enhanced by the high values of R?,
which reaches 0.989 and 0.979 respectively, but this
similarity decreased slightly with the increasing at the
thickness of the top layer (Fig. 1).

The soil column of fine texture layer on top followed by
coarse texture layer have the highest accuracy between
measured and simulated data for both accumulated
infiltration and wetting front, even at the increase of the
thickness of the top fine layer (Fig. 2). These results can be
proved from the increasing the values of R® (0.99) and
decrease of RMSE values, even with the increase of the
thickness of the top layer (Table 2). This indicate that
HYDRUS-1D have a very good ability to simulate water

movement at the fine texture soils for both layered and non-
layered soils.

CONCLUSIONS

The HYDRUS-1D can clearly and efficiently simulate
infiltration and wetting front under various different textured
soils as the measured and simulated data are very similar
and have high values of R% In spite of the complexity and
difficulty of describing infiltration through layered soils,
HYDRUS-1D kept its very good ability to simulate water
movement even with the different soil textured layers (coarse
textured layer on fine layer or fine textured layer on coarse
layer), where the top thickness layer ranged from 5 to 20 cm.
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Fig. 1. Observed and simulated data by HYDRUS-1D of
accumulated infiltration and wetting front for layered
soil, (sandy loam) at the top followed by (silty loam)
for four depths of each one

This indicate that HYDRUS-1D simulation data of water
movement were similar to measured data for different soil
texture but for fine texture were the best.
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Abstract: Among botanical extracts used as insecticides, essential oils are promising alternatives to chemical insecticides. In this study,
essential oils of Eucalyptus sp, Syzygium aromaticum, Cinnamomum verum, Sinapis alba and Lepidium sativum were investigated for their
insecticidal activity against one of the most destructive insect pest on stored material, the red flour beetle Tribolium castaneum. The fumigation
with Eucalyptus and C. verum oils mixed methyl alcohol resulted in high mortality rates that of 60.67 and 63.33%, respectively, compared to
significantly less mortality from the using the same oils alone. Findings also showed that Eucalyptus and C. verum showed more repellency
than other oils with repellence rate of 46.66 and 33.33%, respectively 12h post treatment while all the oils resulted in 100% repellence after
36h of the treatment. In case of contact toxicity test, Eucalyptus and C. verum were also the most effective oils at 1h post treatment resulting in
mortality rate of 20 and 10%, respectively, and 100% mortality 6h post treatment, while the other plant oils were effective even 24h post

treatment.
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The red flour beetle Tribolium castaneum is one of the
most important insect pests of stored flour and wheat grains
(Paranagama et al 2003) and causes direct losses in stored
wheat due to feeding and high indirect losses by lowering the
nutritional value of the flour because of the presence live
insects, insect's skins and faces, as well as dead insects
(Evaldo et al 2017, Naima et al 2018). Besides wheat, red rust
beetle is also pest of stored cereals, cereal products, cocoa
beans and dried fruits (Charles et al 2010). The insect's body
may also carry many microorganisms on the outer and inner
abrasion of the body, including Beauneria bassiana,
Verticillium lecanii (Bosly and El-Banna 2015) and some
pathogenic bacteria such as Staphylococcus aureus and
Escherichia coli. Most chemical methods for control this pest
are recently not favourable due to pesticide resistance
developed by T. castaneum particularly to delramerthrin,
commonly used for management of this pest after six
generations (Shweta and Sant 2013). Using safe alternative
methods from sources that are not harmful to human to control
stored materials pests is of significance. These may include
using plants materials and extracts and commercially
produced botanical oils. The aim of this study, therefore, was to
in vitro evaluate essential oils available in the local markets for
their insecticidal activity against red flour beetle T. castaneum.

MATERIAL AND METHODS
The experiment was conducted at Department of Plant

Protection, University of Karbalaa. Five types of oils
Eucalyptus sp, Syzygium aromaticum, Cinnamomum verum,
Sinapis alba and Lepidium sativum were obtained from the
local markets and tested for their activities against the red
flour beetle Tribolium castaneum. T. castaneum adult insects
were collected from the main flour store in province of
Karbala. The insects were divided into groups, placed
containers with adequate amount of feed (flour) and
maintained at temperature of 25+1 and relative humidity of
50-60 %. Newly hatched insects were used for experiments.
Fumigation: In this experiment pure oil vapour was used to
test by fumigation. This experiment was done by placing ten
insects in a small closed container 15x15x10 cm length,
width and height sealed closed with cheese cloth. The
container was exposed 1ml oil vaporized hot metal surface
for 3 min. The containers then were totally sealed with their
plastic covers and left in the room conditions. Each oil
treatment included ten insects per container three replicates.
The mortality rate was calculated 24 hours after the
treatment. The oil was applied by diluting with ethanol
alcohol atrate 1:3 (0.5 ml oil: 1.5 ml alcohol).

Repellence: In this experiment, petri dishes laterally
perforated with 4 mm diameter four holes were used. Ten
insects were placed in each plate with a small piece of cotton
saturated with 0.5 ml of the oil in the centre of the dish. Each
plate was placed in plastic container (30 cm long, 20 cm wide
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and 15 cm high) container sealed with cheese cloth with three
replicates for each type of oil. The number of insects that
emerged from the dish through holes to the pot was recorded
after 6, 12 and 24 hours after the treatment and the expulsion
ratio was calculated (Wagan etal 2016).

Contact toxicity: Red flour insects were directly exposed to
the vegetable oil use. The petri dish containing a filter paper
saturated with 1mL of oil was used. Ten insects were placed
on the treated filter paper in each dish and closed. The five
oils were tested with three replicates for each type of oil.
Insect mortality rates were recorded at 1, 2 and 3 days post
exposure.

RESULT AND DISCUSSION

Fumigation: The exposing of the insects to different oil
resulted in variable mortality rates as the oil used for
fumigation differed in efficacy (Table 1). Cinnamomum verum
and Eucalyptus sp. oils resulted in the mortality of 40 and
33.33%, respectively with significant difference and the
lowest mortality rate (10.67%) was in S. alba oil. Insect
mortality rates were much higher and significantly differed
within a treatment where mixing plant oil was done with
alcohol. The vapour of alcohol with Cinnamomum verum and
Eucalyptus sp caused highest mortality of 63.33 and 60.67%,
respectively compared to the pure oil of same plants.
Mortality rate was increased from 20% in case of using S.
aromaticum oil alone to 33.33% where the oil was combined
with alcohol. Monteiroet et al (2017) reported that the C.
verum essential oil contains at least 36 different active
compounds with a composition of 77.6% terpenes (aliphatic
or aromatic monoterpenes or sesquiterpenes) and 8.3%
phenylpropanoid aromatic esters. The main compounds
found in C. verum oil were benzyl benzoate (65.4%) followed
by linalool (5.4%), E-cinnamaldehyde (4.0%), -pinene
(3.9%), -phellandrene (3.4%), eugenol (3.4%) and
benzaldehyde (2.7%). Abbasipour et al (2012) also observed
that fumigation with essential oil vapor of Cinnamomum
resulted in mortality of 93.82% in red flour beetle Tribolium
castaneum. Similarly, complete detergence (100%) in
Callosobruchus maculatus, Sitophilus oryzae and Tribolium
castaneum was due to eucalyptus oil fumigant 24h post
application (Negahban etal 2007).

Repellence effect of botanical oils: C.verum oil showed
maximum repellence among the other tested oils, and
resulted in repellence of 46.66 and 90.00% at 12 and 24 hour
post application, respectively. L. sativum oil showed the least
repellent to the red flour beetle insects (20.00 and 43.33%
after 12h and 24h post treatment, respectively). There was a
significant difference between L. sativum oil and C. verum oil
for 12 and 24 hours post treatment. However, all the oils did

not differ among each other for their repellence effect against
T. castaneum and in complete repellence (100%) was 36 hr
post application (Table 2). The repellent action of the tested
botanical oils is mostly due to the interactions between the
chemical components of the oil and the chemo-receptors on
insect body wall (Yarmonlinsky etal 2009, Tyagi 2016)

Contact toxicity: C. verum and Eucalyptus sp oil were the
most toxic to T. castaneum resulting in mortality of 20 and
10% 6h after exposing where the mortality rates increased to
be 100% at 12 h post exposing to both botanical oils (Fig. 1).
Brari and Thakur (2015) found that cinnamon oil had contact

Table 1. Effect of fumigation with different botanical oils on
mortality rate of red flour beetle T. castaneum

Treatments (Botanical oils) Mortality rate (%)

Pure oil Oil/alcohol (1:3)
Lepidium sativum 20.00 40.00
Sinapis alba 10.67 36.67
Syzygium aromaticum 20.00 33.33
Cinnamomum verum 40.00 63.33
Eucalyptus sp 33.33 60.67
Control 0.00 0.00
CD (p=0.05) 23.72 49.43

Table 2. Repellence effect of different botanical oils on red
flour beetle T. castaneum

Treatments (botanical oils) Time after exposing (hours)

12 24 36
Lepidium sativum 20.00 43.33 100
Sinapis alba 30.00 60.00 100
Syzygium aromaticum 26.66 56.67 100
Cinnamomum verum 46.66 90.00 100
Eucalyptus sp 33.33 76.67 100
CD (p=0.05) 16.27 34.51

—+—L. sativum S.alba —de=S. aromaticum

==C. verum == Eucalyptus sp

120 +

N

Insect mortality (%)

il
—_—
12h 24h

Exposure time

"
r 3

Fig. 1. Effect of contact toxicity of oils on T. castaneum
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toxic activity causing 98 and 80% mortality in C. maculatus
and S. oryzae adult insects, respectively, within 24h of
treatment. It was also found that T. castaneum larva was
more susceptible to contact toxicity action of C.verum oil
(Mondal and Khalequzzaman 2006). In contact assay
eucalyptus oil against Sitophilus oryzae, Callosobruchus
chinensis and Corcyra cephalonica showed 90% of the
insect population was killed after only 72h after exposing
(Rani2012).

CONCLUSION

The vegetable oils used differed in their effectiveness
against the red flour beetle. The best results were obtained
with Cinnamomum verum oil against red flour beetle, which
led to the highest rate of mortality and repellence compared
to other oils. There is possibility of relying on cinnamon
products for controlling stored products insects with low risks
on human health.
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Abstract: An ethnomedicinal survey was carried outin seven different villages of Manar beat (Melur slope RF and Nellithurai RF), Karamadai
Range, Western Ghats, Tamil Nadu, India. The intend of the study was to document information regarding indigenous plant species used to
treat anti-arthritic disorders. From the survey, a total of 76 plant species belonging to 69 genera and 36 families were reported with the help of
standardized questionnaires among 46 tribal informants between the ages of 40-85 years. The study shows that plants belonging to the
families Euphorbiaceae, Rutaceae, Capparidaceae and Asclepiadaceae are commonly used by traditional healers. The leaves form the major
part of a plant for herbal preparation. In addition, 28 plants were becoming endangered, vulnerable, least concern and near threatened status.
From the surveyed list 76 plants were used for rheumatism and the same species were used for other diseases. Decoction ranks first in the
mode of administration. This study shows a high degree of ethnobotanical novelty in traditional folk medicine among the aboriginal people
(Irular). Further pharmacological studies of these plants may provide some important drugs for the treating common rheumatoid arthritis

disorders.

Keywords: Medicinal plants, Manar beat, Irulas, Folk medicine practitioners, Rheumatism

The plants are very functional source of various
bioactive compounds which have direct or indirect use in the
treatment of various human ailments. Due to rich diversity of
biotic resources, India is ranked one of the 12 mega
biodiversity countries in the tropics. The World Health
Organization surveyed that about 80 per cent of the world's
population, particularly tribal and rural areas are depended
upon the herbal medicines for their primary health care
needs. India is wealthy in ethnic diversity and has a well
experienced knowledge of herbal medicines. Historically,
Western Ghats are covered with dense forests that provide
wild food and natural habitats to Aboriginal peoples and is a
UNESCO World Heritage Site and is one of the eight "hottest
hot-spots" of biological diversity in the world. Today, the use
of medicinal plants for the treatment of many diseases is
associated to folk medicine from different parts of the world.

In prehistory, India uses plant-based medicines with
authority in alternative health systems such as Ayurveda,
Unani, Siddha, homeopathy and naturopathy for the
treatment of rheumatism in India (Kiran et al 2011).
Rheumatoid arthritis (RA) is one of the most responsible
illnesses in the world and also the largest problem today. It is
an autoimmune disease which means that the immune
system wrongly attacks healthy tissues. In normal human
joints, the lining is very fragile and it causes very few blood

vessels but in the rheumatoid arthritis joints, the lining is very
dense and crowded with the white blood cells. The occurrence
of white blood cells produces pain, causing the joints swollen
and stiff (Mahajan et al 2010). Today's lifestyle of the human
beings like improper diet, lack of regular exercise, wrong
posture, long working hours and use of laptops resulting to
ultimately develop arthritis and rheumatoid arthritis. According
to World Health Organization, 1.5% of the world population is
affected by rheumatoid arthritis especially females facing the
problem in huge amount than male between the ages of 40
and 50. Once the disease is diagnosed, treatment is
prescribed to slow or end the progress of the disease.
However, the available vaccines against rheumatism have
yielded good results, even if the cost and side effects are
noticeable. Hence the documentation of ethnic knowledge of
RA is attracting the attention of several botanists and plant
scientists who directing vigorous researches towards the
discovery or rediscovery of several medicinal plants.
However, the reports of ethnic knowledge on rheumatoid
arthritis disease in India level are largely a small account.
Eventually these ethnic people have higher traditional
knowledge. Local people were keen to provide information
and transfer indigenous knowledge about herbs from one
generation to the next (Negi et al 2020). With this background,
the study was undertaken to document the ethnobotanical
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usage of various plants for the treatment of Rheumatoid
arthritis (RA) disorder by Irula tribal communities in seven
tribal villages of Western Ghats, Tamil Nadu, India.

MATERIAL AND METHODS
Study area: The Karamadai range has 22 tribal villages and
432 households with approximately 1546 people. Out of
these 22 tribal villages, 10 villages are situated along with
Bhavani and Kundah river and the remaining villages are
dispersed inside the forest. The present study area Manar
beat is confined to a major range in the Western Ghats of
Nilgiris Biosphere Reserve, Coimbatore District which is one
of the biodiversity hotspots in India. The ethnomedicinal field
survey was conducted in 7 villages of Manar beat viz.,
Gethaikkadu, Manar, Korappathi, Veerakkal, Sundappatti,
Veppamarathur and Baraliminnilayam (Fig. 1 and Table 1).
More than 195 families and nearly 699 members of Irulas are
living in the study area. One or two villages still doesn't have
electricity facilities and the floristic diversity of this region is
very high due to less anthropogenic activities. The area of
investigation approximately lies 11°18' latitude and 7653”
longitude and has seven villages with a total area of about
2279 hec. Each village is found in different elevations from
442-493 MSL. The temperature of the study area is scarcely
fluctuating year to year. Maximum mean daily temperature is
37°C during summer and minimum mean daily temperature is
15°C during winter. The annual average rainfall is 651 mm.
Inhabited tribal people (Irulas): Irulas are significant ethnic
group of India and are one among the 550 tribal communities
of India, living in different topographic habitats (plains,
mountains, valleys, etc.) in Tamil Nadu. Mid twentieth century
anthropological literature classified the Irulas under the
Negrito ethnic group. The ancestors of these people are
supposed to have from Africa to India.
Collection of ethnobotanical information: The
ethnomedicinal documentation study was conducted from
May 2018 to May 2019 with proper permission from the
Principal Chief Conservator of Forests, Chennai and the
District Forest Officer, Coimbatore under Section 28 of
Wildlife Protection Act, 1972, in December. The villages
selected were purposive. The data was gathered through
conducting interviews, conversation and field perception with
home grown healers and educated senior individuals of the
study area using semi-organized poll. The interview
consisted of two parts. The first parts dealt with the
demographic profile of the informants and second part dealt
with their medicinal plant knowledge. The questionnaire was
translated in the local dialect to elucidate aspects like plant
parts used, diseases treated, mode of preparation etc. Age of
the interviewed informants ranged between 40 and 85.

Preservation of plant specimens: Standard method was
followed to collect the plant material with floral characters
(twig must be in flowering/ fruiting conditions). Plants with
their correct nomenclature were arranged alphabetically by
family name, vernacular name etc. as indicated by Bentham
and Hooker (1862-1883) system of classification. The listed
plants were identified with the help of standard floras such as
Flora of Presidency of Madras (Gamble 1984) and the Flora
of Tamil Nadu Carnatic (Matthew 1983). Later they were
verified in the Botanical Survey of India, Southern Circle,
TNAU Campus, Coimbatore, India. All the preserved
specimens were deposited for future reference at the
Department of Botany, Vellalar College for Women
(Autonomous), Erode, Tamil Nadu, India with their accession
numbers (VCW/BH/Acc. No.).

RESULTS AND DISCUSSION

The 76 plant species (Table 2) belonging to 69 genera
and 36 families were reported by the forty-six informants
(female 29 and male 17). The surveyed plants were used in
treating various diseases mostly used for the treatment of
Rheumatoid Arthritis. The most represented family was
Euphorbiaceae and Rutaceae by high number of species
with each seven species followed by Capparidaceae and
Asclepiadaceae with four species each (Table 3 and Fig. 2).
In terms of habit, there are 24 species of trees (32%), 18
species of shrubs (24%) followed by 14 species of climbers
(18%), 11 species of herbs (14%), 2 species of epiphytes
(3%) and 1 species of semi parasite (Fig. 3). Silambarasan
and Ayyanar (2015) stated that Leguminosae and
Asteraceae are dominant families used by the tribal
communities in Palamalai region. Shyam Sundar Manna and

e

Fig. 1. Satellite view of Manar beat



Documentation of Ethnomedicinal Plants 77

Satyendra Prasad Mishra (2018) in another study in
Jharagram district recorded 20 species of trees (38%), 17
species of herbs (33%), 11 species of shrubs (21%) and 4
species of climbers (8%).

Plant parts used for making herbal preparations were
leaves, roots, whole plant, bark, seeds, fruit, latex, stem,
flowers, wood, rhizome and fruit pulp. Leaves were the most
often used part (43%) followed by roots (18 %) (Fig. 4).
Sharmila et al (2015) in ethnopharmaco botanical
documentations of some herbaceous medicinal plants used
by Toda tribes of Thiashola, Manjoor, Nilgiris, Western Ghats,
Tamil Nadu, India made similar observations. Das et al
(2012) recorded from Paschim Medinipur district that among
21 medicinal plant species, 6 plant species becoming
endangered and rest of the plants considered as vulnerable,
less common and near threatened status. In the present
study, among the 76 medicinal plant species, 28 plants were
becoming endangered, vulnerable, least concern and near
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Fig. 2. Family wise distribution used for ethnomedicinal
purposes

Table 1. Details of surveyed villages - Manar beat

threatened status (Fig. 5). The 76 plants were used for
rheumatism disorder, 14 plants as antidote for snake bite and
scorpion sting, 12 for fever, 11 for asthma, 7 for toothache, 6
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Fig. 4. Pie 3-D chart representing the different parts of
medicinal plants used for the treatment of
rheumatism

Name of the Area  Geographical Elevation Temperature No. of No. of population  Electricity Irrigation/  Reported
village (in ha) position famly ———— non-irrigation  plants
Male Female

Gethaikkadu 17.20 1113.156'N 479 MSL Maximum 36.2°C 24 51 53 Electricity Rain fed 14
76'44.250'E Minimum 15.5 C

Manar 38.00 1113.231'N 485 MSL Maximum 36.5 C 53 86 108 Hut Irrigation by 26
76'44.408'E Minimum 15.3' C Connection Canal

Korappathi 30.00 1113.605'N 493 MSL Maximum 36.4'C 30 65 57 Electricity Rain fed 12
76'44.672'E Minimum 15.3' C

Veerakkal 16.80 1113.849'N 476 MSL Maximum 36.2°C 14 21 21 Electricity Rain fed 7
7645.052' E Minimum 15.4° C

Sundappatti 18.80 1114.728'N 442 MSL Maximum 36.1°C 15 30 27 Electricity Rain fed 8
76'47.230'E Minimum 15.7 C

Veppamarathur  12.80 1114.469'N 472 MSL Maximum 36.6 C 9 10 20 Electricity Rain fed 4
76 47.47T'E Minimum 16.1° C

Baraliminnilayam 30.00 1114.105'N 451 MSL Maximum 36.4 C 50 80 70 Electricity Rain fed 5

7646.413'E Minimum 15.8' C
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Table 2. Ethnomedicinal plants used for the treatment of rheumatism in Manar beat, Karamadai range, Western Ghats, India

Botanical name Family Local Habit Parts Ecological Therapeutic uses Mode of
name name used status preparation
Abrus precatorius L. Fabaceae Gundumani C Leaves NE Leaves — Leukoderma, Paste and
BHVCW 01 swellings and rheumatism powder
Acanthus ilicifolius L. Acanthaceae Kollimulli S Leaves LC Leaves — Snake bites, Decoction
wounds, rheumatic joints
Achyranthes asperalL.  Amaranthaceae Naayuruvi H Root NE Root — Relive the pain of Decoction,
BHVCW 05 scorpion stings, rheumatism, juice and paste
stomach problems and skin
diseases
Achyranthes bidentata  Amaranthaceae Karunaayuruvi H Root NE Root — Rheumatism, Decoction and
Blume. toothache and asthma juice
Adenanthera pavonine L. Mimosaceae Anai-gundumani T  Leaves NE Leaves — Used in the Decoction
treatment of rheumatism and
gout
Aerva tomentosa Forsk. Amaranthaceae =~ Perumpoolai H Roots NE Roots and flowers — Decoction and
and Rheumatism, toothache and  Paste
flowers kidney disorders
Ailanthus excelsa Roxb. Simaroubaceae Perru T Leaves NE Leaves — Rheumatism and Decoction and
postnatal care Tonic
Alangium salvifolium Alangiaceae Azinjil T Leaves NE Leaves — Asthma and reduce Juice
(Linn. f.) Wang. rheumatic pains
Annona squamosa L. Annonaceae Sitapalam T Leaves NE Leaves and fruits — Aid Infusion
BHVCW 14 and fruits digestion and treat rheumatism
Argyreia cuneata Ker-  Convolvulaceae Kanvalipoo CS Roots R Roots — Rheumatic joints, Decoction
Gawl. scorpion stings and to reduce
BHVCW 17 obesity etc.
Asparagus racemosus  Liliaceae Sataavari C Whole VU Whole plant — Diarrhoea, Tonic
Willd. Kizhangu plant rheumatism, diabetes and
BHVCW 22 brain complaints
Atalantia monophyla (L.) Rutaceae Kattu Elumichai S Fruit NE Fruit — Rheumatism and joint Decoction
Correa. pains disorders
BHVCW 23
Azadirachta indica A. Meliaceae Vembu T Whole LC Whole plant — Used to treat Decoction and
Juss. plant eye diseases, leprosy, juice
BHVCW 24 rheumatism, ringworm and
ulcers
Barleria prionitis L. Acanthaceae Chemmulli S Leaves NE Leaves — Diuretic, fever, Juice, tonic and
BHVCW 26 rheumatism, liver diseases, infusion
indigestion, constipation,
jaundice and toothache
Blachia umbellate Baill. Euphorbiaceae  Aatthumanthai S Leaves R Leaves — Rheumatism Paste and
Tonic
Cadaba fruticose (L.) Capparidaceae Vizhuthi S Roots E Roots — Coughs and Juice
Druce. rheumatism
BHVCW 30
Capparis diversifolia W. Capparidaceae - S Whole VU Whole plant — Asthma, Extraction
&A. plant rheumatism, diabetes,
paralysis, toothache and
antidote for snakebite
Capparis grandiflora Capparidaceae Mudkondai/Thora S Leaves NE Leaves — Stomachic, diuretic, Decoction and
Hook.f. & Thomson. ttimul rheumatism, shortness of juice
BHVCW 33 breath and anti-tumour
Cardiospermum Sapindaceae Mudakkattan C Whole NE Whole plant — Diuretic, Juice
halicacabum L. plant rheumatism, stomach-ache,
BHVCW 35 nervous diseases and
snakebite
Cassia auriculata L. Caesalpiniaceae Aavaram S Roots NE Roots and bark — Cure skin Decoction
BHVCW 38 and bark diseases and rheumatism

Cont...
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Table 2. Ethnomedicinal plants used for the treatment of rheumatism in Manar beat, Karamadai range, Western Ghats, India

Botanical name Family Local Habit Parts Ecological Therapeutic uses Mode of
name name used status preparation
Cassia occidentalis L. Caesalpiniaceae Peyaverai S  Whole NE Whole plant — Hypertension, Infusion
plant fevers, diabetes, eczema,
biliousness, rheumatism and
ringworm
Chloroxylon swietenia ~ Rutaceae Purush T Leaves VU Leaves — Wounds, snakebites Decoction
DC. and rheumatism
Cinnamomum Lauraceae Talishapattiri T Leaves NE Leaves — Colic and Decoction
malabathrum Miq. rheumatism
Cissampelos pareiraL. Menispermaceae Malai Thangivaer C Rhizome NE Rhizome — Cough, Decoction,
BHVCW 42 rheumatism, jaundice, snake infusion and
bites and skin infections juice
Cissus quadrangularis L. Vitaceae Pirandai CS Leaves LC Leaves — Cure rheumatic Infusion, paste
BHVCW 43 joints, wounds and burns and powder
Citrullus colocynthis (L) Cucurbitaceae Varikuramathai H Roots VU Roots — Jaundice, rheumatism Powder and
Schrad. and urinary diseases Pickles
BHVCW 44
Clausena dentata (Willd.) Rutaceae Kattu karveppilai ST Leaves LC Leaves and roots — Colds and Decoction and
M. Roem. and roots rheumatism tonic
Clerodendron serratum \Verbenaceae Angaravalli S Leaves NE Leaves — Fever, chronic Decoction
Spr. headache, skin infections,
rheumatism and painful joints
Coccinia grandis (L.) Cucurbitaceae  Kovakai C Leaves NE Leaves — Skin eruptions, Juice,
Voigt. headache and rheumatism decoction and
BHVCW 47 infusion
Crataeva religiosa Forst. Capparidaceae Mavilankai ST Barkand NE Bark and leaves — Decoction and
leaves Rheumatism juice
Daemia extensa R.Br. Asclepiadaceae Kodalma C Latex NE Latex — Rheumatism, asthma Juice and
and snakebites decoction
Dendrophthoe falcate Loranthaceae Pulluri SP Bark NE Bark — Rheumatism and Decoction and
(L.f.) Ettingsh. induce deep sleep extraction
Dodonaea viscosa (L.)  Sapindaceae Virali S Stems E Stems — Rheumatism Decoction and
Jacq. infusion
BHVCW 60
Drypetes roxburghii Euphorbiaceae  Irukoli T Leaves NE Leaves and fruit — Liver Decoction
(Wall.) Hurus. and fruit complaints, colds, fevers and
rheumatism
Dysoxylum malabaricum Meliaceae Vellaiyagil T Wood E Wood — Leprosy, inflammation Decoction and
Bedd. and rheumatism Paste
Endostemon viscosus Lamiaceae Senthulasi S Leaves NE Leaves — Rheumatism, fever, Infusion
(Roth.) M. R. Ashby. cold, cough and leprosy
Euphorbia antiquorum L. Euphorbiaceae ChaturaKalli T Latex EW Latex — Rheumatism, Tonic
toothache, earache and
asthma
Euphorbia tirucalli L. Euphorbiaceae  Thirukalli S Latex LC Latex — Skin complaints, insect Decoction and

bites, rheumatism, toothache, juice
earache and wound healing

Ficus bengalensis L. Moraceae Aalamaram T Latex R Latex — Fever, rheumatism, Decoction,
pains and toothache infusion and
tonic
Ficus benjamina L. Moraceae Pimpri T Leaves NE Leaves and bark — Juice
and bark Rheumatism and headaches
Givotia moluccana (L.)  Euphorbiaceae Vellai-poothali T Seed NE Seed and bark — Rheumatism, Decoction and
Sreem. and bark psoriasis and dandruff paste
BHVCW 66
Gloriosa superba L. Liliaceae Kanthal malar C Leaves LC Leaves — Asthma, rheumatism, Decoction,
BHVCW 67 coughs, wounds and pimples paste, tonic and
juice

