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ABSTRACT

India has developed a lot and production has taken momentum but parallel to this, the hunger index
of India has not declined. Small-holder families constitute more than half of the national population.
Many emerging site specific technologies have been initiated to enhance the production and nutritional
status of the country. Among the technology, system of rice intensification (SRI) is one of them which
has accelerated the livelihood of the farmers and also suitable for small operational holdings. A study
to assess the impact of SRI on livelihood and nutritional food security in the state of Tripura, India
has been conducted by collecting the primary data from 200 (100 SRI and 100 Non-SRI) smallholders
household. Different indices were constructed to assess livelihood and food security. The SRI found
highly economic beneficial method in production of rice in the state of Tripura with higher returns of
11.88 per cent difference between SRI and Non SRI farms. The method has impacted positively to
enhance the food, nutrition, health and habitat. Moreover, adopted SRI households had 76 per cent
better economic security than Non SRI household. Therefore, study recommend to realize its novelty
through extension machinery of the state and also advocate developing a suitable package and practices
with its economic benefits so that the SRI can get momentum to enhance area and production of the rice.

Key words: Economic security, evolution, food, SRI, Tripura

INTRODUCTION

Agriculture employs about 60 per cent
of the total workforce (FAO, 2013) of the
world. The importance of this sector however,

accessed and improved food intakes, the relationship
however it is quite complex (World Bank, 2007).
Hence the notion that malnutrition can be solved
entirely by the supply of food grains or agricultural

increases with diminishing resources for the ever-
increasing global population (Brennan, 2012). The
potential of agriculture for producing nutritious
food is not appropriately tapped for reducing
the malnourishment, but by adopting a multi-
spectral approach (Das et al.,, 2014). Although
the relationship between agriculture and human
nutrition is intuitively direct, i.e. an increase in
food production should lead to better availability,

production is vain.

Like many other developing countries,
agriculture plays a key role in the socio-economic
development of India. The agricultural system
in the country is a risk prone activity and a large
number of farmers continue to operate under
uncertain risk conditions (Akcaoz and Ozkan,
2005). Out of 119 countries, India ranks 103" on
the Global Hunger Index, 2018 with a score of 31.1,
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designating a “serious” status of hunger (Grebmer
et al., 2018). The gross production of food grains
in the year 2017 was 2,71,980 metric tonnes while
the per capita net availability of food grains in this
specific year was 189.1 kg per year (Gol, 2018).
The per capita availability depends on production
while production is influenced by the profitability
and producers share in consumers’ rupee.

India still accounts for a quarter of the
world’s hungry people and home to over 190
million undernourished people (FAO, 2018). Small-
holder farmers - defined as those marginal and sub-
marginal farm households that own or/and cultivate
less than 2.0 hectare of land - constitute 86.08%
of the total holdings in 2015-16 against 85.01% in
2010-11 (Anon. 2019). In North East India, small
size of operational holdings, ranging from 0.60 ha
in Tripura to 1.33 ha in Meghalaya as compared to
1.42 ha at all-India level (Barah, 2006). Tripura state
is the second highest densely state among the north-
eastern region after Assam. Shortage of cultivable
land is the main obstacle in the agriculture sector
of the State with two-third of the total geographical
area being hilly and a major part of it comprises
of Reserved Forests (Anon. 2018). Only 24 per
cent of the total area is cultivable, whereas the
national average is 43. About 77.68 per cent of the
agriculturists are small and marginal farmers in the
state of Tripura, which is the highest in the north-
eastern region (Anon. 2019).

Food security among the rural poor in
India is tightly linked to poverty and production
sustainability. Several studies, in the past have
focused on leveraging or modifying agriculture
to enhance the nutrition level (World Bank, 2007;
Fanzo, 2015; Pandey et al., 2016; Halawar, 2019).
Food grains mainly rice and wheat continues to be
the main pillars of India’s food security (Kumar
et al., 2007). In India, rice is cultivated on about
approximately 42.75 m. ha. area with production
of 154.5 MT paddy and productivity of 2.41 t ha™!
(USDA, 2016). It is estimated by 2025 that 15-20
million hectares of irrigated rice lowlands, which
provide three quarters of the world’s rice supply,
are expected to suffer some degree of water scarcity
(IWMI, 2007). To eliminate hunger and under

nourishment for the world’s population by 2025, it
was estimated that the additional water requirements
may be equivalent to all freshwater withdrawal
used today for agriculture, industrial and domestic
purposes (SIWI, 2005). Therefore, there needs to be
a shift from conventional method of rice production
to maintain sustainability and from a nutritional
perspective. Among the non-conventional
methods of farming for rice is the system of rice
intensification which aims to improve nutritional
outcomes through both the own-consumption,
income pathways and environmentally friendly.

MATERIALS AND METHODS
Locale of the study

The study was conducted in north-eastern
region of India, in Tripura state. Two districts of the
state-South Tripura district and West Tripura district
were selected which contributed more than 42.89
per cent and 36.04 per cent of the total area under
SRI of the state, respectively. Agricultural situation
of the West Tripura district differs to some extent
from the other districts in regard to topography
soil, extent of rainfall, variation in temperature
and humidity which has resulted in difference in
cropping pattern. The availability of cultivable
land is limited in the district. Another constraint
for better agriculture practice is the minimum size
of the operational holdings. The paucity of plain
land available for cultivation of cereal crops is also
an imperative reason for attaching more stress on
exploring possibility of horticultural development
on hill land and introduction of plantation crops of
economic value like black pepper, cocoa, coffee,
cinnamon, high yielding early maturing varieties
of cashew nut, dwarf varieties like rabi, wheat,
groundnut, moong, maximum utilization of land by
growing multiple crops in the district. The South
Tripura district has been characterized by a humid
summer and a dry cool winter with plenty of rains
during July to October. Rain is brought by the
South West monsoon, which normally comes in the
month of May with maximum intensity of rainfall
during June-July. Autumn and Spring are of very
short duration. About 70 per cent of the catchments
lie in hills and as such bed slopes are very steep and
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the velocity of flood discharges is also high. South
Tripura is known as the granary of the state because
of its rich agricultural productivity manifested
in cultivation and harvesting of high quality rice,
potato, varied vegetables and fruits like mango,
jackfruit, litchi, pineapple, black berry, etc.

Sampling

From each selected district, two blocks were
selected on the basis of highest area under the
SRI method at second stage of sampling. In South
Tripura, Jolaibari block and Bokafa block were
selected while in West Tripura district Lefunga and
Bishalgarh blocks were selected. Two villages were
further selected from each of the selected blocks. A
total of 200 respondents were selected for the study,
out of which 100 respondents practised Non-SRI

method of rice cultivation. The detailed sampling
plan is presented in Table 1.

Data and analysis

Primary household data of 200 rice growers
(100 SRI and 100 Non-SRI) have been collected
(Table 1) on evolution of SRI in the state since
2003 onwards. The data on cost of cultivation of
rice under SRI and Non-SRI for both the seasons
of kharif and boro, annual household income from
different sources, expenditures, data on producer’s
surplus of rice were collected. The state has mono-
cropping pattern of rice in three seasons viz, aush,
kharif and boro. To work out the economic returns
in SRI and Non-SRI following formulae were use:

Gross returns = Value of the main product + by product

Farm business income = Gross income — Cost A2

Family labour income = Gross income — Cost B,

Net income = Gross income — Cost C2

Farm investment income = Farm business income — Wages of family labour.

To work out the livelihood security, the indicators used by CARE (1996) were used (Table 2).

Apart from above, indices health, habitat and economic security were worked out as follow:

(% difference in possesion of economic goods by SRI and Non SRI farmers)

Economic Security Index =

(Total number of items)

Table 1. Selection of districts, block, village and respondents

No. of households Selection of respondents (No.)

District Block Village

SRI  Non-SRI Total SRI  Non-SRI Total

South Tripura Jolaibari North Jolaibari 390 90 480 15 12 27

Kalshi 325 65 390 13 9 22

Bokafa Betaga 425 75 500 16 10 26

Charakbai 370 50 420 14 7 21

West Tripura Lefunga Lembucherra 252 108 360 10 14 24

Kamalghat 352 88 440 14 12 26

Bishalgarh Tebaria 225 145 370 9 19 28

Noapara 245 135 380 9 17 26
Total 2584 756 3340 100 100 200
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Table 2. Selected indicators for livelihood security indices

Livelihood

. Indicators
security outcomes

Measurement

Food Security Diet diversity

Calories Adequacy Ratio (CAR)

24 hours recall method
24 hours recall method

Women’s income
Women’s saving

Economic Security Extent of land

Levels of productive assets
Levels of unproductive assets

Z/annum

Z/annum

ha

Per capita value of livestock
Auvailability of unproductive assets

RESULTS AND DISCUSSION
Evolution of SRI method in India

System of Rice Intensification (SRI) is a
package of practices developed by Father Henri
de Loulanie at Madagascar during 1980’s to
overcome the problem of rice cultivation in acidic
soil (Patel et al., 2008). SRI method is focus
on improving the growing environment of rice
plants, above and below ground, by improving the
management of plants, soil, water and nutrients,
to stimulate the growth of bigger and better root
systems and the number and activity of beneficial
soil organisms (Hidayati et al., 2016). The method
is based on four components - quick and healthy
plant establishment, improved soil conditions,
weed control and water management. It has several
benefits over traditional/conventional method of
rice cultivation. The advantages of application of
SRI method compared to the conventional method
are less seed requirement, water savings up to 50%,
reduction in the use of inorganic fertilizers by 50%
if coupled with 50% organic fertilizer, or some
combination of organic fertilizer and biological
fertilizer, production costs reduced by 20%, and
increasing yield (Hutabarat, 2011).

SRI was first experimented by the organic
farmers of Pondicherry of India in the year 2000
(Prasad, 2007). The water saving potential of SRI
was an important trigger that attracted farmers
from many southern states to this new method
(Basu and Leeuwis, 2012). In India, the adoption
of SRI method was slow which started with about
1 million hectares of area under SRI cultivation,
making it 2.42% of total area under rice cultivation

in the country (Gujja and Thiyagarajan, 2009). This
method is regarded as a key means of boosting
national rice production under the Government of
India’s National Food Security Mission (NFSM).

SRI also gained popularity in North-eastern
region of India due to its potential for high yields
(Pathak et al., 2013). The first trial of SRI in North
East was done in the Bokafa sub-division of South
district of Tripura in the year 2001 (Anonymous,
2011). After two years of experiment conducted by
state agricultural research station, Tripura, it was
introduced at farmers’ field. In Tripura on an average
about 20 per cent higher yield was obtained from
SRI as compared to conventional practice. Tripura
state produces 176.13 thousand MT rice in 59.47
thousand ha of area with 2.81 t ha! of yield under
SRI method. As whole the state is producing 713.22
thousand MT rice in the area of 254.74 thousand
ha, in which SRI contributing 23.35 per cent and
24.69 per cent of area and production in the state
(Anon. 2013), respectively. Later on keeping in
view its performance success at farmers’ field SRI
method came into momentum from the year 2003
onwards and it keeps on to increase its coverage in
huge area of the state. Year wise adoption of SRI at
micro level at the farmers’ field termed as evolution
of (Table 3) has been estimated. In the year 2003
the area under the method was accounted of 0.32
ha and it increased 52.88 ha during 2014 (Fig. 1).
Similarly, the production of rice was estimated
to be 7.2 quintal during the first year (2003) and
it increased of 22.78 MT during 2014-15 (Fig. 2).
Despite of the increasing trend in area and
production of rice under the SRI in study area, the
yield of rice was found to be in fluctuation trends.
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Initially, the yield was estimated of 2.25 t ha’!
which has been increased to 4.31 t ha™' (Fig. 3).
Perhaps, the yield was the main reason behind
attraction of SRI to extend it in the larger area
of the state. The method has still potentiality to
increase the level of yield as estimated and reported
the yield to be 7-8 t ha! (Anon. 2013). Rice is
major crop in this region as well as in the state of
Tripura. Therefore, SRI has played a vital role in
enhancement of productivity and production of rice
to fulfil the requirement of food as well as nutrition
of human being in the state. The question of how
SRI method can more effectively contribute to
improved nutrition outcomes therefore requires an
answer that encompasses factors other than food
supply, and that takes into account other sectors in
addition to agriculture that contribute to nutrition.
Hence, the present study is an effort to provide
an overview of system of rice intensification and
its impact on the food, calories consumption and
health security of the rice farmers in the state.

Table 3. Evolution of SRI in Tripura during 2003 to 2014

Year Area (ha) Productivity (q ha™)
2003 0.32 22.50
2004 0.96 22.60
2005 2.72 24.15
2006 5.68 18.66
2007 7.44 34.02
2008 13.24 34.75
2009 19.08 32.20
2010 28.92 34.23
2011 34.62 38.75
2012 43.02 40.05
2013 51.02 42.19
2014 52.88 43.08

60.00

51.02 52.88

50.00

40.00

30.00

20.00

10.00

032 096
0.00

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fig. 1. Evolution of SRI area
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Fig. 2. Rice production under SRI since inception
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Fig. 3. Progress in yield of rice under SRI

Growth trends in area and production of rice
under SRI method

The compound average growth rate in
area under SRI for last ten year (2003-2012) was
estimated to be of 21.03 per cent with 0.47 per
cent in production of rice under SRI. The method
has been adopted very fast with increasing trends
(Table 4). Consequently, the production of rice has
increased from 7.20 q to 2278.10 q considering the
increase in production area (Table 4), but the rate of
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growth in production was not found an enthusiastic
and has been estimated to be merely 0.47 per cent
for last ten years. The probable reason may be due
to fluctuations in yield (Fig. 4). Fewer yields may
be due to climatic and technological factors as SRI
is known have method of certain principles.

2500.00

2000.00

500.00

Production (q)

1000.00

500.00

0.00

0:32 096 272 568 744 1324 19.08 2892 34.62 43.02 51.02 5288
Area (ha)

Fig. 4. Trends in area, production of rice in SRI method
during the year 2003-14

Table 4. Growth rate of area and production in rice under
SRI method of rice cultivation

CAGR  Production CAGR

Year  Area (ha) %) @ %)
2003 0.32 7.20

2004 0.96 21.70

2005 2.72 65.70

2006 5.68 106.00

2007 7.44 253.10

2008 13.24 460.10

2009 19.08 21.03 614.42 047
2010 28.92 989.90

2011 34.616 1341.22

2012 43.016 1722.60

2013 51.016 2152.22

2014 52.882 2278.10

Annual income and expenditure

The income and expenditure directly affect
the living standard of a household. The annual
income of SRI household (136309 per annum)
was higher than the Non-SRI farmers (3120338 per
annum) with the difference of 315970 per annum
(11.72%). Similarly, the annual expenditure of
SRI (X 90246 per annum) was more than Non-SRI

(X 83135 per annum) with the difference of 7.88 per
cent. Hence, SRI method has potential to enhance
the income of the farmers (Table 5).

Table 5. Annual income and expenditure of rice grower

Non-

. o
SRI SRI Diff. Diff. (%)

Income 136309 120338 15970 +11.72

(/annum)

Expenditure o016 83139 13647  +7.88

(%/annum)

Returns from rice crop

It was apparent from the analysis of returns in rice
production under SRI and Non-SRI that the SRI
method has realised more economic benefits than
Non-SRI in both the seasons of kharif and boro
(Table 6 and 7).

Table 6. Returns from rice cultivation under SRI and
Non-SRI during kharif season

SRI Non-SRI

1 0,
Farm Farm Diff (%)

Particulars

Total Gross

return (% ha'!) 70209.37

61865.67 +11.88

Return Including
Family labour
(Z ha!)

13519.51 973538 +27.99

Return
Excluding
Family labour
(X hal

26881.48 20609.38 +23.33

Farm business
income (GFI-
Cost A2) (X ha'!)

36237.73 29028.13 +19.90

Farm investment
income (Farm
business income-
wages of family
labour) (% ha!)

22875.76 18154.13 +20.64
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Table 7. Returns from rice cultivation under SRI

and Non-SRI during boro season (% ha™!)

Non-SRI  Difference
SRI Farm Farm %)

Particular

Total Gross

62680.33
return

61076.90 +2.56

Return Including
Family labour

(X hal

Return
excluding
Family labour

(X hal)

Farm business
income (GFI-
Cost A2) R ha™')

Farm investment
income (Farm
business
income-wages
of family labour)
(X ha)

9560.13  4177.83 +56.30

22794.30 17750.52  +22.13

32150.55 26169.27  +18.60

18916.38 12596.58  +33.41

Producer surplus of rice at SRI and non-SRI
household

The study of producer surplus is always
helpful to know the food security which directly
linked to economic prosperity of a farmer. The more
marketable surplus farmer is more is resourceful.
The marketable surplus was estimated and found to
be higher on SRI (63.64%) than Non-SRI (48.23%)
even it is higher than the marketed surplus within
SRI household. Hence, producer’s surplus analysis
shown SRI household has more retention power
than the non-SRI farmer (Table 8).

Food Security

Per capita food consumption in SRI and non-
SRI household

The consumption of food very much depends
on the quantum of food production at household.
Again the quantum of the food depends on the
way of production of food. The diversified food
consumed by the SRI and Non-SRI household was
estimated on the basis of individual consumption.

The quantity of rice consumption was found to
be higher on SRI (0.51 kg per capita per day) than
Non-SRI (0.45 kg per capita per day) household.
The consumption of meat, fruit, milk, eggs, and
nuts was found to be consumed more by the SRI
than the Non-SRI household except vegetable
intake. However, SRI households were observed
to take more quantity of different food items than
Non-SRI households. Therefore, SRI method has
played its role to enhance income of the household
and it made them to consume sufficient food item
than the Non-SRI (Table 9).