Cont...
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Table 2. Ethnomedicinal plants used for the treatment of rheumatism in Manar beat, Karamadai range, Western Ghats, India

Botanical name Family Local Habit Parts Ecological Therapeutic uses Mode of
name name used status preparation
Glycosmis pentaphylla  Rutaceae Kuttivila S  Whole LC Whole plant — Diarrhoea, Decoction,
Corr. plant coughs, rheumatism, anaemia infusion, paste
and jaundice and juice
Gymnema sylvestre R.Br. Asclepiadaceae - C  Whole NE Whole plant — Rheumatism,  Decoction,
BHVCW 68 plant inflammation and snake bites paste, juice
and powder
Harpullia arborea Sapindaceae NeiKottei T  Seeds LC Seeds — Rheumatism Infusion
(Blanco) Radlk.
Hemidesmus indicus Asclepiadaceae Nannari (o} Root R Root — Blood purifier, Paste and tonic
R.Br. demulcent, diuretic, dyspepsia,
BHVCW 70 fever, skin diseases, chronic

coughs, swellings and
rheumatic joints

Holoptelea integrifolia Ulmaceae Bachi T Bark NE Bark — Rheumatism, ringworm, Juice, paste
Planch. scabies, ulcers and scorpion and powder
stings
Ipomaea bracteate L. Convolvulaceae - C Whole NE Whole plant — Ulcer, fever and Decoction
BHVCW 74 plant rheumatism
Jatropha curcas L. Euphorbiaceae Kattamanakku S Leaves NE Leaves — Jaundice, fevers and Infusion, paste
BHVCW 81 rheumatic pains and juice
Justicia procumbens L. Acanthaceae Kodakasalai H Leaves NE Leaves — Asthma, coughs, Decoction,
rheumatism, backache, infusion and
laxative and diuretic juice
Leucas aspera Spr. Lamiaceae Thumbai H Leaves NE Leaves — Rheumatism, skin  Decoction and
BHVCW 84 diseases and snake bites juice
Leucas lanata Benth. Lamiaceae - H Leaves NE Leaves — Skin diseases, mild Decoction
fevers, colds, rheumatism and
snake bites
Lonicera japonica Thunb. Caprifoliaceae - C Stems NE Stems — Rheumatoid arthritis  Infusion
Ludwigia octovalvis Onagraceae Karamigida H  Whole LC Whole plant — Carminative, Decoction
Roxb. plant diarrhoea, dysentery, nervous

diseases and rheumatic pains

Naringi crenulata (Roxb.) Rutaceae Magavilvam T Roots NE Roots — Rheumatism Decoction,

D.H. Nicolson. powder, tonic
and Paste

Odina wodier Roxb. Anacardiaceae Odiyan T Bark NE Bark — Rheumatism, Decoction

elephantiasis, ulcer, skin
infection, wound healing and
used as toothpowder

Pisonia aculeata L. Nyctaginaceae Marukalli S Leaves NE Bark and leaves — Used to Decoction
and bark relieve rheumatism

Pleiospermium alatum Rutaceae Kurnthumullthalai ST Leaves NE Leaves and bark — Used to Decoction

(Wight & Arn.) Sw. and bark cure Rheumatic pains

Plumbago zeylanicalL.  Plumbaginaceae = Venkodiveli H Leaves NE Leaves — Rheumatism and Decoction,

headache tonic, juice,

powder and
Paste

Pongamia glabra Vent. Fabaceae Pungamaram T Seed LC Seed — Bronchitis, whooping  Decoction,

BHVCW 102 and cough, sores and rheumatic infusion, juice,

leaves joints tonic and

Leaves — Rheumatism, cough powder
and skin diseases

Premna latifolia Roxb. Verbenaceae Erumai ST Leaves NE Leaves — Rheumatic arthritis, Decoction
BHVCW 104 coughs, headaches,
backaches and fevers

Cont...
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Table 2. Ethnomedicinal plants used for the treatment of rheumatism in Manar beat, Karamadai range, Western Ghats, India

Botanical name Family Local Habit Parts Ecological Therapeutic uses Mode of
name name used status preparation
Glycosmis pentaphylla  Rutaceae Kuttivila S  Whole LC Whole plant — Diarrhoea, Decoction,
Corr. plant coughs, rheumatism, anaemia infusion, paste
and jaundice and juice
Gymnema sylvestre R.Br. Asclepiadaceae - C  Whole NE Whole plant — Rheumatism,  Decoction,
BHVCW 68 plant inflammation and snake bites paste, juice
and powder
Harpullia arborea Sapindaceae NeiKottei T  Seeds LC Seeds — Rheumatism Infusion
(Blanco) Radlk.
Hemidesmus indicus Asclepiadaceae Nannari (o} Root R Root — Blood purifier, Paste and tonic
R.Br. demulcent, diuretic, dyspepsia,
BHVCW 70 fever, skin diseases, chronic

coughs, swellings and
rheumatic joints

Holoptelea integrifolia Ulmaceae Bachi T Bark NE Bark — Rheumatism, ringworm, Juice, paste
Planch. scabies, ulcers and scorpion and powder
stings
Ipomaea bracteate L. Convolvulaceae - C Whole NE Whole plant — Ulcer, fever and Decoction
BHVCW 74 plant rheumatism
Jatropha curcas L. Euphorbiaceae Kattamanakku S Leaves NE Leaves — Jaundice, fevers and Infusion, paste
BHVCW 81 rheumatic pains and juice
Justicia procumbens L. Acanthaceae Kodakasalai H Leaves NE Leaves — Asthma, coughs, Decoction,
rheumatism, backache, infusion and
laxative and diuretic juice
Leucas aspera Spr. Lamiaceae Thumbai H Leaves NE Leaves — Rheumatism, skin  Decoction and
BHVCW 84 diseases and snake bites juice
Leucas lanata Benth. Lamiaceae - H Leaves NE Leaves — Skin diseases, mild Decoction
fevers, colds, rheumatism and
snake bites
Lonicera japonica Thunb. Caprifoliaceae - C Stems NE Stems — Rheumatoid arthritis  Infusion
Ludwigia octovalvis Onagraceae Karamigida H  Whole LC Whole plant — Carminative, Decoction
Roxb. plant diarrhoea, dysentery, nervous

diseases and rheumatic pains

Naringi crenulata (Roxb.) Rutaceae Magavilvam T Roots NE Roots — Rheumatism Decoction,

D.H. Nicolson. powder, tonic
and Paste

Odina wodier Roxb. Anacardiaceae Odiyan T Bark NE Bark — Rheumatism, Decoction

elephantiasis, ulcer, skin
infection, wound healing and
used as toothpowder

Pisonia aculeata L. Nyctaginaceae Marukalli S Leaves NE Bark and leaves — Used to Decoction
and bark relieve rheumatism

Pleiospermium alatum Rutaceae Kurnthumullthalai ST Leaves NE Leaves and bark — Used to Decoction

(Wight & Arn.) Sw. and bark cure Rheumatic pains

Plumbago zeylanicalL.  Plumbaginaceae = Venkodiveli H Leaves NE Leaves — Rheumatism and Decoction,

headache tonic, juice,

powder and
Paste

Pongamia glabra Vent. Fabaceae Pungamaram T Seed LC Seed — Bronchitis, whooping  Decoction,

BHVCW 102 and cough, sores and rheumatic infusion, juice,

leaves joints tonic and

Leaves — Rheumatism, cough powder
and skin diseases

Premna latifolia Roxb. Verbenaceae Erumai ST Leaves NE Leaves — Rheumatic arthritis, Decoction
BHVCW 104 coughs, headaches,
backaches and fevers

Cont...
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Table 2. Ethnomedicinal plants used for the treatment of rheumatism in Manar beat, Karamadai range, Western Ghats, India

Botanical name Family Local Habit Parts Ecological Therapeutic uses Mode of
name name used status preparation
Prosopis cineria (L.) Mimosaceae Vannimaram T Bark NE Bark — Asthma, bronchitis, Decoction
Druce. piles, dysentery, leprosy,
rheumatism and scorpion
stings
Pseudarthria viscida W. Fabaceae Nirmalli S Roots NE Roots — Headache, diuretic,  Juice and tonic
&A. asthma, cough, bronchitis,
worms, fevers, vomiting,
diarrhoea, diabetes and
rheumatism
Salvadora persica L. Salvadoraceae Uka S  Seeds LC Seeds — Rheumatism Tonic, powder
and decoction
Sanseviera roxburghiana Liliaceae - H  Whole NE Whole plant — Febrifuge, Tonic
Schult.f. plant purgative and rheumatism
Sida cordifolia L. Malvaceae Mayir-manikham H  Whole NE Whole plant — Rheumatism,  Tonic and juice
BHVCW 113 plant relieve itching and irritation of
chickenpox
Solanum trilobatum L. Solanaceae Thoodhuvalai C Whole NE Whole plant — Asthma, blood Juice and
BHVCW 114 plant vomiting, rheumatism and decoction
leprosy
Tamarindus indical. Caesalpiniaceae Puli T  Fruit pulp LC Fruit pulp — Cure fevers and  Decoction
BHVCW 118 and rheumatism
leaves Leaves — Rheumatism, throat
infection, cough, fever,
intestinal worms and wounds
Toddalia asiatica Lam.  Rutaceae Kattu-milagu C Leaves NE Leaves — Rheumatism, lung  Infusion and
BHVCW 122 diseases and asthma tonic
Trewia nudiflora L. Euphorbiaceae Aattharasu T Root NE Root — To relieve rheumatic ~ Decoction
affliction
Wattakaka volubilis (L.fil.) Asclepiadaceae Kurincha C Leaves NE Leaves — Dyspepsia, Paste
Stapf. rheumatic pain, cough, fever,
BHVCW 126 cold and eye infections
Vanda tessellate Hk. Orchidaceae Kantanakuli E Roots LC Roots — Dyspepsia, bronchitis, Decoction
BHVCW 125 inflammations, piles,
rheumatism and scorpion
stings
Vanda Testacea (Lindl.) Orchidaceae - E Leaves NE Roots and leaves — Bronchitis, Juice
Rchb. and roots piles, rheumatism, dysentery,
cold, scorpion sting, boils and
fever
Vitex altissima L.f. Verbenaceae Mayilainochi T Bark NE Bark — Rheumatic swellings  Paste and
decoction
Xylia xylocarpa Taub. Mimosaceae Iruvel T  Seeds NE Seeds — Rheumatism, piles  Decoction
and leprosy
Zizyphus glabrata W. Rhamnaceae Karakodamaram T Fruits NE Fruits — Fever, cough and Decoction

rheumatism

for diuretic, 5 for jaundice and wound (Fig. 6). Considering
the mode of preparation, the commonly prepared herbal
medicines in the form of decoction (66%) followed by juice
(36%), paste and tonic (22% each). Ayyanar and
Ignacimuthu (2004) have reported 14 plants are used for the
treatment of skin diseases and 15 plants are used for the
treatment of poisonous bites.

The ethnomedicinally documented data was compared

with the available literature and found that many of the
usages listed are not recorded earlier (Rathna et al 2009,
Rout et al 2009, Nagariya et al 2010). The plant species
reported in the current investigation were cross checked with
other accessible writing and it was discovered that a portion
of the plant species mentioned in the current study were
recorded before by various specialists. Previously similar
ethnobotanical studies have been reported in different
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villages to document the traditional knowledge that has been 3.050%%
vanishing (Dhivya and Kalaichelvi 2016, Ayyanar and

# Rheumatism

. . # Fever
Ignacimuthu 2011). Based on this database, can concluded
. . . Asthma
that the medicinal values claimed by the Irula tribe of 5
= — Coughs

Karamadai reserve forest area are high significance towards
curing of different ailments in a traditional manner with their
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novel nature of choice and planning of herbal medicines from B Toothathc
therapeutic plants. Leprosy
The knowledge on the folklore uses of the medicinal ® Diuretic
Headache
¥ Cold
Table 3. Percentagg of plant families used for the treatment i
of rheumatism disorder
Name of the family Number of species Percentag_e of the o>
species
Euphorbiaceae 7 9.21% Fig. 6. Statistic of therapeutic effects from the study area
Rutaceae 7 9.21 %
Capparidaceae 4 5.26 %
Asclepiadaceae 4 5.26 % # Decoction
Mimosaceae 3 3.94 % Juice
Acanthaceae 3 3.94 % Paste
Verbenaceae 3 3.94 % # Tonic
Amaranthaceae 3 3.94 % Infusion
Caesalpiniaceae 3 3.94 % # Powder
Sapindaceae 3 3.94 % *+ Extraction
Liliaceae 3 3.94 % R Pickle
Lamiaceae 3 3.94 %
Fabaceae 3 3.94 % Fig. 7. Pie chart representing different form of medicinal plant
Orchidaceae 2 263 % species taken for the treatment of rheumatism
Convolvulaceae 2 2.63 %
Meliaceae 2 2.63% plants leads to open up ways for effective utilization of herbal
Cucurbitaceae 2 2.63 % medicines in future. The findings of the present investigation
Moraceae 2 2.63 % mainly focused on the role of medicinal plants which are
Others 16 31.57 % helpful in curing many diseases. The study results are more
useful to discover new drugs to cure RA. This inventory
showing plants with high medicinal values, represents the
60 e immense potential role for economic growth through
50 sustainable gathering and trade.
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Abstract: Hydroponics is a cultivation of plants without soil with formulated nutrient medium growing in a fabricated set of unit. The present
study focused on the nine different medicinal and ornamental plants. They were grown in the hydroponics unit supplied with macro and micro
nutrients of three different treatments ranges from 200ppm to 450ppm. Experiment was laid to study the length of plants, number of shoot lets
and number of days of experimentation with replicates. Dieffenbachia bowmannii showed highest length of 38 to 50 cm at 4" & 5" week
compared to the remaining plants grown in hydroponics unit. Number of multiple shoots was increased in Mentha arvensis grown to the length
of 19-45¢cm with 15-37 numbers of shoots and Table top plant with 25-38 shoots after five weeks of nutritional treatment. Mostly in the process
of hydroponics the growth rate and shoots number increased followed by Table top, Mentha arvensi, Capsicum annum. This study gives the
comparative values of growth rate in selected plants through hydroponics system.

Keywords: Green economy, Hydroponics system, Medicinal plants, Nutritional supplements

Hydroponics is an emerging young science in agriculture,
farming. It has been formulating as a commercial technique
since 40 years. However, outdoor and indoor field greenhouse
cultivation was adapted in short period for the growth of fresh
vegetables. It balances the source of fresh water and
balances the nutrition automatically and promotes the suitable
growing media with best hydraulic, physical, and chemical
properties, like Rockwool and coir, and helps the plant nutrition
and irrigation via modern fertigation equipment and
automation technologies (Savvas and Gruda 2018).
Hydroponics promotes the growth of plants in absence of soil
with requirement of elements, nutrients, minerals similar to
that of soil, as the soil holds and supports the roots and plants.
In case of hydroponics in absence of soil also it eliminates soil
born diseases/weeds and attains the need of plant nutrition
and can sustain to stress resistant, mature faster, yields best
quality products and finally reaches the customers and
consumer needs. Hydroponics growing systems have been
developed to get higher yield and quality, to preserve water
and land, to save labour and to protect the environment. Yields
with hydroponics have averaged around 20 to 25% higher
than in conventional cultivation (Parera et al 2009). Growing
populations and economies, changing diets, as well as climate
change, are leading to increasing water use plus the
associated demands on the environment Thus, costly and
time-consuming tasks of soil sterilization, soil amelioration can
be avoided with hydroponics cultivation (Anonymous 2008,

National Gardening Association 2008, El 2009). Plants in
hydroponics grow upto two times faster with higher yields than
with conventional soil farming methods due to high oxygen
levels to the root system, optimum pH levels for increased
nutrient and water uptake and optimum balanced and high
grade nutrient solutions (Infoplease 2007, Shamanshop 2007,
Fresh from the Garden 2007). Compared to traditional
systems, carrots growing hydroponically assure high
nutritional content. Since it can be easier to define whether the
required amount of nutritional content is present in the carrot
or not through regular hydroponic growing system.
(Asaduzzaman et al 2013), Encountering the water stresses
within the country, the hydroponic agriculture does not seem to
be the wave of the future. Green sustainability is gaining a very
important place in many countries which are thriving at making
their population aware of the environment threats which are
being caused by improper disposal of wastes and wastage of
resources in terms of high energy usage around the world.
Besides, the greenhouse hydroponic can yield the fresh crops
throughout the year, irrespective of seasons and make easily
available in the local markets with better prices because of its
appearance, quality and chemical free. With respect to the
regulation of natural sources and ecosystem changing the
large growing rate of the population and this brings to the
question how to feed the world population. (Delaide et al
2017). There occurs the overtaken of planetary boundaries of
biosphere integrity (Ragnarsd ottir et al 2011, Sverdrup and
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Ragnarsdottir 2011). By viewing this more resourceful and
sustainable agricultural system must be urbanized. (Tyson et
al 2011). Besides the commercial soilless culture steps
forward slowly while it is anticipated to develop rapidly through
coming years along with demands for the food security,
changes in climate, shortage of water all these forcefully
makes to pay more consideration on soilless culture. Soilless
culture totally depends on chemical nutrient solution despite of
system like hydroponic, aeroponic and substrate. Here in this
study we used the coco peat as a medium in hydroponic
system, while environmental and ecological concerns in the
recent years suggested mitigating the use of peat because it
may destroy endangered wetland ecosystems worldwide
(Abul-Soud et al 2016). At the same time, they are the need of
local substrate for plant growth and substitute's peat along
with compost with variety of compositions without any
negative effect. As soilless culture is in demand in recent
years helps this study to focus on the different flowering and
ornamental plants to study their growth in hydroponic system
along with standard medium with the different treatments for
about five weeks so that this study helps in giving standard
outcome for the improvement of selected plants can be grown
in larger units of hydroponic system.

MATERIAL AND METHODS
The investigations were carried out by the collection of
plant samples at Vignan's medicinal plant garden (Seed
Grant, F. No: VFSTR/Reg/A4/14/2016-17/590) under the

department of biotechnology, Vignan's university, Vadlamudi,
Guntur Dist. Andhra Pradesh, India.

Experimental design: The study laid out in recovery drip
system, size of 100 (sq. Ft) with an anti-insect mesh, 15m
wide, 15.0 m length and 4.70m height. The pressurized
irrigation system (on each shelf) was controlled with gate
valves. The conductive and distribution pipes of the nutritive
solution were made of black PVC, 1cm diameter with one
nebulizer each 25 cm of distance, with a consumption of 3L
hr-1 each device. Seedlings of each plantlet was placed in
each slot running with the nutritive solution containing Ca
(300 ppm), Mg (400 ppm), NPK (260 ppm), boric acid (300
ppm), Zn (400 ppm) and S (300 ppm) was applied from the
5th to 12th day after sowing pH 6.5and E.C1.10dsm"ina
500 L water tank circulated through PVC tube. This is
supplied with the temperature range of 22°C and a relative
humidity of 70%. Experiment was laid to study the length of
plantlets in cm (LP), no. of shootlets produced (S), no. of days
to grow (D) was determined. The study was conducted on
Mentha sachalinensis (Mint), Capsicum annum (Green chili),
Epipremnum aureum (Money plant), Dieffenbachia (Croton),
Plectranthus scutellarioides (Coleus), Table top rose,
Colocasia esculenta (Elephant ear plant), Lilium longiflorium
(Lily) and Epipremnum aureum ( Golden) collected from
Vignan Herbal Medicinal Garden, Vadlamudi, Guntur, India.

RESULTS AND DISCUSSION
The maximum plant height from 2 to 12 WAT (Table 2)

Table 1. Three different treatments with different conc. of nutrients on selected hydroponic plants

Treatments Ca (PPM) Mg (PPM) Cu (PPM) Zn (PPM) B (PPM) NPK (gm)
T1 1800 1170 1000 1250 2000 50gm
T2 2000 4000 2000 2000 2000 25gm
T3 4000 3000 3000 4000 3000 25gm
Table 2. Effects of different concentrations of nutrients on the length (cm) of hydroponic plants (upto 5 weeks)
Name of the plant Length (cm)

1" week 2" week 3 week 4" week 5" week

™ T2 T3 T1 T2

™™ 7™ T2 T8 T™ T2 T3 T1 T2 T3

Capsicum annum 5 7 7 5 9
Dieffenbachia bowmannii, 10 12 14 15 20
Table top 6 12 15 15 19
Epipremnum aureum 2 4 9 11 13
Mentha arvensis 4 8 10 15
Lilium longiflorium 5 10 15 15 16
Colocasia esculenta 6 7 9 13
Plectranthus scutellarioides 3 5 6

Epipremnum aureum (Golden) 2 4 8 6 7

10 12 15 17 18 19 19 20 20 21
20 22 24 26 30 A 38 43 47 50
20 22 24 25 28 29 30 32 35 38
16 17 23 25 26 27 27 28 29 30
17 22 25 28 31 32 36 39 M 45
16 18 19 21 23 24 27 30 31 33
14 16 18 19 20 20 21 21 22 23
7 9 12 15 19 20 20 20 20 20
10 10 12 15 17 20 22 23 24 25
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was measured. Three different treatments with different
concentrations of nutrients on selected hydroponic plants
after every 15 days (Table 1). The same plants were used
throughout the duration of experiments. The data collected
included: plant height and number of shoots/plant (Table 3).
These parameters were determined after every two weeks
between 2 and 12 WAT. Flower harvesting was performed
when all the buds were opened, i.e., 13 WAT. Quality of the
plant was determined by the length of the stem and number
branches/flower. Concentration ranges of essential mineral
elements according to various authors (Cooper 1988).

The length of hydroponics plants of Capsicum annum
(Fig. 5) was varied from17-21cm after the -5 weeks of
transfer with 13-15multipls shoots. Table top (Fig. 9) showed
its length of 14-38cm after 3-5weeks with 25-38multiple
shootlets. Epipremnum aureum (Money plant) (Fig. 8)
showed its length of 10-30cm after 4-5 weeks with 15 multiple
shootlets. Mentha arvensis (Fig.6) showed its length of 19-45
cm after 3-5 weeks with 15 -40 multiple shootlets. Lilium
longiflorium (Fig. 1) showing its length of 15-33cm after 4-5
weeks with 13-15 multiple shootlets. Colocasia esculenta
(Fig.2) showed its length of 14-23cm after 4-5 weeks with 4
multiple shootlets. Plectranthus scutellarioides (Fig.4) with
its length of 10-20cm after 3-4 weeks with 11 multiple
shootlets. Epipremnum aureum (Golden) (Fig. 7) ranging its
length from 25-28 cm after 4-5 weeks with 3 -11 multiple
shootlets.

High water holding capacity induced higher vegetative
growth in hydroponics culture of ornamental plants like
Oriental hybrid lily (Lilium asiatic) (Ryota 2002). Similar
report made by Galukucocopeat (2011). Growing media
containing organic matter like coco peat can stimulate root
growth and provide high water holding capacity, which
provide a buffer in high temperatures and crop load demand
without compromising air supply, coco peat or coir peat

stimulated the roots of the present hydroponic plants with
expanded length. The maximum plant length was in
Dieffenbachia bowmannii followed by Mentha arvensis,
Table top, Lilium longiflorium, grown under coir peat medium
compared to the vegetative method. There was significant
increase in the number of shoots in selected hydroponic
plants observed in Table top, Mentha arvensis, Dieffenbachia
bowmannii, Lilium longiflorium, etc.,

Schnitzler et al (2004) observed better plant growth, fruit
yield and quality in bell pepper (Capsicum annuum L.) grown
in wood fiber substrate. The present work also states the

a: lily at 1st & 2Znd week showing 15-16 em
with 5-6 shootlets.

b: lily at 3rd week showing 21em with
8 shootlets.

¢z lily at 4th week showing 27cm with 10-12
shootlets.

d: lily at 5th week showing 33 cm with 15
shootlets.

Fig. 1. Growth index of lilium longiflorum plant

Table 3. Effects of different concentrations of nutrients on the number of shoots in hydroponic plant for up to 5 weeks

Name of the plant 1" week

2" week

3" week 4" week 5" week

T1 T2 T3 M T2

T3 T1 T2 T3 M T2 T3 M T2 T3

Capsicum annum 2 2

Dieffenbachia bowmannii, 3 4 4 3 4
Table top 8 910 12 12 15
Epipremnum aureum 2 2 4 5 5

Mentha arvensis 10 12 15 17 17
Lilium longiflorium
Colocasia esculenta

Plectranthus scutellarioides

w N NN
w w N W
w W o

Epipremnum aureum (Golden)

10 10 1 1 12 12 12 13-15
4 5 4 4 5 5 5 6
16 17 19 22 24 27 30 33 36 38
7 8 9 10 10 1 1 12 13 15
20 23 26 27 29 30 32 34 36 37
10 10 10 12 12 14 15
4 4 4 5 6
10 1"
6 7 8 10

w W o
A~ A W
>~ M
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growth of Capsicum annuum in the presence of coir peat with
highest concentration of Mg (4000ppm) in different
treatments started showing from 4" week follows to 5" week
indicated the better results than other plants. Zoran Broci¢ et

A: Colocasia at 2nd week showing 14cem with 2 shootlets
B: Colocasia at 3rd week showing 19cm with 2 shootlets
C: Colacasia at 4th week showing 21em with 3shootlets

D: Colacasia at Sth week showing 23cm with 4 shootlets

Fig. 2. Growth index of Colocasla esculenta plant
=

»

A- Dieffenbachia bowmannii showing its length 14em with 3shoots

at Ist week.

B-Dieffenbachia bowmannii showing its length 20cm with 4shoots
at 2nd week.

C-Dieffenbachia bowmannii showing its length 26cm with 3-dshoots
ai Ird week.

D-Dieffenbachia bowmannii showing its length 38cm with 5 shoots
at 4th week.

E.F-Dicffenbachia bowmannii showing its length S0em with 5-6

sheots at Sth week.

Fig. 3. Growing index of Dieffenbachia bowmannii

al (2019) studied the two different cultivation systems,
aeroponics and hydroponics in greenhouse beds, were
compared for the production of potato minitubers. Simon et al
(2013) optimized the hydroponic growth systems for
nutritional and physiological analysis of Arabidopsis thaliana
and other plants and produces plants with similar growth
kinetics to soil-grown plants. Highest number of shootlets
and growth index of different selected hydroponic plants
grown in presence of coir peat could probably by highest

A- Plectranthus scutellarioides showing the length of 22cm
at 4th week with 7 shootlets.

B- Plectranthus scutellarioides showing the length of 22em
at 5th week with 11 shootlets.

Fig. 4. Growth index of Plectranthus scutellarioides (Coleus)

A- Capsicum annum showing its length 7em with 1-2shootlets at
Ist week.

B-Capsicum annum showing its length 10cm with 5-8shootlets at
2nd week.

C-Capsicum annum showing its length 17cm with 10 shootlets at
3rd week.

D-Capsicum annum showing its length 19¢m with 12 shootlets at
4th week.
E-F:Capsicum annum showing its length 21em with 13-15
shootlets at Sth week.

Fig. 5. Growing index of Capsicum annum
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water holding and nutrient hold capacities of the medium.
Hsu et al (2008) observed a higher flower stem length and
number of flowers per stem in Oncidium orchids (Oncidium
altissimum) grown using Rockwool when compared to peat
moss, crushed stone, bark and charcoal. Marinou et al (2013)
reported that use of saw dust, coco soil & pumice can

increase the growth abundantly for the cultivation of straw
A/ g enii berry. Many variations in growth responses were influenced

§ B- mint at 3rdW showing 17cm with by different nutrient contents of potting mixes. Almost the
20-26 shoots.

C-mint at 4thW showing 36cm with
32 shoots.

D- mint at SthW showing 45cm with
more than 37 - 40 shoots.

A- Epipremnum aureum showing
the length of 9cm with dshootlets,

B-Epipremnum aureum showing
the length of 16¢m with 7 shootlets.

C-Epipremnum aureum showing
the length of 25¢m with 10 shootlets.

D-Epipremnum aureum showing
the length of 27-30cm with 11-15
shootlets.

Fig. 7. A:Epipremnum aureum at 1* week showing 10cm with
3 shootlets, B: Epipremnum aureum (Golden) at 3“
week showing 15cm with 5 shootlets, C: G. money
plant at 4th week showing 22cm with 6-7 shootlets, D:
G. Money plant at 5" week showing 25-28cm with 10

shootlets Fig. 9. Top/10 "o’ clock plan
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results output to the availability of nutrients is an vital factor
influencing plant growth (Lazcano etal 2009). But differences
in physical and biological properties of the substrate may also
be responsible for studied changes (Tringovska and
Dintcheva 2012).

CONCLUSIONS

In this research work hydroponics, plant's roots alone
take up the amount of water they need at any one time and
leave the rest in the reservoir for later. In the current study
water that provide at one time will be taken up by the plants
for longer time thus gives the forward step for the water
conservation for longer period. The treatments given for the
9 plants and with standard medium helps the plantsto grow
at maximum height where Table top showed its better
growth and gives multiple shootlets followed with Mentha
arvensis, Capsicum annum, Epipremnum aureum, Lilium
longiflorium, etc. We can see the better the yield if
approached as it needs. It is recommended that this
technique can be adapted as a step to produce the food crops
and medicinal plants to meet the global demand, and thereby
benefits domestic needs and commercial indoor.
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Abstract: Heronry birds mostly prefer the wetland ecosystem for their breeding activities. However, many of those utilize urban ecosystems
for their nesting activities as they found suitable breeding habitats viz. dense tree colonies within city areas. To deliver inputs into the habitat
management and conservation of these birds, number of nests of heronry birds in the urban environment of the Bhavnagar city, Gujarat, were
examined. The identification of potential nesting grounds and counting of nets of five heronry bird species (Painted stork, Black-headed Ibis,
Red-naped ibis, Eurasian spoonbill, Little cormorant) was done in eight potential habitats of the Bhavnagar city area. This surveying activity
carried out from June 2017 to May 2018. The peak breeding season of selected water birds was observed from late summer (April-May) to
winter (January-February). A total of 506 nests were counted from the study areas which shows proximity to water bodies and among these
33% were observed from Krishnakumarsinhji Town Hall followed by 30% from Manila bag. Principle trees such as Azadirachtin indica,
Peltophorum pterocarpum, Polyalthia longifolia and Syzygium cumini observed to prefer by water birds. Relationship between tree height and
number of nests, co-occurrence of nesting of water birds and their behavior to build nests near water bodies were studied.
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Multi-species heronry survey in city areas of Bhavnagar
was studied for some breeding and ecological aspects. Four
Ciconiiform birds, Painted stork (Mycteria leucocephala),
Eurasian Spoonbill (Platelea leucorodia), Black-headed Ibis
(Threskiornis melanocephalus), Red-naped lbis (Pseudibis
papillosa) and one Pelecaniform member Little Cormorant
(Phalacrocorax niger) considered into this account. All
selected water birds were common resident and seen around
water bodies like lakes, marshes, rivers, lagoons, salt pans,
shallow coastal areas and even in fields of Saurashtra,
Kachchh and Gujarat (Ganpule 2016). Heronry also termed
as rookery which means an assembly of nests high in a mass
of trees which comprises water bird crowds like herons,
egrets, storks, ibises, pelicans, spoonbills, darter, and
cormorants (Urfi et al 2005, Roshnath and Sinu 2017).

Water birds were strong colonial and choose areas for
breeding only after careful evaluation of the prevailing safety
measures. Breeding success in water birds principally
depends on interspecies and intraspecies interactions in
heronries (Roshnath et al 2019). They choose the site which
protects nests from the predators, adverse climatic
conditions and offers constant resources for nesting,
breeding, foraging, and feeding (Hilaluddin et al 2003, Evans
etal 2015, Minias and Kaczmarek 2013). The accessibility of
nesting trees and nesting materials are also the most

important factors which attract the water birds and besides
these, features including the size, height, canopy, number of
branches also have a key role for selecting the nesting area.
(Erwin et al 1998, Baxter and Fairweather 1998, Ajitha and
Jose 2013). Permanent populations can be established upon
the colonizing abilities that may help to adopt more in the
urban climates (Moller 2008), but formation and elimination
of heronries is a continuous process (Frederick and Mayer
2008).

Water birds usually breed in wetlands, mangrove and
marshy areas and parks, parks and gardens in urban areas.
Similarly, in Bhavnagar city and nearby places they are found
nesting within human-inhabited areas such as residential
area and non-residential, roads sides (Sashikumar and
Jayarajan 2007). According to Chakraborty & Majmudar
(2018) 26 species of water bird reported to nest colonially in
India among these, 22 water bird species breed in Gujarat
(Pandey et al 2010) which includes herons, storks, ibis,
pelicans, egrets, and cormorants etc. Bhavnagar city
situated close to the Arabian ocean and several wetlands, as
well as inlets of several rivers, open into Gulf of Khambhat. It
comprises many large trees and green spaces beside
streets, highways, and other public gardens. Various
researchers and NGOs have documented the population of
water birds in this area (B.I.R.D surveys 2005 2007 and 2010,
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Pandey et al 2010, Parasharya and Gadhvi 2019). The main
objectives of the present work were to study water bird
heronries in the Bhavnagar city and identify the nesting tree
species of heronry birds.

MATERIAL AND METHODS

Bhavnagar is, located near the Gulf of Khambhat in
Saurashtra peninsula of the western part of Gujarat state,
placed between 21° 00' and 22° 30' N Latitudes and 71°15'
and 72°30' E Longitudes and has a hot semi-arid climate.
Initially, more than 20 places were visited in and around
Bhavnagar city. Among these prominent sites where nesting
activities of heronry birds observed, eight sites were selected
namely, Pill Garden (PG), Mahila Bag (MB),
Krishnakumarsinhji Town Hall (TH), Railway Colony (RC),
Railway Hospital (RH), INARCO Company (IC), Anandnagar
(AN) and University Campus (UC) because nesting activities
observed in these sites only (Fig. 1, Table 1). The dominant
terrestrial vegetation in these areas consists of trees of
Syzygium cumini, Cocos nucifera, Polyalthia longifolia,
Butea monosperma, Peltophorum pterocarpum, Ficus
benghalensis, Mangifera indica, Prosopis cineraria,
Azadirachta indica, Millettia pinnata, Adansonia digitate,
Ficus religiosa, Acacia nilotica, Ficus amplissima, Holoptelea
integrifolia, Delonix regia etc. Other stations were utilized by
heronry birds for other purposes like feeding and roosting.

From these different sites, heronry nesting data was
collected from July 2018 to March 2019. Direct observation
and Ground count method were selected for the study
(Fasola et al 2011). A pair of Nikon (7x35) binocular
andcamera (Canon 200D) was used to minimize the
disturbance. Bird species were identified in the field by using
Grimmett et al (1999). A sample nest was monitored on a

Table 1. Description of selected stations

regular basis, nest height, tree preference, and the average
height of the tree were recorded. Bird species were recorded
as nesting only if the active nest was observed. Active nests
were identified with the occurrence of incubating adults, or
nestlings/ eggs. Geographic features of selected sites were
obtained by using Google Earth. Standard software was
used for quantitative and qualitative analysis of the data.

RESULTS AND DISCUSSION

Number of nests: The study was conducted in Bhavnagar
city area of Gujarat state and explores eight potential
breeding sites which are public gardens and residential areas
of the town.A total of 506 nests were observed on various
trees from selected sites. Among these highest 271 nests
were of Painted storks followed by 101, 68, 58 and 8 nests of
Little cormorants, Black-headed ibis, Eurasian spoonbill, and
Red- naped ibis (Fig. 2). All the nests of Painted stork
recorded from three sites only viz., Pill garden (42%), Mahila
bag (32%) and Town hall (26%) whereas, Black-headed ibis
nests were observed in Mahila bag (90%) and Railway
hospital (10%). Eurasian spoonbill builds their nests in
isolated colonies within three distinct areas which are
Railway hospital (53%), Inarco company (26%), and Railway
colony (21%). Little cormorant observed to utilize two closely
placed habitats, Mahila bag (95%) and Town hall (5%), and
lastly fewer nests of Red-naped ibis recorded in Anandnagar
and university campus area (Fig. 3).

Bray-Curtis similarity graph indicates there were three
groups based on number of nests. The first group comprises
pill garden, mahila bag and town hall as these sites were
noticed with great mass of nests whereas second and third
groups of other sites which shows more closer to each other
in terms of numbers of nests (Fig. 4). Among recorded

Station location type Coordinates Area Traffic Nesting Foraging Distance from water
(km?) load materials options body (s) (km)

PG Public garden 21°46' 19.99" N 0.058 Very high Adequate High 0.43
72°08'28.97"E

MB Public garden 21°46'28.48" N 0.012 high Adequate High 0.17
72°08'45.65" E

TH Public garden 21°46'25.72" N 0.015 high Adequate High 0.11
72°08' 05.79"E

RC Residential Area 21°46' 09.88" N 0.100 Low Adequate High 0.74
72°07' 09.62" E

RH Residential Area 21°45' 39.57" N 0.010 Very high Adequate High 0.89
72°06' 56.65" E

IC Industrial Area 21°45'57.47" N 0.012 Low Adequate High 1.30
72°09'10.24"E

AN Residential Area 21°46'49.42" N 0.022 Low Adequate High 0.62
72°10'07.63"E

uc Non-residential area 21°45'19.55" N 0.025 Low Adequate High 1.36

72°08'29.68" E
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Fig. 1. Location map of study area
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heronries in Bhavnagar city area, fewer are established
heronries in this semi-arid region with less than 600 mm
rainfall and temperature range of 13°C to 42°C. The suitable
climate of Bhavnagar city supports about 12 to 15 species of
water birds. Including heronry birds like Little egret (Egretta
garzetta), Intermediate egret (Ardea intermedia), Cattle egret
(Bubulcus ibis), Black-crowned night heron (Nycticorax
nycticorax), Western reef heron (Egretta gularis).

Areas that rich in the context of suitable large trees,
feeding ground nearby and low predation pressure, probably
set the city a preferred breeding ground for the waterbirds
(Roshnath and Sinu, 2017). Along with nesting locations,
year-round nutrition resources, less predatory pressure and
stable climatic conditions offered by an urban ecosystem
(Fischer et al 2012, Seedikkoya and Azeez 2012, Ajitha and
Jose 2013, Griffin et al 2017, Roshnath et al 2019). Many
authors have suggested that a low predatory pressure
favours water bird nesting activities in urban areas so, the
nest site selection, nesting preference, and architecture of
nests directly correlate with the predation rate (Garg 2016).
Nesting activity: Nesting activities like courtship, nest
building, incubation, fledging and nestling feeding observed
superficially for studying about their breeding season.
Painted storks were observed to perform these activities
during September-October and which lasts up to winter,
while Eurasian spoonbill performed activities bit early during
August-September. In the case of Black-headed ibises and
little cormorants, the courtship and nest building were
observed during July whereas they incubate their eggs and
nourish their nestlings during August-September. Red-naped
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Fig. 4. Bray-Curtis similarity index of observed heronries in
selected nesting sites
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ibises observed busy in these activities in post-monsoon or
pre-winter during February-March. The nest of heronry birds
was severely damage due to heavy rainfall and sometimes
nestlings fallen from the nest. It was also observed that the
heronry birds reuse whole nest or some time they use
materials from old nest for construction of new nest (Fig. 5).
Trees used for nesting: Selected five heronry bird species
found to build their nests on 16 different tree species namely,
Syzygium cumini, Cocos nucifera, Polyalthia longifolia,
Butea monosperma, Peltophorum pterocarpum, Ficus
benghalensis, Mangifera indica, Prosopis cineraria,
Azadirachta indica, Millettia pinnata, Adansonia digitate,
Ficus religiosa, Acacia nilotica, Ficus amplissima, Holoptelea
integrifolia and Delonix regia. Total 225 trees were utilized for
nesting activity by heronry birds in the study area. Major nest
trees were Pelfophorum pterocarpum (29%) followed by
Polyalthia longifolia (20%), Syzygium cumini (12%),
Azadirachta indica (11%), and Ficus benghalensis (8%)
Whereas, other nest trees contributed approximately up to 1-
5 % only which may differ according to sites (Fig. 6).

Selected all sites comprises numerous large trees,
which forms green uneven carpet 9-12 meters up from the
ground. Waterbirds use trees to construct nests set up on the
upper canopies of large trees (Roshnath et al 2019).
Waterbirds used different trees for building nests however,
some water birds showed preferences towards nesting trees
species (Ali & Ripley 1978). According to Naher (2015)
selection for Nesting was not dependent on the tree species
butdependent on some closely placed trees.

Tree composition in the heronry: Pill garden consists of
two principle nesting trees Azadirachta indica (38.70%) and
Peltophorum pterocarpum (26.80%) whereas, another
station comprises about maximum numbers of Polyalthia
longifolia (35%) and Azadirachta indica (31%) within the total
mass of nesting trees. Syzygium cumini (12%) and Ficus
religiosa (8%) also showed considerable numbers in
selected stations. Bray-Curtis similarity graph indicates Pill
garden and Town hall comprises similar micro-habitats in
context of plant diversity and measurements. Mahila Bag,
University campus and Railway colony areas showed
similarity as comprises same plant species but in numbers.
Where the small areas principally contain Azadirachta indica
(Fig. 6 and Fig. 7). All selected plants are tall, leafy and placed
at considerable distances from water. Bird-like Red-naped
Ibis (Black Ibis) also found to nest on the tall electric pole
(Sangha2013).

Relationship between tree height and no. of nests: Height
of nesting trees was observed between 9 to 12 meters.
Selected species were observed to build their nests on a
specific range of heights of trees. Painted storks and Red-

naped ibis were used to construct their nests and showed
affinities with upper and upper-middle canopy, average 10
meters while Eurasian spoonbill and Black-headed ibis
observed to build their nests on an upper-middle canopy of
up to 10.36 meters. Little cormorant prefers top canopies and
observed to construct their nests on the height of about 11
meters with a greater number of heights among selected
heronry birds (Fig. 8). Most nests were observed in the upper
and middle canopy areas of tall trees (Chaudhury and Koli
2018), same result was also observed in the present study.
Dense canopy prevents the nestlings falling right on the

Fig. 5. Photo collage of heronry bird at study areas (a)
Painted storks building nests on Mangifera indica,
(b) Black-headed ibis nests on Polyalthia longifolia
(c) Eurasian Spoonbill incubating eggs, (d) Black-
headed ibis nests on Cocos nucifera (e) Coutship
little coremorants (f) Painted storks collecting nest
material, (g) Inactive nest, (h) Nestling fallen to the
ground, (i) Courtship of Black-headed ibis
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ground and decreases thermal stress to new-borns
(Dayananda and Hosetti 2009, Senma and Acharya 2010)
and building nesting on the upper canopy or heightened
could be advantageous in getting elevation infrequent flights.
Spatial association/co-occurrence of nesting species in
the heronry: Painted storks were observed to share nesting
ground with Black-headed ibises and Little cormorants in
large heronries areas occupying dense trees, however, their
sub-colonies not reported frequently in selected areas.
Eurasian spoonbills showed considerable dissociation with
other bird species, their nesting activities noticed in the quite

isolated and sparsely grown tree areas. Red-naped ibises
showed lesser evidence of nesting together with other
heronry birds and showed a similar trend to Eurasian
Spoonbills to build nests on fewer disturbance areas.
Species preference of nesting trees: Painted storks were
reported to preferring wide range of plant species namely
Syzygium cumini, Polyalthia longifolia, Peltophorum
pterocarpum, Ficus benghalensis, Mangifera indica,
Azadirachta indica, Adansonia digitate, Ficus religiosa,
Acacia nilotica, Ficus amplissima, and Delonix regia.
Eurasian spoonbills found to construct nests on Azadirachta
indica, Delonix regia and Holoptelea integrifolia. Black-
headed ibis nests principally noticed on Syzygium cuminiand
Polyalthia longifolia but also found to utilize Cocos nucifera,
while Red-naped ibises recorded to build their nests on
Azadirachta indica and Cocos nucifera. Little cormorants
were observed quite choosy about building of nests, their
colonies observed only on a plant species Peltophorum
pterocarpum.

Water body distance from the nesting sites: All five
selected heronries bird species which tend to construct nests
in colonies near to the water bodies. All the colonies found
here were found around freshwater sources. Three sites, Pill
Garden, Mahila Bag and Town hall, where the largest
heronries observed were the closest (< 0.5 km) to the water
body Gangajaliya Lake in the center of the city. As these sites
surround the lake area birds can access the water body for
food. Railway Colony and Railway Hospital areas were placed
at the accessible distance from Gaurishankar Lake (< 1 km).
University Campus and Anandnagar were the sites which are
distantly placed from water bodies but quite reachable. Very
few nests were observed distance from the water bodies
(Table 1). As regards the conservation status nearly all the
species colonizing in the present heronries are belongs to
least concern Eurasian spoonbill, Red-naped ibis and Little
cormorant except two, Painted stork and Black-headed Ibis
which have near threatened status (IUCN\ 2012). Public
Gardens, as well as residential areas within and around
Bhavnagar city, are relative safe (Parasharya and Naik 1990)
and desirable for nesting of water birds and these novel
conditions offer possibilities for bird species that approve
surviving with the challenges of fluctuating environments.
Urbanization theatrically alters the historical habitats within
species have evolved (Alberti et al 2017), considering high
human density (Kight and Swaddle 2007), increase in artificial
light (Dominoni et al 2013, Gaston et al 2010), increase of
chemical pollution (Hui 2002), raised levels of noise (Laiolo
2010). The man-made stresses like close building towers, cell-
phone towers, noisy motorways, light pollution and high
lighting towers, vehicular discharges, waste discharge and
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direct human access to the nests make heronries vulnerable
(Chakraborty & Maunder 2018). According to previous
reports, in 1979 there were only about 40 nests of Painted
stork were recorded from Pill garden and Gogh area of
Bhavnagar city and during 2003 number of recorded nests
was 482 and during 2004 it was 328 (Parasharya and Naik,
1990) and now 271. These overall figures suggest heronry
size of painted storks decreased by the time. However,
nesting data about other heronry birds was may be recorded
but not published. Nevertheless, waterbirds are well protected
in Bhavnagar city areas because of the cultural environment of
a dominant religious group of residents in the city which
protects against harassment and killing of birds (Parasharya
and Naik, 1990). Not only for birds but also conscious about
preserving trees in the surroundings. It was observed that
fledglings of painted stork were most affected by firecrackers
during Diwali festival and strings of the flying kites during kite
—flying festival, due to awareness in public and emergency
help by the forest department and NGO's mortality of birds are
decreasing. Due to increase urban developments and
alteration in feeding ground, there is a need for conservation
for heronries in the city area.

CONCLUSION

Bhavnagar city area comprises eight potential sites that
serve the best ecological conditions, protection and suitable
climatic conditions for breeding activities for multi species
heronries. Five heronry bird species namely Painted stork
(Mycteria leucocephala) Little Cormorant (Microcarbo niger)
Black-Headed Ibis (Threskiornis melanocephalus) Eurasian
Spoonbill (Platalea leucorodia) and Red-naped Ibis
(Pseudibis papillosa) were reported nesting in eight areas of
Bhavnagar city. Despite being public areas, Mahila Baag,
Town hall and Pill Garden are the sites which are quite rich with
different and tall tree species which provide all essential facility
for building nests. However, these sites were much closer to a
small water body, Gangajaliya Lake which may also play a key
role in serving as a feeding ground. These birds take long
flights for food in wetlands, saltpans and coastal areas
surrounding Bhavnagar city. Plantation of tress like Ficus
benghalensis, F. religiosa, Azadirachta indica, Syzygium
cumini, Cocos nucifera, Polyalthia longifolia, Peltophorum
pterocarpum, Mangifera indica, and Delonix regia supports
great number of nesting pairs. A constant, scientific, and long-
term monitoring and intensive care is required for
conservation of these precious heronries of Bhavnagar city.

REFERENCES

Ajitha KV and Boby Jose 2015. Kallettumkara Heronry, An Ideal
Breeding Site for Waterbirds in Kerala, South India.
International Journal of Science and Research (IJSR) 4(3):

923-927

Alberti M, Correa C, Marzluff JM, Hendry AP, Palkovacs EP, Gotanda
KM, Hunt VM, Apgar TM and Zhou Y 2017. Global urban
signatures of phenotypic change in animal and plant
populations 2017. Proceedings of the National Academy of
Sciences ofthe United States of America 114: 8951-8956.

Ali S and Ripley SD 1978. Handbook of the birds of India and
Pakistan, Oxford University Press, New Delhi, Volume 1 (2ed.)
pp. 39-41.

Baxter GS and Fairweather PG 1998. Does available foraging area,
location or colony character control the size of multispecies
egret colonies? Wildlife Research25(1): 23-32

Chakraborty DC and Majumder S 2018. Urban Heronries of Kolkata
Metropolitan: An Insight to Nest Stratifi- cation, Resource
Based Guilds and Conservation Priorities. Asian Journal of
Conservation Biology 7(2): 106-112.

Chaudhury S and Koli VK 2018.Population status, habitat
preference, and nesting characteristics of black-headed ibis
Threskiornis melanocephalus Latham, 1790 in southern
Rajasthan, India. Journal of Asia-Pacific Biodiversity 11(2):
223-228.

Dayananda GY and Hosetti BB 2008. Nesting and nidification
activities of the Black headed Ibis (Threskiornis
melanocephalus) in mid-western Ghat region of Karnataka,
South India. Current Biotica 2: 439-452.

Dominoni D, Quetting M and Partecke J 2013. Artificial light at night
advances avian reproductive physiology. Proceedings of the
Royal Society B-biological Sciences 280: 20123017

Erwin RM, Nichols JD, Eyler TB, Stotts DB and Truitt BR 1998.
Modelling colony-site dynamics: Acase study of gull-billed terns
Sterna nilotica in coastal Virginia. The Auk115(4): 970-978.

Evans BS, Ryder TB and Reitsma R 2015. Characterizing avian
survival along a rural-to-urban land use gradient. Ecology 96:
1631-1640.

Fasola M and Alieri R 1992. Conservation of heronry Ardeidae sites
in North Italian agricultural landscapes. Biological
Conservation 62: 219-228.

Fischer JD, Cleeton SH and Lyons TP 2012. Urbanization and the
predation paradox: The role of trophic dynamics in structuring
vertebrate communities. BioScience 62: 809-818.

Frederick PC and Meyer KD 2008. Longevity and size of Wood stork
(Mycteria americana) colonies in Florida as guides for an
effective monitoring strategy in Southeastern United States.
Waterbirds 31: 12-18.

Ganpule P 2016. The Birds of Gujarat: Status and Distribution.
Flamingo Vol. VIl 3- Xl 4.

Garg A2016. Nest-plant correlation and predator preclusion in Asian
Open-bill storks (Anastomus oscitans): A case study from
Nawabgunj bird sanctuary, India. Indian Forester142: 179-186.

Gaston KJ, Davies ZG and Edmondson JL 2010. Urban
environments and ecosystem functions. Urban Ecology,
Springer Dordrecht Heidelberg London New York. 35-52.

Griffin AS, Tebbich S and Bugnyar T 2017. Animal cognition in a
human-dominated world. Animal Cognition 20: 1-6

Grimmett R, Inskipp C and Inskipp T 1999. Pocket guide to the birds
ofthe Indian Subcontinent. New Delhi, Oxford University Press,
pp 1-384

Hilaluddin, Shah JN and Shawl TA 2003. Nest site selection and
breeding success by Cattle Egret Bubulcus ibis and Little Egret
Egretta garzetta in Amroha, Uttar Pradesh, India. Waterbirds
26:444-448.

Hui CA 2002. Concentrations of chromium, manganese, and lead in
airandin avian eggs. Environmental Pollution 120: 201-206.

SeedikkoyaK, and Azeez PA 2012. Breeding biology of Little Egret
Egretta Garzetta in Kerala Southern India. Journal of the
Bombay Natural History Society 109(1 & 2): 96-100.

Kight CR and Swaddle JP 2007. Associations of anthropogenic



Tanvi Gohel, Tamanna Chaudhari, Pravinsang Dodia, Ashish Shukla and Devendra Solanki 97

activity and disturbance with fitness metrics of eastern
bluebirds (Sialia sialis). Biological Conservation 138: 189-197.

Laiolo P 2010. The emerging significance of bioacoustics in animal
species conservation. Biological Conservation 143: 1635-
1645.

Minias P and Kaczmarek K 2013. Is it always beneficial to breed in
the centre? Trade-offs in nest site selection within the colony of
a tree-nesting waterbird. Journal of Ornithology 154: 945-953.

Moller AP 2008. Flight distance of urban birds, predation, and
selection for urban life. Behavioral Ecology and Sociobiology
63:63-75.