Table 8. Producer surplus of rice in SRI and Non-
SRI method (kg)

Particulars SRI Non-SRI
Production (kg) 2546.00 1938.43
a) Home Consumption 794.70 827.54
b) Seed 36.40 41.08
c) Feeds 79.39 73.56
d) Wages in kind 15.35 61.29
Sub-total (a to d) 925.84 1003.48

1620.16 934.95
Marketable surplus (63.64) (48.23)
e) Losses during 15.08 17.45
storage

1604.88 917.50
Marketed Surplus (63.00) (47.33)

Note : figures in parentheses are to the total production
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Table 9. Per capita food intake in SRI and Non-SRI
farmers in kg per day per person

Items SRI Non SRI % change
Rice 0.51 0.45 13.49
Pulse (Dal) 0.05 0.03 49.76
Meat 0.06 0.04 37.78
Vegetable 0.31 0.37 -15.74
Fruits 0.14 0.11 25.51
Milk 0.09 0.07 24.93
Eggs 0.32 0.21 47.83
Fish 0.07 0.06 1.26
Nuts 0.03 0.02 63.85
CONCLUSION

The study has revealed that SRI method has
been accepted by the farmers of the Tripura state
and area and number of farmers under SRI method
have been increased over the year. Thus, SRI has
left highly positive effect on every aspects of
livelihood security. The method has enhanced the
income of the SRI household. It has made capable
and more secure to the household of Tripura state
in nutritional food security. Producer’s surplus,
food, economic security all were found in better
side than Non-SRI. Therefore, study advocate to
prepare and initiate a comprehensive package of
practices on SRI for its more adoption. Hence, it
is suggested that SRI farming should be taken up
as the alternative method of yield enhancement.
The interface between agriculture and human
development provides a far more complete picture
of nutrition that relates supply to demand and
production to consumption.
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ABSTRACT

Fine tuning the nitrogen (N) recommendations, i.e. appropriate rate and time of N fertilizer application
is an important factor for enhancing the growth and quality performance of maize cultivars and reducing
N losses. Studies have shown that the normalised difference vegetation index (NDVI) and soil plant
analysis development (SPAD) values were highly related with leaf N content of maize (Zea mays) and
can sufficiently quantify the N requirements of maize plants. This study was conducted at New Delhi
during rainy season of 2014-15 to determine the effects of two maize cultivars (PEEHM 5 and PC 3),
three planting dates ( July 9, July 24 and August 7) and four N rates [Control (0 kg N ha™'), 30 kg N ha!
basal + 30 kg N ha™! when SPAD < 37.5 till silking Chlorophyll meter based (CMB), 30 kg N ha™! basal +
30 kg N ha'! when SPAD < 37.5 at knee-high, pre-tasseling, silking Chlorophyll meter based stage-wise
(CMBSW) and soil test crop response based (STCRB, 160 kg N ha™)] on different growth and quality
characteristics of maize under north Indian conditions. Among plant characteristics, NDVI, SPAD value,
leaf N content, total dry matter at maturity and leaf area index (LAI) were significantly higher in early
planting dates, i.e. July 9 and CMB N treated crop than others at all the growth stages of maize. SPAD
value recorded at tasseling stage were significantly correlated with estimated leaf N content and NDVI

value at tasseling stage and total dry matter produced at maturity across the treatments.

Key words : Leaf N, maize cultivars, NDVI, N fertilizer, SPAD

INTRODUCTION

Maize (Zea mays L.) is now the highest
producing cereal crop of world, growing over a
wide range of agro-climatic variations, and serving
as staple food for millions of people throughout
the world and an important animal feed (Sharma
and Dass, 2012; Ghosh et al., 2017; Kumari et
al., 2017). Moreover, it contributes to the ethanol
production and forms raw material for several
industrial products (Ghosh et al., 2016). In India,
maize contributes nearly 9% to the national food
grain production and constitutes a quality feed for

poultry and animals (Dass et al., 2015a). Despite, its
economic importance for food, feed and industrial
products, concerns exist in maize cultivation,
particularly related to nutrient management. Among
various agricultural inputs, fertilizers contribute
about 30-50% towards yield performance (Stewart,
2002; Dass et al., 2015b; Joshi et al., 2018). Of late,
growing awareness about impaired soil health,
declining or stagnating productivity growth and
decreasing nutrient-use efficiency (NUE) are
compelling the farmers to use higher levels of
fertilizers, mostly N and P fertilizers, particularly
during the last two decades leading to over mining
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of other major, secondary and micro-nutrients
(Dass et al., 2014a). Besides this, environmental
pollution and global warming are the other serious
issues related to existing nutrient management
practices (Dass et al., 2014 b), especially so for N
management with a low recovery efficiency.

N is a major yield determining factor
required for maize (Shanti et al., 1997). Inefficient
N fertilization in maize production system causes
excessive nitrate levels in groundwater and
leachate and N-induced hypoxia in estuarine
areas from agricultural sources (Mclsaac et
al., 2002). N leaching losses increased and use
efficiency decreased when fertilizer application
rates exceeded crop N requirements (Van Es et al.,
2002). N fertilizer application in 1-3 doses on the
basis of soil test value is one of the widely followed
approaches. However, the accuracy of this method
is limited due to extensive sampling requirement
in a short period of time (Ma and Dwyer, 1999)
and high leaching losses in humid areas. Thus,
precise application of optimum dose of N fertilizer
according to crop demand is a compelling
need to reduce losses and increasing efficiency
(Ostergaard, 1997; Dass et al., 2014a, b). Two of
such precision technologies, among many, namely,
Normalized Difference Vegetation Index (NDVI)
and chlorophyll (SPAD) measurement are widely
used spectral indices involving optical sensing due
to their ease of operation and effectiveness. NDVI
measurements are related to reflectance by crop
canopy in the visible (VIS) (400-700 nm) and near
infrared (NIR) (700-1300 nm) spectral light bands.
The NDVI value is calculated using the following
equation:

NDVI = (NIR - VIS)/ (NIR + VIS)

The visible light reflectance by the crop
canopy is primarily dependent on chlorophyll
content of leaves (Campbell, 2002) and thus, greater
leaf area and green plant biomass levels result in
higher reflectance and higher subsequent NDVI
values. Ercoli et al. (1993) reported a strong linear
relationship between leaf chlorophyll concentration
and leaf nitrogen (N) concentration. A good
relationship has been documented between plant

NDVI and plant N status (Rui et al., 2009; Rambo
et al., 2010). Values from the chlorophyll soil plant
analysis development (SPAD) meter (Minolta
Camera Co., Osaka, Japan) are highly correlated
with the N status of crops such as corn (Zea
mays L.) (Blackmer and Schepers, 1995) because
chlorophyll content depends on N supply (Pandey
et al., 2000). Thus, a study involving comparative
analysis of SPAD meter based N application with
soil test value method and their effect on growth
and relationship with spectral indices is imperative
for making valid recommendations. Agronomic and
physiological performances of maize vary greatly
with different maize cultivars. Odeleye and Odeleye
(2001) also reported that maize varieties differ in
their growth characters, yield and its components.
PEEHM 5 and PC 3 are two maize cultivars
recently developed by IARI and recommended for
cultivation in northern, north-east hill region, and
southern India. Hence, an attempt has been made to
evaluate the performances of these varieties under
precise N management strategies. Planting dates
also influence production and yield of maize due to
alteration climatic elements (rainfall, temperature
and relative humidity). Sarvari and Futé (2000)
reported that each hybrid has an optimum sowing
date, deviation from which (early or late sowing
than optimum), can result in severe yield loss. These
findings are enough reasonable to investigate the
responses of different maize varieties to different
growing environments to determine optimum
planting conditions. Very few, if any, studies have
characterized growth and yield of maize cultivars
PEEHM 5 and PC 3 in response to changing
environmental conditions resulting from a range
of planting dates under Northern India conditions.
Keeping all in view the present investigation was
carried out evaluate the effect of planting dates and
N application rates on growth and quality of maize
cultivars using crop canopy sensors.

MATERIALS AND METHODS

An irrigated field experiment was conducted
at the research farm of Division of Agronomy,
ICAR-Indian Agricultural Research Institute, New
Delhi (28°38'23" N, 77°09'27"E and 228.6 m above
MSL of Arabian sea) during kharif season 2014-15
on sandy loam soil. During the crop growth period in
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kharif season of 2014-15, mean weekly maximum
and minimum temperature, weekly maximum and
minimum relative humidity, sun shine hours per day
and evaporation were 34.23°C, 22.79°C, 84.81%,
53.24%, 5.6 hrs and 6 mm day™', respectively. Crop
season received rainfall of 56.38 mm with a weekly
average of 3.13 mm. The experimental design was
split plot with three replications and 72 plots. Plots
consisted of seven rows (60 cm inter-row spacing)
and 4.8 m long with 3 m width.

Initial soil test indicated mean values of
soil pH of 7.4, organic carbon of 0.58%, available
phosphorus of 18.7 kg ha™!, and available potassium
of 262 kg hal. Treatments consisted of 24
combinations with two varieties viz. hybrid variety
PEEHM 5 and composite variety Pusa Composite
3 (PC 3) and three planting dates i.e. July 9, July
24 and August 7 in the main plot and four nitrogen
application rates i.e. control (0 kg N ha™') (control),
30kg N ha™! basal + 30 kg N ha! when SPAD <37.5
till silking (CMB) , 30 kg N ha'! basal + 30 kg N
ha™! when SPAD < 37.5 at knee-high, pre-tasseling,
silking (CMBSW) and soil test crop response based
(STCRB, 160 kg N ha') in sub plot.

Standard package and practices were followed
to raise a healthy maize crop except treatments.
Maize seeds (properly treated with insecticides)
were dibbled on flat beds prepared manually by
using 20 kg seed ha!. Nitrogen in the form of urea,
phosphates as single super phosphate (SSP), potash
as muriate of potash (MOP) were applied at the time
of land preparation as basal. Subsequent N fertilizer
after basal application was broadcasted based on
SPAD meter reading taken according to treatment
requirements. For zinc application, zinc sulphate
(ZnSO,) was used. To control weeds, atrazine
@1.0 kg a.i. ha as pre-emergence herbicide was
sprayed. Four post sowing irrigations and one
extra irrigation for PC 3 were applied in maize to
supply the adequate moisture at different stages
for each planting date. Relative chlorophyll (SPAD
values) content were measured in upper most fully
expanded maize leaves with Minolta SPAD-520
meter (Konica Minolta Sensing, Inc., Japan) from
at least ten plants from second row in maize crop
at 10-day interval and also at knee-high, tasseling

and maturity stages averaged out. The NDVI
measurements were taken with the Green Seeker™
Handheld Optical Sensor Unit (N Tech Industries,
Inc., USA) in the central rows of all plots and the
instrument gives out digital values of NDVI. To
determine total dry matter accumulation (DMA) in
maturity, five plants from the sampling rows, i.e.
second rows from boarder were uprooted, separated
into different plant parts, air dried in shade for five
days and finally oven dried at 70 + 2°C till a constant
weight was recorded. Total dry matter at maturity
was calculated by using following formulae:

Total dry matter at maturity = [leaf dry
weight + stem dry weight + cob (grain + rachis)
weight + husk weight]

The leaf area was measured from the leaves
of five sampled plants at knee-high and tasseling
stages by using the leaf area meter (Model LI-
COR-3100) and leaf area index was worked out as
leaf area per unit land area.

N content in leaves of maize plants was
estimated following standard procedure (Rana et
al., 2014). The data relating to each parameter of
maize were analyzed by technique of ‘analyses of
variance’ for split-plot design (Rana et al., 2014).
The standard error of mean (SEm+) and critical
differences (CD) values at 5% level of significance
were calculated for comparing the differences
among treatment means.

RESULTS AND DISCUSSION

In several past investigations, different
maize genotypes have been reported to vary in
ecological amplitude of adaptability and ability to
intercept and use growth factors efficiently. Thus,
they exhibit different growth, vigour and quality
performances. Accordingly, in present experiment,
aninterpretation of facts indicated that hybrid variety
PEEHM 5 recorded significantly higher amount
of total DMA at maturity and 284 cm? per plant
more leaf area at knee-high stage than composite
PC 3. But at tasseling stage PC 3 recorded more
leaf area (Tables 1, 2). Sharifi et al. (2009) also
reported significant differences among different
maize cultivars (including hybrids) in terms of
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DMA, above-ground biomass and grain yields due to
differences in maize cultivars to stomata conductance
value and in partitioning of photosynthetic materials
towards economic yield (Ghosh et al., 2017;
Kumari et al., 2017). During initial growth stages
(seedling and knee-high), PEEHM 5 exhibited faster
growth rate and higher N uptake. This resulted in
significantly higher leaf N content in PEEHM 5 than
PC 3 at early growth stages. However, at tasseling
and maturity stages, variety PEEHM 5 recorded
significantly lower leaf N content because N was
spent to produce carbohydrate in grain, and grain
yield of the variety PEEHM 5 was significantly
higher compared to PC 3. Thus, the difference in leaf

N on an average between the varieties was nullified
because composite PC 3 recorded poor above ground
biomass (leaf + stem) and hence lower leaf N content
during early stages of crop growth while at later
stages it rapidly increased the same containing more
leaf N than PEEHM 5. As a consequence, SPAD
values did not vary significantly among the cultivars
(Table 2). More amount of vegetation, or active
photosynthetic tissue, will increase the amount of
light absorbed in the red spectrum and light reflected
in the near-infrared spectrum, and thus NDVI value
(Federer et al., 1966). Correspondingly, PEEHM 5
showed significantly higher NDVI value at knee-
high stage.

Table 1. Effect of varieties, planting dates and chlorophyll meter based N application on total dry matter at maturity,
leaf N content, NDVI and SPAD meter readings of maize at knee-high and tasseling stages

Dry matter at Leaf N content (%) NDVI SPAD values
freatment (rgjl;tlzill:-}l]) I}firzlge; Tasseling Maturity Ii?;ﬁ_ Tasseling Ii?;ﬁ_ Tasseling

Varieties

PEEHM 5 189.2 1.76 2.28 1.13 0.55 0.61 40.05 41.17
Pusa Composite 3 180.9 1.66 2.38 1.18 0.46 0.64 38.52 42.21
SEm (%) 1.36 0.04 0.03 0.01 0.00 0.01 0.55 0.67
CD (P=0.05) 4.08 0.12 0.09 0.04 0.01 0.03 1.64 2.00
Planting dates

July 9 192.9 1.86 240 1.19 0.59 0.68  41.44 43.46
July 24 187.6 170 233 1.15 0.50 0.63 39.01 41.62
August 7 174.5 1.58 227 1.13 0.43 0.56 37.40 39.99
SEm (+) 1.67 0.05 0.04 0.02 0.00 0.01 0.67 0.82
CD (P=0.05) 4.99 0.14  0.12 0.05 0.01 0.04 2.00 2.45
Nitrogen

Control 150.0 1.21 1.64 0.80 0.35 0.47 19.65 23.38
CMB 2123 2.00 2.62 1.29 0.60 0.70 48.15 50.19
CMBSW 187.9 1.81 2.54 1.27 0.54 0.66  44.87 46.69
STCRB 189.9 1.84 252 126  0.54 0.67  44.46 46.50
SEm () 1.84 0.03 0.05 0.03 0.01 0.01 0.68 0.65
CD (P=0.05) 5.29 0.07 0.14 0.07 0.02 0.03 1.97 1.88

CMB: Chlorophyll meter based N application up to silking i.e. 30 kg ha™! N basal + 30 kg ha! N top-dressed each
time leaf SPAD value falls to < 37.5; CMBSW: Chlorophyll meter based N application stage-wise i.e. 30 kg ha! N
basal + 30 kg N top-dressed each at knee high, pre-tasseling and silking stages when SPAD value falls to < 37.5;

STCRB: Soil test crop response based N application.
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Table 2. Effect of varieties, planting dates and chlorophyll meter based N application on leaf area and LAI of maize

at knee-high and tasseling stages

Leaf area (cm? plant™) LAI
Treatment ; ; - -
Knee-high Tasseling Knee-high Tasseling

Varieties
PEEHM 5 5088 5718 4.24 4.76
Pusa Composite 3 4520 6000 3.76 5.00
SEm () 88.4 63.1 0.04 0.05
CD (P=0.05) 265.2 189.2 0.22 0.16
Planting dates
July 9 4921 6299 4.10 5.25
July 24 4909 5977 4.09 4.98
August 7 4582 5300 3.81 4.42
SEm (%) 108.3 77.3 0.05 0.06
CD (P=0.05) 324.7 231.8 0.27 0.19
Nitrogen
Control 3450 4127 2.88 3.44
CMB 5869 6801 4.89 5.67
CMBSW 4919 6261 4.10 522
STCRB 4979 6246 4.15 5.21
SEm (&) 147.8 111.1 0.06 0.09
CD (P=0.05) 425.6 320.1 0.36 0.27

CMB: Chlorophyll meter based N application up to silking i.e. 30 kg ha! N basal + 30 kg ha"! N top-dressed each
time leaf SPAD value falls to < 37.5; CMBSW: Chlorophyll meter based N application stage-wise i.e. 30 kg ha! N
basal + 30 kg N top-dressed each at knee-high, pre-tasseling and silking stages when SPAD value falls to < 37.5;

STCRB: Soil test crop response based N application

Early planting on July 9 resulted in vigorous
growth and higher biomass yield (leaf area) due to
favourable climatic conditions. Meteorological data
revealed that August 7 planted crop experienced
considerably low relative humidity in comparison to
July 9 and July 24 (Mean average daily RH during
the respective crop growth periods: 66.4, 69 and
70.3%) planted crop at the time of tasseling which
may be a probable explanation for low grain yield,
and hence total DMA at maturity. NDVI value was
recorded significantly higher in July 9 sown plants
at all growth stages than other planting dates due to
higher canopy cover (Trout et al., 2008). N content
in leaf was also significantly higher in crop sown
on optimum time than delayed planting because of

higher N uptake due to higher root length at knee-
high stage (July 9: 225.4 cm, July 24: 219.3 cm
and August 7: 195.3 cm) and conducive moisture
regimes (Total rainfall during 16-23 July, 2014: 133
mm compared to 14-23 August, 2014: 0 mm) that
enabled the plants to explore much greater volume
of resource poor soil and capture nutrients and also
favourable precipitation helped in mineralization
of organic matter. Higher leaf N content resulted
in significantly higher SPAD value in early planted
crop (July 9 and July 24) at all the growth stages.

Chlorophyll meter based N (CMB)
application significantly increased total dry matter
production at maturity and LAI at vegetative
growth phase than other N treatments due to split N
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fertilization as per crop demand limiting the chances
of N deficiencies. Continuous supply and uptake
of N in CMB resulted in significantly higher leaf
N content, SPAD and NDVI values due to greater
canopy cover, chlorophyll content and vigorous
plant growth compared to control and STCRB N.
Dass et al. (2014), in line with our findings, also
concluded that chlorophyll meter based N gives
higher yield than STCR based N application, with
considerable saving on N fertilizer.