Naher H 2015. Nesting colonies of little cormorant (Phalacrocorax
niger) in different study areas of Bangladesh. Bangladesh
Journal of Zoology 42(1): 35-44.

Pandey CN, Tatu KS and SB Munjpara 2010. Survey of Colonial
Breeding Waterbirds of Gujarat State. Gujarat Ecological
Education and Research (GEER) Foundation, Gandhinagar, p
11.

Parasharya BM and Gadhvi IR 2019. First report of successful
breeding of Greater Flamingo in the Gulf of Khambhat, India,
outside its traditional nesting range. Indian BIRDS 15(5): 136-
139.

Parasharya BM and Naik RM 1990. Ciconiiform birds breeding in

Received 15 September, 2020; Accepted 04 December, 2020

Bhavnagar City, Gujarat: A study of their nesting and plea for
conservation. Conservation in Developing Countries. Proc.
Centenary Seminar, Bombay Natural History Society, p 429-445.

Roshnath R and Sinu PA 2017. Are the heronry birds adapting to
urbanization? Zoo's Print 32(12): 27-33.

Roshnath R and Sinu PA 2017.Nesting tree characteristics of
heronry birds of urban ecosystems in peninsular India:
Implications for habitat management. Current Zoology 63(6):
599-605.

Roshnath R, Athira K, and Sinu PA 2019. Does predation pressure
drive heronry birds to nest in the urban landscape? Journal of
Asia-Pacific Biodiversity12(2): 311-315.

Sangha HS 2013. Nesting of black Ibis Pseudibis papillosa on
electricity pylons near Bikaner, Rajasthan, India. Indian BIRDS
8(1):10-11.

Sashikumar C and Jayarajan O 2007.Census of the heronries of
north Kerala.Malabar Trogon 5(1): 2-8.

Senma RC and Acharya CA 2010. Nest and nest contents of near
threatened black Headed Ibis (Threskiornis melanocephalus).
Asian Journal of Animal Science 4: 146-147.

Urfi AJ, Sen M, Kalam A and Meganathan T 2003. Counting birds in

India: Methodologies and trends.Current Science 89(12):
1997-2003.



Indian Journal of Ecology (2021) 48(1): 98-101

Manuscript Number: 3178
NAAS Rating: 4.96

Study of Seed Dispersal by the Indian Sloth Bear (Melursus
ursinus) in Nawada Forest Division, Bihar (India)

Gourav Kumar and Dilip Kumar Paul

Environmental Science and Management
Department of Zoology, Patna University, Patna-800 005 India
*E-mail: dkpaul.pat31@gmail.com

Abstract: Sloth bears (Melursus ursinus) are mainly myrmecophagous, but in the present study, fruit seeds were found in 40 scats and 25
scats of sloth bear collected during summer and monsoon respectively in Nawada Forest Division, Bihar, India. Seeds of three of four plant
species collected from scats germinated faster than seeds not passing through bears. Seeds of fleshy fruit species were found intact in the
scats of sloth bear. In the summer season, scats were dominated by seeds of Syzygium cumini (family Myrtaceae), Cassia fistula (family
Fabaceae) and Mangifera indica (family Anacardiaceae). In the monsoon season, fruits were less frequent in scats but those of S. cumini,
Buchanania lanzan (family Anacardiaceae) predominated. Maximum seed germination was observed in S. cumini (84%), followed by B.
lanzan (70%), C. fistula (58%) and Mangifera indica (48%). However, the seed germination time was significantly different in both unpassed
and passed seeds of those plant species except Cassia fistula species. These results suggest that the sloth bear may play an importantrole in

the population dynamics of fleshy-fruited species of the region.

Keywords: Melursus ursinus, Sloth bear, Seed dispersal, Scat analysis, Nawada Forest Division, Bihar

The importance of forests cannot be underestimated.
Forests cover nearly a third of all land on the earth, providing
vital organic infrastructure for some of the planet's densest,
most diverse collection of life. Forest is important for
biodiversity, environment and ecological benefits, food
security, soil conservation potential and mitigation of the
climate change and job opportunity in tropics (Kumar et al
2018). The biodiversity of forests is depleting at an alarming
rate due to anthropogenic activities and climate change
(Reddy et al 2011, Devi et al 2019). Moreover, habitat quality
depends on both functional and structural pattern of
landscape. Nature of forest habitat shape complexity
becomes a new subject matter in biodiversity management
(Mandal and Chattarjee 2020). Seed dispersal is a key
success in plant communities and frugivory is very important
in vertebrate communities (Corlett 2017). The role of bears in
seed dispersal is inevitable (Fredriksson et al 2006,
Ngoprasert et al 2011, Steinmetz et al 2013). Indian sloth
bear, Melursus ursinus is one such bear species among
housekeeping species of Indian forest. They play an
important role in seed dispersal and termite control as both
are considered vital for long term sustenance of forest
ecosystems. The role of sloth bears as seed dispersal is
helpful in the population dynamics of fleshy -fruit species in
South India. The bears have a great influence on the species
composition of plants in their ecosystem (Harrer and Levis
2018). The sloth bear being adapted to myrmecophagous,
makes them unique among all bear species, endemic to

Indian Subcontinent and widely spread from the foothills of
Himalayas to the southern end of Western Ghats. They are
mostly prevalent in India, Nepal, Bhutan and Sri Lanka. Sloth
bears exhibit several adaptations to their subtropical and
tropical habitat and to their diet and travel large distances in
dispersing seasonal food. They have large tongues and
mobile snouts and an adaptation to its mode of feeding on
ants and termites. Huge feet and enormous claws of sloth
bears are suitable for digging up termites' colony. However,
earlier studies indicate that diets of sloth bears may vary
seasonally and geo-graphically depending on availability of
fruit and hardness of mounds that harbour colonies of
termites. Yoganand et al (2005) suggested that sloth bears
seem to have a behavioural adaptation to avoid hot weather
conditions in their habitat by reducing daytime activity. They
are efficiently adapted to tropical environment. Studies of
Mewada and Dharaiya (2010) on seasonal dietary
composition of sloth bear in North Gujarat suggest variations
in their diet depending on the availability and abundance of
insects and food resources. Mewada et al (2019) also
suggested the fruits as the major food resource for sloth bear,
and the factors affecting their availability will directly affect
the foraging activities of sloth bears. The diet composition of
sloth bear with respect to insects-fruits ratio, varies with the
seasonal and geographical location (Mewada and Dharaiya
2010, Sukhadiya et al 2013). During fruiting season of trees,
70-90% of bear diet may comprise of fruits, while for the rest
of the seasonal year, more than 80% of the diet may comprise
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of termites and other insects respectively (Seidensticker et al
2011, Yoganand et al 2013). Palei et al (2020) reported that
the major diet of sloth bear comprises of Ziziphus mauritiana
during summer and winter season. However, little
information is known about the role of sloth bear as seed
dispersal agents in Indian forests particularly in Bihar. The
objective of this study was to determine seasonal diet
composition of sloth bear in Nawada Forest Division, Bihar
using macroscopic and microscopic analysis of scats remain
and germination period of fruit seeds.

MATERIAL AND METHODS

For evaluation of role of the sloth bear in seed dispersal
in Bihar (India), the sloth bear scats were monitored for the
occurrence of fleshy fruits and seeds in scats. Germination
potential of seeds were also assessed. The study was carried
out at Nawada Forest Division (24° 52' 47.99" N latitude and
85°31' 47.99" E longitude), consisting 518 km’ protected
area, located in Nawada District of Bihar. The vegetation of
this sanctuary is tropical dry deciduous with a dominance of
Ziziphus (Mill.) sp. (family Rhamnaceae), Syzygium cumini
(L.) (family Myrtaceae), Madhuca indica (Gmel) (family
Sapotaceae), Buchanania lanzan (Spreng) (Family
Anacardiaceae), Ficus (L.) sp (family Moraceae) and
Lantana camara (L.) of family Verbenaceae (invasive
species). The scats were collected from Rajauli Forest
Range (RFR), Kauwakol Forest Range (KFR), and Nawada
Forest Range (NFR) of Nawada Forest Division, Bihar (Fig.
1). The study was carried out in the forest areas as well as
along the walking and trailed roads from August 2016 to
October 2019. Scat collection and analysis was done
following the methods used by Bargali et al (2004) and
Ramesh et al (2009). The seeds found in scats were
germinated in adequate soil moisture and identified,
Identification of plant species were verified by the presence

Fig. 1. Map showing scat collection in different forest ranges
in Nawada Forest Division, Nawada district, Bihar
(Image from Google earth)

of claw marks of the sloth bear in the tree trunk located near
the scat sites. The claw marks of sloth bear indicated that the
bear had climbed the tree to seek the fruits. The food items
found in scats were separated into plant and animal parts
(Maxwell-Lefroy 1909). Comparison of germination period of
seeds passed in the gut of sloth bear and unpassed seed was
analysed following Sreekumar and Balakrishnan (2002). To
assess the seeds passage through the gut of sloth bears
affected germination, seeds retrieved from scats were
spread in plots of 5m” Overall seeds of each species were
planted 10 cm apart and replicated three times (30 seeds for
each species). Unpassed seeds collected from intact fruits of
each species were germinated in an identical fashion.

RESULTS AND DISCUSSION

A total of 65 scats of Melursus ursinus was collected
during the study period. Based on frequency of occurrence in
scats, plants species contributed highest followed by the
insects (28.9%) and mammalian hairs (10.3%) (Table 1).
Among the plant species, Ziziphus sp. (14.8%) ranked
highest among the plants followed by Aegle marmelos (L.) of
Rutaceae family (13.3%) (Table 2). During winter, insects
were mostly utilized by the sloth bears (Khanal and Thapa
2014). Plants showed lesser contribution in diet during winter
season in comparison to summer and monsoon season. The
relative importance of the plant materials in bear diets during
summer and monsoon season may be due to seasonal
flowering and fruiting. Overall, 20 plant species were found in
scats of sloth bear. The seed collected from plant species
included Buchanania lanzan, Mangifera indica, Cassia fistula
and Syzygium cumini. In summer, Zyzyphus sp. (36%) was
most frequently utilized food by the sloth bear followed by
Aegle marmelos (28%) and Syzygium cumini (24%). Zizipus
species appearing to be important food item for the bear in
the study area is supported by the findings of Sukhadiya et al

Table 1. Frequency of occurrence of animal food items in the
scats of sloth bears by seasons

Group Food items Summer Monsoon
(n=40) (n=25)
FO (%) FO (%)
Mammalian food Bone 0.0 1.0
Hair 4.2 2.0
Unidentified material 0.0 4.8
Insect food Honey bees 8.5 0.0
Larvae of beetles 3.0 5.2
Black ants 2.3 3.2
Red ants 0.7 2.8
Termites 6.0 11.0
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(2013) and Palei et al (2014). With the onset of the monsoon,
fruits comprised the major diet of sloth bear are S. cumini
(42%), followed by P. acaulis (24%) along with the materials
of animal origin. Ants and termites constituted most of the
animal food, irrespective of the season. Seeds from fleshy
fruit species were found intact in the scats of sloth bear. In the
summer season, scats were dominated by seeds of S.
cumini, C. fistula and M. indica. In the monsoon season, fruits
were less frequent in scats but those of, S. cumini, B. lanzan
predominated (Table 2).

Maximum seed germination was observed in S. cumini
(84%), followed by B. Lanzan, C. fistula and M. indica.
However, the seed germination time was found significantly
different in both unpassed and passed seeds of those plant
species except C. fistula species. Of the seeds, three of the
species namely, S. cumini, B. lanzan and M. indica showed
significant decreased germination time following seed
passage (Table 3).

Seed passage through the digestive gut of sloth bear
appeared to increase the germination rate of few species
without showing any detrimental effect on the germination
behaviours of any of the species in the present study.

Table 3. Germination time of seed species collected from
sloth bear scats (passed seed) and fruits collected
below tree canopies (unpassed)

Plant species Germination period (days) t-value
(Meanz SD)
Unpassed seeds Passed seeds

Buchanania lanzan 16.7 £2.98 14 +£4.75 0.01
(N=28) (N=28)

Syzygium cumini 8.4+1.46 76+1.17 0.02
(N=27) (N=27)

Mangifera indica 21.1+3.85 23.1+3.35 0.04
(N=28) (N=28)

Cassia fistula 144 £2.76 8.6 +1.68 4.08
(N=26) (N=26)

Although, variation in the time of germination of seed
passage observed may be attributed by several factors such
as fruit morphology, fruit size, seed coat thickness, fruit
retention time and chemical constituents of the fruit pulp etc.
The diet and macronutrient, gut microbiomes and canal of
ursids and other mammals has also been reported by several
workers (Fredriksson et al 2006, Delsuc et al 2014, Costello
et al 2016) supporting the myrmecophagous nature of sloth
bears.

Table 2. Frequency of occurrence of fruits in scats of the sloth bear in summer and monsoon season

Plant species Months Parts consumed Summer Monsoon
(Common name) (N=40) (N=25)
FO (%) FO (%)
Ziziphus jujuba (Ber) October-February FL/UF 36 0.0
Ficus benghalensis (Bar) March-June UF/RF 1.0 0.0
Dendrocalamus strictus (Bans) March, July-August, February TS 1.0 2.2
Aegle marmelos (Bel) March-August, February FL, L, UF, RF 28 12
Mangifera indica (Am) April-August FL, UP, RF, 1.6 0.6
Cassia fistula (Amaltas) January-December except-April-May SP 121 0.0
Cucurbita sp. (Seetaphal) February-July UF, RF, FL 0.0 1.5
Syzygium cumini (Jamun) July-August RF 24 42
Ziziphus oenoplia (Dithor) October-January UF, RF 6.5 24
Ficus glomerata (Dumar) February-June UF, RF 0.8 6.6
Anogeissus latifolia (Dhatura) June-March RF, FL, UF 1.6 1.2
Semecarpus anacardium (Bhelwa) June-December FL, UF, RF 6.8 9.8
Pithecellobium dulce (Jalebi) February-May UF, RF 0.0 4.3
Phoenix acaulis (Khajur) July-October RF 0.0 24
Madhuca indica (Mahua) March-June FL, UF, RF 4.5 0.0
Buchanania lanzan (Piar, Chirongi) January-March RF, UF 0.0 135
Bridelia retusa (Kajh) May-September FL, RF 3.3 0.0
Diospyros melanoxylon (Kend) May-July UF, RF 2.6 0.0
Ficus religiosa (Pipal) March-July UF, RF 1.6 2.8
Canthium parviflorum (Khadbar) July-October FL, RF 0.0 222

L=Leaves; FL=Flower buds and flowers; UF=Unripe fruits; RF=Ripe fruits; SP=Seeds/Pods; BS=Bark/Stem; T=Tuber; TS=Tender Shoot
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CONCLUSION

The analysis of data on foods found in scats of sloth
bears in Nawada Forest Division, Bihar suggests that they
are omnivorous with adaptation of myrmecophagy. Their
feeding habits of fleshy fruit plants favour the dispersal of fruit
seeds. The role of seed dispersal by the sloth bears is
relevant to the forest restoration efforts in Indian region and
particularly in Bihar where the total forest area is only about
7.27% of the geographical area of the state. The study also
provided important background for conservation
management of the species Melursus ursinus.

REFERENCES

Bargali HS, Akhtar N and Chauhan NPS 2004. Feeding ecology of
sloth bears in a disturbed area in Central India. Ursus 15(2):
212-217.

Corlett RT 2017. Frugivory and seed dispersal by vertebrates in
tropical and subtropical Asia: An update. Global Ecology and
Conservation11:1-22.

Costello CM, Cain S, Pils S, Frattaroli L, Haroldson MA and van
Manen FT 2016. PLoS ONE. 11(5): e0153702.https://doi.org/
10-1371/journal.pone.0153702.

Delsuc F, Metcalf JL. Parfrey LW, Song SJ, Gonzalez A and Knight R
2014. Convergence of gut microbiomes in myrmecophagous
mammals. Molecular Ecology 23: 1301-1317.

Devi K, Samant SS, Puri S and Lal M 2019. Diversity, structure and
regeneration pattern of tree communities in Kanawar Wildlife
Sanctuary of Himachal Pradesh, North East Himalaya, India.
Indian Journal of Ecology 46 (1): 94-103.

Fredriksson GM, Wich Sa and Trisno 2006. Frugivory in sunbears
(Helarctos malayanas)is linked to EI Nino related fluctuations in
fruiting phenology, East Kalimantans, Indonesia 2006.
Biological Journal ofthe Linnean Society 89(3): 489-508.

Harrer LGF and Levi T 2018.The primacy of bears as seed bearers in
salmon-bearing ecosystems. Ecosphere 9(1): e 02076.

Khanal S and Thapa T B 2014. Feeding ecology of sloth bears in
Chitwan National Park, Nepal. Journal of Institute of Science
and Technology 19(2):118-122.

Kumar V, Tiwari A and Desai BS 2018. Pattern of floristics and
biodiversity of angiosperms of Purna Wildlife Sanctuary, Mahal,
Gujrat. Indian Journal of Ecology 45(2): 260-265.

Mandal M and Chattarjee NS 2020. Geo-statisticcal analysis to
understand nature of forest patch shape complexity in Panchet
Forest Division under Bankura district, West Bengal. Indian
Journal of Ecology 47(1): 96-101.

Received 10 September, 2020; Accepted 05 November, 2020

Maxwell-Lefroy H 1909. Indian insect life: A manual of the insects of
the plains (tropical India). Pusa Agricultural Institute. Published
by Calcutta and Simla: Thacker, Spink & Co. pp 786.

Mewada T and Dharaiya N 2010. Seasonal dietary composition of
sloth bear (Melursus ursinus) in the reserve forest of
Vijayanagar, North Gujarat, India. Tiger Paper37(2): 8-13.

Mewada TP, Tiwari UL and Kotia A 2019. Fruiting species influence
the seasonal use of habitat by sloth bear in and around Balaram
Ambaji Wildlife Sanctuary, Guijarat, India. Notulae Scientia
Biologicae 11(2): 183-190.

Ngoprasert D, Steinmetz R, reed DH, Savini T and Gale GA,
McCorquodale 2011. Role of fruit on habitat selection of Asian
bears in a tropical forest. Journal of Wildlife Management 75(3):
585-595.

Palei HS, Pratyush P and Sahu HK 2014. Dry season diet of the
sloth bear (Melursus ursinus) in Hardagarh Wildlife Sanctuary
Eastern India. Proceedings of Zoological Society 67(1): 4-7.

Palei HS, Debata S and Sahu HK 2020. Diet of sloth bear in an
agroforest landscape in Eastern India. Agroforestry Systems
94(1): 269-279.

Ramesh T, Sankar K and Qureshi 2009. Additional notes on the diet
of sloth bear Melursus ursinus in Mudumalai Tiger Reserve as
shown by scat analysis. Journal of Bombay Natural History
Society106(2): 204-206.

Reddy CS, Babur S, Amarnath G and Pattanaik 2011. Structure and
floristic composition of tree stand in tropical forests in the
Eastern Ghats of Northern Andhra Pradesh, India. Journal of
Forestry Research22(4): 491-500.

Seidensticker J, Yoganand K and Johnsingh AJT 2011. Sloth Bears
living in seasonally dry tropical and moist broadleaf forests and
their conservation. The Unique Ecology and Conservation of
Tropical Dry Forests in Asia, Smithsonian Institution Scholarly
Press, pp.217-236.

Sreekumar PG and Balakrishnan M 2002. Seed dispersal by the
sloth bear (Melursus ursinus) in South India. Biotropica 34(3):
474-477.

Steinmetz R, Garshelis DL, Chutipong W and Seuaturien N 2013.
Foraging ecology and coexistence of Asiatic black bears and
sunbears in a seasonal tropical forest in Southeast Asia.
Journal of Mammalogy 94(1): 1-18.

Sukhadiya D, Joshi JV and Dharaiya N 2013. Feeding ecology and

habitat use of sloth bear in Jassore Wildlife Sanctuary, Gujarat,
India. Indian Journal of Ecology 40(1): 14-18

Yoganand K, Johnsingh AJT and Rice CG 2005. Evaluating Panna
National Park with special reference to the ecology of sloth bear.
Wildlife Institute of India, Dehradun, India. Final Project Report.
172p.

Yoganand K, Rice CG and Johnsingh AJT 2013. Sloth bear Melursus
ursinus. In Mammals of South Asia University Press,
Hyderabad, India, pp. 438-456.



Indian Journal of Ecology (2021) 48(1): 102-107

Manuscript Number: 3179
NAAS Rating: 4.96

Population Control of Dociostaurus maroccanus by Pistacia
lentiscus and P. vera

M. Bereksi Reguig, I. Abdelli' and F. Hassani

Ecology and Management of Natural Ecosystems Laboratory, Faculty SNV.STU- Tlemcen University
"Higher Applied Sciences School - Laboratory (LASNABIO)-Tlemcen-Algeria
E--mail: meryem.bereksirequig@yahoo.fr

Abstract: The invasion of insect pests is causing significant losses on crops and agricultural land, for this reason locust control remains one of
the major concerns in the strategy of protecting crops in arid and semi-arid regions. The present study was conducted for evaluation of bio-
insecticidal of the essential oils of Pistcia lentiscus and Pistacia veraof the Anacardiaceae family in the region of Tlemcen by molecular
modeling methods. The work consists of studying the inhibition of the a-amylase enzyme of the species Dociostaurus maroccanus which is a
digestive enzyme by molecular docking.The molecular dynamics simulation study showed good result for the myrcéne a fuctional inhibitor for
the activity of a-amylaseenzyme. The result obtained confirms the bio-insecticide effect of the genus Pistacia family of Anacardiaceae.

Keywords: Essential oil, Pistacia lentiscus, Pistacia vera, Dociostaurus marrocanus

The Mediterranean Basin hotspot is one of the most
remarkable regions on earth for its' great biological (plant and
animal) and landscape diversity, marked by a unique climate
with cool, wet winters and hot, dry summers, which favours
the establishment of various kind of vegetation. Vegetation
consists chiefly of deciduous trees and perennial plants. The
Anacardiaceae family is part of this vegetation, particularly in
northern Algeria, which include trees, shrubs containing
oleoresineous secretory channels. In fact, they exude oils,
milky sap, resin or wax with various applications. Currently,
aromatic plants have a considerable advantage due to the
gradual discovery of the applications of their essential oils in
health care and other areas of economic interest. The
essential oils of aromatic plants have medicinal properties
and act as anti-inflammatory, antiseptic, antiviral, antifungal,
bactericidal, antitoxic, insecticidal, tonic, stimulating, and
calming (Ouhererre et al 2018). These essential also provide
effective control ofinsect pests.

Dociostaurus maroccanus is one of the main locust
pests of the order Orthoptera.Due to the favourable
ecological conditions, these pests can be dangerous when
they proliferate and cause damage to crops through their
gregariousness (El Ghadraoui et al 2003). The economic
and ecological impact of locusts on crops and pastures has
long been recognized. For such needs, the focus is rather on
the biological control of these species. For this purpose, with
the development of computer tools, molecular modeling and
specifically molecular docking (molecular assembly or
docking) has quickly taken over biological research field.
Molecular docking's main objective is to predict the most

favourable conformation (position and relative orientation) of
the ligand within its receptor (Bekkal Brikci 2019). The
present work is related to comparing the bio-insecticide
power of two aromatic plants which are Pistacia lentiscus and
Pistacia vera to control the locust pests, Dociostaurus
maroccanus Thumberg, 1815.

The Pistacia lentiscus is a shrub belonging to the
branched (ramified) anacardiaceae family, three meters
high, with a strongly pungent resin smell. It is widespread in
the Mediterranean basin, growning in the wild in scrub
(maquis) and garrigues in all types of soils, although it prefers
siliceous grounds. In Algeria, mastic tree is found along the
telland forest areas. (More and White 2005). It prefers
nutrient-poor soils, low water and also in long exposure to
high temperatures and solar radiation. The "Pistaciavera"is a
dioecious tree (male and female flowers growing on different
shrubs) (Oukbli 2005), with an average height of 6 to 8 m, and
plays crutial role in the balance of the semi-desert ecosystem
through its developed root-system and is cultivated in the
arid and semi-arid areas of Asia (Middle East) and Africa
(Maghreb), but also in Australia, in some American countries
(United States and Mexico), and Mediterranean Europe
areas (Benmahioul 2009).

MATERIAL AND METHODS
Enzyme and inhibitors preparation: The ligands used
were chosen based on the most important efficiency in each
part of the plant (leaf and fruit) (Table 1) The chemical
structure of these ligands was obtained from the database
"Pubchem" (Table 2), and drew up the ligands from the
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software "Chemdraw" version 12.0.2.1076, then savedthem
in « .Mol » format, the reafter optimized the ligands with
"Hypercham" software version 8.0.10 and saved them in «
.Mol » format for molecular docking with the Molecular
Operating Environment « MOE » software.
Molecular docking protocol: Molecular docking
calculations were performed using the default standard
MOE software parameters (Molecular operating
environment, 2013). A docking simulation essentially
consists of two stages: the docking itself and the scoring.
¢ Docking is the selection stage, which consists of placing
the ligand in the active site of the protein and sampling
the possible conformations, positions and orientations
(poses), retaining only those that represent the most
favorable modes of interactions.
e Scoringis the ranking stage, which consists in evaluating
the affinity between the ligand and the protein and giving
a score to the poses obtained during the docking phase.
This score will enable the best pose among all those
proposed to be selected (Boucherit 2012).
Molecular dynamics simulation: The molecular dynamics
simulation study was carried out for the ligand that was
declared as the best among the selected molecules. From
the analysis of the results, it was concluded that was the
best ligand among the selected ligands and molecules. The
molecular dynamics simulations study of myrcene and 1CLV
docked complex was performed by iIMODS. It is a fast, user-
friendly and effective molecular dynamics simulation tool that
can be used efficiently to investigate the structural dynamics
of the protein complexes. It provides the values of
deformability, B-factor (mobility profiles), eigenvalues,
variance, co-varience map and elastic network. For a
complexor protein, the deformability depends on the ability to
deform at each of its amino acid residues. The eigenvalue
has relation with the energy that is required to deform the
given structure and the lower the eigenvalue, the easier the
deformability of the complex.Moreover, the eigenvalue also
represents the motion stiffness of the protein complex.
IMODS is a fast and easy server for determining and

Table 1. Molecules present in the essential oils of the plants
Plant species Essential oil (%)

Leaf Fruits

Pistacia lentiscus - a-pinéne 11 - a -pinéne 22
- limonene 10.3 - B- myrcéne 54
- Myrcéne 39.2

- Terpinén.4.o0l 29.9
- a -terpinéol 15

Pistacia vera - a -pineéne30
- Terpinoléne17.6

- Bornyl acétate 11.3

-a -pineéne 54.6
-Terpinoléne 31.2

Table 2. 2 D&3D representations of the all ligands used in the
experiment

Compound name 2D structure

3D structure

opinene

limonéne

Myrcéne = S N

¥ Yt
Terpinén-4-ol 1o N N ¢
a-terpinéol
HO

B- myrcéne ) = W, o

Terpinoléne -

o OH
Co-cristallized ligand
HN
7

4]

Ligands structures were taken from PubChem server
(www.pubchem.ncbi.nim.nih.gov)
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measuring the protein flexibility (Lopez-Blanco et al 2011,
2014, Prabhakar etal 2016, Awan etal 2017).

RESULTS AND DISCUSSION

Molecular docking simulation: In order to find the residues
that form the largest active site of amino-acids on the enzyme
to get an intercation with ligands, "Finder site" module on the
"MOE" software was used. The enzyme 1CLV contains 20
enzymatic cavities whose largest active site is made up of 21
amino acids that are: LEU 49- TRP 56- TRP 57-TYR 60- GLN
61-HIS 99-GLY 102- MET 103- LEU 150- VAL 151-LEU 153-
ARG 183-ASP 185- ALA186-GLU 222-ILE 224-HIS 286-
ASP 287-ARG 290 ASN 331-ASP332.

After the enzyme and ligands preparation, the next stage
is the positioning of these inhibitors in the active site of the
1CLV enzyme. This requires the docking module using the
"MOE" software. Once the ligand-receptor complex is formed
(Fig. 4), it will adapt the most stable conformation, namely
with the lowest energy level. In order to compare the stability
of the ligands reviewed in the active site of the 1CLV enzyme,
molecular docking between the enzyme and the ligands was
conducted (Table 5).

The molecules that had the lowest binding energy of
docking score were considered the best molecule and
inhibiting the target receptor as the lower binding energy

Fig. 1. Pistacia lentiscus

Table 3. Propretés of tested molecules

Ligands Weight (g/mol) TPSA (A%

a -pinéne 136,23 0(0: don, 0: acc)
limonéne 136,23 0(0: don, 0: acc)
Myrcéne 136,23 0(0: don, 0: acc)
Terpinén.4.ol 154,25 20,2(1: don, 1: acc)
a -terpinéol 154,25 20,2(1: don, 1: acc)
- myrcéne 136,23 0 (0: don, 0: acc)
Terpinoléne 136,23 0 (0: don, 0: acc)
Bornyl acétate 196,29 26,3(0: don, 2: acc)

Fig. 3. a-amylase enzyme 3D structure.The structure was
taken from Protein Data Bank online server
(https://www.rcsb.org/) and Molecular Operating
Environment (MOE)

Fig. 4. 3 D representations of the best pose interactions
between the ligands and their receptor. A. interaction
between co-cristallization ligand and 1CLV, B.

interaction between myrcene and 1CLV, C.
interaction between terpinén-4-ol and 1CLV, D.
interaction between bornyl acétate and 1CLV. The 3
D representations of the best pose interactions
between the ligands and their respective receptors
were visualized using Molecular Operating

Environment (MOE)
Table 4. Properties of the a-amylase enzyme
Protein Classification Method Resolution Number of chains Chain length
1CLV HYDROLASE X-Ray diffraction 2A° two chains 503
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Table 5. Docking results (binding energy) of all ligands and the control along their respective number of hydrogen bonds as well

as interactingamino acids

Name of ligands Docking score (binding Interacting residues of  Types of bonds Distance(A°) Energies
energy) Kcal/mol the target (kcal-mol)
Myrcéne -4.7707 / / / /
B-Myrcene -4.6807 / / / /
Terpinen-4-ol -4.6694 OD1-ASP185 H-donor 3.26 -1.0
Bornyl acétate -4.6049 / / / /
a-Terpineol -4.5059 OD1-ASP185 H-donor 2.99 -1.9
Terpinolene -4.4409 / / / /
Limonéne -4.42 / / / /
a- pinene -4.1707 / / / /
(Co-cristallisation ligand) -3.55 OD1-ASP185 H-donor 3.41 -0.7
NE2-HIS286 H-acceptor 3.04 -4.4
ND1-HIS99 lonic 3.87 -0.8
NE2-HIS99 lonic 3.23 -3.1
NE2-HIS99 ionic 3.83 -0.9
corresponds to higher binding affinity (Simon etal 2017). The o © ® @
highest score obtained after docking is that of myrcéne with a » © ® ® o © ® 0 g
score of -4.7707 kcal/mol, followed by B-Myrcéne with a @15, o N\ 1 - ®
score of -4.6807 kcal/mol, Terpinen-4-ol with a score of A . B © ® ®
4.6694 kcal/mol and one hydrogen interaction with ASP-185 ®© ® @
of OD1 target active site, the score of the co-cristalized
ligand is -3,5513 kcal/mol, 5 interactions ASP185, HIS286, @ 9 B =
HIS99, HIS99, HIS99. The complex formed by myrcéne- © /3 — ®
1CLV has the lowest values energy and giving the best N/ h C)
docking score compared to co-cristalized ligand. According ® - @ ® ®
to these docking results can classify, myrcéne as the good c D N ®

inhibitor of the enzyme 1CLV compared to the all ligands
studied.

Enzyme-ligand interaction: Interactions between 2.5 and
3.1 are considered strong and interactions between 3.1 and
3.55 are assumed to be average. Interactions above 3.55 are
weak or absent (Marianna et al 2006). We have shown the
interactions between the ligands and the enzyme (Fig. 5).
The distances measured between the ligands and the amino-
acids of the active site varied between 2.99° and 3.26°. The
average interactions between terpinen-4-ol and the active
site of the enzyme -amylase with a distance of 3.26 A°, this
interaction is considered average because it lies
between3.1A and 3.55A, this interaction is between OD1 and
the aminoacid ASP185 present in the enzymatic cavity of our
enzyme with an energy of -1.0kcal / mol.

The normal mode analysis (NMA) of Myrcene-1CLV
complex is illustrated in Figure 6a. The deformability graph
illustrates that the peak in the graphs correspond to the
regions in the protein with deformability (Fig. 6b) The Bfactor
graph of the complex gives easy visualization
andunderstanding of the comparison between the NMA and
the PDB field of the complex (Fig. 6¢). The eigenvalue of the

Fig. 5. 2 D representations of the best pose interactions
between the ligands and their receptor. A. interaction
between co-cristallized ligand and 1CLV, B.
interaction betweenmyrcéne and 1CLV, C.
interaction between terpinén-4-ol and 1CLV, D.
interaction between bornyl acétate and 1CLV. The 2
D representations of the best pose interactions
between the ligands and their respective receptors
were visualized using Molecular Operating
Environment (MOE)

complex is illustrated in Figure 6d. The docked complex
generated eigenvalue of 3.500969e-04. The variance graph
indicates the individual variance by red colored bars and
cumulative variance by green colored bars (Fig 6). Figure 6f
illustrates the co-variance map of the complexes where the
correlated motion between a pair of residues is indicated by
red color, uncorrelated motion is indicated by white color and
anti-correlated motion is indicated by blue color. The elastic
map of the complex shows the connection between the
atoms and darker gray regions indicate stiffer regions (Fig.
6g). From the molecular dynamics study of myrcene- 1CLV
docked complex, it is clear that the complex had a very good
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amount of deformability as well as it had low eigenvalue of
3.500969e-04, for this reason, this lower eigenvalue,
represent the easier the deformability of the complex (Fig. 6b,
6d)and also represents the motion stiffness of the protein
complex. However, the variance map showed high degree of
cumulative variances than individual variances (Fig. 6e). The
covariance and elastic network map also produced
satisfactory results (Fig. 6fand 6g).

The use of chemical pesticides has a harmful impact on

Fig. 6. Results of molecular dynamics simulation of myrcene-
1CLV. (a) NMA mobility, (b) deformability, (c) B-factor,
(d) eigenvalues, (e) variance (red color indicates
individual variances and green color indicates
cumulative variances), (f) co-variance map (correlated
(red), uncorrelated (white) or anti-correlated (blue)
motions) and (g) elastic network (darker gray regions
indicate more stiffer regions) of the complex

human health and environment; therefore, the healthiest
method is the use of plants for their biocidal activity (toxic,
repellent, anti-appetant) against a wide range of bio-
aggressors (pests). The use of plant extracts as insecticides
has long been recognized. Indeed, pyrethrum, nicotine,
rotenone have already been used as agents for insect
control. Bouchareb (2016) mentioned that, Pistacia lentiscus
has significant insecticidal potential against the Taxoptera
aurantii aphid.Regarding the review and according to the
results obtained; the myrcene obtained from the extraction of
leaves and the B-Myrcene extracted from the fruit of Pistacia
lentiscus are the best inhibitors of the a-amylase enzyme
when compared with the components of Pistacia vera.

CONCLUSION

The aim of our study is to investigate the potent of new
natural's compounds such as myrcéne, terpinén-4-ol, bornyl
aceétate, extracted from Pistacia lentiscus andPistacia vera to
inhibit the enzyme a—amylase présent in the digestive
system of Dociostaurus marrocanusin order to control this
pest species. Theoretically tested the use of molecular
modeling more precisely the molecular docking of the "MOE"
software and Molecular Dynamics simulation; the inhibitory
potency of ligands resulting from the extraction of essential
oils from the "leaves and fruit" part of the following plants:
Pistacia lentiscus and Pistacia vera that belong to the
anacardiaceae family. It can be concluded that myrcéne of
the species Pistacia netiscus has an inhibitory potency of the
a-amylase enzyme to control Dosciostaurus marrocanus.
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Abstract: An increase in road networks causing a significant impact on tropical biodiversity, especially the ones passing through forest
protected zones have a negative impact on wild animals. The mortality rates of wild animals were investigated by using a fortnight sampling
method in the selected stretch of state highway 164, of Anaikatty Hills, Tamil Nadu. The sampling was performed in two different seasons
namely dry and wet from June 2015 to December 2019. A total of 96 species and 419 individuals of road kill observed. Birds are the most
affected taxa (30.21 %), followed by reptiles (28.13 %), butterflies (20.83 %), mammals (11.45%), amphibians (5.21 %) and odonates (4.17 %)
were least affected by vehicular traffic. Conservation and managementimplications are essential to prevent the local extinction of wildlife from

Anaikatty reserve forest.
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Roads are widely reflected to be a major source of
disturbance to wildlife (Plante et al 2019) and are now being
gradually drawn-out into remote regions of wildlife where
they can force perpetual barriers to faunal movements (Dean
et al 2019). In general, the effects range from habitat
fragmentation, changes in animal distribution patterns,
movements, the aberration in the population, biological
changes, and direct mortalities (Row et al 2007, Shepard et al
2008). Similarly, the rate of road kills often exceeds the
natural death rate and has the potential to affect all
individuals in a population equally, unlike predation (Periquit
et al 2018). The impact of roads on wildlife has been
extensively studied outside India (Forman et al 2003),
especially the effects of vehicular traffic on biodiversity. In
India, infinitesimal attention has been drawn to road
ecological studies (Sunder 2004). According to the National
Highways Authority of India (NHAI), india has the second
largest road system in the world (Rajvanshi et al 2007). The
impact of the road networks and the mortality accounts
extend across taxa - from soil invertebrates, butterflies,
reptiles, amphibians, birds, and mammals (Boominathan et
al 2008). The present study investigates the road impact on
wildlife fauna in the state highway which runs parallel to
Anaikatty reserve forestin Coimbatore, Tamil Nadu.

MATERIAL AND METHODS
The present road kill survey was conducted in the stretch
of 10 km (Fig. 1) of State Highway (SH 164; 11° 6' 58.35” N,
76°44'52.19"Eand 11°4'36.88” N, 76°49'25.71” E) between
June 2015 and December 2019. The road stretch is

surrounded by tropical thorn forests and tropical mixed dry
deciduous (Balasubramanian et al 2015). Besides, the road
connects two Indian states namely Kerala and Tamil Nadu,
and further heads-up to Silent Valley National Park (SNP),
which attracts a large number of tourists annually, and hence
there is heavy vehicular traffic in the proposed surveyed
study stretch SH 164. The road stretch was surveyed during
the fortnight hours on foot once in a day (during early morning
0600-0800 hrs) based on fortnight survey method (Baskaran
and Boominathan 2010). The dead animals were identified to
species level and in most cases the carcass has removed
from the road to avoid the repeat counts (Bhupathy et al
2011). The road stretch was searched thoroughly for any
presence of kills' and we did not collect any dead specimens
for any future correspondence. Besides, the study was
restricted to selective orders viz. butterflies, amphibians,
reptiles, birds, odonates, and mammals. Species identi-
fication was done by using standard field guides and
consulting subject experts.

RESULTS AND DISCUSSION

Atotal of ~2100 km walk surveys were conducted along
the 10 km stretch of the SH 164 road from June 2015 to
December 2019. Of, a total of 419 individual kills were
observed in five years and a total of 96 species belonging to
five orders viz., 5 amphibians, 29 birds, 20 butterflies, 4
odonatans, 11 mammals, and 27 of reptiles (Fig. 2). Among
these 96 species, 55 species are Least Concern, and two
species are listed as vulnerable (Prionailurus rubiginosus)
and (Panthera pardus). Further, the result has been
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classified into seasonal patterns (viz. dry and wet season)to  Table 1. Species observed during road kill survey in

look at their mortality rate across taxa levels. But, due to our Anaikatty hills, southern Western Ghats, India
inadequate sampling, all orders were pooled together to ~ SPecies IUCN Status
reduce the sampling errors. Consequently, the mortality rate LC NA
of all taxa during the fortnight day survey was significantly =~ Amphibian
different as compared with seasonal patterns (Z= 6.5, (Dry)  Duttaphrynus melanostictus t -
n1 =230, (Wet) n2 = 230, P<0.0001). The wet season hasa  Euphlyctis cyanophlyctis t -
more mortality rate of n=300 as compare with dry season n= Fe.jervarya limnocharis T -
119 (Fig. 3). A similar study performed by Bhupathy et al ~ Microhyla rubra T .
. Lo Microhyla Sp. - -
(2011) has shown the high mortality in the monsoon season o )
. - . Accipiter badius 1 -
(reptiles & amphibians). During the monsoon season, there )
. . . . Acridotheres fuscus 1 -
was a large migration of butterflies and odonatans in Birds

Acridotheres tristis
Aegithina tiphia
Ardeola grayii
Bubulcus ibis

Caprimulgus asiaticus
Centropus sinensis
Chrysomma sinense
Copsychus saularis
Corvus macrorhynchos
Cuculus canorus
Eudynamys scolopacea
Legend Francolinus pondicerianus

<= Samping Hoad ekt Gallus sonneratii
= Stane Highwy 164 (SH 164)

Dumareer iice Hierococcyx varius
S0 Merops orientalis _
& Aouvavi Vitage
® Koncaroor Viiege Orthotomus sutorius -
Dumanoor Vilage )
® Koncaroor Pucks Viage Pavo cristatus -
b Aiaiong Phaenicophaeus viridirostris -
[ Western Ghats
0 - i B Jekaky hesr e Foes Pitta brachyura -
—_—
Pycnonotus cafer -
Pjocosus -

Fig. 1. Sampling road stretch in Anaikatty hills, Southern
Western Ghats, India P. luteolus
Saxicoloides fulicata

100 Streptopelia chinensis

S. decaocto

Treron phoenicoptera
80 Turdoides striatus
Dry Season Butterflies

Catopsilia pomona - T
Cepora nerissa - T
Danaus chrysippus 1 -
Euploea core 1 -
E. sylvester - T
Eurema hecabe - 1
Graphium doson - 1
- Hypolimnas bolina - 1
t
t

-+ =+ + =+ =+ + + =+ + + =+ + + —+ + + + —+ + —+ —+ —+ —+ —+ —+ —+ —+
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Junonia almana 1 -

Fig. 2. Road kills observed from June 2015 to December .
J. hierta 1 -

2019 concerning seasonal patterns
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J. iphita -
J. lemonias -
P. crino -
P. demoleus -
P. polytes -
Phalanta phalantha -
Tirumala septentrionis -
Troides minos 1 -
Mammals

—+ =+ =+ —+ —+ —+ —+

Axis axis 1

Fanambulus palmarum T -
Lepus nigricollis T

Mus sp. - T
Panthera pardus - -
Pipistrellus mimus
Prionailurus rubiginosus - -
Suncus murinus - 1
Suncus Sp. - -
Sus scrofa

—+
'

Tragulus meminna

—+
'

Odonates

Anax guttatus
Brachythemis contaminata
Diplacodes trivialis
Pantela flavescens - 1
Reptiles

Ahaetulla nasuta - 1
A. pulverulenta
Bungarus caeruleus -
Calotes calotes

—+ —+ —+
'

C. versicolor -
Chamaeleo zeylanicus T
Chrysopelea ornata T

T

—+ =+ —+

—+

Daboia russelii

Dendrelapsis tristis -
Eryx johnii

Eutropis carinata T -
Fowlea piscator -
Hypnale hypnale -
Indotyphlops braminus -
Liopeltis calamaria -
Lissemys punctata 1 -
Lycodon anamallensis - -
L. aulicus 1 -
Macropisthodon plumbicolor -
Melanochelys trijuga -
Naja naja -
Oligodon arnensis -
O. taeniolatus
Ptyas mucosa -
Python molurus molurus -
Sibynophis subpunctatus -
Uropeltis bhupathyi -

—+ =+ —+ —+ —+ =+ —+ —+ —+ —+

—+ =+ —+ —+

IUCN- International Union for Conservation of Nature

*LC-Least Concern, NA-NotAssessed, T - denotes “LC”, - denotes “NA”
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Fig. 3. Road kills and mortality of various orders

Anaikatty hills (Sony and Arun 2015). Also, during night hours
these cold blood animals move towards tar road for
thermoregulation. Therefore, most of the individuals were
killed during the wet season as compared with the dry
season. During monsoon days we observed a great number
of mortality in the Anaikatty reserve forest in the following
orders amphibians, reptiles, butterflies & odonatans (Fig. 1).
Secondly, road SH 164 is running parallel to Anaikatty
reserve forest - which is considered a factor that is affecting
the regular movement of wild animals. The major reason
behind the collisions is that, the species migrate for
resources and get caught in vehicular traffic. The road Kkill
notably on largely herbivores (Elephas maximus, Rusa
unicolor & Axis axis) and following reptilian, amphibians,
odonatans & butterflies showing significant effects in the wet
season. During week holidays there is a large number of
vehicle movements in the SH 164 (proposed stretch)
because the roads head up to Silent Valley National Park
(Sony and Arun 2015). We consider this can attribute another
reason for high road kills in the proposed site. In India, there
are numerous road lanes are running through protected
zones (Baskaran and Boominathan 2010), which cause a
significant effect on wildlife fauna. Therefore, these road
lanes should be monitored prudently along with strict
guidelines to protect wild animals (Karthik et al 2018). The
results indicate that sampling stretch needs a strict
guidelines on vehicle movements (every 1km stretch, there
should be a one-speed hump and animal signboards). This
will form awareness among people and possibly reduce road
kills in the studied sites in the future.
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Abstract: Investigation has been carried out to evaluate the feeding potential of Axinoscymnus puttarudriahi Kapur and Munshi, a less
explored predatory coccinellid on an invasive whitefly species, Aleurothrixus trachoides (Back) infesting chilli plants. Larval stage of the beetle
consumed 1458.33 whitefly eggs which is around 12.85 per cent of the total feeding potential (11351 eggs) of the beetle during its life cycle,
while the adult stage of A. puttarudriahi was more potentin regulating whitefly population with 87.15 per cent (9892.67) consumption of whitefly
eggs. The 1%, 2™, 3" and 4" larval instars and adult of A. puttarudriahi showed average per day intake of 21.82, 61.12, 184.69, 377.04 and
261.22 whitefly eggs, respectively. Findings of this study emphasize the importance of conserving A. puttarudriahi in the natural ecosystem
and exploiting them in ecologically based integrated pest management programmes of whitefly pests.
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Insects are one among the most successful animal groups
in the world owing to their highly diverse nature. The world food
production has been adversely affected by the increasing crop
loss risk caused by various insect pests. Among these, invasive
alien pests are a serious threat to ecosystem. An invasive pest
species is an exotic one which is introduced from one
geographic region to other either intentionally or accidentally
and after establishing locally dominant, replaces native
biodiversity. They also cause huge economic crop loss due to
their rapid spread and establishment (Sharma et al 2018).
Aleurothrixus trachoides (Back) is an economically important
invasive whitefly species commonly known as Solanum
whitefly due to its preference for solanaceous host plants viz.,
chilli, brinjal, tomato etc. The whitefly is a native of Neotropical
region, recently invaded and established in North America,
Pacific, West Africa, Central America, Carribean, South
America and South East Asia. In India it was first reported from
Karnataka infesting Duranta erecta L. and later, its infestation
was reported in 24 host plants of 11 families from Karnataka,
Kerala, Maharashtra and Tamil Nadu. In chilli, A. trachoides is
known to cause heavy economic loss due to sucking of plant
sap and production of honey dew which further cause sooty
mould growth and reduction in photosynthetic leaf area
(Sundararaj et al 2018). The extensive use of chemical
pesticides to manage insect pests resulted negative impacts
on the ecosystem. Hence in the past two decades, the concept
of Integrated Pest Management (IPM) is gaining momentum, of

which biological control of crop pests are more recognized for
their eco-friendly and economically sound pest management
strategies (Dhaliwal et al 2015). Various efforts were made to
develop a long term sustainable management for whiteflies by
exploring its naturally occurring biocontrol agents (Abd-
Elkareim et al 2019).

The role of predatory coccinellids (Coccinellidae;
Coleoptera) in pest management has a long history and are
proved as potential biocontrol agents in managing soft
bodied insect pests. Despite of various investigations on
predatory coccinellids, many of them are remaining less
explored regarding their diversity and feeding potential.
Axinoscymnus puttarudriahi Kapur and Munshi, a tiny beetle
predating upon whiteflies, is one such less investigated
member. In India, only one species has been recorded under
the genus Axinoscymnus (Poorani 2002). These beetles are
known to feed upon various whiteflies infesting crops in India
(Mani and Krishnamoorthy 1999, Mani and Krishnamoorthy
2006, Mohan 2017 and Vidya and Bhaskar 2017). Both
adults and grubs are predatory in nature and known to feed
all life stages of whiteflies (Boopathi 2013). Ramanujam et al
(2014) reported predation of A. puttarudriahion A. trachoides
infesting chilli plants. The present study was an attempt to
highlight the significance of A. puttarudriahi as a biocontrol
agent and to evaluate its feeding potential on A. trachoides
infesting C. annuum.
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MATERIAL AND METHODS

Maintenance of prey culture: Chilli seedlings of one month
old were planted in plastic pots of 15 x 12 cm dimension
placed in an insect cage (45 x 45 x 45 cm). After two weeks,
nucleus culture of A.trachoides collected from the chilli fields
of the Instructional Farm, College of Agriculture, Vellayani
was inoculated and maintained in the seedlings kept in the
enclosed cage.
Rearing of predator: Nucleus culture of A. puttarudriahi was
collected from A. frachoides infested chilli fields of the
Instructional Farm, College of Agriculture, Vellayani.
Different life stages of the predator were documented. The
culture was reared in plastic containers of 100 ml size
provided with fresh chilli leaves infested with whitefly. Adult
beetles emerged were transferred to cages (45 x 45 x 45 cm)
where whitefly infested fresh chilli twigs were kept as a
bouquet and the tip of the twigs were covered with absorbent
cotton and immersed in a conical flask containing water.
Eggs laid on chilli leaves were collected daily and kept
separately in petridishes (9 x 1 cm) equipped with moist
tissue paper to avoid drying of leaves. The larvae emerged
from these eggs were used for the experiments.
Experimental protocol: The investigation was carried out at
Department of Agricultural Entomology, College of
Agriculture, Vellayani under standard conditions of
temperature (28+2°C) and relative humidity (70+5°C). Fresh
chilli leaves containing five hundred eggs of A. trachoides
were placed in a petri dish (9 cm diameter) having moist
tissue paper to avoid drying of leaves. One newly emerged
first instar grub of A. puttarudriahi was released to each
petriplate with the help of camel hair brush. Observations
were taken at an interval of 12 hours and fresh chilli leaves
with five hundred whitefly eggs were provided each time. The
number of whitefly eggs consumed within 12 hours and
duration of each instar were recorded. The experiment was
continued till the grub entered into pre pupal stage and pre
pupa was kept for adult emergence. To determine feeding
potential of adult, newly emerged adults were transferred
individually in petri plates and fresh chilli leaves containing
thousand eggs of whitefly were supplied every day for each
adult. Observations were recorded at 24 hours interval till the
death of the beetle. Atotal of 15 replications were maintained.

The feeding potential of both grub and adult was
determined by calculating the number of eggs consumed by
each stage of the predator. Surviving preys were counted and
deducted from the total number provided to estimate the
predation rate. Number of prey consumed by each predatory
grub (instar-wise) during the total larval feeding period was
worked out. Observations were taken on developmental time
viz., egg period, duration of each instar, pre pupal period,

pupal period and adult longevity of A. puttarudriahi. Per day
predatory potential was also calculated by dividing total
feeding in each stage of predator by respective feeding
duration in days.

Statistical analysis: Data on number of whitefly eggs
consumed by each stage of predator and number of days
during the development of the predator from egg to adult
were analysed using one-way analysis of variance in
completely randomized design.

RESULTS AND DISCUSSION

The adults are small oblong oval beetles of 1.4 t0 1.6 mm
long with head and pronotum yellowish, elytra light brown to
dark brown with two large median oval pale yellow spots on
each elytra. They laid eggs singly and randomly within the
whitefly colonies. The eggs are elongate oval, pale white in
colour. After egg hatching, the first instar larvae remained
inactive for a while and fed on the life stages of whitefly very
near to it. Grubs covered with white waxy filaments. The
entire grub period comprised of four instars and later instars
were more active than early instars. The mature later instar
grubs after voracious feeding moved onto the whitefly
infested older chilli leaves and aggregated on underside of
leaves. Tip of their abdomen remained attached to the
substratum by means of secretions and they entered into a
non-feeding state known as pre pupa and after one or two
days prepupa transformed into pupal stage. Aggregation of
pupal stage is a common feature in the family coccinellidae
(Richards 1980). Afew days later adults emerged and started
feeding on prey. These beetles after mating laid eggs in prey
colony and the life cycle continued (Plates A-F).

The preliminary studies on feeding of A. puttarudriahi on
different life stages of A. trachoides showed that the egg
stage of whitefly is more preferred by both grubs and adults of
A. puttarudriahi. Wijesekera and Kudagamage (1990)
observed A. puttarudriahi feeding on whitefly eggs in Sri
Lanka. Studies conducted by Boopathi (2013) also confirmed
that the egg stage of Aleurodicus dispersus Russell as the
most preferred stage by A. puttarudriahi compared to other
life stages of the whitefly. Hence the experiment was carried
outon the egg stage of A. trachoides (Table 1).
Developmental duration of A. puttarudriahi on A.
trachoides: The developmental duration of the beetle from
egg stage to adult ranged from 53 to 62.5 days with a mean
developmental period of 56.27 + 2.66 days. The mean
incubation period of eggwas 3.57 £ 0.32 days. The firstinstar
grub remained in this stadium for a mean period of 1.5+ 0.0
days. Second instar stage of grub took a mean period of 1.6 +
0.21 days. Mean duration of third and fourth instars was 2.1 £
0.21 and 2.5 + 0.19 days, respectively. Total grub period
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ranged from 7 to 8 days with mean duration of 7.7 + 0.32
days. After the voracious feeding in fourth instar stage, grub
stopped feeding and entered in pre pupal stage for a mean
period of 1.47 + 0.23 days and then transformed into pupa.
The mean pupal period was 5.53 + 0.40 days. The longevity
of adult beetle ranged from 35 to 44 days with mean duration
of 38 £ 2.75 days. This finding is in agreement with Boopathi
(2013) who conducted studies on biology of A. puttarudriahi
on cassava whitefly, A. dispersus and reported the egg
period, first, second, third and fourth instar grubs, pre-pupal
period, pupal period and adult longevity of A. puttarudriahi
were3.5,1.7,1.9,2.5,2.8,1.9,5.9and 38.3 days.