Relationship among different parameters
have been studied in an attempt to discuss and
clarify the behavioural trend of corn genotypes
under different environmental conditions finding
cause and effect criteria. Higher nutrient uptake

and concentration may attribute to higher leaf area
and biomass production. Total DMA at maturity
was significantly and positively correlated with
LAI and leaf N content at tasseling, and both NDVI
and SPAD value measured at tasseling stage were
significantly (critical value of r at p=0.05 with d.f.
3 is 0.878) correlated with Leaf N content and LAI
at tasseling stage and total DMA at maturity across
the treatments. However, regression analyses
revealed that total DMA at maturity had a linear
relationship with LAI recorded at tasseling stage,
while the relationship between NDVI and LAI at
tasseling stage and SPAD value recorded and leaf
N content at tasseling stage is quadratic (higher
1 value than linear relationship) considering all
treatments (Table 3; Figs. 1, 2 ,3).

Table 3. Correlation between total dry matter at maturity, NDVI, SPAD, leaf N content and LAI at tasseling stage

across the treatments

Total dry matter LAI at Leaf N content ~ NDVI at SPAD value at
at maturity tasseling at tasseling tasseling tasseling
Total dry matter at maturity 1
LALI at tasseling 0.952%* 1
Leaf N content at tasseling 0.902* 0.967* 1
NDVI at tasseling 0.927%* 0.992%* 0.944%* 1
SPAD value at tasseling 0.927* 0.970%* 0.997* 0.944%* 1
*p<0.05 (two-tailed test)
251
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Fig. 1. Correlation between LAI at tasseling and total
DMA at maturity

Fig. 2. Correlation between NDVI and LAI at tasseling
stage
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Fig. 3. Correlation between SPAD value and leaf N
content at tasseling stage

Overall, it could be concluded that plant
characteristics, NDVI, SPAD value, leaf N content,
total dry matter at maturity and leaf area index were
significantly higher in early planting dates (July 9)
and CMB N [30 kg N ha™! basal + 30 kg N ha'at
SPAD value < 37.5 till silking] treated crop. SPAD
values were significantly correlated with estimated
leaf N content indicating that leaf N contents in
maize leaf can be estimated non-destructively by
using SPAD meter (Chlorophyll meter).
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ABSTRACT

A field experiment was conducted during wet seasons of three consecutive years, viz. 2013-15 under

typical rainfed upland situation to evaluate the performance of different weed management techniques

for improving the overall productivity and to work out the economics of different weed management

practices in Vandana variety of rice. The highest grain yield (3.18 t ha™') was observed in weed free

condition where three hand weeding at 15, 30 and 45 DAS has been done followed by two hand weedings

(2.97 t ha'') at 15 and 35 DAS, which was at par with the stale seed bed + post emergence application
of Azimsulfuron 35 g a.i. (2.86 t ha™') with weed control efficiency (WCE) of 90.8 per cent. Yield
reduction due to weed competition in weedy plot was 58% over weed free check. Use of Azimsulfuron

at 35 g a.i. per ha at 20 DAS proved to be more cost effective over the other treatments (BC ratio 1.21).

Thus, use of Azimsulfuron at 35 g a.i. per ha 20 DAS was found to be the most cost-effective practice

in upland conditions simulating the conditions prevalent in the present study.

Key words: Economics, upland rice, weed management, yield attributes

INTRODUCTION

Direct seeded rice crop in upland situation
face great weed competition in kharif season which
limits its productivity. Weeds cause substantial
yield losses (50-100%) and are considered the most
important constraints in realizing the targeted high
yields (Saha and Rao, 2007; Ogwuike et al., 2014;
Raoetal., 2015). Aerobic soil condition, favourable
temperatures and dry tillage practice encourage
the germination and growth of diverse and highly
competitive weed flora (Moorthy and Manna, 1993;
Rao et al., 2007, 2015). The weeds compete with
rice crop for nutrients, sun light and other necessary
factors thereby causing the yield loss drastically and
different rice varieties also respond differently to
weed population (Garrity et al., 1992). Traditional
method of weeding is very labour intensive, costly
and time-consuming practice along with drudgery.

Now-a-days, labour availability and that again at
time of need is not very easy, which adds up the
weed problem as weeding at critical times saves
labour and improves yield both in quality and
quantity (Prasad and Rafey, 1995; Juraimi et al.,
2013; Chauhan et al., 2015).

To overcome this barrier various weed
management practices (application of different
herbicides and other management practices) are
being followed, but most of the single practice are
not fully effective and also economic (Tiwari and
Singh, 1989; Chauhan, 2012; Juraimi et al., 2013).
This strongly reiterates the demand for combining
different weed management techniques to minimize
the overall weed competition and reduce the total
cost involved in weeding operation (Bhurer et al.,
2013; Singh et al., 2016; Thakur et al., 2018). Thus,
this experiment was conducted in a typical upland
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situation to evaluate the efficiency of different
weed management techniques and their economic
viability.

MATERIALS AND METHODS

A field experiment was conducted at Krishi
Vigyan Kendra Cuttack, Santhapur during kharif
of three consecutive years viz. 2013-2015 under
typical rainfed upland having soil type of red
lateritic, light in texture with acidic in reaction (pH
5.2 to 5.4) having organic carbon content (0.43 to
0.45%) total nitrogen (0.058 to 0.069 %), available
phosphorous (10.8 to 15.1 kg ha™!) and potassium
(111.08 to 130.5 kg ha™).

The experiment was conducted inrandomized
block design with ten weed management practices
(treatments) in four replications with upland rice
variety “Vandana”. The treatments consisted of
T,: Stale seed bed + post emergence application of
A21msu1furon (30 g a.i. ha!) at 20 day of sowing
(DAS), T,: Pretilachlor (750 g a.i. ha’ ! + 1 hand
weeding (HW 35 DAS), T,: Pretilachlor (750 g
a.i. ha') + 1 mechanical weedlng (MW; 30 DAS),
T,: PSE (Pyrazosulfuronethyl (PSE; 20 g a.i. ha™)
+ 1 HW 30 DAS, T,: PSE (20 g a.i. hal) +1
MW 30 DAS, T MW twice (15 and 30 DAS),
T.: Azimsulfuron (35 g ai. ha'') at 20 DAS, T
Hand weeding twice (15 and 35 DAS), T,: Weed
free (HW at 15, 30 and 45 DAS) and TIO: Weed
infested plot. Mechanical weeding was done with
finger weeder. Rice variety “Vandana” was sown in
rows behind the country plough at spacing of 20
cm during third week of July using a seed rate of
80 kg ha!" A fertilizer dose of 40:20:20 kg N: PO
and K,O was applied as basal in the seed furrows
in the form of single super phosphate and muirate
of potash. Half of the N was applied to the crop at
20 DAS and rest two equal halves at 45 DAS and
at panicle initiation (PI) stage. The weed density
and dry wt. of weeds were recorded at 60 DAS
with the help of 0.25 m? quadrants and converted
per m? basis. Plant height (cm), number of panicles
(m?), number of grains (panicle™), grain weight
(n=1000), grain yield, straw yield, weed density (45
DAS), weed dry matter (60 DAS) and weed control
efficiency (WCE; 60 DAS) were recorded for all

the treatments. Weed control efficiency (WCE)
denotes the magnitude of weed reduction due to
weed control treatment. It was worked out by using
the formula suggested by Mani et al. (1973) and
expressed in percentage.

WCE (%) = 100 x (Dry weight of weeds in
unweeded control-dry weight of treatment plot) / (Dry
weight of weeds in unweeded control)

The cost of cultivation, gross return, net
return were calculated in rupees per ha and the
benefit: cost was also calculated.

RESULTS AND DISCUSSION

In the experimental fields, grasses viz.
Cynadon dactylon, Eragrostis gangetium, Setaria
glauca, Dactyloctenium  aegyptium,  sedges
viz. Cyperus rotundus, Cyperus iria, Cyperus
compressus, Fimbristylis miliacea and broad leaf
weeds viz. Celocia argentea, Ludwigia perennis,
Lindernia ciliata, Sida rhombifolia were present
as the major weeds. The broad-leaved weeds were
the most predominant comprising 50-60% of total
weed population in each year followed by sedges
(30-40%) and grasses (10-15%).

The results revealed that the weed density
(m?) in chemical weeding when integrated with
cultural management practices, i.e. stale seed bed
(T,) resulted in similar weed density and also weed
control efficiency (Table 1) as observed in triple
and double hand weeding treatments (T,, T,).
In these groups, the weed count and dry matter
accumulation by weeds were significantly reduced
over weedy check. The data on weed dry matter at
60 DAS when expressed as gram per square meter
followed similar pattern. However, weeding with
Pretilachlor and Pyrazosulfuron ethyl along with
hand weeding or mechanical weeding had lower
weed control efficiency in our field conditions.
Similar to our findings, Behera et al. (1997) also
got similar results while evaluating the efficiency
of Butachlor + one HW or MW with finger weeder
in controlling weed population in upland rice fields.
Thus, timely weed control is considered to be the
most critical for enhancing the productivity of
rainfed upland rice (Saha et al.,1999). Among the
various weed management techniques, the lowest
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weed density and dry matter of weeds were recorded
in weed free check having the highest WCE where
three weedings were done. The treatment where
two hand weedings were done recorded the second
lowest weed density, dry matter of weeds and
higher weed control efficiency closely followed
by the treatment stale seed bed + post emergence

application of Azimsulfuron. On application of
different combinations of herbicides and cultural
practices, Singh et al. (2016) recommended the use
of good tillage practice along with herbicide chosen
based on the dominant weeds in the system. This
may be the reason Azimsulfuron acted as the best
herbicide in the present study (Table 1).

Table 1. Performance of rice crop under different weed management techniques (pooled data)

Treatment beighe POUes Orims 1000 grin QN Swawyied o TR WCE
(cm) (no. m™* panicle” weight (g) (tha)) (tha™) (no.m?2) DAS (g m?) (%)
T, 109.1 220 72.4 24.08 2.86 5.44 74.5 8.2 90.8
T, 102.5 202 68.8 23.41 2.19 4.09 90.8 24.8 72.2
T, 101.2 198 68.0 23.32 2.06 3.84 94.2 27.7 68.8
T, 107.1 215 70.4 23.75 2.58 4.48 80.8 17.1 80.7
T, 103.4 210 70.0 23.48 2.36 4.43 86.7 21.4 75.9
T, 108.8 218 71.7 23.98 2.72 5.16 76.5 11.6 86.9
T, 107.6 216 70.8 23.93 2.70 5.10 78.2 12.4 86.0
T, 110.1 226 73.0 24.21 2.97 5.60 68.7 7.2 91.9
T, 110.5 228 73.4 25.37 3.18 5.38 65.5 0 100.0
T, 94.9 140 57.2 23.28 1.34 2.62 148.9 88.7 -
CD
(P=0.05) 8.0 7.2 5.4 0.46 0.17 0.21 10.2 7.08 5.64

The data on plant height differed significantly
among treatments, where the weed population had
a negative effect on plant height as T, T, and T,
had higher plant height when compared to the
weedy control or groups with less WCE (Table 1).
Similar trend was also observed in case of other
yield contributing parameters like panicle number,
grains per panicle and grain weight, indicating
weeds affect these parameters and the effect was
significantly different than that of the control.
Pooled data of three years revealed that the
highest grain yield (3.18 t ha'') was observed in
weed free condition where three hand weedings
at 15, 30 and 45 DAS has been done followed
by two hand weedings (2.97 t ha!) at 15 and 35
DAS, which was at par with the stale seed bed +
post emergence application of Azimsulfuron 35
g a.i. (2.86 t ha™') with a weed control efficiency
(WCE) of 90.8 per cent. The yields obtained in the

treatments; T, Mechanical weeding twice and T,
(Azimsulfuron @ 35 g a.i. ha! at 20 DAS) were
comparable to each other. Higher grain yields in
these treatments was attributed to better control of
weeds as observed from lower weed density and dry
matter accumulation by weeds and increased yield
attributing characters like higher number of panicle
m> grains panicle”! and grain weight. Tiwari and
Singh (1989) also recorded similar results in rainfed
upland rice. Similar result was reported by Bhurer
et al. (2013) who observed that weed free plot had
the highest yield followed by pendimethalin 30 EC
followed by two hand weeding and pendimethalin
followed by 2, 4-D then one hand weeding. The
maximum yield reduction due to weed competition
was recorded 58% in weedy plots. Plant height
and straw yield were also increased where weeds
were controlled either by twice hand weeding
or integrating chemicals or mechanical method
(Table 1). Bhurer et al. (2013) also recorded similar
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findings in direct seeded rice on grain yield and
yield attributing characters.

The cost of cultivation varied among the
treatments due to involvement of mechanical
weeder, labour and chemicals as inputs in different
weed management techniques (Table 2). Hand
weeding thrice (T,) or twice (T,) were the costliest
input wise, whereas T,, T, and T, had lower input

costs. The negative values in terms of net returns
(5350 and X1320) were observed in case of T,
and T, treatments due to lesser gross return and
higher cost of cultivation due to labour requirement
in hand weeding and mechanical weeding,
respectively. Thus, it is imperative that weed
management through chemical at right time will be
most economical in rainfed upland rice production
system (Table 2).

Table 2. Economics of different weed management techniques

Treatment Cost of cultivation (3 ha!) Gross return (% ha™) Net return (% ha'!) B: C
T, 27050 31180 5130 1.20
T, 30150 23800 -5350 0.82
T, 24700 22380 -1320 0.94
T, 28150 28060 910 1.03
T, 24550 25670 2120 1.09
T, 26200 29640 4440 1.18
T, 25350 29400 5050 1.21
T, 29650 32330 3680 1.13
T9 32650 34450 2800 1.09
T10 19250 14680 -3570 0.80

In similar studies, weed free treatments
resulted in the highest yield, but not economical
due to high cost of cultivation (Bhurer et al., 2013).
The highest benefit: cost (BC ratio: 1.21) was
observed with T, (Azimsulfuron 35 g a.i. ha'! at
20 DAS) closely followed by T, (stale seed bed +
post emergence application of Azimsulfuron 30 g
a.i. ha'!), whereas a negative BC ratio was obtained
in T, and T, due to higher input cost (T,), low weed
control efficiency (T, , T,) and lower rice yield
(T, .,T,) in these treatments. In terms of return,
the highest net return (35130.00) was observed
with T, but due to higher cost of cultivation than
T, the BC ratio was reduced in the former treatment.
Mechanical weeding with finger weeder at 15 and
30 DAS also had similar BC ratio as T, and T,due
to its effectiveness in weed control (Table 1).

CONCLUSION

The present study indicated that weed free
condition (three hand weedings at 15, 30 and 45

DAS) and two hand weedings (15 and 35 DAS)
were superior in weed control, but the stale seed bed
+ post emergence application of Azimsulfuron 35 g
a.i. and use of Azimsulfuron at 35 g a.i. per ha at
20 DAS were proved to be more cost effective over
all the other treatments in upland conditions used
in the study. However, the weed characteristic and
their population should be targeted when selecting
the herbicide.
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ABSTRACT

Some of the horticultural crops are reproduced by asexual methods of plant propagation to regenerate
clonal varieties although the sexual propagation method has also practiced for different plants. This
can be done naturally for those plants which are propagating by vegetative means through specialized
organs or by human intervention for targeted crops. The specialized plant organs are those plant parts
which have used for storage of food reserves and propagation purposes. They reproduce by dividing and
further separating the organs from their mother plants and are propagated to produce new clonal plants.
Propagation by division is a form in which a group of plants or plant parts are cut which contains one
or more of the underground or aerial roots or stem parts. This method is commonly used for different
economically important horticultural crops viz. apple propagated by tongue grafting, grape propagated
by hard wood cutting, strawberry by runner, potato by tuber, onion by bulb etc. In different field of
horticultural crops propagation industry, identifying the appropriate plant parts that used for propagation

and their methods of propagation are fundamental for plant propagators.

Key words: Bulb, hard wood cutting, propagation, runner, tongue grafting, tuber

INTRODUCTION

Among the plant species found on the land
surface, a higher form of plant species occupy a
wide variety of habitats over the others (Bhende and
Kurien, 2015). This wide adaptability determines
the tendency to perpetuate in to particular
environment by producing their offspring’s to
survive. This can happen by different reproduction
methods viz. by sexual reproduction which is most
important method for many plants and asexual
reproduction method when reproduction by seed is
limited (Bryant, 1995).

A vegetative reproduction is the process
of multiplication in which a portion of fragment
of the plant body functions as propagates and
develops into a new individual plant which
involves the production of new plants without the
act of fertilization or sexual union. Further can be

said that, vegetative propagation of plant is a form
of plant propagation in which the new individual
plant arises from any vegetative part of the parents
(root, stem, leaf and other organs), and possesses
exactly the same characteristics of their parent plant
from which it was derived. According to Agrios
(2005), clonally propagated plants are categorized
as those cultivated for vegetative product and
those cultivated for a fruit or reproductive product
that mostly practiced in fruit trees propagation.
In higher plants, any part of the structure may
be capable of vegetative propagation. Many
plants produce modified stems, roots, and leaves,
especially for natural vegetative propagation. The
most commonly known vegetative propagation of
plants includes propagation by cuttings, which is
obtained either from stem, leaf, root: by layering,
by grafting, by modified specialized organ or by
micro-propagation methods. But, In case of lower
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plants, propagation occurs through binary fission,
budding, fragmentation, formation of adventitious
branches, gemmae, resting buds and sporadic (in
lichens). All these methods of plant propagation
by vegetative organ occur naturally but at the same
time, man too has developed various methods of
artificial vegetative propagation for many useful
plants which are widely used in the horticultural
industry. To do this, knowledge and skills of
identification of plant organs which has to be
used for plant propagation is paramount important
for horticulturalists in order to multiply as per
requirements. Therefore, the aim of this review
paper is to discuss the propagation methods of
selected horticultural crops by specialized organs.