Feeding potential of A. puttarudriahi on A. trachoides:
Results of experiment on feeding potential of A. puttarudriahi
on A. trachoides eggs revealed that a single beetle is capable
of consuming 11351 whitefly eggs during its entire life cycle.
Minimum consumption was in first instar grubs (32.73) and
an increase in feeding potential was observed as the grub
passes from early to late instars. Second and third instars
recorded a mean consumption of 96.4 and 388.6 eggs,
respectively. Fourth instars showed voracious feeding habit
with mean consumption of 940.6 eggs which is more than the
total consumption of first three instars. The beetle consumed
a mean of 1458.33 eggs during its entire grub period which is
12.85 per cent of the total consumption of the beetle (11351)
during its life cycle. Adult beetle was potential predator with
87.15 per cent (9892.67 eggs) of the total consumption. The
per day predatory potential of 1%, 2", 3“ and 4" instars of
A.puttarudriahi were 21.82, 61.12, 184.69 and 377.04
whitefly eggs, respectively, while a single adult beetle was
capable of consuming 261.22 whitefly eggs per day (Fig. 1).
Lalitha et al (2018) observed the feeding potential of the
predatory coccinellid, Scymnus latifolius Poorani, which

Table 1. Developmental duration and feeding potential of
Axinoscymnus puttarudriahi on egg stage of
Aleurothrixus trachoides under in vitro condition

Life stages of Developmental Total number of A.

A. puttarudriahi  duration indays frachoides eggs consumed
(Mean £ SE) (Mean £ SE)

Egg 3.57 £0.32° -

Grub

1* instar 1.5+0.0" 32.73 £ 4.86°

2" instar 1.6+0.21" 96.40 +5.73'

3" instar 2.1+0.21° 388.60 + 50.13°

4" instar 2.5+0.19 940.60 + 52.62°

Total 7.7+0.32° 1458.33 + 72.35°

Pre pupa 1.47 £0.23" -

Pupa 5.53 + 0.40° -

Adult 38 +2.75° 9892.67 + 460.16"

Total 56.27 + 2.66° 11351 + 462.81°

400
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300
250
200
150
100

50

377.04£17.63

NUMBER OF PREY CONSUMED

Ist instar 2nd instar 3rd instar 4th instar Adult

STAGE OF THE PREDATOR

Fig. 1. Per day predatory potential of A. puttarudriahi on A.
trachoides eggs

Plate 1. A- Mating of adult beetles; B- Egg of A. puttarudriahi;
C- Newly emerged first instar grub of A. puttarudriahi
feeding on whitefly nymph; D- Grub of A.
puttarudriahi; E- Aggregation of pupae of A.
puttarudriahi; F- Adult feeding on whitefly

belongs to the same tribe (Tribe Scymnini) of A. puttarudriahi,
on the egg stage of the mealybug Paracoccus marginatus
Williams & Granara de Willink. They reported that feeding
potential of the beetle increased significantly with
developmentin instars. Consumption of mealy bug eggs was
more in adultof S. fatifolius compared to grubs.

CONCLUSION

The developmental duration of A. puttarudriahi
comprised 3.57 days of egg period, 7.7 days of grub period,
pre pupal and pupal duration of 1.47 and 5.53 days and 38
days of adult longevity. The grub consumed 1458.33 whitefly
eggs while the adult stage of A. puttarudriahi was potent
predator and average per day intake of 261.22 whitefly eggs.
The findings of the present investigation clearly showed the
potential of A. puttarudriahi as a biocontrol agent against A.
trachoides. The conservation of this predator in the natural
ecosystem will help to regulate the whitefly population to a
great extent. Future scope of this work lies in utilizing the
biocontrol potential of this beetle in ecologically based
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integrated pest management programs against whitefly
pests.
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Abstract: Adsorbents are constantly being explored for better removal of waste from aquatic system to make it cost effective and
environmental friendly. Batch adsorption studies were carried out for elimination of gemifloxacin from synthetic aqueous solution by using low
cost efficient beads. Beads made from plant materials were characterized using SEM, EDX and FTIR. The parameters like contact time (30-
180 min), initial concentration (30-50 mg/L), pH (3—11) and adsorbent dose (0.1-1.0 gm/50 mL) were systematically investigated. Inverse
relation found between adsorption percentage and antibiotic concentration in water, whereas direct relation observed between adsorption
percentage and adsorbent dosage. Maximum adsorption was found at different pH with different combination bead, pH 5.0 for AWC beads
(50% almond shell: 25% walnut shell: 25% chitosan) and pH 7.0 for CAW (50% chitosan: 25% almond shell: 25% walnut shell) and WAC beads
(50% walnut shell: 25% almond shell: 25% chitosan). Langmuir adsorption isotherm is well befitting in case of CAW beads whereas Freundlich
adsorption for the case of AWC and WAC beads. The adsorption rate follows Lagergren pseudo second order kinetics. On the whole, the
results of the study indicate that beads in all the combinations taken in the study are very efficient material for the removal of antibiotics from

effluents.
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Antibiotic accumulation has become the cause of
concern to the scientists and environmentalists (Azhar et al
2016), as their potential impact on non-target species is also
high. Effects have been reported on body growth, weight,
survival of microorganisms (Azhar et al 2016) and also
allergic reactions and the development of antibiotic
resistance (Bao et al 2014). Thus, the highest concern is to
eradicate these harmful chemicals from aquatic
environment. There are reports of attempts on removal of
antimicrobials from wastewater treatment systems. Some
methods are being incorporated for removal of antibiotics like
reverse osmosis (Zularisam et al 2006), membrane filtration
(Malaeb et al 2011, Becker et al 2016), ozonation (Amouzgar
and Salamatinia 2015). However, most of these techniques
are costlier, results in by-product formation or not effective
enough. Therefore, adsorption technology has become a
choice of practice, which demonstrates efficient route to
remove pollutants, due to comparable low-cost application
and their ease of operation (Zhang et al 2014). Some low-
cost adsorbents used paper towel (Xie et al 2016), corn
bracts (Yu et al 2017), walnut shell (Yu et al 2016) and rice
husk (Chen et al 2016). Chitosan have been extensively
studied as sorbents for the removal of wide ranging
waterborne contaminants including organic and inorganic
pollutants viz. dyes (Chiou et al 2004), antibiotics (Adriano et
al 2005), metals (Igberase et al 2014). Walnut and almond

shells are organic residues with good stability, large specific
surface area, high mechanical strength, good chemical
stability and easy regeneration which have been effectively
implemented in the removal of pollutants by adsorption
(Flores-Cano et al 2016, Maaloul et al 2017). These are
known as a low-cost adsorbent (Kamar and Nechifor 2015),
and are widely applied in various environmental pollution
control technologies (Yu et al 2016). The objectives of current
studies were preparation and characterization of different
combination beads (chitosan + walnut shell and/or almond
shell) and adsorption kinetics of antibiotics from water by
using these prepared combination beads.

MATERIAL AND METHODS
Synthesis of chitosan, walnut and almond shell beads:
Chitosan was used without further purification. Walnut and
almond shells were collected from local market and washed
twice with distilled water to remove the dust, dried at 105°C
for 24 hrs, then grinded, sieved separately and packed in
zipper packs for further use. Chitosan, walnut and almond
shell powder used in combination (AWC 2:1:1, CAW 2:1:1,
WAC 2:1:1) were dissolved in glacial acetic acid (2.0%). The
solutions were agitated by a magnetic stirrer (8—10 h) at room
temperature (23 + 2 °C). Then with the help of syringes the
solution was released drop wise into a NaOH (0.5M) to form
spherical beads, and was kept for minimum 16 h in NaOH
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(0.5M) for imbibitions. For activation purpose the beads (1.5
gm) were treated with 15 ml glutaraldehyde solution (2.5%) at
pH 5.0. The beads were stirred (150 rpm) for 3 h at room
temperature. It was followed with washing of the activated
beads to remove unreacted glutaraldehyde until a neutral pH
is obtained. Finally, the beads were dehydrated in hot air
oven at 50 °C for 24 hrs and stored in air tight bottles for
furtheruse.

Surface characterization: The beads were characterized
using FT-IR spectrophotometer (Shimadzu-8400) in range
4000-450" cm. Scanning Electron Microscope (SEM-JEOL
6100) was used for bead characterization. The elemental
composition of surfaces was analyzed by Energy Dispersive
X-ray Spectroscopy (EDX).

Batch adsorption: The removal efficiency of the beads was
studied by batch adsorption. In a conical flask (250 ML), 0.1g
beads were agitated along with gemifloxacin (10-50
mg/50ml) at 150 rpm 3012 °C temperature. After attaining the
equilibrium the adsorbent was separated and aqueous
phase containing antibiotic were examined by employing UV-
spectrophotometer. The effect of different adsorption
parameters such pH (3-11), initial concentration (10-50 mg/l),
reaction time (30-180 min) and adsorbent dosage (0.1-1 gm)
were evaluated. The removal efficiency of gemifloxacin by
prepared beads was calculated according to the equations
as follows (Kumar et al 2018):

Co-Ce
Ce
Where, Co (mg/L) and Ce (mg/L) denote the initial and

equilibrium concentration of the target contaminant,
respectively. All experiments were conducted in triplicates.

% removal = x 100

RESULTS AND DISCUSSION
Surface characterization: The spectrograms for the beads
were taken within the range of 450-4000 cm”, which was
performed to identify the groups there on the exterior of the
adsorbent that can potentially favor the adsorption of
antibiotics. N-H, OH and CO groups are found in the
prepared beads, which are considered as a good choice for
adsorption process (Kumar et al 2018). The first bands
between 3700-3800 cm™ attributes to the stretching vibration
of C-H bond suggesting either presence of alkenes or
aromatic compounds. The peaks at 3273 cm”, 3255 cm™ and
3288 cm” in ACW, CAW and WAC beads indicate Hydrogen
bonding O-H stretch suggesting the presence of phenols and
alcohols. The sharp peaks at 2359 cm”, 2362 cm™ and 2355
cm™ confirm a presence of N-H group for amines (Mala and
Dutta 2019). When aldehyde groups of glutaraldehyde reacts
with amino groups of beads, the amine groups may be
formed (Migneault et al 2004). The transformation is

supported by the presence of peaks at 1643 cm”, 1647 cm”
and 1649 cm’, highlights a C=0 stretch suggestive of
alkenes. After adsorption the peaks have become restrained
in case of AWC beads. The peaks close to 1000 cm™ have
become less reflective and intense in terms of height. The
peaks between 1550-1350 cm™ show more sub-peaks at the
top and a drastic reduction in size or intensity. The other
major peak between 3750-3000 cm™” has considerably
become more flat, lesser in size and intensity. The peaks
became intensified after adsorption in case of CAW beads.
There was not much considerable difference between the
before and after adsorption peaks on WAC beads (Mala and
Dutta 2019).

Scanning electron micrographs presents the surface
morphology of synthesized beads before and after
adsorption. The AWC beads (Fig. 1a) before adsorption SEM
image show topographical features of being irregular to wavy
in appearance. The surface shows different gradients of
density along with presence of sparsely scattered fissures
and occasional pores. The images of beads after adsorption
(Fig. 1b) still appears to be multiple layered but individually
aggregates present more of an even surface topography and
resembling clouds of an overcast sky. In case of CAW (Fig.

Fig. 1. SEM micrograph images of AWC (a- before
adsorption, b- after adsorption), CAW (c- before
adsorption, d- after adsorption), WAC beads (e-
before adsorption, f- after adsorption)
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1c) beads SEM image shows surface topography to be
multiple layered and uneven along with formation of chunks
of varying sizes fissures and conspicuous pores can be also
seen selectively. The post processed image (Fig. 1d) shows
that the agglomerates previously formed have mellowed
down in terms of size and adhesion pattern thereby clearly
indicating an activity. The WAC bead (Fig. 1e) surface seems
rough, multiple layered, scattered in patterns of being sparse,
discrete to be assorted somewhere thus giving an uneven
outlook. The post processed SEM image (Fig. 1f) after
adsorption shows, agglomerates have become more
condensed, tightly packed thereby look more coerced,
though the surface seems to be still rough, multiple layered
but overall seems to be more fortified. Energy dispersive
spectra (EDX) define the elemental peaks. The EDX spectra
of ACW, CAW and WAC beads show the elemental
composition of beads is mentioned on graphs and the beads
contain maximum percentage of carbon followed by oxygen.
Effect of contact time on percentage adsorption: The
percentage removal of antibiotic by beads with contact time
(0-180) is shown in Figure 2. It is found that the adsorption
efficiency of synthesized beads increased rapidly as the
contact time increased upto 120 min, and afterward reduced
gradually. In the beginning the removal of gemifloxacin was
rapid and dropped gradually till it reached equilibrium with
time. It is basically due to saturation of the beads with drug
(Azarpira 2016). The contact times for further studies were
selected as 180 mins as equilibrium was attained at 120mins.
The graph depicts that adsorption percentage reached 86 %,
90 % and 85 % in case of AWC, CAW and WAC beads
respectively in 180 min.

Effect of initial concentration on percentage adsorption:
The investigation was done by utilizing various
concentrations of the gemifloxacin (10 to 50 mg/L) while
keeping all other conditions constant in order to check the
effect of the initial concentration of the antibiotic on
adsorption (Fig. 3). Removal of the gemifloxacin, decreased
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Fig. 2. Adsorption efficiencies on AWC, CAW and WAC
beads of gemifloxacin at different time periods

from 95% to 65 % (AWC beads), 93 % to 68 % (CAW beads)
and 94% to 68% (WAC beads) respectively, when
concentration increased from 10 to 50 mg/l. In the beginning,
the percentage removal of gemifloxacin was rapid due to the
larger surface area of adsorbent available, but it dropped
gradually till it reached equilibrium with time. It is mainly due
to saturation of the active site which does not permit further
adsorption (Balarak et al 2016).

Effect of adsorbent dosage on percentage adsorption: In
order to understand the effect of adsorbent dosage on
adsorption, dosage varied from 0.1-1 g/50ml of solution. The
adsorption of gemifloxacin was a function of adsorbent
dosage at given conditions (Fig. 4). The gemifloxacin
adsorption increased from 83 to 92% on WAC beads, when
the adsorbent dosage increased from 0.1 to 1 g/ 50 ml. The
adsorption was also observed to increase from 81% to 90 %
and 81% to 89 % in case of AWC and CAW beads
respectively at same conditions. The results obtained can be
put forward by the fact that by raising the dosage of
adsorbents, the active sites of the adsorbent surface
increases and more antibiotic molecules can be adsorbed on
the beads (Kakavandi et al 2014; Ahsan et al 2018). Adirect
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Fig. 3. Adsorption efficiencies on AWC, CAW and WAC

beads of gemifloxacin at different initial
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beads of gemifloxacin at different adsorbent dosage
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relation could be established by stating the influence of
available surface area and charge on the beads to interact
with antibiotics (Chen et al 2014). When the dosage
increased from 0.1 to 1 g/L, the gemifloxacin adsorption
percentage also increased slightly (83-92 on WAC, 81-90 on
AWC, 81-89 on WAC beads). Therefore, for all subsequent
studies, 0.1 g/L adsorbent dosage was adequate as only
small increase would have been accomplished using larger
amount of adsorbent.

Effect of pH on biosorption of antibiotic: The pH of
solution is effective for adsorption process, when adsorbent
and adsorbates are dependent on acid-base characteristics
(Ahsan et al 2018, Yadav et al 2018). The adsorption
efficiencies of beads were studied at different pH (3-11)
values with fixed initial concentration of antibiotic (30 mg/l)
and time period of 180 min. At lower pH, fluoroquinolone
antibiotics carry positive charges due to protonation of amine
groups and at higher pH, they behave as anion due to
deprotonation of carboxylic groups, however; at neutral pH
Zwitter ion exists (Yadav et al 2018). Thus, the study was
spread over with range from pH 3-11. The maximum
gemifloxacin removal was observed at pH 5.0 with AWC
beads (82 %), which is also found in a research where in
amoxicillin adsorption increases from pH 2-5 as the carboxyl
functional groups (-COOH) on the amoxicillin readily
dissociate to carboxylate (-COOQO’) which increases
electrostatic attraction between amoxicillin and the
adsorbent (Putra et al., 2009; Moussavi et al 2013).
Maximum adsorption of gemifloxacin was found at pH 7.0 on
CAW (84%) and WAC (80%) beads, because of its Zwitter
ionic form which may be due to protonated amine groups that
still able to help in adsorption (Yadav et al 2018). The
reduction in adsorption was endorsed due to deprotonation
of C=0 groups on antibiotic and beads, which significantly
cause repulsion between negative charges found on beads
and antibiotics (Jiang et al 2013). It was analyzed from the
Figure 5 that WAC beads follow lower level of adsorption onto
its surface as compared to other two compositions. From the
FTIR analysis it was found that all the three different beads
contain OH, and CO groups which give negative charges due
to oxygen containing groups (Yadav et al 2018). The pH of
the solution manipulate surface charges of the adsorbent and
the structure of antibiotic molecules (Yadav et al 2018) there
by affects the adsorption process and further removal from
synthetic water.

Adsorption isotherm: Adsorption isotherms details the
association between the amounts of adsorbates adsorbed by
the adsorbent (Qe) and the adsorbate residual concentration
after the system has reached equilibrium state (Ce) at
constant temperature (Kumar et al 2018). The mechanism of

adsorption is explained by using a number of isotherm
models. The equilibrium information was analyzed utilizing
Langmuir and Freundlich isotherm models (Pal et al 2017).
The linear form of Freundlich isotherm is as
1 __1 1
* "bQCe

Qe Q
The equation for Freundlich is represented as:
log Qe = log K; +% log Ce

where Q - Langmuir adsorption capacity (mg/g), b -
Langmuir constant; Kf -Freundlich constant

The Langmuir isotherm can be described by separation
(RL)factor.

RL=—%—+bCo

Co - maximum concentration of adsorbate. The amount

of RL factor specify Langmuir isotherm (unfavorable (RL>1),
linear (RL=1), favorable (0 < RL<1) or irreversible (RL=0))
(Kumar et al 2018). Langmuir model assumes monolayer
adsorption on homogeneous surface of adsorbent.
Freundlich isotherm accepts heterogeneous surface
energies. (Kumar et al 2018). Figure 6 (A-B) shows the
graphs of Langmuir and Freundlich isotherms respectively.
Table 1 gives the values of constants for the isotherms. The
comparison values of R® (non-linear regression coefficient)
for the isotherms concludes that the Langmuir model is better
followed in case of CAW beads and Freundlich adsorption
betterin case of AWC and WAC beads.
Adsorptionkinetics:
In order to evaluate the kinetics of the adsorption experiment,
data obtained from adsorption studies are fitted to Lagergren
Pseudo first order and second order models. The kinetics of
adsorption helps in finding out the nature of adsorption
(Kumaretal 2018).
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Lagergren pseudo-first order equation:

} - __Ki1
Log (Qe - Qt) = log Qe 5303

Lagergren pseudo-second order equation:
t 1 t
+ —

Q  h Q2e

Qe and Qit are the antibiotic amount adsorbed (mg/g) by
adsorbent at equilibrium and at time t (min.). k' (min.™)
represents rate constant for Lagergren pseudo first order, h =

0.24
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Table 1. Adsorption isotherm constants

71
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zed beads

k,Q’,. and k, (in mg/g/min) denotes the rate constant for
Lagergren pseudo second order (Kumar et al 2018). The
straight line plots of log (Qe—Qt) against time (t) for pseudo1st
order reaction and t/Qt against time (t) for the pseudo 2nd
order kinetics (Fig. 7 (A-B)). Table 2 represents the rate
parameter k,, k,, Qe and R, of gemifloxacin. It is apparent on
the basis of R, values adsorption Lagergren pseudo second
order kinetic model.
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Langmuir Constants Freundlich Constants

AWC CAW WAC AWC CAW WAC
Q 12.47 16.887 19.877 Kf 6.290 6.147 5.194
B 1.270 0.640 0.392 1/n 0.337 0.397 0.505
R’ 0.639 0.967 0.955 R 0.972 0.934 0.970
SD 0.015 0.004 0.006 SD 0.017 0.029 0.023
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Table 2. Comparison of various kinetics models (Lagergren Pseudo)

First order Second order
AWC CAW WAC AWC CAW WAC
Q 96.640 64.387 84.489 Qe 96.153 102.04 98.030
K, 0.035 0.020 0.027 h 5.878 4.108 4.130
R’ 0.888 0.916 0.942 k, 0.000 0.000 0.000
SD 0.187 0.094 0.102 R 0.998 0.986 0.997
SD 0.018 0.042 0.022

CONCLUSIONS

The low-cost hybrid beads as adsorbent was prepared
by using chitosan, almond and walnut shell for the removal
of gemifloxacin. The prepared beads are having
advantages because of their biodegradability, low cost and
easy to synthesize. The characterization was done by SEM,
EDX and FTIR. SEM data suggests that the beads are
irregular to wavy in appearance with pores. The presence
N-H, O-H and CO groups (as per FTIR) and elemental
carbon with oxygen (EDX) shows that the hybrid beads are
good choice for adsorption process. Parameters like effect
of pH, initial concentration, dosage and time on the
adsorption was systematically investigated. The optimal
contact time for equilibrium studies was found to be 120 min
for synthesized beads, but the reaction time was continued
till 180 minutes. The highest adsorption was attained at pH
5.0in case of AWC beads and at pH 7.0 on CAW and WAC
beads. The adsorption isotherms data in case of CAW
beads fitted well with Langmuir model and follow Freundlich
model in case of AWC and WAC beads. Adsorption followed
the pseudo second order mechanism in case of all beads
types.
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Abstract: Microbial culture dependent phenotypic and genomic characteristic were observed for lipase producing bacteria. Out of twenty nine
isolates; thirteen bacterial strains were obtained lipase producing bacterial strains. These strains were subjected to physiological and standard
biochemical characterization along with 16S rDNA sequencing for their identification. The phylogenetic position indicated the bacterial strains
were related to phylum Firmicutes and belongs to Bacillus cereus OCW31, Bacillus pumilus DW21, Bacillus pseudofirmus DW41 and Bacillus
flexus AW32. These four strain selected for production and, partial characterizations of lipase due to maximum lipolytic activity. The
lipase was highly stable over a broad temperature from 40 to 90°C and optimum enzyme activity was found to be 70°C for B. cereus ICW31.
The effect of organic solvents on the lipase activity was determined. The data elucidate that the lipase from B. flexusAW32 and B.
pseudofirmus DW41was highly active than B. cereus OCW31 and B. pumilus DW21 in all organic solvents tested. The lipase was enhanced
the activity in presence of CaCl, MnSo,, for B. pseudofirmus DW41 and B. pumilus DW21 while Nicl, enhanced the lipase activity produce by
B. pseudofirmusDW41 and B. cereus OCW31. The information for enzyme production and optimization of lipase has a bright future towards

the improvement and production of novel enzymes for biotechnological potential.

Keywords: Lonarlake, Lipase, Alkaliphilic bacteria, Bacillus

The extremophilic environment found all over the world
and harbors wealth of diverse microorganisms which belong
to the Archaeal and bacterial domain of life (Rothschild and
Mancinelli 2001). These environments include location of
extreme temperature, alkaline, pressure and salinity. The
alkaliphilic bacterial strains that required more than 8 pH for
growth have useful application in industrial process and
biotechnological potentials novel application are being
investigated. They produce novel extracellular metabolites,
polysaccharides, lipase, amylase, protease and xylanase,
exopolysaccharide and poly-hydroxyalkanoate. The enzyme
were used in industrial sector, which have been extracted
and purified from bacteria and fungi (Egorova and
Antranikian 2005). They are supposed to be unique and
specific tool in industrial biotransformation protocol that run
at extreme conditions. Generally Bacillus are able to produce
of such enzymes are significant because not only their
enzymes are alkaline tolerant but may also thermostable.
Microbial lipases are the most important group of enzymes
with applications in various industries. Lipase also work as
biocatalysts in organic media, for transesterification process,
synthesis of chiral compounds etc. Several strategies include
discovery of new extremophilic species with novel
biocatalytic features and search for unique and novel gene
sequences from the total environmental genome pool (Singh
et al 2009). This genome of extremophiles can be used for
various applications like phylogenetic analysis etc. The

phylogenetic analysis is helpful in novel horizons for this type
of study and shows their effort by giving answers of their
origin, adaptation and other characteristics that forms the
base for bioprospecting. The extremophilic environment of
many microorganisms has stimulated extreme efforts to
understand the physiological adaptations for survival in
extreme environments and to probe the potential
biotechnological applications of their stable cellular
components. In this study, screening method for
determination of extracellular lipolytic activity, which is
produced by four Bacillus isolated from Lonar Soda lake. The
optimum temperature and salt concentration of the
extracellular lipase activities and kinetic parameters were
also determined for further characterization.

MATERIAL AND METHODS

Collection of Lonar lake water and sediment sample:
Water and sediment samples collected in sterilized plastic
bottles and the total four medium were used for enrichment
and isolation. Screening for lipolytic activity and followed by
their identification were performed (Tambekar and Dhundale
2012).

Identification of the bacterial culture: Bacterial cultures
were examined for their cultural, morphological character,
and standard biochemical test were performed according to
Bergey's Manual of systematic bacteriology.

Screening of bacterial alkaliphiles for lipolytic activity:
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Isolates were screened for lipolytic activities on nutrient agar
containing lipid (Egg yolk 10mL, Peptone 5.0, Yeast Extract
1.5,Agar 20.0, pH 10). The inoculated plates were incubated
at37°C for 48 h and lipolytic activity were observe.
Phylogenetic analysis: The amplified 16S rRNA gene PCR
products from four isolates were directly sequenced after
purification by precipitation with polyethylene glycol and
NaCl procedure and directly sequenced on the Applied
Biosystems Model 3730 DNA sequence (Foster, California
USA). The 16S rRNA sequence were analysed using BLAST
program Multiple Sequence Alignment of approximately 900
bp sequences were performed using CLUSTAL W, version
1.8. A phylogenetic tree was constructed from evolutionary
distances using the neighbor-joining method of MEGA 4
program package.