Propagation by specialized organs

The plant is composed of four primary
organs viz. roots, stems, leaves and flowers, which
can be used as material for propagation. The most
commonly utilized form of plant reproduction by
people is seeds. But, a number of asexual methods
including cutting, grafting, budding, layering,
division, separation and micro-propagations are
utilized when seed propagation is not feasible.
Also an asexual methods of plant propagation are
important to multiply cultivars with individual
desirable characteristics that do not come to true
from the seeds, to ensures the faster initial plant
growth and higher survival rate of the plant, to
produce higher yield with quality product, to
reproduce plants which have a short life span and
seed dormancy and to propagate a plants which
are sterile to reproduce by seeds Hasan et al.
(2011). Early (2008) clearly elaborated the role of
vegetative propagated crops that almost all of the
plants sold as perennials, bulbs, corms, trees and
shrubs are vegetative propagated because most of
them are hybrids which will not breed true to type
from seeds. In many plant organs modifications
exist to enable natural vegetative propagations. Of
these, the stem is the most important one which
produces a bud that completely grow to new plant
with roots, stems and leaves. All daughter plants
produced from these organs are identical called
‘clones’ of the mother plant and may serve as food
stores. These stored foods enable to quickly burst

growth of plants in the spring, e.g. iris rhizomes
(Henry, 2005). According to McKey et al. (2010)
and Stewart and Globig (2011), clonally propagated
food crops encompass a huge range of phylogenetic,
morphological and ecological diversity. Different
parts of clonally propagated plants have been
selected to provide food and clonal propagates such
as stems, roots, leaves, fruits, under or sub-aerial
specialized storage organs and even seeds. The
specialized vegetative structures includes runners,
suckers, crown, offsets, bulbs, corms, tubers,
tuberous roots, rhizomes and pseudo-bulbs are
used primarily for the storage of foods, nutrients
and water during adverse environmental conditions
and for germplasm propagules. Plants possessing
these modified plant parts are generally herbaceous
perennials, in which the shoots die down at the
end of a growing season but the fleshy vegetative
structure usually do not die and remains viable in
the soil, which put forth new vegetative growth in
the next season (McKey et al., 2010). Plants that
survive as underground storage organs are called
genotypes that can withstand period of adverse
growing conditions in their regular growth cycles
and used as propagules. For instance, potato tubers
are modified stems that store starch in swollen
underground structures known as tubers which
serve as a seed for raising commercial potato
crops. Different horticultural crops propagated
by specialized organs either dividing them or
separating from their mother plants in order to get
smaller planting materials.

Propagation by division

Propagation by division is a form in which a
group of plants or plant parts are cut or torn apart
and each part of the divided plant contains one or
more of the roots of the plant and a part of the stem
of one or more stems. Division is probably the
simplest form of plant propagation which is suitable
for most clumps and rosette forming perennials
(Henry, 2005).

Most of the perennial plants benefited from
divisionasthey getolder and begin to lose their vigor.
It involves little more than breaking up established
clumps in to a number of smaller pieces. The only
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complications come in knowing just when to divide
and establishing a minimum size for the divisions.
The success rate of plant rose from division is very
high compared to the other propagation methods.
Plants that have fibrous, rhizomatous roots, and
form clumps or crowns, are typically split up for
propagation in to new plants. The dividing line
between fibrous rooted perennials, crown rhizome
perennials and rhizomes are somewhat indistinct.
Rhizomes are purely underground stems and
separated from the crown of roots around the base
of the plant (Henry, 2005). He also suggested that,
plants suitable for division can be put in to three
categories. Firstly, plants that form clumps of
rosettes or of sets which can simply be cut up or
broken apart in to rooted pieces and immediately
regarded as new plants. This sort of division can
in most cases be done any time of the year. Many
of these types of plants will also produce runners
or offsets which can be separated from the parent
plants. Likewise any plants which produce suckers
can be propagated by removing the rooted suckers
and growing them on it. Secondly, there are plants
that have distinct foliage clusters but fibrous crown,
these plants will usually require careful cutting up
and many in some cases have only a few roots per
division. This can necessitate planting in some sort
of nursery bed until establishment, although in most
cases they will survive if planted out straight away.
This division can undertake when the plant are not
growing too actively and the weather is not too
warm. Thirdly, those plants which fleshy crowns
with foliage emerging at many points. Tese will
require careful cutting and many in some case have
distinct growth points. Each division will need at
least one growth point if it is to strike. This sort of
division is best done just as the plants are emerging
from dormancy. The line between division and
natural layering is overlapped. Many perennials and
shrubs, particularly ground covers will strike roots
wherever they come in contact with in the ground.
If cut at the appropriate point these aerial roots
will then develop as normal subterranean roots.
Different horticultural crops can be propagated by
different specialized organs i.e. ‘propagation by
division’ (Henry, 2005).

Propagation by tongue grafting

Apple is king of temperate fruit, symbol
of health and premier fruit of the world. Tongue
grafting is the most successful method in apple
propagation. In tongue grafting, a 5 mm slanting
cut is made tapering into the bark on the lower end
in the scion- wood, in the middle if this slanting
cut, another cut is made upward to from a tongue.
A similar slanting cut of identical length is made
on the rootstock pointing upward. Then a similar
tongue is also made in the rootstock, corresponding
to the exact location if the tongue made in the scion
wood. The scion tongue is inserted into rootstock
tongue in a way that the two cuts fit each other
firmly. If the thickness in the scion-wood is different
to the rootstock, the tongue should be cut in a way
that in inserting it in the rootstock, the cambium
layer of both the rootstock and scion make as
much contact as possible. After the scion wood is
interlocked with rootstock, is tied with a thread and
waxed or wrapped with an alkathene strip so as to
make it airtight the height if the scion graft on stock
should normally be 15 cm above the ground. The
month of February to March is the best time for
tongue grafting in apple (Sharma and Rana, 2015;
Muthukumar and Selvakumar, 2013).

Propagation by hard wood cutting

Among the fruits, grapes occupy more than
10 million ha. area with annual global production
of US § 2 billion (Rao, 2005). It is propagated
commercially by hard wood cutting (4 inches
length and 8-10 mm diameter and 25-30 cm length)
and can be prepared from the pruned wood. Growth
regulators which are commercially used for cuttings
is 1IBA 2000 PPM in 10 second (Fig. 1 and 2)

Fig. 1. Propagation by hard wood cutting



114 HAMAYOUN AND ZAHIRYAN

e-planet 17 (2): 111-116

Fig. 2. Demo on propagation by hard wood cutting

Propagation by runner

Strawberry is one of the most important fruit
crops which is regenerated by specialized stems
called runner which grows horizontally along the
ground and forms a new plant at one of the nodes.
One plant may have several runners and one runner
may grow several nodes. The long and flexible
runners facilitate to bend and positioned according to

unripe softer
green wood

mature
current

season’s
2 yearold wood

wood

Fig. 3. a, b Propagation by runner

B

Fig. 4. a, b Propagation by runner

the desire of the person cloning them. When runner
separated from the mother plant with intact roots,
it serves as a propagule (Fig. 3 and 4). Growing
strawberry plants from a runner is one of the
easiest and quickest ways of propagating methods.
According to Hasan et al., strawberry runners have
been affected by photo period, as the day length has
increased from 15 to 17 h, the number and length
of strawberry runners also increased proportionately.
So it is important to produce runners under a long
period of light to get higher and vigor propagules
(Ud-Deen, 2008).

Propagation by tuber

Potato is propagated vegetatively by
‘division’ of tubers. Tubers are divided into
sections, each containing one or more eyes. Tubers
are thickened underground stems that serve as
storage organs. Tubers have no basal plate since

cdg'hfu- plant

25-59+

Fig. 5. Propagation by tuber
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Fig. 6. Propagation by tuber having nodes

they do not originate from the base of a stem
(Fig. 5). In potato (Solanum tuberosum L.) and
many other tuberous plants, many tubers may raise
from a single plant. Tubers are anatomically the
same as stems having internodes and nodes from
which eyes develop containing one or more shoot
buds (Fig. 6). The tubers serve as an overwintering
storage site producing new roots and shoots
during the following season. The new shoots use
the reserves from the tuber for initial growth and
produce new tubers for the following season.
Potato can be planted directly as whole or divided
to smaller parts of tuber which have a bud at the
node for shoot development. Planting different size
of potato tubers has a direct effect on potato yields
(Shrestha, 2007), the larger size and whole/half cut
of potato tuber produces the higher tuber yields and
are less susceptible to late blight potato disease as
compared to the smaller size of the tubers.

Propagation by bulbs

Onion (Allium cepa L.) is an important
vegetable crop that is grown worldwide. It is
propagated either by seed or bulb (Smith et al., 2001)
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Fig. 7. Propagation by bulbs
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Bulbs are a specialized modified underground organ
consists of short, fleshy, usually vertical stem axis
and enclosed by thick scales (Fig. 7). There are
two kinds of bulbs; tunicate and non-tunicate,. the
tunicate bulbs have outer modified leaves, which are
dry and papery thin and non-tunicate or scaly bulbs
lack this protective (papery) covering and are easily
damaged. Meristems (lateral buds) develop between
the scales and stem axis to form bulblets, known as
offsets, when grown to mature size. The bulb size of
onion has a direct effect on onion yield production.
Some times when onion has propagated by bulb
(Fig. 8), the upper portion of the bulb is removed
in order to facilitate rapid initial growth of the bulb
(Toogood and Anderson, 1999).
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Fig. 8. Onion propagation by bulbs
CONCLUSION

Almost all of the breathing creatures on this
planet has directly or indirectly dependent on the
plant products either for food or other purposes.
Generally, plants can be reproducing sexually by
seed and asexually by different plant organs which
the propagules possesses an identical genetic feature
of the original parent plants. Different horticultural
plants propagated differently by their specialized
organs either by separating or dividing of their
organ to produce a copy of the parent plants. Crops
like apple, grape and straw berry fruits and potato
and onion vegetables are reproduced by these
specialized organs. Knowing and applying of this
propagation methods are of paramount importance
for plant propagators in order to increase production
and yield of respective crops.
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ABSTRACT

A field experiment was conducted under organic regime on potato (Solanum tuberosum L.) in mid hills
of Meghalaya during 2018-19 at experimental farm of College of Agriculture, Kyrdemkulai, Meghalaya.
The treatments included irrigation scheduling and organic manure application, viz., irrigation at sprouting
(S,); irrigation at sprouting + stolonization (S,); irrigation at sprouting + stolonization + tuber initiation
(S,); irrigation at sprouting + stolonization + tuber initiation + tuber bulking (S,) and organic treatments
comprised of FYM (Farmyard manure) (M,), poultry manure (M,) and control (M,). Tuber yield was
found to be significantly higher under S, (17.52 t ha'!) yielded the highest followed by S , (16.62t ha!)
and S, (14.87 t ha™'), whereas, S, (6.61t ha™!) recorded the lowest yield. Organic manure treatments
yielded significant results. M, (17.77 t ha™!) showed the highest tuber yield closely followed by M,
(13.94 t ha'!) and lowest yield was reported by M, (10.22't ha™!). Maximum gross return, net return and
BCR were reported in S, followed by S, S, and S,. In case of organic manure, higher gross return, net
return and BCR was recorded in M, followed by M, and M. Benefit Cost Ratio (BCR) also showed
significant difference among the organic manure treatments, M, (2.82) produced the highest BCR over

M, (2.13) and M, (1.79).

Key words: BCR, irrigation scheduling, organic manure, potato, strip plot design

INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
most important foods in the world ranking fourth
in production after rice, wheat and maize. It ranks
second in India in terms of production after China
(Scott and Suarez, 2011). In Meghalaya, the total
area under potato cultivation is 18,473 ha and
total production is 1,82,285 metric tonnes. One of
the promising varieties of potato is Kufri Megha,
grown mainly under irrigated conditions during the
rabi or post rabi season. The north eastern states
of India contribute about 10% of the total area
under potato in the country and 4% of the total
production in India (Gupta et al., 2004). But the
potato productivity in this region is very low (8.64
t ha'!) as scientific production technology has not
been adopted (Burman et al., 2007).

Potato is highly sensitive to water stress
and since it is being cultivated mostly during
the rabi season, it is of utmost importance for
water management through irrigation scheduling
techniques for better potato production. Suitable
irrigation scheduling during crop’s critical stages
(stolonization, tuber initiation and tuber bulking) can
help farmers to conjunctively use water whilst also
increasing the yield. Also, being an exhaustive crop,
proper nutrient management needs to be addressed
to ensure potential output. Manures improve crop
growth by enhancing uptake of nutrients by plants
to the soil and improve soil fertility by increasing
available nutrients. Organic manure application
enhances soil porosity, soil moisture content and
water holding capacity (Mahmood et al., 2017).
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MATERIALS AND METHODS

A field experiment was conducted during
November - March, 2018-19 at the College of
Agriculture, Kyrdemkulai, Ri-bhoi district,
Meghalaya with “Kufri Megha” potato variety. The
experimental site is situated at 91° 18" to 92° 18’
East longitude and 25°40  to 26° 20 North latitude
and at an altitude of 950 m above the mean sea
level (MSL). The climate of Ri-bhoi is classified
as subtropical humid type with high rainfall and
cold winters. During the experimentation period,
maximum weekly rainfall of 20.9 mm was
received during 2™ standard week (January), the
total amount of 81.73 mm was received during
the crop-growing season. Mean weekly maximum
temperature was highest during 11" standard week
(27°C) and lowest in 1% standard week (18.20°C).
Mean weekly minimum temperature was highest
during 11" standard week (13.20°C) and lowest in
1% standard week (5.90°C). The average recorded
weekly relative humidity was 90%.

The red clay loam soil has initial organic
carbon and pH of 1.8%, 5.1 respectively. The
available nitrogen (N), phosphorus (P) and
potassium (K) at 0-30 cm were 242.8 kg ha™,
19.25 kg ha™' and 320 kg ha™!, respectively. Organic
manures were incorporated before sowing.

Potato crop is very sensitive to water deficit;
hence, it requires frequent and shallow irrigations.
Reduction in yield is often associated with water
deficit during stolonization, tuber initiation and
tuber bulking (FAO, 2008). Taking this into
consideration, the criteria based on crop’s critical

The crop calendar is presented in Table 1
Table 1. Calendar of operations

growth stages were utilized for scheduling of
irrigations viz. Irrigation at sprouting (10 DAS);
Irrigation at sprouting (10 DAS) and stolonization
(30 DAS); Irrigation at sprouting (10 DAS),
stolonization (30 DAS) and tuber initiation (50-
55 DAS); Irrigation at sprouting (10 DAS),
stolonization (30 DAS), tuber initiation (50-55
DAS) and tuber bulking (65-70 DAS) on respective
plots. FYM and poultry manure were applied at the
rate of 24 t ha! and 8 t ha!, respectively base on
recommended nitrogen dose of potato. Seed rate
and spacing adopted was 15 t ha' and 50 cm x 20
cm respectively. First irrigation was given after
sowing for inducing germination.

Total of 12 treatments consisted of four
irrigation scheduling at critical stages and two
organic manures and a control. The experiment
was laid in strip plot experimental design. The
treatments were given below.

Vertical strips

1. Irrigation at sprouting (10 DAS) (S,)

ii. Irrigation at sprouting(10 DAS) and stolonization
(30 DAS) (S,)

iii. Irrigation at sprouting(10 DAS), stolonization (30
DAS) and tuber initiation (50-55 DAS) (S,)

iv. Irrigation at sprouting(10 DAS), stolonization
(30 DAS), tuber initiation (50-55 DAS) and tuber
bulking (65-70 DAS) (S,)

Horizontal strips

1. Control (no manure) (M)
ii. Farmyard manure (M,)
iii. Poultry manure (M)

Sl.  Cultural Operation

Date of Operation

I. Field preparation and incorporation of lime. 14th November 2018

2. Field layout 17th November 2018

3. Application of manures 19th November 2018

4. Sowing 24th November 2018

5. Gap filling 27th December 2018

6. Weeding 29th December 2018 (as and when required)
7. Earthing up 15th January 2019

8. Harvesting 23rd March 2019
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Various plant growth parameters, viz.,
Plant height (cm), weight of tuber per plant, total
tuber yield (t ha'!) were estimated as per standard
protocols. Cost of cultivation was calculated and
accordingly benefit cost ratio (BCR) values were
estimated for various treatment combinations.

The data obtained from various studies
during investigation were statistically analysed
by using the technique of analysis of variance for
strip plot design over the computer. The difference
between the treatment means was tested as for their
statistical significance with appropriate critical
difference (C.D.) value at 5% level of probability
as explained by Gomez and Gomez (1984).

RESULTS AND DISCUSSION
Plant height

Plant height is an important parameter for
determining the growth of plant. The maximum
plant height was recorded at 105 DAS 29.98 cm.
Plant heights of potato decreases with decrease
of irrigation frequency (Kumar et al., 2007). It is
readily influenced by the prevailing meteorological
conditions during the growing season. At the time
of maturity, the maximum plant height recorded
was 29.98 cm under poultry manure treatment
(M,). Irrigation scheduling at crops’ critical
stages, viz., irrigation at sprouting (S, ); irrigation
at sprouting + stolonization (S,); irrigation at
sprouting + stolonization + tuber initiation (S,)
and irrigation at sprouting + stolonization + tuber
initiation + tuber bulking (S,), did not show
significant results on plant height and this may be
due to the occurrence of light showers throughout
the growing period. However, significant increase
in plant height was observed with the application
of organic amendments. The application of poultry
manure showed the highest plant height (29.98 cm)
and the shortest height was recorded under control
treatment (23.73 cm) at 105 DAS as shown in Table
1. It might be due to the ability of poultry manure to
decompose rapidly thereby, releasing the nutrients
essential for plant growth Boateng et al. (20006).
Other organic manures including FYM, has slow
release of nutrients (Souza et al., 2008). The results
reported a significant difference in plant height

in plants derived in poultry manure and FYM
compared with that of control. These results were
in agreement to the findings of Karim et al. (2016).
The increase in plant height from 90 DAS to 105
DAS is very small and this is due to the starting of
senescence period where growth becomes stagnant.