Preparation of crude enzyme extracts: The 100 mL broth
(peptone 5.0g, Nacl 5.0g, and Yeast Extract 3.0g, Clove oil
10mL, pH 10) were prepared. The sterile broth was
inoculated and incubated for 48h at 37°C. The centrifugation
of the broth culture at 10,000 rpm for 15 min was carried out.
The supernatant served as crude enzyme source.
Characterizations of Crude Lipase Enzyme

Estimation of lipase activity: Estimation of lipase was
carried out with 5 mL of olive oil emulsion in a flask, 5 ml of
TrissHcl buffer, 1 mL of enzyme source was added and
incubated for 10 min at 37°C. After incubation 10mL of
acetone: methanol solutions were added to stop the reaction.
Then add 2 to 4 drops of phenolphthalein indicator and then
titrate with 0.025N NaOH solution One enzyme unit (unit/ml)
is defined as the amount of enzyme which releases 1p
mole of fatty acid. Characterization of lipase was carried out.
The Effect of temperature and salt concentration on alkaline
lipase activity and other kinetic parameter were performed
(Tambekar etal 2013).

RESULTS AND DISCUSSION

Screening of bacterial isolates: Total twenty nine different
bacterial strains were isolated from water and sediment
sample of Lonar Lake, out of these thirteen isolates were
lipase producer. The isolates were screened on the basis of
biochemical characteristics as described earlier and further
confirmed by 16S rDNA sequencing and four bacterial strains
were selected for the further production and
characterizations on the basis of maximum lipolytic activity.
The phylogenetic position indicated the bacterial strains were
related to phylum Firmicutes and belongs to Bacillus cereus
OCWa31, B. pumilus DW21, B. pseudofirmus DW41 and B.
flexus AW32 (Fig 1).Some lipase producing bacterial strains
have also been studied earlier from the same moderately
halophile environment (Hashemite al 2011).

Effect of incubation time: The incubation time is an
important factor for extra-cellular lipase activity. The amount
of lipase activity was observed during specific time. The
maximum lipase activity was observed on 10min for B.
pumilus DW21, 30 min for B. pseudofirmus DW41, while 60
mins required for B. cereus OCW31 and B. flexus AW32 (Fig.
2).

Effect of different Carbon Sources on lipase production:
The maltose was the best carbon source for production of
lipase for B. flexus but xylose was best carbon source for B.
pumilus DW21 and B. cereus OCW31 (Fig. 3). The
production of lipase was intensely decreased with galactose
for all four tested bacteria. G. stearothermophilus were found
optimum lipase production in presence of glucose and
galactose.

Effects of Different Nitrogen Sources on lipase
production: When different nitrogen source were used to
check the activity of lipase, Lipase from B. cereus OCW31
and B. flexus AW32 were show high activity presence of
ammonium as a nitrogen source and B. pumilus DW21 was
show less activity as compare to other lipases (Fig. 4).
Corynebacterium paurometabolum showed optimum
production in medium containing potassium nitrate and
sodium nitrate (Joshi et al 2006).

Effect of different NaCl concentration on lipase activity:
The effects of different NaCl concentrations ranging from 0.5-
4 M was carried out under standard assay conditions. The
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Fig. 1. Phylogenetic tree based on a comparison of the 16S
ribosomal DNA sequences of Lonar lake isolates and
some of their closest phylogenetic relatives. The
numbers on the tree indicates the percentages of
bootstrap sampling derived from 1,000 replications
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enzyme shows maximum enzymatic activity (1.1 Units/mL,
100%) at1.5M and at 2 M NaCl concentration for B. flexus, B.
cereus while the B. pseudofirmus and B. pumilus were
sensitive to NaCl (Fig. 5).

Effect of substrate on production of lipase: In the present
studies, ground nut oil, soya oil, mustard oil, kardai oil,
coconut oil and sunflower oil were used for production of
lipase. The coconut oil was best substrate for lipase
production to B. cereus OCW31 and B. pumilus DW21.
Sunflower oil and mustard oil were best substrate for B.
pseudofirmus DW41while B. cereus OCW31 and B. flexus
AW32 were unable to produce lipase in presence of mustard
oil. B. cereus OCW31 cannot produce the lipase in presence
of soyabean oil whereas soyabean oil was the best substrate
for Corynebacterium paurometabolum (Joshi et al 2006)
(Fig. 6).

Effect of temperature on activity of lipase: Effect of
temperature on lipase activity was observed by incubating
the enzyme at different temperature ranging from 40-90°C
with standard assay condition. The temperature profile of
lipase activity produced from Bacillus cereus OCW31
showed maximal enzymatic activity at 70°C, which indicated
that the enzyme was stable at high temperature.
Subsequently, the enzyme activity progressively decreased
at80° and 25% lipase activity decreased at temperature were
50°C. The lipase activity from B. flexus AW32, B. pumilus DW
21 and B. pseudofirmus DW41 exhibit optimum activity found
at 50°C (Fig. 7). The lipase from Acinetobacter Iwoffii CR9
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showed optimum activity at 40°C and pH optimum at 8.0
while Crynebacterium paurometabolum exhibit maximum
activity of lipase at 25°C (Joshi et al 2006).

Effect of substrate concentration on activity of lipase:
The different concentrations of substrate were assayed
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ranging from 1-3 mL under constant assay conditions.
Substrate utilization revealed that during the period of 10
minutes incubation at 37°C, the 2.5mL substrates were
required for optimum activity for B. cereus OCW31 and B.
flexus AW32 while 1 ml and 2mL substrate were required for
B. pumilus DW21 and B. pseudofirmus DW41 respectively
(Fig. 8).

Influence of various organic solvents on lipase activity:
The lipase from B. flexus AW32 and B. pseudofirmus
DW41was highly active than B. cereus OCW31 and B.
pumilus DW21 in all organic solvents Lipase enzyme
produced from Bacillus flexus AW32 and B. pseudofirmus
DW41 were observed in presence of methanol and acetone.
All the solvents have an enhancing effect of the activity of
lipase produced by Bacillus flexus AW32 and B.
pseudofirmus DW41 (Fig. 9).

Influence of different metal ions on activity of enzyme
lipase: Metal ions have different effects on activity of lipase.
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The lipase was enhanced the activity in presence of CaCl,
MnSo,, for B. pseudofirmus DW41 and B. pumilus DW21
while Nicl, enhanced the lipase activity produce by B.
pseudofirmus DW41 and B. cereusOCW31. However, the
lipase activity was inhibited by Bacl,, MgCl,, CoCl, (Fig. 10).
Finding of this study provides a window for lipase producing
Bacilli from Lonar Lake. These alkaline enzymes have
industrial and biotechnological application due to their
tolerance to harsh industrial process (Horikoshi 1999). This
study indicated the haloalkaliphilic indigenous bacilli as rich
sources of lipase enzyme but it is needed to explore the
enzyme production and purification.

CONCLUSION

Optimum enzyme activity was at 70°C for B. cereus. The
lipase from B. flexus AW32 and B. pseudofirmus DW41was
highly active than B. cereus OCW31 and B. pumilus DW21 in
all organic solvents tested. The lipase was enhanced the
activity in presence of CaCl, MnSo,, for B. pseudofirmus
DW41 and B. pumilus DW21, while Nicl, enhanced the lipase
activity produce by B. pseudofirmus DW41 and B. cereus
OCW31.The diverse extracellular enzymes detected in the
current study might also provide a resource for novel
biocatalysts discovery and application, especially for high-
temperature and alkaline conditions. Recently the increasing
demand of lipase has bright future towards the developing
and production of novel enzymes for entirely new areas of
biotechnological applications involving molecular
enzymology.
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Abstract: This study examined avifaunal assemblage patterns and feeding guild structure in the forest habitat of a part of Garhwal Himalayas
foothills. Field studies were conducted from January 2015 to December 2016. Birds were surveyed by standardized Verner's line transects
method. A total of 201 species belonging to 44 families were recorded in the area. The family Muscicapidae (14.92%) was dominant followed
by Corvidae (13.43%). The estimated Bird Species Richness (BSR) and diversity (BSD) were greater in a low elevation forest sites in
comparison to mid and high elevation sites. Analysis of trophic guild structure showed high insectivory (55.22%) in the area. The foraging
behavior study showed a high arboreal pattern (42.78%) than other foraging strategies viz., understory, and terrestrial. This study area harbors
five threatened species and hence requires the attention of the conservation biologist for protection of the habitat. Regular monitoring of avian
community structure in the Himalayas is also required with preference to lower foothills which are more prone to human disturbances.
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Quantifying species diversity not only provides
information on patterns of avian species assemblages in
habitat but also provide information on susceptibility to
invasions (the proportion of native and exotic species) and
trophic structure necessary for ecosystem resilience (Nichols
and Nichols 2003). There are some studies on avifaunal
diversity and community structure in the Himalayan hills
(Bhatt and Joshi 2011, Naithani and Bhatt 2012,
Bhattacharyya et al 2019). Despite these studies, the
diversity, status, and feeding guilds of birds in some forest
ranges of lesser Himalayas are poorly studied or not
recorded systematically yet (Kukreti and Bhatt 2014). For
temperate regions of worlds like Europe, Australia and North
American bird species foraging guild have been well
documented (Adamik and Kornan 2004, Kornan et al 2013)
but there are few studies from the tropical region of Asia and
Africa (Powell et al 2015). Thus, there is a gap of knowledge
about avifaunal ecological studies especially in tropical forest
types of lower Himalayan ranges. In this study, an attempt
has been made to find out avian assemblages and feeding
guild structure of bird community in different forest sites of
Kotdwar and Laldhang forest ranges of the Lansdowne forest
division of Uttarakhand, India.

MATERIAL AND METHODS
Lansdowne forest division is situated in the southwest
portion of district Pauri Garhwal between 29°37' to 30°2' N
and 78°19' 13"to 78°43'0" E. The Rajaji National Park is in the
western side of the study area and Corbett Tiger Reserve

towards in the east . The altitude of the forest division varies
from 200 m to 2000 m. The slope and relief of the forest
division is somewhere less than 200 m/km and in some
places between 200-400 m/km. The three study sites are: low
elevation site A (Kanvashram: 200-600 m asl; 29° 47' 49. 98"
N-78°27'39.09" E), mid-elevation site B (Nadikatal: 600-900
m asl; 29° 54' 40.38” N-78° 26' 13.96” E) and high-elevation
site C (Mungaon: 900-1200 m asl; 29° 54' 25.43"N-78 °25'
49.70" E). The climate of the area generally tropical varies
from high temperature in summers to severely cold,
depending upon the seasons and the altitude of the specific
location. Climatically the area is divided into three distinct
seasons viz., rainy season (July to September), winter
(October to February), and summer (March to June). The
forest of the area varies from moist to dry deciduous tropical
forest, the major floral species found in the study area are
occupied by Shorea robusta and associated species such as
Dalbergia sissoo, Acacia catechu, Cassia fistula, Syzygium
cumini, Mallotus philippensis, Aegle marmelos, Ziziphus
mauritiana, Ougeinia oojeinensis, Bombax ceiba, Albizia
odoratissima, Anogeissus latifolia, Holarrhena pubescens,
Ficus benghalensis, Holoptelea integrifolia and Haldina
cordifolia. Major Shrubs of the study sites are Parthenium
hysterophorus, Murraya koenigii, Lantana camara, Ardisia
solanacea, Clerodendrum infortunatum, Desmodium
triflorum and Asparagus adscendens.

Field procedure: The biodiversity assessment was carried
out using the line transect method (Verner 1985). In 24
transects, 288 visits were made consecutively between
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years from January 2015 to December 2016, covering all the
seasons. All transects were of equal length (1km) and about
30 min width. Birds were not recorded if seen outside the 30
m width to each side of the transect. Observations were
carried out once in a month in predefined transects/routes.
The aim was to walk along straight transects, but due to the
hilly terrain of the area and deep steep, this was not always
possible. At least 5 minutes were spent at some vantage
point/place in the predefined transect, if necessary, during
which all birds identified by sight or by call were recorded to
minimize the number of birds missed. The number of
individuals of each bird species was recorded in each
transects. In summer, bird counts were undertaken between
5:00 to 8:00 am and 4:00 to 6:00 pm, in winters, transects
were covered between 6:30 to 9:30 am and 3:00 to 6:00 pm
on fine days. This protocol was maintained in subsequent
years. For identification of birds, a field guide by Grimmett et
al (2001) and Ali (2002) was used. Foraging layers were
identified and classified as: arboreal >10 m; terrestrial,
understory 0- 10 m. The foraging and feeding guilds of aerial,
nocturnal feeders and raptors were assigned according to
their ecological data present to date.

Bird species diversity (BSD) and bird species richness
(BSR) were measured using Shannon's index and Margalef's
richness index respectively using PAST 3.21 statistical
software (Hammer et al 2001). Statistical software Estimate
S version 9.1.0 (Colwell 2018) was used to obtain the
estimated value of species richness, to assess the true
species richness for each site, non-parametric estimators
(Chao1, Chao2, Jacknife1, Jacknife2, and Bootstrap) were
assessed, as these non-parametric estimators are
considered more accurate and less sensitive to problems
related to sample coverage and variation in species sampling
probability. The data for two consecutive years were
generated for each site by pooling the mean of each transect
per month. Kruskal-Wallis one way ANOVA computed in
PAST 3.21 statistical software (Hammer et al 2001), was
used to test the difference in richness and diversity of birds
between the study sites.

RESULTS AND DISCUSSION

A total of 201 species belonging to 44 families were
recorded in the area, the details of their abundance,
residential status, and threatened category according to
IUCN World Conservation Union (IUCN 2018) (Table 1).
Threatened bird species according to the IUCN Red List
category were 2.48% (5 species), Alexandrine Parakeet
Psittacula eupatria, River Lapwing Vanellus duvaucelii,
Egyptian Vulture Neophron percnopterus, White-rumped
Vulture Gyps bengalensis and Himalayan Griffon Gyps

himalayensis. The 107 species (53%) were resident to the
study area. The rest of the species were either winter
migrants (48; 24%) or summer migrants (12; 6%) or
altitudinal migrants (34; 17%). Out of 201 bird species, the
maximum number of species (77.11%) were found in
Kanvashram (low-elevation site A), 62.68% in Nadikatal
(mid-elevation site B) and minimum 48.25% in Mungaon
(high-elevation site C) (Table 2). Among the 44 families,
Muscicapidae had the highest number of species (30),
followed by Corvidae and Sylviidae. The analysis of the
relative abundance of bird species (Table 3) revealed that
Red-vented Bulbul Pycnonotus cafer, Alexandrine Parakeet
Psittacula eupatria, Oriental White-eye Zosterops
palpebrosus, Plum-headed Parakeet Psittacula
cyanocephala, and Indian Peafowl Pavo cristatus were
dominant species of forest habitat. The non-parametric
estimators (Chao1, Chao2, Jackknife1, Jackknife2, and
Bootstrap) showed a high estimated species richness than
the observed species richness at all sites (Table 2). The avian
diversity (BSD) and richness (BSR) values varied
significantly between elevations. The highest value was
found at low elevation (BSD: H=14.08, p =0.00001; BSR: H
=16.8, p=0.00003) as compared to mid or high elevation.

Feeding guild structure and foraging layer: The
insectivores account for more than half of the dietary guild
(565.22%) and rest combinations of dietary guild, which
includes maximum carnivores (12.44%), frugivore
insectivores (8.46%), frugivores (5.47%), omnivores
(4.48%), followed by carnivore insectivores, granivores,
granivore insectivores, nectivore insectivores and frugivore
carnivores (Fig. 1). The highest percentage was of arboreal
feeders (42.8%), followed by terrestrial (30.3%) and
understory (26.9%). There were 18 types of dietary guilds
according to foraging layers of birds (Fig. 2). Arboreal
foraging diet guild was highest than other dietary
combinations viz., terrestrial, and understory. In the present
study, a total of 201 species belonging to 44 families were
recorded. This species richness in the area maybe because
of high habitat heterogeneity as seen in other parts of the
world (Weisberg et al 2014, Cooper et al 2020), as the forest
varies from moist to dry, from mixed to nearly pure Sal forest,
depending on the aspect and slope. The mean species
diversity and richness in each study site were of similar
magnitude. The high resource supply may also be
responsible for high diversity or abundance. It is also a well-
known fact that a state of considerable high equilibrium was
found in avian communities as increased temperature
provides more energy to growth and reproduction by
decreasing thermoregulatory loads (Lennon et al 2000). The
non-parametric estimators used had performed well, as their
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Table 1. List of the avian species observed in the study area

Family/Scientific name

Common name

Residential status Abundance

IUCN status*

Phasianidae

Pavo cristatus

Gallus gallus

Lophura leucomelanos
Francolinus francolinus
F. pondicerianus
Perdicula asiatica
Picidae

Celeus brachyurus
Dendrocopos macei
D. canicapillus

D. hyperythrus

Picus chlorolophus

P. canus

P. flavinucha

P. xanthopygaeus
Dinopium benghalense
D. shorii
Chrysocolaptes lucidus
Megalaimidae
Megalaima zeylanica
M. virens

M. asiatica

M. haemacephala

M. lineata
Bucerotidae

Ocyceros birostris
Upupidae

Upupa epops
Coraciidae

Coracias benghalensis
Eurystomus orientalis
Alcedinidae

Alcedo atthis
Halcyonidae

Halcyon capensis

H. smyrnensis
Cerylidae

Ceryle rudis
Megaceryle lugubris
Meropidae

Merops orientalis

M. leschenaulti
Nyctyornis athertoni
Cuculidae

Hierococcyx varius

Phaenicophaeus leschenaultii

Eudynamys scolopacea

Indian Peafowl
Red Junglefowl
Kalij Pheasant
Black Francolin
Grey Francolin
Jungle Bush Quail

Rufous Woodpecker

Fulvous-breasted Woodpecker
Grey-capped Pygmy Woodpecker

Rufous-bellied Woodpecker
Lesser Yellownape
Grey-headed Woodpecker
Greater Yellownape
Streak-throated Woodpecker
Black-rumped Flameback
Himalayan Flameback
Greater Flameback

Brown-headed Barbet
Great Barbet
Blue-throated Barbet
Coppersmith Barbet
Lineated Barbet

Indian Grey Hornbill

Common Hoopoe

Indian Roller
Dollarbird

Common Kingfisher

Stork-billed Kingfisher
White-throated Kingfisher

Pied Kingfisher
Crested Kingfisher

Green Bee-Eater
Chestnut-headed Bee-Eater
Blue-bearded Bee-Eater

Common Hawk Cuckoo
Sirkeer Malkoha
Asian Koel
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Family/Scientific name

Common name

Residential status Abundance

IUCN status*

Centropodidae
Centropus sinensis
Psittacidae

Psittacula eupatria

P. krameri

P. himalayana

P. cyanocephala
Strigidae

Glaucidium cuculoides
G. radiatum

Otus sunia
Caprimulgidae
Caprimulgus macrurus
Columbidae
Streptopelia orientalis
S. tranquebarica
Chalcophaps indica
Treron sphenura

T. phoenicoptera

T. apicauda

Rallidae

Amaurornis phoenicurus
Scolopacidae

Actitis hypoleucos
Tringa ochropus

Charadriidae
Charadriinae

Vanellus duvaucelii
V. indicus

Accipitridae
Accipitrinae

Pernis ptilorhyncus
Elanus caeruleus
Milvus migrans
Neophron percnopterus
Gyps bengalensis

G. himalayensis
Spilornis cheela
Accipiter badius

A. nisus

A. gentilis

Butastur teesa
Spizaetus cirrhatus
Falconidae

Falco tinnunculus
Phalacrocoracidae
Phalacrocorax niger
Ardeidae

Egretta garzetta
Mesophoyx intermedia

Greater Coucal

Alexandrine Parakeet
Rose-ringed Parakeet
Slaty-headed Parakeet
Plum-headed Parakeet

Asian Barred Owlet
Jungle Owlet
Oriental Scops Owl

Large-tailed Nightjar
Oriental Turtle Dove

Red Collared Dove
Emerald Dove

Wedge-tailed Green Pigeon
Yellow-footed Green Pigeon

Pin-tailed Green Pigeon

White-breasted Waterhen

Common Sandpiper
Green Sandpiper

River Lapwing
Red-wattled Lapwing

Oriental Honey-buzzard
Black-shouldered Kite
Black Kite

Egyptian Vulture
White-rumped Vulture
Himalayan Griffon
Crested Serpent Eagle
Shikra

Eurasian Sparrowhawk
Northern Goshawk
White-eyed Buzzard
Changeable Hawk Eagle

Common Kestrel

Little Cormorant

Little Egret
Intermediate Egret
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Family/Scientific name

Common name

Residential status Abundance

IUCN status™

Bubulcus ibis
Ardeola grayii
Pittidae

Pitta brachyura
Eurylaimidae
Psarisomus dalhousiae
Irenidae

Chloropsis hardwickii
C. aurifrons
Laniidae

Lanius cristatus

L. schach

L. tephronotus

Corvidae
Corvinae

Urocissa erythrorhyncha
Cissa chinensis
Dendrocitta vagabunda
D. formosae

Corvus splendens

C. macrorhynchos
Oriolini

Oriolus oriolus

O. xanthornus

O. traillii

Coracina macei

C. melaschistos

C. melanoptera
Pericrocotus roseus
P. cinnamomeus

P. ethologus

P. flammeus
Hemipus picatus
Dicrurinae

Rhipidurini

Rhipidura hypoxantha
R. albicollis Dicrurini
Dicrurus macrocercus
D. leucophaeus

D. caerulescens

D. aeneus

D. hottentottus
Monarchini
Hypothymis azurea
Terpsiphone paradisi
Aegithinae

Aegithina tiphia
Malaconotinae

Tephrodornis pondicerianus
Cinclidae
Cinclus pallasii

Cattle Egret
Indian Pond Heron

Indian Pitta

Long-tailed Broadbill

Orange-bellied Leafbird
Golden-fronted Leafbird

Brown Shrike
Long-tailed Shrike
Grey-backed Shrike

Red-billed Blue Magpie
Common Green Magpie
Rufous Treepie

Grey Treepie

House Crow
Large-billed Crow

Eurasian Golden Oriole
Black-hooded Oriole
Maroon Oriole

Large Cuckooshrike
Black-winged Cuckooshrike
Black-headed Cuckooshrike
Rosy Minivet

Small Minivet

Long-tailed Minivet

Scarlet Minivet

Bar-winged Flycatcher-shrike

Yellow-bellied Fantail
White-throated Fantail
Black Drongo

Ashy Drongo
White-bellied Drongo
Bronzed Drongo
Spangled Drongo

Black-naped Monarch
Asian Paradise-flycatcher

Common lora

Common Woodshrike

Brown Dipper
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Family/Scientific name

Common name

Residential status Abundance

IUCN status™

Muscicapidae
Turdinae

Monticola cinclorhynchus
M. solitarius
Myophonus caeruleus
Zoothera citrina
Turdus boulboul
Muscicapinae
Muscicapini
Muscicapa sibirica

M. dauurica

Ficedula strophiata

F. parva

F. westermanni

F. tricolor

Eumyias thalassina
Niltava sundara
Cyornis unicolor

C. rubeculoides

Culicicapa ceylonensis
Saxicolini

Luscinia pectoralis

L. svecica

Copsychus saularis

C. malabaricus

Saxicoloides fulicata
Phoenicurus coeruleocephalus
P. ochruros

Chaimarrornis leucocephalus
Rhyacornis fuliginosus
Enicurus maculatus

Saxicola torquata

S. caprata

S. ferrea

Cercomelafusca

Sturnidae

Sturnus malabaricus
Acridotheres fuscus

Sittidae

Sittinae

Sitta castanea

S. frontalis
Tichodrominae

Tichodroma muraria
Certhiidae
Certhiinae

Certhiini

Certhia himalayana

Paridae
Parinae

Parus major
P. monticolus

Blue-capped Rock Thrush
Blue Rock Thrush

Blue Whistling Thrush
Orange-headed Thrush
Grey-winged Blackbird

Dark-sided Flycatcher
Asian Brown Flycatcher
Rufous-gorgeted Flycatcher
Red-throated Flycatcher
Little Pied Flycatcher
Slaty-blue Flycatcher
Verditer Flycatcher
Rufous-bellied Niltava

Pale Blue Flycatcher
Blue-throated Flycatcher
Grey-headed Canary-Flycatcher

White-tailed Rubythroat
Bluethroat

Oriental Magpie Robin
White-rumped Shama
Indian Robin

Blue-capped Redstart
Black Redstart
White-capped Water Redstart
Plumbeous Water Redstart
Spotted Forktail

Common Stonechat

Pied Bushchat

Grey Bushchat

Brown Rock Chat

Chestnut-tailed Starling
Jungle Myna

Chestnut-bellied Nuthatch
Velvet-fronted Nuthatch

Wallcreeper

Bar-tailed Treecreeper

Great Tit
Green-backed Tit

SM r
WM r
RAM c

SM r
RAM u
WM f

SM r
WM r
WM r

R f

WM r
RAM f
RAM u
WM r

SM f
RAM c
WM r
WM f

R c
R r
R c

WM r
WM f
WM f
WM f

R r
WM f
R f
RAM u
R [«
RAM f
R [«
R u
R u

WM u

WM r
R c
RAM u

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern

Least Concern

Least Concern
Least Concern

Least Concern

Least Concern

Least Concern
Least Concern
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Family/Scientific name

Common name

Residential status Abundance

IUCN status*

P. xanthogenys
Aegithalidae
Aegithalos concinnus

Hirundinidae
Hirundininae

Riparia paludicola
Pycnonotidae

Pycnonotus melanicterus

P. jocosus
P. leucogenys
P. cafer

Hypsipetes leucocephalus

Cisticolidae

Prinia criniger

P. flaviventris

P. hodgsonii

P. socialis

P. inornata
Zosteropidae
Zosterops palpebrosus
Sylviidae
Acrocephalinae
Cettia pallidipes
Orthotomus sutorius
Phylloscopus collybita
P. inornatus

P. humei

P. trochiloides

P. reguloides
Seicercus burkii

S. xanthoschistos
Garrulacinae

Garrulax albogularis
G. leucolophus

G. lineatus
Sylviinae

Timaliini
Pellorneum ruficeps

Pomatorhinus erythrogenys

P. schisticeps
Stachyris pyrrhops
Turdoides striatus
Macronous gularis
Leiothrix lutea
Minla cyanouroptera
Sylviini

Sylvia curruca
Alaudidae

Alauda gulgula
Nectariniidae
Nectariniinae
Dicaeini

Black-lored Tit

Black-throated Tit

Plain Martin

Black-crested Bulbul
Red-whiskered Bulbul
Himalayan Bulbul
Red-vented Bulbul
Black Bulbul

Striated Prinia
Yellow-bellied Prinia
Grey-breasted Prinia
Ashy Prinia

Plain Prinia

Oriental White-eye

Pale-footed Bush Warbler
Common Tailorbird
Common Chiffchaff
Yellow-browed Warbler
Hume's Warbler

Greenish Warbler

Blyth's Leaf Warbler
Golden-spectacled Warbler
Grey-hooded Warbler

White-throated Laughingthrush
White-crested Laughingthrush
Streaked Laughingthrush

Puff-throated Babbler
Rusty-cheeked Scimittar Babbler
White-browed Scimitar Babbler
Black-chinned Babbler

Jungle Babbler

Striped Tit-Babbler

Red-billed Leiothrix

Blue-winged Minla

Lesser Whitethroat

Oriental Skylark

R r
R r
R u
RAM r
R u
R c
R c
RAM f
WM u
WM r
R c
R f
R f
R [
WM u
R [
WM f
WM r
WM u
RAM u
WM r
WM u
RAM f
R u
RAM u
R u
RAM u
RAM u
RAM u
R f
R [
SM u
RAM f
R r
WM u
WM r

Least Concern

Least Concern

Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern
Least Concern
Least Concern

Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
Least Concern

Least Concern

Least Concern
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Family/Scientific name Common name

Residential status Abundance IUCN status*

Dicaeum erythrorynchos Pale-billed Flowerpecker R f Least Concern
D. ignipectus Nectariniini Fire-breasted Flowerpecker WM r Least Concern
Nectarinia asiatica Purple Sunbird R [ Least Concern
Aethopyga siparaja Crimson Sunbird R f Least Concern
A. ignicauda Fire-tailed Sunbird WM u Least Concern
Passeridae

Passerinae

Passer rutilans Russet Sparrow R r Least Concern
Petronia xanthocollis Chestnut-shouldered Petronia R f Least Concern
Motacillinae

Motacilla alba White Wagtail WM f Least Concern
M. maderaspatensis White-browed Wagtail R f Least Concern
M. citreola Citrine Wagtail WM r Least Concern
M. flava Yellow Wagtail WM u Least Concern
M. cinerea Grey Wagtail RAM u Least Concern
Ploceinae

Ploceus philippinus Baya Weaver R f Least Concern
Estrildinae

Lonchura striata White-rumped Munia WM r Least Concern
L. punctulata Scaly-breasted Munia R f Least Concern
Fringillidae

Fringillinae

Serinus pusillus Fire-fronted Serin WM r Least Concern
Carpodacus erythrinus Common Rosefinch WM f Least Concern

Abbreviations: R, Resident; SM, Summer Migrant; WM, Winter Migrant; RAM, ResidentAltitudinal Migrant; c, Common; u,Uncommon; f, Fair; r, Rare.
*IUCN: IUCN Red List data for observed species according to IUCN version 2018-2.

values show less affected by the spatial scale of the
sampling, also these estimators showed higher values of
BSR in low elevation site A, which may be due to the
presence of mixed vegetation as well as the presence of
vegetation cover which provides resources, and microhabitat
for the perching, roosting and nesting site. In our study, low
elevation site A (Kanvashram) has a larger area than steeper
terrain of mid and high elevation sites of forest habitat. It has
been assumed that for birds, with an increase in elevation the
availability of resources diminishes due to variations in
vegetation composition, forest stand structure, and
availability of land area (Waterhouse et al 2003). In the
present study, the five most dominant species with high
relative abundance in the forest habitat are: Pycnonotus
cafer, Psittacula eupatria, Zosterops palpebrosus, Psittacula
cyanocephala, and Pavo cistatus, indicating that the floristic
structure of the study area is suitable for breeding and
feeding of these species. Of these species, Zosterops
palpebrosus was dominant in all forest sites, while Psittacula
eupatria was dominant in site A and site B; Pycnonotus cafer,
and Psittacula cyanocephala were dominantin site B and site
C, presence of same species in different habitats/elevations
with high relative abundance reflect their habitat and feeding

Table 2. Showing mean values of BSD, BSR, estimated
species richness (S.,) and species richness
estimators (Chao 1, Chao 2, Jackknife 1, Jackknife
2 and Bootstrap) for forest sites

Site A Site B Site C
BSD 4.31£0.15 4.17+0.13 3.8410.49
BSR 14.70+£1.97 12.67+1.28 9.75+0.79
Total Species 155 126 97
Recorded
Estimators:
S.. 138.681+2.684 114.452+2.144 87.207+4.407
Individuals 116467 90285 65422.5
Chao 1 148.302+7.029 121.919+12.54 100.466+11.515
Chao 2 159.68516.747 123.20414.859 96.13314.923
Jacknife 1 155.554+9.416 126.1704£5.618 97.272+4.218
Jacknife 2 151.736114.943 121.880+£8.166 94.532+7.181
Bootstrap 147.161£9.41  120.425+5.424 92.340%4.022

guild preferences in the study area. Psittacula eupatria which
is a near-threatened species perhaps due to anthropogenic
habitat loss, was one of the dominant in low-elevation site A
and mid-elevation B, because of the presence of adjoining
agricultural fields with variety of autumn and spring crops
(Oryza sativa, Zea mays, Glycine max, Sorghum vulgare,
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Triticum aestivum, Hordeum vulgare, Brassica compestris,
and Brassica juncea etc.), and presence of fruiting trees like
Ficus palmata, Ficus auriculata, Ziziphus jujuba, Aegel
marmelos, Syzygium cuminietc.

Bird's ecological niche and its dietary adaptations are
defined by their diet requirement. In the present study
insectivorous dietary guild found to be dominant over
carnivores, omnivores, frugivores, and granivores. The other
dietary combinations followed by these major dietary guilds
were frugivore insectivores, granivorous insectivores, and
carnivorous insectivores. The dietary combinations found in
the least number in the study area were nectivore
insectivores and frugivore carnivores. The structure of
dietary guilds appears to be similar to other studies
conducted in the Indian subcontinent (Johnsingh and Joshua
1994) and Thailand (Siri et al 2019) where insectivory found
to be the dominant guild. Arboreal foraging strategy found to

NI (1.49%) — GL (3.98%)

FL, (8.46%)

FC, (0.50%)
CL, (4.48%)

0, (4.48%)

Abbreviations: C, carnivore; Fl, frugivore insectivore; F, frugivore; O,
omnivore; G, granivore; Cl, carnivore insectivore; NI,
nectivore insectivore, FC, frugivore carnivore; |, insectivore;
Gl, granivore insectivore

Fig. 1. Relative percentage of avian community's dietary
guild structure

be a common dietary preference than terrestrial and
understory, also the pooled data for each foraging layer
showed a high preference for arboreal insectivores than
understory insectivores and terrestrial insectivores.
Robinson et al (2000) observed that in tropical sites, arboreal
guild structure is the most specious guild where arboreal
insectivores and arboreal omnivores are highest in numbers.
Similarly, a global study on dietary guild richness pattern
showed an increase in species richness towards the equator
for arboreallterrestrial guild and intermediate for frugivores,
granivores and carnivores while shallower for all other guilds
types across a latitudinal gradient (Kissling et al 2012). Along
term study from temperate forests of Poland also showed
significant increasing trends in abundance of crown foraging
insectivores and nesters (Wesolowski et al 2002). In the
present study, good numbers (26.9%) of understory
insectivory were observed. This may be due to the mixed

UIC, (1%)

AC, (6.47%) ACI, (1.99%)

AF, (5.47%)
AFC, (0.50%)

AFL, (6.47%)
UL (21.89%)

UIE (199%) [T

UG, (1.99%)
TO, (1.99%)

Al (17.91%)

TI, (15.42%)

ANI, (1.49%)
\_AO, (2.49%)

TG, (3.48%)\TIC, (1.49%)

Abbreviations: Ul, understory insectivores; Al, arboreal insectivores; TI,
terrestrial insectivores; AC, arboreal carnivores; AFI, arboreal frugivore
insectivores; AF, arboreal frugivores; TG, terrestrial granivores; TG, terrestrial
granivore insectivores; TC, terrestrial carnivores; AO, Arboreal omnivores;
ACI, arboreal carnivore insectivores; UIF, understory insectivore frugivores;
UC, understory carnivores; TO, terrestrial omnivores, TIC, terrestrial
insectivore carnivores; ANI, arboreal nectivore insectivores; UIC, understory
insectivore carnivores; AFC, arboreal frugivore carnivores

TIG, (3.98%) TC, (3.98%)

Fig. 2. Relative percentage of feeding guild with reference to
foraging layer

Table 3. Showing relative abundance (RA) of top 5 dominant species of forest sites

Site A Site B Site C
Species RA (%) Species RA (%) Species RA (%)
Psittacula eupatria 2.37 Pycnonotus cafer 2.60 Pycnonotus cafer 4.04
Pavo cristatus 2.31 Psittacula cyanocephala 2.52 Zosterops palpebrosus 3.57
Zosterops palpebrosus 1.99 Zosterops palpebrosus 2.51 Psittacula cyanocephala 3.43
Leiothrix lutea 1.89 Psittacula eupatria 2.50 Prinia socialis 3.42
Turdoides striatus 1.88 Pycnonotus leucogenys 2.27 Nectarinia asiatica 3.15
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vegetation structure (mixed forest with patches of riverine
habitats) which appears to be responsible for the year-long
presence of insects and arthropods in the study area. The
understory insectivores are threatened in tropics because of
frequent fires and fragmentation of forests with other
immediate threats such as deforestation, agricultural
expansion, urbanization, and logging. The decline in the
population of birds in its turn may result in outbursts of insect
pests in tropical forests and adjoining agricultural areas
(Powelletal 2015).

CONCLUSIONS

The low elevation forest habitats support a higher
number of species as compared to mid and high elevation.
The study area also harbors five threatened species and
hence requires the attention of the conservation biologists for
protection of the habitat. The presence of insectivores in a
relatively high percentage in the area would be helpful to the
stability of ecosystems with their services such as control of
insect pests. From the biodiversity conservation perspective,
regular monitoring on avian community structure in the
Himalayas is also required with preference to lower foothills
which are more prone to human disturbances.
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Abstract: The present study covers the avifaunal diversity documented in the year 2015 to 2018 from the temporary academic block (TAB),
Shahpur campus, Central University of Himachal Pradesh, India. Direct observation was made to document avifaunal diversity to prepare first
checklist of avifaunal diversity. A total of 114 bird species belonging to 12 orders and 42 families were recorded from the campus and the
surrounding area. The diversity pattern and the species abundance represent the effect of regional microclimate and vegetation association.
The few encounters of the large frugivorous species near build environment indicate extinction from habitat degradation in the surrounding
area. The presence of some specialized species in the particular habitat can be correlated with floral assemblage and the microhabitat of the

area.
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The regular monitoring and assessment of any taxa is a
prerequisite for proper management and conservation. The
terrestrial eco regions in the Indian Himalayan Region (IHR)
have distinct biogeographic characteristics and identified as
a mega hotspot for biological diversity (Myer 2000, Kumar et
al 2018). The geobotanical landscapes and habitat diversity
provides unique floral assemblage for various species to
flourish. The birds are one of the unique omnipresent fauna
which occupies or uses both terrestrial and wetland habitats
for roosting, foraging and breeding activities. The bird
occupies the status of primary consumer, i.e. herbivorous
(Amo et al 2013), frugivorous (Mueller et al 2014),
granivorous (Connolly et al 2014), i.e., insectivorous (Powell
et al 2015, Rajashekara and Venkatesha 2017) and
nectarivorous (Bennett et al 2014).Birds are considered as
specialized creatures well known for various ecological
services contributing to maintain a healthy and sustainable
ecosystem from their omnivorous nature (Burin et al 2016).
Birds contribute in maintaining a sustainable ecosystem by
seed dispersal, pollination and controlling pest insect
infestation. A number of studies established the relation of
climate change and its associated phenomenon with the
diversity, distribution, changes in the level of competition,
predation and migratory phenology (Crick 2004, Gregory et
al 2009). Bird diversity can be used as an environmental
indicator that reflects the health of the ecosystem, so the area
specific studies are required.

The IHR is known to have 80 % of the bird diversity of the
Indian subcontinent with a total of 940 bird species with
largest number of threatening species in Asia (Mandal et al

2018). There are 1,567 studies focusing on the bird diversity
of the Himalayan region and from Himachal Pradesh, there
are 193 publications from 1833 to 2016 (Chandra et al 2018).
There are many areas in the hilly mountainous region, which
are facing the impact of urbanization and climate change.
The composition of bird species in the developing urban
environment, particularly the university premise under the
influence of large human intervention provides an important
subject for the study. The aim of the present study was to
prepare the first checklist of the avifaunal diversity for the
Central University Himachal Pradesh (CUHP), India.

MATERIAL AND METHODS
Study area: The present study was conducted in Shahpur
campus of Central University of Himachal Pradesh (CUHP),
District Kangra, Himachal Pradesh, India (76.156629°N and
32.224464°E). The Kangra Valley is characterized by snow-
capped Dhauladhar Ranges in the north and area with
moderate topography toward south. The study site is located
in the area under moderate topography characterized by
southward flowing small temporary stream mainly filled with
rainfed water and one permanent stream in the extreme end
toward the western side. The centre of the study area is
characterized by agglomeration of three academic
institutions, so to prepare the checklist different habitats in
vicinity was also included, covering the diverse microclimate
and vegetation assemblage from agriculture, aquatic,
grassland, forest and urban habitat. The dominant tree
species in the area are Mangifera sp., Bauhinia variegata,
Morus alba, Syzygium cumini, Pistacia integerrima, Phoenix
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humilis and Pinus sp., while shrub species include Carissa
opaca and Berberis spp. The northeast part occupies small
patches of Pinus sp. forest and few buildings, mainly
scattered along the national highway.

Methodology: The present survey was carried out in the
year 2015-2018, with some well-planned surveys by moving
along a particular habitat in a linear transects (200-500 m) or
by some occasional spotting in different seasons of the year.
These surveys were carried out in the morning 7:00 am to
9:00 am and evening 5:00 pm to 6:30 pm. The direct
observation was recorded in the field with naked eye,
binocular (Hanumex 30x60) or camera (Nikon p900 and
Nikon 3300 with 70-300 mm zoom lens). The abundance of
the bird species was assigned on the basis of their sightings

as very common (VC), common (C) and rare (R) for the
species which were sighted in whole year, a specific season
and once or twice in the study period, respectively.

RESULTS AND DISCUSSION

This study document a total of 114 bird species
belonging to 12 orders and 42 families. The small area of ~1-
2 km a varied habitat and a huge avifaunal diversity. The
family Muscicapidae (chats and flycatchers) was dominant
with the contribution of 14 species of birds (Table 1). The bird
species are also presented in different plates from image 1 to
114 photographed in the study area. The species marked in
the rare category are mainly migratory species. Some of the
birds species are mainly encountered in some specific month

Table 1. Checklist of the bird diversity from the Shahpur campus, Central University Himachal Pradesh, India

Sr.no./  English name Scientific name Alternative name(s) Abundance

Image no.

Galliformes-Phasianidae (partridges, pheasants and grouse)

1 Common Quail Coturnix coturnix (Linnaeus 1758) Grey Quail R

2 Black Francolin Francolinus francolinus (Linnaeus, 1766) Black Partridge R

3 Red Junglefow! Gallus gallus (Linnaeus 1758) R

Columbiformes-Columbidae (pigeons)

4 Rock Pigeon Columba livia (Gmelin JF 1789) Rock Dove, Blue Rock Pigeon VC

5 Oriental Turtle Dove Streptopelia orientalis (Latham 1790) Rufous Turtle Dove C

6 Eurasian Collared Dove Streptopelia decaocto (Frivaldszky 1838) Indian Ring Dove R

7 Spotted Dove Streptopelia chinensis (Scopoli 1786) Western Spotted Dove, Eastern VC
Spot- ted Dove

Cuculiformes-Cuculidae (cuckoos)

8 Greater Coucal Centropus sinensis (Stephens 1815) Crow-pheasant C

9 Asian Koel Eudynamys scolopaceus (Linnaeus 1758) Common Koel R

10 Common Cuckoo Cuculus canorus (Linnaeus 1758) Eurasian Cuckoo R

11 Brown Crake Zapornia akool (Syke 1832) C

12 White-breasted Waterhen Amaurornis phoenicurus (Pennant 1769) R

Pelecaniformes- Ardeidae (herons)

13 Indian Pond Heron Ardeola grayii (Sykes 1832) Paddybird R

14 Cattle Egret Bubulcus ibis (Linnaeus 1758) C

Phalacrocoracidae (cormorants)

15 Little Cormorant Microcarbo niger (Vieillot 1817) R

Charadriidae (plovers and lapwings)

16 Red-wattled Lapwing Vanellus indicus (Boddaert 1783) C

Scolopacidae (sandpipers)

17 Green Sandpiper Tringa ochropus Linnaeus 1758 R

Accipitriformes-Accipitridae (kites, hawks and eagles)

18 Egyptian Vulture Neophron percnopterus (Linnaeus 1758) Scavenger Vulture R

19 White-rumped Vulture Gyps bengalensis (J.F. Gmelin 1788) White-backed Vulture R

20 Shikra Accipiter badius (J.F. Gmelin 1788) R
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21 Eurasian Sparrowhawk Accipiter nisus (Linnaeus 1758) R

22 Black Kite Milvus migrans (Boddaert 1783) Pariah Kite, Black-eared Kite C
Strigiformes- Strigidae (owls)

23 Asian Barred Owlet Glaucidium cuculoides (Vigors 1831) Barred Owlet C

Bucerotiformes- Bucerotidae (hornbills)

24 Indian Grey Hornbill Ocyceros birostris (Scopoli 1786) Common Grey Hornbill C
Upupidae (hoopoes)

25 Common Hoopoe Upupa epops (Linnaeus 1758 Eurasian Hoopoe R

Piciformes- Picidae (woodpeckers)

26 Speckled Piculet Picumnus innominatus (E. Burton 1836) R

27 Lesser Golden-backed Woodpecker Dinopium benghalense (Linnaeus 1758) Black-rumped Flameback R

28 Lesser Yellow-naped Woodpecker  Picus chlorolophus (Vieillot 1818) Lesser Yellownape R

29 Grey-headed Woodpecker Picus canus (J.F. Gmelin 1788) Grey-faced Woodpecker R

30 Grey-capped Pygmy Woodpecker  Dendrocopos canicapillus (Blyth 1845)  Grey-crowned Pygmy C
Woodpecker

31 Fulvous-breasted Pied Woodpecker Dendrocopos macei (Vieillot 1818) Fulvous-breasted Woodpecker R

32 Brown-fronted Pied Woodpecker Dendrocopos auriceps (Vigors 1831) Brown-fronted Woodpecker C

Ramphastidae (toucans and barbets)

33 Great Barbet Psilopogon virens (Boddaert 1783) Great Hill Barbet, Hill Barbet C

34 Brown-headed Barbet Psilopogon zeylanicus (J.F. Gmelin 1788) Large Green Barbet R

35 Blue-throated Barbet Psilopogon asiaticus (Latham 1790) C

Coraciiformes- Coraciidae (rollers)

36 Indian Roller Coracias benghalensis (Linnaeus 1758) Indochinese Roller C

Alcedinidae (kingdfishers)

37 White-throated Kingfisher Halcyon smyrnensis (Linnaeus 1758) White-breasted Kingfisher R

Falconiformes- Falconidae (falcons and caracaras)

38 Common Kestrel Falco tinnunculus (Linnaeus 1758) Eurasian Kestrel R

Psittaciformes- Psittaculidae (Old World parrots)

39 Slaty-headed Parakeet Psittacula himalayana (Lesson 1832) Himalayan Parakeet, Himalayan R

40 Plum-headed Parakeet Psittacula cyanocephala (Linnaeus 1766) Blossom-headed Parakeet R

41 Alexandrine Parakeet Psittacula eupatria (Linnaeus 1766) Large Indian Parakeet C

42 Rose-ringed Parakeet Psittacula krameri (Scopoli 1769) R

Campephagidae (minivets and cuckooshrikes)

43 Scarlet Minivet Pericrocotus flammeus (Forster JR 1781) Orange Minivet R

Passeriformes- Dicruridae (drongos)

44 Black Drongo Dicrurus macrocercus (Vieillot 1817) C

45 Ashy Drongo Dicrurus leucophaeus (Vieillot 1817) Grey Drongo C

46 Hair-crested Drongo Dicrurus hottentottus (Linnaeus 1766) Spangled Drongo R

Rhipiduridae (fantails)

47 White-throated Fantail Rhipidura albicollis (Vieillot 1818) White-throated Fantail- R
flycatcher;

Laniidae (shrikes)

48 Long-tailed Shrike Lanius schach (Linnaeus 1758) Rufous-backed Shrike R
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Corvidae (crows and jays)

49 Rufous Treepie

50 Grey Treepie

51 Yellow-billed Blue Magpie
52 Red-billed Blue Magpie
53 Large-billed Crow

Dendrocitta vagabunda (Latham 1790)

Dendrocitta formosae (Swinhoe 1863)

Urocissa flavirostris (Blyth 1846)

Urocissa erythroryncha (Boddaert 1783)

Corvus macrorhynchos (Wagler 1827)

Monarchidae (monarchs and paradise-flycatchers)

54 Indian Paradise-flycatcher

Nectariniidae (sunbirds)

55 Purple Sunbird

56 Crimson Sunbird

Estrildidae (waxbills)

57 Scaly-breasted Munia

Passeridae (sparrows, snowfinches and allies)
58 House Sparrow

59 Russet Sparrow

Motacillidae (wagtails and pipits)

Terpsiphone paradisi (Linnaeus 1758)

Cinnyris asiaticus (Latham 1790)

Aethopyga siparaja (Raffles 1822)

Lonchura punctulata (Linnaeus 1758)

Passer domesticus (Linnaeus 1758)

Passer cinnamomeus (Gould 1836)

Anthus rufulus (Vieillot 1818)

Motacilla cinerea (Tunstall 1771)

Motacilla maderaspatensis (J.F. Gmelin

1789)
Motacilla alba (Linnaeus 1758)

Erythrina erythrina (Pallas 1770)

60 Paddyfield Pipit

61 Grey Wagtail

62 White-browed Wagtail

63 White Wagtail

Fringillidae (finches, euphonias and Hawaiian honeycreepers)
64 Common Rosefinch

65 Yellow-breasted Greenfinch

Emberizidae (Old World buntings)

Chloris spinoides (Vigors 1831)

Emberiza stewarti (Blyth 1854)

Chelidorhynx hypoxanthus (Blyth 1843)

Culicicapa ceylonensis (Swainson 1820)

Periparus ater (Linnaeus 1758)

Parus cinereus (Vieillot 1818)

Indian Treepie
Himalayan Treepie
Gold-billed Magpie
Blue Magpie

Jungle Crow, Indian Jungle
Crow

Asian Paradise-flycatcher

Yellow-backed Sunbird

Spotted Munia

Cinnamon Tree Sparrow,
Cinnamon Sparrow

Large Pied Wagtail

Pied Wagtail

Himalayan Greenfinch

Chestnut-breasted Bunting

Yellow-bellied Fantail, Yellow-
bellied Fantail-flycatcher

Grey-headed Flycatcher

Spot-winged Tit/Crested Black
Tit
Grey Tit/Great Tit (with P. major)

Machlolophus xanthogenys (Vigors 1831) Yellow-cheeked Tit

Cisticola juncidis (Rafinesque 1810)

Prinia hodgsonii (Blyth 1844)
Prinia sylvatica (Jerdon 1840)
Prinia socialis (Sykes 1832)

66 White-capped Bunting
Stenostiridae (fairy-flycatcher and crested-flycatchers)
67 Yellow-bellied Fairy-fantail

68 Grey-headed Canary-flycatcher
Paridae (tits, chickadees)

69 Coal Tit

70 Cinereous Tit

71 Black-lored Tit

Cisticolidae (cisticolas)

72 Zitting Cisticola

73 Grey-breasted Prinia

74 Jungle Prinia

75 Ashy Prinia

76 Common Tailorbird

Hirundinidae (swallows)

77 Red-rumped Swallow

Orthotomus sutorius (Pennant 1769)

Cecropis daurica (Laxmann 1769)

Streaked Fantail Warbler
Franklin's Wren Warbler
Jungle Wren Warbler
Ashy Wren Warbler

Striated Swallow

O O xWO

VC
VC

Py

VvC

O X X1 O X
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78 Barn Swallow Hirundo rustica (Linnaeus 1758) Common Swallow R

Pycnonotidae (bulbuls)

79 Black Bulbul Hypsipetes leucocephalus (J.F. Gmelin 1789) Square-tailed Bulbul, Himalayan C
Black Bulbul

80 Himalayan Bulbul Pycnonotus leucogenis (J.E. Gray 1835) White-cheeked Bulbul VC

81 Red-vented Bulbul Pycnonotus cafer (Linnaeus 1766) VC

Phylloscopidae (Old World leaf warblers)

82 Lemon-rumped Warbler Abrornis chloronotus (J.E. & G.R. Gray 1847) Pale-rumped Warbler, Pallas's C
Leaf Warbler

83 Grey-hooded Leaf Warbler Seicercus xanthoschistos (J.E. & G.R. Gray Grey-headed Flycatcher Warbler C

1847

Aegithalidae (long-tailed tits) )

84 Black-throated Tit Aegithalos concinnus (Gould 1855) Black-throated Bushtit R

Zosteropidae (white-eyes and yuhinas)

85 Oriental White-eye Zosterops palpebrosus (Temminck 1824) C

Timaliidae (scimitar babblers and allies)

86 White-browed Scimitar Babbler Pomatorhinus schisticeps (Hodgson 1836)  Slaty-headed Scimitar Babbler R

87 Rusty-cheeked Scimitar Babbler Erythrogenys erythrogenys (Vigors 1831) C

88 Black-chinned Babbler Cyanoderma pyrrhops (Blyth 1844) Red-billed Babbler R

89 Puff-throated Babbler Pellorneum ruficeps (Swainson 1832) Spotted Babbler R

Leiothrichidae (babblers, laughingthrushes and allies)

90 Jungle Babbler Turdoides striata (Dumont 1823) VC

91 Streaked Laughingthrush Trochalopteron lineatum (Vigors 1831) Bhutan Laughingthrush R

92 Rufous Sibia Heterophasia capistrata (Vigors 1831) Black-capped Sibia R

Certhiidae (treecreepers)

93 Bar-tailed Treecreeper Certhia himalayana (Vigors 1832) Himalayan Treecreeper C

Sturnidae (starlings)

94 Common Starling Sturnus vulgaris (Linnaeus 1758) European Starling R

95 Brahminy Starling Sturnia pagodarum (J.F. Gmelin 1789) Black-headed Myna, Brahminy R
Myna

96 Chestnut-tailed Starling Sturnia malabarica (J.F. Gmelin 1789) Grey-headed Myna R

97 Common Myna Acridotheres tristis (Linnaeus 1766) Indian Myna VC

98 Jungle Myna Acridotheres fuscus (Wagler 1827) R

Muscicapidae (chats and flycatchers)

99 Indian Robin Saxicoloides fulicatus (Linnaeus 1766) Indian Black Robin C

100 Oriental Magpie Robin Copsychus saularis (Linnaeus 1758) VC

101 Rufous-bellied Niltava Niltava sundara (Hodgson 1837) R

102 Verditer Flycatcher Eumyias thalassinus (Swainson 1838) VC

103 Spotted Forktail Enicurus maculatus (Vigors 1831) R

104 Blue Whistling Thrush Myophonus caeruleus (Scopoli 1786) VC

105 White-tailed Rubythroat Calliope pectoralis (Gould 1837) Himalayan Rubythroat C

106 Slaty-blue Flycatcher Ficedula tricolor (Hodgson 1845) R

107 Blue-fronted Redstar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>