Yield attributes

Significant results were recorded in irrigation
scheduling treatments on weight of tubers per
plant. Even so, treatments with only one irrigation,
i.e., S, produced the lowest weight of tubers per
plant. This indicates that water availability at the
root zone of plant plays an important role on the
final yield. And clearly, irrigation at stolonization
proves to be the most critical stage for better crop
performance (Table 1). This is in conformity with
results reported by Saikia (2011) and Bora and
Karmakar (2012). Hence, it can be concluded that
the availability of water at root zone during potato
growth helps in better yield and produce (Bisht et
al., 2012). Among organic manure treatment M,
(205.91 g) closely followed by M, (172.79 g) and
M, (108.78 g). The findings are in accordance with
Lemaga and Caesar (1990), Amara and Mourad
(2013) and Karim et al. (2016).

Tuber yield was found to be significantly
higher under S, (17.52 t ha’ 1) yielded the highest
followed by S, (16 62 tha™) and S, (14.87 t ha™),
whereas, S, (6 61 t ha'!) recorded the lowest yield.
Organic rnanure treatments yielded significant
results. M, (17.77 t ha® 1) showed the highest tuber
yield closely followed by M, (13.94 t ha’ 1) and
lowest yield was reported by M (10.22 tha!). Crop
irrigated only at sprouting mlght have experienced
water stress during the vegetative phase,
reproduction phase and maturity phase causing
a reduction in final tuber yield. The reduction in
yield with treatment S, can also be attributed to the
lesser number of tubers per plant and lower tuber
weight per plant. High water requirement needs
to be emphasized especially during potato critical
stages of stolonization, tuber initiation and tuber
bulking (Hassan et al., 2002; Saikia, 2011; Bora and
Karmakar, 2012). Among organic manure treatment
M, (17.77 t ha'!) closely followed by M, (13.94 t
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ha!) and M, (10.2 t ha!). Poultry manure has been
reported to have a favourable effect on soil physical,
chemical and biological properties (Demir et al.,
2010; Oustani et al., 2015). The yield of potato is
favourably higher under manure fertilisation and
this may be attributed to the improvement of soil

water retention and supplementation of required
nutrient. Under control treatment, the yield is
extremely low due to a smaller number of tubers,
small tuber size and low weight of tubers per plant.
These findings are in line with those reported by
Chandrakar et al. (2017).

Table 2. Effect of irrigation scheduling and organic manures on performance of potato

Plant Weight of  Tuber
Treatments height tuber per yield Gross Return Net Return BCR
(cm) plant (g) (tha™)
S, 25.02 156.92 6.61 106777.78 12782.42 1.13
S, 28.05 169.01 17.52 271511.11 176483.25 2.83
S, 26.89 161.62 14.87 230888.89 134828.53 2.39
S, 26.85 162.45 16.62 257511.11 160418.25 2.63
S.E. (m) + 0.58 3.1 0.37 5444.97 5444.97 0.06
C.D (P=0.05) NS NS 1.27 18839.24 18839.24 0.20
M, 23.73 108.81 10.02 156362.50 69353.73 1.79
M, 26.40 172.79 13.94 217945.83 116069.06 2.13
M, 29.98 205.91 17.77 275708.91 177961.56 2.82
S.E. (m) + 0.38 2.25 0.24 353591 353591 0.04
C.D (P=0.05) 1.49 8.91 0.74 13881.61 13881.61 0.14

*NS= Non significant

Economics

Gross return reported significant results under
irrigation scheduling treatments, S (? 2,71,511ha™")
recorded highest gross return over . X2,57.511
ha!) followed by S, X 2,30,889 ha’ 1) and S, R
1,06,778 ha™!) berng the lowest. For net return S,
(% 1,76,483 ha') recorded the highest net return
closely followed by S, (X 1,60,418 ha’ 1 followed
by S, (% 1,34,829 ha’ 1) and S, (% 12,782 ha™') being
the lowest BCR also showed significant difference
among the irrigation scheduling treatments, S,
(2.83) produced the highest BCR over S, (2.63)
and S, (2.39) but the lowest is S, (1.13). Similar

findings were reported by Bisht et al. (2012) and
Chandrakar et al. (2017). For organic manure
treatment, significant results were reported from
gross return, net return and BCR. Gross return of
M, ] 2,75,709 ha’ 1) showed significantly higher
results compared to M, (X 2,17,946 ha’ 1) and M,

(% 1,56,363 ha™!). For et return, M, (% 1,77, 962
ha™!) showed significantly higher results compared
to M, (% 1,16,069 ha') and M, (% 69,354 ha™).
BCR also showed significant difference among the
organic manure treatments, M, (2.82) produced the
highest BCR over M, (2.13) and M, (1.79). This
can be attributed to the significantly larger amount
of yield reported from poultry manure and FYM
treatments over control treatment.
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CONCLUSION

Irrigation  scheduled at sprouting +
stolonization (S,) is the most suitable for better
performance and better economics of potato. It may
be concluded that among the organic amendments
treatments there is significant differences in the
yield and in BCR therefore, poultry manure may be
preferred over the other manures.
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ABSTRACT

Tomato (Solanum lycopersicum L.) is the second most important vegetable of the world. Its demand
in the market is throughout the year though it is regarded as a winter crop. In the well drained soils
of plateau ecosystem, it can be cultivated in kharif season even in open field. Mayurbhanj district of
Odisha is an extension of Chhotanagpur plateau representing North Central plateau agro climatic zone.
Tomato is cultivated by the farmers of the district sporadically with the varieties available in local
market. This experiment was under taken during 2015-16 to 2016-17 in the KVK, Mayurbhanj adopted
village Badabil in the Farmers’ field to evaluate the performance of best suitable tomato variety in kharif
season. From the three F1 hybrids taken, Laxmi variety was found giving the highest yield of 178.4 q ha™!
though it was more prone to wilting like diseases. Proper plant protection measures should be taken to
reduce the yield loss due to incidence of insect pest and diseases. Arka Rakshak F1 hybrid was found
less suitable in this plateau ecosystem for kharif season.

Key words: Kharif, plateau, tomato, wilt, yield

INTRODUCTION

Tomato (Solanum lycopersicum L.) is the
second most important vegetable in economic
importance and consumption in the world after
potatoes (Ibitoye et al., 2009). India is the second
largest producer of tomatoes contributing 11.5%
of global production after China (23%) (Shelke
et al,, 2016). Ripened tomatoes comprised of
water (approximately 90%), soluble and insoluble
solids (5-7%), citric and other organic acids and
minerals. It is a rich source of vitamin A and C and
also contains minerals like iron and phosphorous.
Furthermore tomato is the richest source of dietary
fibres, antioxidants like lycopene and beta-carotene
(Singh et al., 2017). The antioxidant lycopene
present in tomato plays an important role in
prevention of cancer and other diseases in human
beings (Agarwal and Rao, 2000). Its palatability
and consumption in all forms has made it one of
the most demanding vegetable globally. However,

being a winter crop, in the peak production
season, it faces distress sale but as an off season
crop, it has a good market demand with much
remunerative for the farmers (Pradhan et al., 2017).
As Scherinemachers et al. (2016) opines cultivation
of crops outside the regular cropping calendar when
supply is low and prices are high, can give farmers
better profits and consumers more choice. Tomato
production during kharif and summer is generally
less due to a number of biotic and abiotic factors.
Atmospheric temperature and intensity of rainfall
limits its production around the year. Now- a-days
tomato is cultivated in open field condition or in
green house conditions (Pandey et al., 2006).
Though demand is high, it cannot be produced
everywhere in all the times. Odisha state has ten agro
climatic zone which creates lots of opportunities
for production of different types of crops in each
season. The plateau area of Northern Odisha is an
extension of Chhotanagpur plateau region. Its well
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drained soil and undulated topography with mild
temperature creates a platform for production of
off season vegetables like tomato. Keeping in view
of the importance of kharif tomato production, this
study was undertaken to find out the best suitable
variety in plateau ecosystem of Odisha.

MATERIALS AND METHODS

Mayurbhanj district, present in North Central
plateau agro climatic zone of Odisha was selected
purposively for the study. The land of the district
is primarily undulated, well drained. About 50
acres of tomato was cultivated in Jashipur and its
adjoining Karanjia and Raruan blocks during kharif
season. This experiment was taken in farmer’s
field in KVK adopted village Badbil of Jashipur
block with seven selected farmers with 0.25 acre
of land each. Soil is sandy loam having soil pH 6.2.
It was with high organic carbon, medium to high
available N, Medium P and medium K. This trial
was undertaken to ascertain the best suitable variety
which was accessible and could be cultivated by
the farmers of the zone. Three F1 hybrids Laxmi,
Sakhyam and Arka Rakshak were taken for the
study during kharif 2015-16 and 2016-17. The

phenological development and different yield
attributing characters were recorded in due time and
were analysed with different appropriate statistical
tools. The relation between different factors was
enumerated using t-test.

RESULTS AND DISCUSSION

As per the primary data available, off season
tomato was cultivated in this area since more than a
decade. Farmers were taking F1 hybrids available to
them from the local market. However, no research
was made to ascertain the suitable hybrid befitting
to this agro climatic zone. The seeds of all three
varieties were treated with Thiram 2 g kg and
were sown in nursery during the last fortnight of
July under low cost poly tunnel to avoid loss due to
heavy rainfall. All seedlings were planted in a well
drained pulverised soil at a distance of distance of
60 cm x 60 cm after seedling treatment in a solution
of Carbendazim @ 2 g per litre and streptocyclin
@ 1 g per 10 litre for 15 minutes. After 40 days
of transplanting staking was given to plants with
wooden sticks. Data recorded during various stages
of crop growth on the phenological characters of
different varieties in each plot during rabi 2015-16
and 2016-17 are mentioned as below.

Table 1. Phenological characters of different tomato hybrids (Average of the mentioned period)

Varieties Plant height (cm) No of branches Fruits per plant Average fruit weight (g)  Yield (q ha™)
Laxmi 64.6 6.4 52.5 58.4 178.4
Sakhyam 61.5 6.3 453 414 129.6

Arka Rakshak 83.2 7.0 33.8 38.4 110.0
SEm(+) 2.35 0.16 2.28 2.84 2.52
CD(P=0.05) 6.8 6.6 8.2 7.2 7.4

From Table 1 it was observed that out of the
three hybrid varieties tested in this agro-
climatic zone, Laxmi variety performed the
best. Though all the three varieties were F1
semi-indeterminate hybrids, yet Arka Rakshak
performed poorly in comparison to other two

varieties. Arka Rakshak had the tallest physical
growth with more number of branches but the
fruits produced per plant were much less than
the other two. Even it was observed that the
average fruit size of the variety was only 38.4
g comparison to Laxmi variety which indicated
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the variety was not fitted to this kharif season.
The highest yield (178.4 q ha!) was recorded in
Laxmi variety. All the yield attributing characters

Table 2. Paired t —test of hybrid tomato cultivation

Parameters t-calculated value
Height of plant 5.95%

No. of branches per plant 6.10*

No. of fruits per plant 11.36*

Weight per fruit 3.12%

Yield of tomato 2.57*

*Significant at 5% level of significance

were found statistically significant at 5% level
of significance (Table 2) which corroborates the
findings of Sengupta et al. (2018).

Tomato cultivation in kharif season in open
field requires much attention. Sufficient moisture
and humidity in atmosphere and in soil make the
crop prone to fungal infestations. Fusarium wilt,
leaf blight and bacterial wilts are common problems
in kharif tomato cultivation. To minimise the losses
from such diseases, kharif tomato cultivation
requires staking and support when the fruit is in
contact with soil (Ranganamei, 2017). Such type
of cultural practices reduces pest incidence and
thereby increases the yield (Saunyama and Knapp,
2003). Table 3 below indicates the susceptibility of
tested varieties to major insect pest and diseases.

Table 3. Susceptibility of major insect pest and diseases of different tested varieties

Varieties Bacterial wilt (%)  Fungal wilt (%) Leaf blight (%) Fruit borer infested (%) Fruit rot (%)

Laxmi 8.3 6.0 5.7 12.4 8.6

Sakhyam 14.1 6.5 4.6 11.6 8.8

Arka Rakshyak 1.6 34 7.2 9.6 7.6

SEm(=) 0.34 0.3 0.19 0.26 0.18

CD(P=0.05) 3.6 4.6 42 4.6 NS
Wilt is a major disease of tomato crop causing ~ACKNOWLEDGEMENT

huge loss and reduces the productivity. Above table
indicated that from the three hybrids tested, Arka
Rakshak was found less susceptible to bacterial
and fungal wilt than the other two. Asha et al.
(2011) reported that Fusarium oxysporum causes
vascular wilt in tomato and reduces the yield upto
the maximum level. Arka Rakshak was reported
to be more infested to leaf blight than Laxmi and
Sakhyam. The fruit borer infestation was less in Arka
Rakshak. Fruit rot disease was found insignificant
with the variation of varieties of tomato.
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ABSTRACT

The objective of the paper was to analyze the socio economic status of forest fringe communities in

Khordha Forest Division of Odisha. The study was based on primary data collected from villages in

two Ranges namely, Balugaon and Ranpur range in Khordha Forest Division. Hundred respondents

were randomly selected, data were collected through a structured survey questionnaire, analyzed with

appropriate statistical methods and were interpreted in accordance with the objectives of the study. In

the study area, it was found that the tribal males of age group 18-40 years were involved in non-timber

forest products (NTFPs) collection. Generally, married persons were involved in the NTFPs collection

to support their family with around family size of 4-8 members. We found that 80% of the respondents

belonged to landless, marginal and small land holding, because of the small land holding category. The

poor condition of the people also influenced the house type i.e. 73% of respondent’s possessed kutcha

house and semi-pucca house.

Key words: Forest, forest produce, livelihood, NTFPs, socioeconomic variables

INTRODUCTION

Non-timber forest products (NTFPs) play an
important role in the livelihood of the rural people
living near the forest. Forest acts significantly in
the life of landless and tribal people for income
generation and food from forest (Singh et al., 2010;
Ahenkan and Boon, 2011). NTFPs include wild
edible fruit, mushroom, berry, root, tuber and green
or vegetable etc. to meet the food requirements of
the rural people. According to the World Resource
Institute (1990), NTFPs provide livelihood to
nearby 500 million people in India (MoEF, 1996).

India is a developing nation with a huge
population living close to the forest with their
livelihood critically linked to the forest ecosystem.
The forest fringe communities do not just collect
these forest products for their own consumption
but also for commercial sale, which fetch them
some income. Forest sector is the second largest

land use system after the agriculture. Forests
contribute 1.7% GDP of the country (FAO, 2016).
People living in the forest fringe villages depend
upon forest for a variety of goods and services.
These include collection of edible fruits, flowers,
tubers, roots and leaves for food and medicines,
firewood for cooking, small woods for agricultural
implements, house construction and fencing,
fodder (grass and leave) for livestock and grazing
of livestock in forest, collection and marketing of
NTFPs (Parkash et al., 2006; Mukul et al., 2016).
Similarly, sustainable use of sal leaves, twigs of
different bushes for fodder, barks of medicinal
plants, bamboo and cane may provide income to the
rural people without affecting the forest.

MATERIALS AND METHODS

The investigation was conducted during 2019
in Balugaon and Ranpur Forest Range of Khordha
Forest Division, Odisha, selected randomly for
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the purpose of study. Total 10 villages, five from
each range, and four reserve forests were selected
for the study of socio economic profile, utilization,
dependency and marketing of forest products of the
forest fringe villages. All the households have been
randomly selected from the village. A total of 100
families from 10 villages belonging to four reserve
forests of the division were taken. The data were
collected through a structured survey questionnaire,
analyzed with appropriate statistical methods and
were interpreted in accordance with the objectives
of the study. The data was collected personally
through a semi-structured schedule pretested earlier.
The statistical tools such as percentage, mean score,
standard deviation, co-efficient of variation and
co-efficient of correlation were employed for the
analysis and interpretation of data.

RESULTS AND DISCUSSION

Different socio-economic characteristics like
family size, age, caste, gender, literacy, land holding
size, marital status, ownership, employment status,
livestock, occupation and income were analyzed.
The study on age group revealed that all age
group categories of people were involved in NTFP
collection although the majority of respondents
were in the age group of 18 to 40 (50%) out of
which 67 % were male and 33% female in the
study area. Out of the respondents, 77% belonged
to scheduled tribe, 14% scheduled caste, 6% other
backward caste and 3% general caste. Maximum
numbers of respondents were married (65%),
unmarried (23%), widow (11%) and divorcee (1%).
The literacy level in the study area was in the order
illiterate (28%), primary (62%), high school and
above (10%). The overall high literacy rate might
be due to government educational programs and
mid-day meal facilities of the government for
encouraging student attendance. Majority of the
population are of nuclear family (58%) and rest in
joint family (42%). Maximum number of family
members constituting 4 to 8 in a group (51%) were
involved in the NTFP collection, up to 4 numbers
(40%), 8 to 12 numbers (9 %). Maximum number
of respondents had marginal land holding, i.e. 1
to 2 ha (44%), landless (36%) and small (20%).
58% of the respondents were owner of land, 22%

had leased in, 12% had leased out and 8% owner
and leased out. 64% of respondents had non-
irrigated land while 36% had irrigated land. We
observed that maximum of 43% respondents had
kaccha house, semi pucca (30%), thatched house
(19%) and minimum number of pucca house (8%)
in the study area. Maximum number of people
were self-employed (39%), followed by part time
employment (31%) and unemployed (30%) and
majority were involved in agriculture, NTFPs
and labour (72%). Multiple sources like family
occupation, business, service and cattle rearing
were diversified occupation. Maximum number of
people’s (69%) income lies between Rs 10000/- to
25000/-. Maximum people depends on agriculture,
NTFPs and labour for income generation (Ahenkan
and Boon, 2011). More than 31% of livestock was
cow followed by hen (27%), goat (23%) and ox
(19%) in the study site.

Correlation among different socio-economic
variables

Perusal of the Table 2 showed that age
was significantly and positively correlated with
literacy (0.214%*), land holding (0.397*%*), type of
ownership (0.381**) and negatively correlated
with household type (-0.237%*). Literacy had shown
significant and positive correlation with family
member (0.347*%*), land holding (0.493%%*), type
of ownership (0.460%*) and income (0.333**), but
negatively correlated with type of land (-0.264*%*).
Family type had significant and correlate positively
correlation with family member (0.528**), land
holding (0.531**), and income (0.538**). Family
member was significantly and positively correlated
with land holding (0.257*%*), type ownership
(0.331**), household type (0.329**) and income
(0.535**). Land holding was positively correlated
with income (0.474**). Type of ownership was
positively correlated with household type (0.225%)
and negatively correlated with type of land
(-0.227%*). Type of land was significantly positively
correlate with caste (0.206*) and negatively
correlated with household type (-0.420%%).
Household type was significantly and negatively
correlation with occupation (-0.220*). Employment
status significantly and positively correlated with
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Table 1. Socio-economic profile of the NTFPs collection: (n=100)
Sl.no  Socio-economic characteristics Number Percentage
1 Age of the respondents
0-18 07 7.0
18-40 50 50.0
40-60 36 36.0
>60 08 8.0
2 Gender of the respondents
Male 67 67.0
Female 33 33.0
3 Caste of the respondents
General 03 3.0
OBC 06 6.0
SC 14 14.0
ST 77 77.0
4 Marital status of the respondents
Divorcee 01 1.0
Widow 11 11.0
Single 23 23.0
Married 65 65.0
5 Literacy of the respondents
Illiterate 28 28.0
Primary 62 62.0
High school and above 10 10.0
6 Family type
Joint 42 42.0
Nuclear 58 58.
7 Family member of the respondents
4 to 8 members 51 51.0
8 to 12 members 9 9.0
up to 4 members 40 40.0
8 Land holding of the respondents
Landless 36 36.0
Marginal 44 44.0
Small 20 20.0
9 Ownership of the respondents
Leased in 22 22.0
Leased out 12 12.0
Owner 58 58.0
Owner and leased out 08 8.0
10 Types of land
Irrigated 36 36.0
Non-irrigated 64 64.0
11 Types of house
Kutcha House 43 43.0
Pucca 8 8.0
Semi Pucca 30 30.0
Thatched House 19 19.0
12 Employment status
Part time employed 31 31.0
Self employed 39 39.0
Unemployed 30 35.0
13 Occupation
Agriculture +NTFPs + Labour 72 72.0
NTFPs+ Agriculture + Business 09 9.0
NTEPs +Labour +Family Occupation 09 9.0
Business + Agriculture +Cattle Rearing 04 4.0
NTFPs +Agriculture + Government service 06 6.0
14 Income
<10,000 16 16.0
10,000-25.,000 69 69.0
25.,000-50,000 15 15.0
15 Livestock Mean
Cow 2.18 31.0
Ox 1.32 19.0
Goat 1.56 23.0
Hen 1.88 27.0
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income (0.203*). Income had significant and
positive correlation with caste (0.222%). Livestock,
gender and marital status had not shown significant,
correlation with any other socio economic
parameter.

Age was positively correlated with land
holding and type of ownership which indicates the
aged persons have more assets compared to young
age people and was negatively correlated with
household type which might be due to prevalence
of the nuclear family in the study site. Literacy
level was found to be positively correlate with land
holding and income which indicated the educated
mass have awareness about the different income
generating activities. Family type had significant
positive effect on family member, land holding and
income of the family. Family member is positively
correlated with land holding, household type
and family income. Land holding was positively
correlated with family income as majority of
the respondent were depend upon agriculture as
agriculture is the dominant livelihood.. Type of
ownership was negatively correlated with type
of land and household type. Household type was
negatively correlated with occupation. Employment
status was positively correlated with income.
Income was positively correlated with caste. The
status of employment determined the income of
household.

Interpretation of Table 3 showed that
NTFPs collection was significant and positively
correlated with livestock rearing (0.275%) and
negatively correlate with labour (-0.118%) and
family occupation (-0.306**). Agriculture was
significantly and positively correlated with other
(services) (0.190*) and negatively correlated
with labour (-0.236**). Labour was significantly
and positively correlated with family occupation
(0.204%*), other (services) (0.367**) and negatively
correlate with livestock rearing (-0.317%%).

NTFPs collection was positively correlated
with livestock rearing which might be due to rural
people collect fodder for their livestock and also
collect NTFPs while accompanying their livestock
for grazing. NTFPs collection was negatively

correlate with labour wages and family occupation
which might be due to the people were more
engaged in NTFPs collection due to lack of labour
engagement . Agriculture was positively correlated
with other (services) which might be due to the fact
that those who were in service investing agriculture
production from their land. Labour wages was
negatively correlated with livestock rearing which
indicates people who were engaged in labour
activities gets less time for livestock rearing but
prefers to go to forest for NTFPs collection.

Contributionofvarioussectorsinemployment
generation is as follows- the maximum of 53.15
days per household (HH) per year (27.82 %) was
in agriculture followed by NTFPs collection (24.79
%), labour (23.92 %), family occupation (9.73 %),
livestock rearing (5.91 %) and services (7.80 %). It
was inferred from the above data that agriculture,
NTFPs collection and labour engagement and
family occupation were the major livelihood and
income generating activities in the study site as
agreed by many earlier reports (Shaanker et al.,
2004; Kar, 2012; Ahmed et al., 2016). Agriculture
NTFPs collection and findings labour engagement
were the major employment generation activities
which was similar to the findings Kumar (2015)
who reported an average employment of 115.56
and 77.81 man days per HH per year from wage
sector and NTFP, respectively.

Perusal of data in Table 5 indicated that
collection of sal leaves gave the major employment
sources among the different NTFPs. It contributes to
5.67 days per HH per year of the total employment
generated by NTFPs (47.35 days per HH per year).
Siali leaves collection was the next important
employment generating activity (5.62 days per HH
per year) followed by collection of sal seed (5.28),
cane berries (5.25), cane culm (4.37), tamarind
(4.31), cherenga (4.28), honey (3.44), amla (2.58),
mushroom (2.18), bahada (2.02), kochila seed
(1.33), and harida (1.02). Sal leaves (11.97%), siali
leaves (11.86%), cane berries (11.08%), cane culm
(9.22%), tamarind (9.10%) and cherenga (9.03%)
were the dominant NTFPs collected by the rural
people among all NTFPs. Indigenous people depend
on NTFPs and their livelihood sustainability depend
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Table 3. Correlation of different income sources
NTFPs . Family Livestock
Collection Agriculture Labour Occupation Rearing Others

NTFP |

Collection

Agriculture 0.075 1

Labour -0.118* -0.236%* 1

Family -0.306%* 0.029 0.204* 1

occupation

Livestock 0.275* 0.065 20.317%%  -0.158 1

rearing

Others -0.093 0.190* 0.367%* 0.179 -0.183 1

Table 4. Composition of employment in different sector

Employment generated

Activities (days per household per year) Percentage (%)
NTEFP Collection 47.35 24.79
Agriculture 53.15 27.82
Labour 45.70 23.92
Family occupation 18.60 9.73
Livestock rearing 11.30 591
Others 14.90 7.80
Total 191.00 100.00

Table 5. Seasonal contribution of employment from different NTFPs

Employment generated

Sl. no NTFPs Season (days per household per year) Percentage (%)
1 Siali leaf October -May 5.62 11.86
2 Honey November —June 3.44 7.26

3 Cane culm March-April 4.37 9.22

4 Cane berries February-March 5.25 11.08
5 Harida November -January 1.02 2.15

6 Bahada January -April 2.02 4.26

7 Amla February —March 2.58 5.44

8 Sal leaf All season 5.67 11.97
9 Sal seed April-June 5.28 11.15
10 Mushroom June-August 2.18 4.60

11 Kochila seed December —January 1.33 2.80
12 Tamarind March-April 431 9.10

13 Cherenga December — May 4.28 9.03

Total 47.35 100.00
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upon forest and forest produce (Shahbuddin and
Prasad, 2004; Shylajan and Mythili, 2007; Bharat
Kumar et al., 2011; Mohanta et al., 2018).

CONCLUSION

This study goals to highlight the significance
of NTFPs in the livelihood of forest dependent
communities and some strategies for their
sustainable development and judicial utilization.
NTFP contributes a lower proportion of total
household income (about 24%) than agriculture
(27%), itacted as safety nets in times of food scarcity
and during off seasons where agricultural and wage
income was nil. NTFP played a prominent role in
both life and livelihood support for the villagers.
Socio-personal, agro-economic and psychological
attribution very often motivate the people for
proper management and sustainable use of forest
resources. The respondents depending on forest
for livelihood support were mostly 18-40 years,
primary to illiterate educated, within family size of
4-8 members, agriculture and collection of forest
produce as the major occupation. After agriculture,
NTFP collection was the most important activity
among the respondents as all of them in the area
were involved in this activity. The findings conclude
that the respondents depend on forest for their
livelihood. The forest department officials need to
sensitize these people for proper management of the
forest and collection of non- timber forest produce.
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ABSTRACT

The frequency of cyclones has increased manifold in the recent years thus devastating the coastal

and adjoining districts of Odisha. The cyclonic storm ‘Fani’ hit Odisha coast during May 2019 and

devastated extensively in many coastal districts including the capital city of Bhubaneswar. It caused a

great loss to the vegetation cover with uprooting of trees particularly along tree-lined avenues which

necessitated assessing the damage of different tree species in the state capital. This destructive impact

of cyclone Fani on the roadside vegetation in parts of the city was evaluated based on visual estimation

and type of damages.

Key words: Bhubaneswar city, cyclone, damage, Fani, tree

INTRODUCTION

Over the last two decades, the frequency of
cyclones has increased and its effect has devastated
coastal Odisha and its adjoining districts. Further,
the climate change projections indicate that the
average maximum wind speed will increase in
the coming decades (Acharya and Panda, 2019).
“FANI” was a very severe cyclonic storm that
developed over the Bay of Bengal during the first
week of May, 2019 (Abhilash, 2019). It crossed Puri
coast within 8.30 — 11.30 hrs (IST) of 3rd May 2019
with a wind speed of 180-210 km hr!. It has left
destruction in its wake, not sparing the trees in the
coastal districts of Odisha. A provisional estimation
reported by different agencieswas that more than
10 million trees have beenuprooted with an equal
number of trees damaged in the very severe cyclone
(Abhilash, 2019). Preliminary estimates revealed
that the cyclone Fani damaged at least two million
trees in the city of Bhubaneswar too. It has not only
destroyed the green cover but also destroyed the
home of many birds and animals (Debata, 2019). It

has affected the livelihood of people, especially that
of daily-wage labourers and farmers (Acharya and
Panda, 2019). Therefore, there is an urgent need to
assess ecological, cultural and economic loss faced
due to Fani. The present study is to assess tree
damage due to cyclone Fani in Bhubaneswar City,
which may be used to further restore greenery and
economically useful cyclone resistant trees.

MATERIALS AND METHODS

The present study was carried out in and
around Bhubaneswar city just after Fani. A rapid
assessment was done in the village Kalarahanga,
Patia station road, Jayadev Vihar - Nandan Kanan
road, OMFED square to Acharya Vihar, Acharya
vihar to AG office and to Gopabandhu square,
Jayadev Vihar to CRP square and Regional Plant
Resource Centre, Niladri Vihar and Sailashree
Vihar areas (Fig. 1). Cyclone affected trees were
counted and the type of damage estimated on visual
estimation basis. The tree species of girth at breast
height (GBH) were visually estimated and recorded.
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MAP SHOWING STUDY
AREA OF BHUBANESWAR

Legend
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Amoas traversed for
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Bhubaneswar
Municipality Area

Fig. 1. Map showing study area of Bhubaneswar

RESULTS AND DISCUSSION

The loss of vegetation affected by cyclonic
storm Fani was observed and recorded at different
locations of Bhubaneswar city (Fig. 2-8). It was
observed that more than 99 per cent of trees
experienced damage, out of which nearly 5 per
cent trees were damaged completely, around 6 per
cent trees uprooted, 31 per cent trees experienced
severe damage and 57 per cent of trees were
damaged partially (Table 1). The species like
Pongamia pinnata (Karanja) and Alstonia scholaris
(Chhatiana) were found to have experienced partial
damage and were able to withstand the flow of wind.
Although the fig plants like Ficus benghalensis
(Bara) and Ficus religiosa (Ashwastha) faced
minimum uprooting, they suffered loss from their
branches. The species like Azadirachta indica
(Nimba), Mimusops elengi (Baula), Terminalia
bellirica (Bahada), Syzygium cumini (Jamu),
Mangifera indica (Amba), Terminalia arjuna
(Arjuna), Pongamia pinnata (Karanja), Alstonia

scholaris (Chhatiana), Ficus benghalensis (Bara),
Ficus religiosa (Ashwastha) and Cassia fistula
(Sunari) were able to withstand the wind speed
significantly with partial loss (< 50%) of branches.
Trees like Anthocephalus cadamba (Kadamba),
Peltophorum pterocarpum (Bishnuchuda), Delonix
regia (Krushna chuda), Albizzia lebbeck (Sirisa),
Samanea saman (Chakunda) were severely
damaged due to loss of main and lateral branches
which experienced maximum loss.

A study of cyclone Thane revealed that there
was greater uprooting in introduced plantation
species such as Acacia auriculiformis and Tectona
grandis, whereas native species like Azadirachta
indica and  Mangifera indica  underwent
comparatively lesser damage (Sundarapandian et
al., 2014). According to Bellingham et al. (1995)
and Gleason et al. (2008), the plant species may vary
in their capacity to resist wind (resistance), to offset
the effects of injury (tolerance) and to recover from
injury (resilience). It is unlikely that any one taxon
will display all three of these characteristics, viz.
resistance, resilience and tolerance. This is because
of site and habitat-specific and resource limitations
which will force a trade-off amongst them. Species
which experienced more uprooting spread their
roots on the surface soil and do not penetrate deeper
into the soil (Bellingham et al., 1995; Gleason et
al., 2008; Sundarapandian et al., 2014). Mickovski
et al. (2007) noticed several factors that help in
anchoring the plants and prevent uprooting. Further
research is needed in order to identify species that
are wind resistant, tolerant and resilient.

=i

Fig. 2. Uprooted teak plants at Patia station road
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Fig. 3. Damaged Kadamba plant at Niladri Vihar Fig. 6. Village Kalarahanga affected by Fani

Fig. 4. Damage of house and vegetation including Fig. 7. Devastated natural vegetation at Regional
peepal tree at Kalarahnga square Plant Resource Centre

Fig. 5. Loss of natural vegetation at Nayapalli Fig. 8. Damaged horticultural garden near Patia
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Table 1. List of avenue species affected in part of Bhubaneswar city
Scientific Name Local name 11:1(2:1 UPR CD HD PD UPR% CD% HD% Total%
Ailanthus excelsa Mahalaya 23 - - 6 17 0 0 26 26
Albizia lebbeck Sirisha 118 4 5 79 30 8 4 67 79
Alstonia scholaris Chhatiana 179 - - 10 169 0 0 6 6
Anthocephalus Kadamba 196 3 27 63 103 15 14 32 6l
cadamba
Artocarpus Panasa 47 29 14 4 - 9 30 9 130
heterophyllus
Azadirachta indica Limba 77 - - 19 58 0 0 25 25
Cassia fistula Sunari 31 - - 4 27 0 0 13 13
Cocos nucifera Nadia 31 - - - 31 0 0 0 0
Delonix regia Krushana 119 20 15 54 30 29 13 45 87
chuda
Ficus benghalensis Bara 68 - 1 46 21 2 1 68 71
Ficus religiosa Ashwastha 18 - - 8 10 0 0 44 44
Gmelina arborea Gambbhari 17 - - 17 0 0 0 0
Lagestroemia Patali 26 -2 248 8 0 15
flosreginae
Lannea = Mahi 16 ; - 16 0 0 0 0
coromondelica
Mangifera indica Amba 154 19 7 78 50 17 5 51 72
Mimusops elengi Baula 25 2 5 7 11 28 20 28 76
Hyophorbe Bottle palm 34 340 0 0 0
lagenicaulis
Peltophorum Bishnuchuda ~ 92 6 26 0 0 2 72
pterocarpum
Pongamia pinnata Karanja 201 8 193 0 0 4 4
Simarouba glauca Mabhatila 11 1 10 0 0 9 9
Sygygium cuminii Jamu 21 4 12 5 19 19 57 95
Tectona grandis Saguan 153 24 19 54 56 28 12 35 76
Terminalia bellirica  Bahada 11 11 0 0 0 0
Terminalia catappa Pestabadam 9 9 0 0 0 0
TOTAL 1,677 101 99 519 958 12 6 31 49

UPR: Uprooted, CD: Completely damaged, HD: Heavily damaged, PD: Partially damaged
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Recommended tree species for avenue plantation

From the above study, it is revealed that
the avenue plantation should consist of Pongamia
pinnata, Alstonia scholaris, Azadirachta indica,
Terminalia arjuna, Putranjiva roxburghii, Ficus
benghalensis, Ficus religiosa and Casia fistula.
These plants have experienced less damage during
the cyclone Fani.
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ABSTRACT

An attempt has been made to highlight some of the plants growing in mangrove areas of Kansaridia

forest block of Mahanadi Delta in Odisha, located along the east coast of India. A field survey was

undertaken in this forest block to record the ethno-medicinal utility of certain mangrove plants. The

present paper deals with 20 plant species of 14 genera belonging to 11 families. The collected plant

specimens were identified using regional flora and herbarium deposited in the Mangrove Forest Division

(Wildlife), Rajnagar.

Key words: Ethno-medicine, Kansaridia block, Mahanadi delta, mangrove plants

INTRODUCTION

Mangroves are the coastal intertidal
halophytic plants which play very important role in
the estuaries and land-sea interface areas of deltaic
ecosystem of both tropical and subtropical zones.
Generally, mangroves survive in saline condition
of coastal areas and most of them are evergreen
vegetation. It has been recognized and realized
that all over the world mangroves are threatened
and endangered, though mangrove ecosystems are
considered as most productive ecosystem of the
world. Mangrove forest provides all the tangible
benefits to the coastal communities by supporting
the variety and variability of plants. The major
forest produce from mangroves are fuel wood,
fodder, timber, tannin, oil, industrial raw materials,
medicinal plant etc., which are variously used by
the coastal inhabitants for their livelihood.

India has a very rich heritage of traditional
health care system through Ayurvedic, Unani and
Homeopathy system of medicines (Pandit, 2010).
Knowledge of ethno-medicine is available through
Vedic texts and commentaries. Also there is in
use another less exploited source of information

in use which comes from folklore and passed
through generations in certain restricted and
remote habitations (Jain, 1996). Ethno-medicinal
practices are the holistic health care management
methodologies adopted in non-literate cultures as
the word ‘ethno’ means traditions or indigenous to
local people. These practices have been percolating
down from one generation to another by oral
transmission. Hence the ethno-medicinal practices
distinguish itself from well documented systems
of other medicines (Sahoo and Misra, 2019). Due
to over exploitation by local inhabitants and lack
of proper records, these plant resources along with
related indigenous knowledge are depleting to a
great extent day by day.

Keeping this in view, the present study was
undertaken in Kansaridia PRF of Mahanadi Delta
to deal with the traditional indigenous knowledge
used by the local people.

STUDY AREA

Present study was undertaken during 2008-
2010 in the Kansaridia Proposed Reserved Forest
(PRF) of Mahanadi delta located in the Kendrapara
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district of Odisha along the east coast of India.
It is situated between 20° 20’ 58.3” to 20° 22’
11.7” North latitude and 86° 45° 30” to 86° 46’
00” East longitudes near Hukitola lake (Chataka)
to the north of Light house at the False point. It is
bounded by Bay of Bengal at the north, Khola nala
and Hetamundia PRF at the east, Batighar PRF at
the south and Sanatubi PRF and Kansari nala in the
west (Fig. 1). It spreads over an area of 1394.744
ha having periphery 19.12 km out of which 610
ha is under encroachment for prawn culture and
the rest 784.744 ha of area harbours luxuriant
mangrove vegetation. The area receives maximum
rainfall during the month from June to October
with average annual rainfall about 1641 mm.
The climate is tropical, warm and humid having
maximum temperature 42°C and the minimum is
9°C in the month of May and January respectively.
Throughout the year the mean relative humidity
ranges from 70-85%. Soil of the area is mostly
alluvial with deposits of silt. Approximately 64
mangrove species and their associates are recorded
from Mahanadi delta among which many plants
have certain medicinal properties (Pattnaik, 2007).
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Fig. 1. Map showing Kansaridia forest block

A total of 6 villages namely Kajalpatia,
Kochilabelari, Batighar, Sanatubi, Badatubi and
Barakolikhola are adjacent to this mangrove forest
with more than 4500 inhabitants. They depend
mostly on fishing and agriculture. These villages are

lacking modern facilities because of their remoteness.
The inhabitants are utilizing mangrove forest
resources to meet their various needs like construction
of houses, food, fodder, fuel, medicine etc.

With a view to protect the mangroves in
general and medicinal plant species in particular,
200 ha area of this forest block has been constituted
as Medicinal Plant Conservation Area (MPCA) by
the Forest Department, Government of Odisha..
The protection of the area is vested with Maa
Ramachandi V.S.S which has been constituted on
8 November 2008 by the active cooperation of the
villagers of Kochilabelari having 121 numbers of
households.

MATERIALS AND METHODS

The traditional knowledge of plant based
remedies for the treatment of diseases is confined
with the medicine man, all of which belong to
indigenous practitioners. The practices of traditional
knowledge have been passed on orally from one
generation to other generation. The main objective
of the study is to document the history, method of
preparation and application of plant part(s) used by
the local ethnic community.

Collection of ethno-medicinal data

After athorough reconnaissance, the area was
surveyed and demarcated with boundary pillars.
Field tours were undertaken in different villages
to collect information about traditional knowledge
regarding the medicinal use of mangrove plants and
their products. Before collection of information, a
friendly base was established with them, because
they were very much reluctant to share their
traditional knowledge on plants to any outsiders.
The respondents were mainly village headman,
traditional healers, local herbalist and women folk
who were selected on the basis of their recognition
as knowledgeable members concerning folk
medicine. Repeated queries were made to confirm
the information.

Identification of plants

Identification of collected plants was done
using relevant flora (Haines, 1921-25; Benerjee and
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Rao, 1990; Saxena and Brahmam, 1994-96) and the
specimens collected during the investigation were
preserved as herbarium materials.

RESULTS AND DISCUSSION

During present investigation, 20 medicinal
mangrove plant species belonging to 11 families

and 14 genera were studied. The plants are
enumerated alphabetically by their botanical
names along with their respective families within
parenthesis, vernacular names, collection number,
parts used and their medicinal uses (Table 1). The
form of herbal preparations have also been presented
against different kind of diseases.

Table 1. List of medicinal mangrove species of Kansaridia forest block in Mahanadi delta

Sl.  Botanical Name and Family Local Name Parts used Form of herbal Diseases/ailments
No. Name preparation
1 Acanthus ilicifolius Linn. Harakancha - 68 Leaf Decoction Rheumatism
(Acanthaceae) Leaf Extract Body pain
Fruit Pulp Blood purifier
2 Aegiceras corniculatum Khalsi -72 Hypocotyle  Paste Hyperacidity
Linn. (Myrsinaceae)
3 Avicennia alba Blume. Kala Bani -33 Bark Paste Wounds and skin
(Avicenniaceae) diseases
Root Paste Boils,
Insects bite, stomach
disorder
4 Avicennia officinalis Linn. ~ Dhala Bani -29  Leaf Paste Sprain
(Avicenniaceae) Bark Paste Wounds & skin
diseases
5 Brownlowia tersa Linn. Lati Sundari - 45 Leaf Paste Boils
(Tiliaceae )
6 Bruguiera cylindrica Linn. Kaliachua -76 Leaf Decoction Conjunctivitis, eye
(Rhizophoraceae) Fruit Pulp irritation,
Bark Decoction Wild ant bite
Diarrhoea & jaundice
7 Bruguiera gymnorhiza Bandari - 66 Leaf Decoction Conjunctivitis, eye
Linn. (Rhizophoraceae) Fruit Pulp swelling,
Bark Decoction Wild ant bite
Diarrhoea
8 Bruguiera parviflora Roxb. Dot -12 Leaf Decoction Eye irritation,
(Rhizophoraceae) Fruit Pulp eye swelling,
conjunctivitis Wild
ant bite
9 Caesalpinia crista Linn. Nentei - 52 Leaf Paste Scabies
(Caesalpiniaceae) Seed Paste Rheumatism
10 Ceriops decandra Griff. Garani -30 Bark Paste Fish diseases
(Rhizophoraceae)
11 Clerodendrum inerme Linn. Chiani -46 Root Powder Jaundice
(Verbenaceace )
12 Excoeacaria agallocha Guan -17 Latex Raw Cut wound, paralysis

Linn. (Euphorbiaceae )
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Sl.  Botanical Name and Family Local Name Parts used Form of herbal ~ Diseases/ailments
No. Name preparation
13 Kandelia candel Linn. Sindhuka -28 Stilt root Powder Hypertension
(Rhizophoraceace)
14 Rhizophora apiculata Rai- 59 Bark Decoction Hematuria, diarrhoea,
Blume. (Rhizophoraceae) dysentery
Bark Decoction Bleeding
15 Rhizophora mucronata Rai - 60 Bark Decoction Hematuria, diarrhoea,
Linn. dysentery
(Rhizophoraceae) Bark Decoction Bleeding, neck
inflammation.
16 Sonneratia apetala Buch- ~ Keruan -47 Fruit Juice Hemorrhage
Ham. (Sonneratiaceae)
Fruit Raw Poor eye sight
17 Sonneratia caseolaris Linn. Orua 32 Fruit Juice Hemorrhage
(Sonneratiaceae) Fruit Raw Poor eye sight
18 Tamarix troupii Linn. Jagula -61 Leaf Raw Stomach pain
(Tamaricaceae)
19  Xylocarpus mekongensis Pitamari -44 Seed Oil Hair illuminant
Pierre. (Meliaceae)
20 Xylocarpus granatum Koen. Sisumara -65 Seed Paste Breast tumor
(Meliaceae) Bark Paste Cholera
Fruit Paste Elephantiasis

It is evident from the present observation that
the inhabitants living in and around the mangrove
forests of Mahanadi delta have good knowledge about
traditional use of plants. The ethno-medicinal study
revealed therapeutic potential of 36 applications from
20 plants species for treating 51 different diseases
and ailments. There is variation in frequencies of
different plant parts used to treat the diseases (Table
2). There were 6 plant parts used by the traditional
healers for treatment of diseases, out of which bark
was most frequently used for 10 species (28.59%),
followed by leaf and fruit for 9 species (25.71%) in
each and root for 3 species (8.57%).

Table 2. Parts of medicinal plant used

Plant part Frequency Percentage (%)
Root 03 8.57

Leaf 09 25.71

Bark 10 28.59

Fruit 09 25.71

Seed 03 8.57
Hypocotyle 01 2.85

There were 8 herbal preparations observed
from this study (Table 1). The most frequently used
preparation was paste for 12 prescriptions (33.0 %),
followed by decoction for 10 prescriptions (28.0
%), pulp for 4 preparations (11.0 %), extract and
raw for 3 preparations (8.0 %) each, powder for 2
(6.0 %) and oil and latex for 1 prescription ( 3.0 )
each (Fig. 2).

Fig. 2. Percentage of herbal preparation
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Table 3. Comparison of mangrove plants with other similar researches

Sl..  Name of the Plant Ravindran Onrizal and Oratal Present
etal. (2005) Mansor (2010) etal. (2012) study

1. Acanthus ilicifolius L. \/ \/ \

2. Aegiceras corniculatum Linn. \

3. Avicennia alba Blume \ \ \ \

4. Avicennia officinalis L. \ \

5. Brownlowia tersa Linn. \

6. Bruguiera cylindrica Linn. v \

7. Bruguiera gymnorrhiza Lamar. \/ \/ V

8. Bruguiera parviflora Roxb. S

9. Caesalpinia crista Linn. \

10.  Calophyllum inophyllum L. \

I1. Capparis sepiaria L. \

12.  Cayratia trifolia (L.) Domin \

13.  Ceriops decandra Griff. \/

14.  Clerodendrum inermis (L.) Gaertn. N \ \

15.  Colubrina asiatica (L.) Brongn. \

16.  Derris scandens (Aubl.) Pittler \

17.  Derris trifoliata Lour. \

18.  Excoeacaria agallocha L. V V \/ V

19.  Heritiera littoralis Aiton \

20.  Hibiscus tiliaceus L. \

21.  Ipomoea pescarprae (L.) Sweet v

22.  Kandelia candel Linn. V

23.  Lumnitzera racemosa Willd. \

24.  Rhizoprora mucronata Lam. \/ \/ \/

25.  Rhizophora apiculata Blume \ \ \ \

26.  Salicornia brachiata Roxb. \

27 Solanum trilobatum L. \

28 Sonneratia alba Smith \

29.  Somneratia apetala Buch-Ham. \

30.  Somneratia caseolaris (L.) Engl. \ \

31.  Tamarix troupii Linn. N,

32.  Xylocarpus granatum Koen \/ \/ \

33 Xylopyrus mekongennsis Pierre \
Total 11 09 35 20
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Comparative analysis with similar study

Rabindran et al. (2005) have reported 11
mangrove medicinal species from Pichavaram
mangroves of East coast, Tamil Nadu whereas
Ornizol and Mansor, 2010 have reported 9 species
form North Sumatra, Indonesia and Oratal et al.
(2012) have reported 35 mangrove plants from Phra
Peninsula of Sonkhla province as against 20 species
reported during the present day. As reported three
plant species such as Avicennia alba, Excoeacaria
agallocha and Rhizophora apiculata have some
medicinal properties which is in agreement with
the present observation. Contrary to the previous
findings Aegiceras corniculatum, Brownlowia tersa,
Bruguiera parviflora, Caesalpinia crista, Ceriops
decendra, Kandelia candel, Somneratia apetala,
Tamarix troupii and Xylocarpus mekongensis are
the plants found only from the present study area
(Table 3).

Twenty medicinal plant species identified
from Kansaridia forest block are being utilized
to cure 29 diseases and ailments. Family
Rhizophoraceae represents highest number of
species (7) as regards to their medicinal properties
is concerned followed by Avicenniaceaec and
Sonneratiaceae represented by 2 species each. The
genus Bruguiera is represented 3 species followed
by Rhizophora, Sonneratia and Xylocarpus are
representing 2 species. Acanthus illicifolius and
Caesalpinia crista have the potentiality to cure
rheumatism. At the same time xylocarpus granatum
is not only very popular in the locality to be used
against breast tumor, but also have miraculous
effect against elephantiasis. Bruguiera cylindrica
is used long since as a curative measure against
jaundice and latex of Excoeacaria agallocha against
paralysis in such a remote part of the country.

Since time immemorial, plants are
indispensable source of natural products for the
health of human beings and they have a great
potential for producing new drugs (Nascimento
et al., 2000; Litteton et al., 2005) as they contain
compounds of therapeutic value (Panda et al.,
2009). Even today the people who live adjacent to
the forest areas, use plant products to cure chronic
diseases. According to WHO, plants are a source

of compounds having ability to combat diseases,
antimicrobial, antiviral and antifungal activities
(Nascimento et al., 2000; Gazim et al., 2008).
Plant products are less toxic and environmentally
friendly and less pollutant are produced in course of
their production and have minimum health hazards
(Opra and Wakocha, 2008).

At present context, new diseases are arising
day by day and infectious diseases are the second
most serious cause of death worldwide (Abeysinghe
et al., 2010). In the present health care system of
the world, the rise of antibiotic resistant micro-
organisms is one of the severe problems. Thus, WHO
is trying to promote traditional medical system
(Bizimina, 1997) in order to combat diseases. In
such a scenario mangroves of Mahanadi delta will
act as an epitome of phytomedicines for benefit
of the society. Therefore, long term conservation
measures by way of creating awareness on the rural
folk should be undertaken on a priority basis.

CONCLUSION

The present investigation has included
the therapeutic values employed to cure certain
important diseases and ailments like breast
tumor, cholera, elephantiasis, eye-sight problems,
hemorrhage, hyperacidity, hypertension, jaundice,
paralysis, rheumatism, skin diseases, stomach
disorders, etc. These ethno-medicinal plants are
subjected to intensive phyto-chemical screening in
view of their immense potential to cure certain vital
diseases and ailments.

The inhabitants of fringe villages around
mangrove forests live in remote rural areas where
modern health care facilities are not available.
Besides the plant species studied, many plants are
also used for the preparation of various medicines.
But the secretiveness of the medicinal practitioners
and fear of overexploitation of the plant resources
by the outside people, their communities pose
reluctance to disclose all the information which is
still with them.

This research work was conducted in remote
areas to record and document the utilization of
mangrove plants which have been helpful to them
in the treatment of various diseases. Apart from
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that awareness campaign should be conducted by
the NGO’s and governmental organizations about
the utility, preservation and conservation of the
mangrove plant species along with their associates
on priority basis. With the development of modern
medicines which are very effective, traditional
medicinal practices have been overlooked. Though
modern medicines are believed to cure most of the
ailments, such facilities could not be available in
each and every corner in proper form. Furthermore,
such medicines are very costly and not readily
available in remote pockets. The main loopholes
that prevailing in the localities are improper
diagnosis of the diseases, delay in treatment and
age-old superstitions that cause casualties among
the people. At present there is urgent need for
exploration and documentation of medicinal plant
wealth of mangroves of Mahanadi delta. It will not
only help in conservation of mangroves but also
lead to the integrated development of the local
community.
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ABSTRACT

Theileria spp., predominantly a tick-borne haemoprotozoan parasites of cattle, do infect wild animals

especially in endemic areas. Identification of infectious agents provides valuable information on

epidemiology. Molecular study was conducted in two species of wild cervids, i.e., brow-antlered
deer and sambar deer of Nandankanan Zoological Park (NZP), Bhubaneswar, Odisha to assess the
occurrence of blood pathogen. Following DNA extraction from the whole blood samples, the product

was subjected to PCR with 989/990 primers specific for Theileria genus where a product size of 1098bp

upon gel electrophoresis were recorded in positive cases. Out of 9 brow-antlered deer and 12 sambar

deer samples processed, 8 samples (4 from each species) showed presence of Theileria spp. indicating

a prevalence rate of 38 per cent. The study uncovered the carrier stage of Theileria spp. among wild

cervidae population in NZP and thereby laid down stepping stone towards control measures.

Key words: Carrier stage, Nandankanan Zoological Park, PCR, theileriosis, wild cervid

INTRODUCTION

The genus Theileria, comprising of obligate
intracellular haemoprotozoan parasites, have the
ability to infect both domestic as well as wild
ruminant throughout the world (Garcia-Sanmartin
et al., 2007). Apart from its economic effect on
domestic bovines in the form of low productivity
or mortality, this tick-borne disease has also been
reported to infect wild ruminants like white-tail deer
(Schaeffler, 1961), elk (Chae et al., 1998), sika-deer
(Inokuma et al., 2004), mule deer (Kjemtrup et al.,
2000), fallow deer (Galupppi et al., 2010) and water
deer (Han et al., 2009). Some species of the genus
Theileria such as T. annulata and T. parva are highly
pathogenic and cause significant mortality among
susceptible animals (Tait and Hall, 1990; Gitau et
al., 1999). However, other Theileria spp. like those

of T. orientalis/buffeli group are considered to be
benign or less pathogenic probably because of a
long evolutionary relationship between the parasite
and the host (Zanet et al.,, 2014). Nevertheless,
clinical disease may occur in stressful situations
related to translocation, concurrent diseases or
malnutrition (Kocan and Kocan, 1991; Hofle et al.,
2004; Sawczuk et al., 2008).

Theileria spp. are cosmopolitan parasites
(Chae et al.,, 1999) that have been detected in
wild ruminants in many countries including Japan
(Ikawa et al., 2011), South Korea (Han et al., 2009),
Brazil (Silveira et al., 2013), the United States
(Garner et al., 2012), Italy (Galupppi et al., 2010),
Austria (Fuehrer et al., 2013) and Spain (Garcia-
Sanmartin et al., 2007). Though India has long
been established as a victim of bovine theileriosis,
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reports of theileriosis among wild animals are scant.
Literature search on the incidence of theileriosis
among domesticated bovines in India over the
last four decades has revealed the existence of
theileriosis in clinical as well as carrier stages
(Anonymous, 2015; Kakati et al., 2015). The
occult infection may remain as a potential source
of infection for other susceptible hosts. But there is
lack of information on prevalence of such infection
among wild animals in India that is essentially
required to chalk out effective location specific
control programme.

Keeping the above facts in forefront, the
present study was conducted to unveil status of
Theileria spp. infection, if any, by blood smear
examination and polymerase chain reaction (PCR)
in two different species of wild cervids viz. brow-
antlered deer (Rucervus eldii) and sambar deer
(Rusa wunicolor) maintained separately under
captivity in Nandankanan Zoological Park (NZP),
Bhubaneswar, Odisha, one of the largest zoos of
India.

MATERIALS AND METHODS

Odisha is privileged to own NZP, one of the
premier zoological parks across India, which is
geographically located between 20° 23' 08" to 20°
24' 10" N latitude and 85° 48' 09" to 85° 48" 13"
E longitude. Of huge repertoire, wild ruminants
constitute a major chunk. The state experiences
moderately hot and very humid climate favouring
rapid multiplication of vectors and propagation
of vector-borne diseases of which theileriosis is
one with economic repercussions (Ogre, 1999).
Five species of theileria (7. annulata, T. parva, T.
taurotragi, T. velifera and members of T. sergentii/
orientalis/buffeli group) have been found to infect
animals throughout the world. The state of Odisha
has also witnessed reports of theileriosis among
domesticated bovines in its coastal districts. But the
report of this disease among wild animals of Odisha
is silent. Therefore, the need to unveil the picture of
theileriosis in the wild mammals is of paramount
importance.

During the process of therapeutic management,
there was a need of collecting whole blood samples

from two different species of wild Cervidae i.e.,
Brow-antlered deer and Sambar deer for hemato-
biochemical analysis. Such blood samples were
screened for presence of Theileria spp. using
conventional blood smear examination and PCR.

Approximately one millilitre of blood
sample was collected properly from jugular vein of
nine Brow-antlered deer and 12 Sambar deer each
belonging to both sexes in EDTA coated vacutainers,
during restraint for therapeutic management and
surgical interventions. Such samples were brought
to the Centre for Wildlife Heath, OUAT for
laboratory investigation.

Microscopic examination (ME)

Thin blood smears prepared from whole
blood samples were fixed with methanol for
5 minutes and subjected to staining with 10%
Giemsa's solution for 40 minutes. Blood smears
were carefully examined for presence of Theileria
spp. parasites under the oil immersion lens (100 X
magnifications).

Molecular diagnosis through PCR

Genomic DNA was extracted from each
blood sample using commercially available DNA
mini kit (QIAGEN, GERMANY). According to
the manufacturer’s instructions, 200 pl of whole
blood was used for each sample. The integrity
of extracted DNA was checked by agarose gel
electrophoresis. Purified DNA was used as template
for the PCR. In PCR, 989/990 set of primers were
used specific for Theileria genus (Table 1). PCR
was performed in a final reaction volume of 25
ul reaction mixtures containing 2 ul DNA sample
(using 30 ng pl! template in case of DNA reference
samples), 50 mM KCI, 10 mM Tris—HCI (pH 8.3),
1.5 mM MgCl, 200 uM of dNTP mix, 20 pmol
of each primer, 0.5U Taq polymerase enzyme and
sterile distilled water up to 25 ul. The reaction
mixture was placed on a heating block of a Proflex
PCR system (Thermofischer scientific). After
a denaturation step of 5 min at 94°C, each of 30
cycle consisted of 1 min at 94°C, 1 min at 55°C,
1 min at 72°C followed by 10 min at 72°C. Positive
control and negative control were run along with



148 SAHU et al.

e-planet 17 (2): 146-151

the test samples. The amplification products were
subjected to electrophoresis on 1.5 per cent agarose
gel with ladder and the amplified products were

visualized using Gel Documentation system. A
product size of 1098 bp by primers 989/990 were
considered positive for Theileria genus

Table 1. Primer set used for PCR to detect Theileria spp.

Oligo name Sequence (5°---->3”) Product size Target genome

989 GTAACCTTTAAAAACGT 1098 bp Theileria genus
specific

990 GTTACGAACATGGGTTT

Source: Vet. World, Prevalence of theileriosis in cross-bred cattle authored by Kohli et al. (2014)

RESULTS AND DISCUSSION

On microscopic examination, all 21
blood smears examined were found negative
for the presence of both the stages of Theileria
parasite i.e., piroplasm and/or schizonts under
100X resolution by oil immersion. However,
molecular detection through PCR revealed a more
elaborate picture where 8 (38 %) cases found
positive for Theileria spp. (Fig. 1). Out of these,
4 positive samples belonged to Brow-antlered
deer and the rest four were from Sambar deer.

1098bp

L =ladder(1000bp)
-ve C =negafive control
+ve C =posfive control
nl- n4 = Samples

Fig. 1. Gel image showing positive amplification of
Theileria spp. in wild cervids (Brow-antlered deer
and Sambar deer) and amplicon size in base pairs.

Theileria sp. is an obligatory intracellular
parasite that exhibit indirect lifecycles. Ixodid spp.
(hard ticks) belonging to the genus Rhipicephalus,
Hyalomma, Haemaphysalis and Amblyomma have
been reported to be the vectors for different species
of Theileria parasites across the globe. Theileria
sporozoites are transmitted to susceptible animals in
the saliva of the feeding tick. In cattle the disease
is characterized clinically by pyrexia, inappetance,
swollen peripheral lymph nodes, anaemia and
icterus. Other clinical signs include lacrimation,
corneal opacity, nasal discharge, terminal dyspnoea
and diarrhoea. In wild animals, though carrier stages
are seen in a number of bovids and cervids, clinical
infection has been reported in a gaur calf (Bos
gaurus) in India with clinical signs of opacity of both
eyes, reduced appetite, clay coloured stool loose in
consistency, champing of jaws and pyrexia. Outside
India, clinical infections have been documented in
Sika deer in China with symptoms of pale mucous
membrane, weight loss and swollen prescapular
lymph nodes (Liu et al., 2016). Fatal infections
have also been recorded in African antelopes where
clinical signs observed were depression, drooping
of the ears, prolonged intermittent recumbency,
anorexia, and lagging behind the herd. On inspection
after immobilization, the animals were found to
be anemic, icteric, and pyrexic, with generalized
lymph node enlargement and prolonged bleeding
times. Nijhof et al. (2005) recorded icterus and
widespread petechiae (especially in the renal cortex),
splenomegaly, red pulp hyperplasia, pulmonary
edema, and a generalized lymphoid hyperplasia
in antelopes during postmortem examination.
Punched ulcers in the abomasums, a characteristic
pathognomonic lesion in cattle, was not noticed.
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Though the conventional Giemsa stained
thin blood smear examination continues to be
the gold standard method for identification of
intra-erythrocytic piroplasm and schizont stage
of Theileria spp., this method is rarely successful
in case of carrier animals (Durrani and Kamal,
2008). Such statement substantiates the findings
in the present study where none of the thin blood
smears were positive for Theileria parasites under
microscopy. Moreover, by microscopic examination,
it is generally not possible to discriminate different
species of Theileria spp. that may occur as single or
mixed with other species simultaneously within the
same host (Parthiban et al., 2010). The serological
tests like IFA and ELISA are also not suitable
due to cross reactivity with other Theileria spp.
(Anonymous, 2014) and inability to distinguish
between active carriers and animals with antibodies
due to prior infections (Dolan, 1986).

In the present investigation, PCR could
identify Theileria spp. in 38 % (8/21) of the
apparently healthy wild cervids of NZP that
established the carrier status of this parasite. To
the best of our knowledge, this study is probably
the first of its kind to report Theileria infection in
cervids in India. Appearance of carrier animals is
a cause of concern as it poses as a risk and focus
of infection to other susceptible healthy animals in
the zoo viz., Four horned antelopes, Blackbuck,
Mouse deer, Swamp deer, Barking deer, Hog deer,
Sambar deer, Spotted deer, Brow-antlered deer
and Nilgai. In addition to that, there is a herbivore
safari in the park that inhabits four of these species
that are Barking deer, Spotted deer, Sambar deer
and Four horned antelopes which creates a greater
risk of transmission of this parasite among the wild
herbivores.

Carrier animals are usually the chronic form
of piroplasms (Kohli et al., 2014). It could be
inferred that the carrier animals along with the tick
feeding on them may act as the source of infection
for the healthy population. They usually remain
undetected by conventional microscopic and
serological methods due to low level of infection
(Roy et al., 2000). To overcome these constraints,

PCR was preferred for its high sensitivity and the
ability to amplify even a minute concentration of
parasitic DNA in the blood enabling the detection
of carrier animals especially in endemic conditions
(Mans et al., 2015).

Livestock could also be a possible source
of this parasite to wildlife population in the buffer
areas (Daniels, 2007). It is a fact that some species
of Theileria have also been found capable of
being mechanically transmitted to healthy cattle
by minute volumes of blood through intravenous
inoculation by hypodermic needle as well as
through biting arthropods (Hammer et al., 2016)
which further escalates the risk factor associated
with the carriers of this disease. An inverse
relationship exists between age and resistance to
infection, where fawns gradually acquire immunity
without showing clinical symptoms, and immunity
is maintained by repeated challenges with the
parasites. Consequently, a persistent parasite
reservoir is established in the wild ruminants
(Garcia-Sanmartin et al., 2007). It has already been
established that stressors like high parasitemia, poor
nutrition, high population density, harsh weather
conditions, or handling (e.g. translocation) can lead
to symptomatic piroplasmosis which is a cause
of severe disease and death among wild animals
(Hofle et al., 2004).

Buparvaquone with/without oxytetracycline
is considered effective against theileriosis.
However, treatment with these agents does not
completely eradicate theileria infections, rather
leads to the development of carrier state in that
hosts. Reliable live vaccines of known efficacy are
available only against species 7. annulata. But its
use in carrier animals is still under scrutiny.

More sustainable and reliable methods for
the control of theileriosis include deployment of a
combination of strategic tick control and specific
attention towards tick or parasite screening in
imported animals (Radostitis et al., 2009). Hence,
findings of the study will stimulate implementation
of preventive practices in the Nandankanan
Zoological Park to restrict hemoparasite
transmission.
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CONCLUSION

Present study indicated asymptomatic carrier
state of Theileria spp. in wild cervids i.e., like brow-
antlered deer and Sambar deer in Nandankanan
Zoological Park, Odisha. Though conventional
blood smear examination could not detect presence
of piroplasm/schizont in blood smear, PCR could
detect Theileria spp.in 38 % (8/21) of the apparently
healthy wild cervids.
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ABSTRACT

The Indian grey wolf (Canis lupus pallipes) is a rare and lesser-known top predator in India. A rapid camera
trapping survey was conducted to assess the large carnivores and their preys in the Sundargarh forest
division, Odisha, India. Two individuals of Indian grey wolf were recorded during the survey offering
the first photographic evidence of the Indian grey wolf outside protected areas of Odisha. This record
increases knowledge on the distribution of the species. More extensive surveys are needed to understand
the distribution and population dynamics of Indian grey wolf'in the area. We provide photographic evidence

of Indian grey wolves and highlight the importance of Odisha forest for species conservation.

Key words: Camera trapping, Canis lupus, Indian grey wolf, Odisha, photographic evidence

INTRODUCTION

Wolves are placed in the family Canidae
and the genera Canis includes species of wolves,
jackals, and the domestic dog. The taxonomy
and phylogeny of the wolves has been variously
explained as including a single species C. [upus
(Nowak, 2009) or at most as two species with the
second being C. rufus as suggested by Goldman
(1937). Two of these subspecies, the Tibetan wolf
(Canis lupus chanco) whose range extends from the
trans-Himalaya into Tibet and China, and the Indian
wolf (Canis lupus pallipes) ranging over much of
Peninsular India inhabit the Indian subcontinent.
Traditional taxonomy considers them as distinct
relatives of other Gray wolves; however, recent
molecular genetics studies contest this and suggest
that (WII, 2017) the wolves from the Himalayas
(Tibetan wolf, Canis lupus chanco) are the basal
form that gave rise to the Indian wolf (Canis lupus
pallipes).

Further, the two are distinct enough
to be treated as full species (Aggarwal et al.,
2003). Sharma et al. (2004) suggested that wolf
populations of Indian subcontinent have three
divergent, ancient and parapatric mtDNA lineages;
namely the Canis lupus pallipes clade (peninsular
India, Iran, Iraq and parts of Arabia), Himalayan
clade of Canis lupus chanco (Ladakh, Spiti, Tibet
and Nepal) and the wolf-dog clade of Canis lupus
chanco (northwest Jammu and Kashmir, i.e. Gilgit
and Baltistan). Based on a combined analysis of
nuclear and mitochondrial DNA, Bardeleben et al.
(2005) suggested that the relationships among the
wolf-like canids remains poorly understood due
to their recent divergence. Aggarwal et al. (2007)
proposed the revision of the taxonomy of the
wolves in India and proposed a new species Canis
indica. Conclusive evidence that fully elucidates
the taxonomy and phylogeny of the wolves remains
to be fully explained and the studbook uses the
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taxonomy suggested by Nowak (2009).

The Indian grey wolf Canis lupus pallipes is
considered as the top carnivore species of the Indian
open plains, semi-arid grasslands, scrublands and
grazing lands (Singh and Kumara, 2006). It is
considered as endangered species in India, features
on Schedule-I of the Indian Wildlife (Protection)
Act, 1972 and listed as Appendix-I under the
Convention on International Trade in Endangered
Species (CITES). The species can grow up to a
height of 65 to 75 cm with a body length of 90 to
105 cm excluding 35-40 cm tail. They attain a body
weight upto 40 to 60 kg. The dentition and large
skull distinguish the wolves from rest of the family.
The skin colour of the species varies from grey and
blacking coat (Prater, 2005). Jhala (2000) estimated
that the wolf population was between 2000-3000 in
entire Indian peninsula. The Indian grey wolf had
once one of the largest natural range of any land
mammal (Sheldon, 1992). The Indian grey wolf is
widely occurring, but at low density throughout its
range in the Indian sub-continent. The core habitat
of this species is the western, central and peninsular
India in open grassland, scrubland and rocky hills
(Sahi, 1982). The eastern population of Indian grey
wolf found in Odisha, Jharkhand, Bihar and parts
of West Bengal, is an exception and occurs in moist
forested habitats (Sahi, 1982). They prefer open
forest on the periphery of protected forest areas
where forest reduced to scrub forest due to heavy
biotic pressure (Jhala, 2003). Only a few reports on
the occurrence of wolf are available from Odisha
(Palei et al., 2013; Nair and Panda, 2013). Camera
traps is increasingly used as survey tool to study
wildlife (Das et al., 2019). Here we report the
photographic evidence of Indian grey wolf from
Sundargarh Forest division, Odisha, India.

MATERIALS AND METHODS

The Indian grey wolf was recorded during
the survey of carnivores and their prey species in
Sundargarh Forest division, western Odisha. The
study area lies between 21°47° 7 N to 22°32° 2” N
and 83°32°19” E to 84°34° 18” E (Fig. 1). The forest
division shares its boundaries with Chhattisgarh
and Jharkhand. It covers 3576.39 km? and is

dominated by tropical dry-deciduous, northern
tropical dry-deciduous and northern dry-mixed
deciduous forest (Champion and Seth, 1968). The
major species, viz. Anogeissus latifolia, Terminalia
tomentosa and Qugeinia dalbergioides etc., which
are more akin to the dry deciduous forest, whereas
the low level Sal forest are characterized by dense
undergrowth because of its comparatively cooler
climate and species like Syzygium cumini, Albizzia
species, Emblica officinalis etc. are the common
associates. The main species present in the top
storey are Shorea robusta, Terminalia tomentosa,
Anogeissus latifolia, Pterocarpus marsupium,
Adina cordifolia, Syzygium cumini, Mytragyna
parvifolia and Albizzia procera. The middle storey
contains Dalbergia latifolia, Ougeinia oojinensis,
Gmelina arboria, Bridelia retusa and Cleistanthus
collinus. The ground flora comprises Holarrhena
antidysentrica, Nyctanthes arbortristisetc and the
important climbers are Bauhinia vahlii, Combretum
decandrum etc.

Fig. 1. Indian grey wolf captured location in Sundargarh
Forest Division, Odisha, India

The mean minimum and maximum
temperature varied from 6-20 °C in January and 35-
45 °C in May. The mean annual rainfall is 1,100-
1,500 mm during the monsoon between June and
September. We used 45 motion sensor camera traps
(Cuddeback Model Cl1) to carry out a mammal
survey from 25" October to 20" November 2018.
We set up 30 camera trap stations in Dangakhol,
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Garjanpahad Reserve Forest of Hemgiri forest
range, 15 in Jamkani Reserve Forest of Lepripara
forest range and one in Dhanubauns Reserve Forest
of Gopalpur forest range (Fig. 1). We selected
most suitable sites likely to trap all species based
on preliminary sign surveys of their tracks and
scats. Moreover, we interviewed local forest staff.
Camera traps were predominantly set along forest
roads, game trails and footpaths. At each location
one camera trap was installed for 25 days, yielding
a total of 1125 trap nights.

RESULTS AND DISCUSSION

During the survey we recorded a total of
five localities in 12 photograph captured Indian
grey wolf in Sundargarh Forest Division. A total 45
camera trap stations with a total sampling effort of
1125 trap days from 25" October to 20" November
2018. Out of 45 locations five locations were
recorded in Indian grey wolf. The first photograph
of a male Indian grey wolf was obtained once on
12" May 2018 at 07:12 (Fig. 2). After that, a female
Indian grey wolf was photographed on 19" May
2018 at 09:04 (Fig. 3). The Indian grey wolf photos
and different camera trap stations (Fig. 2 and 6;
Table 1).

Fig. 2. Camera trap photo of a male Indian grey wolf

was captured on 12th May 2018 in Ushakothi, Lepripara
Range, Sundargarh Forest Division, Odisha, India.

The population of Indian grey wolves were
sporadic and rare in Odisha. Several camera trap
studies in different parts of Odisha did not reveal
their presence (Palei et al., 2016; Debata and

Fig. 3. Camera trap photo of a female Indian grey wolf
was captured on 17th May 2018 in Jamkani, Sundargarh
Forest Division, Odisha, India.

Swain, 2018). But it may be possible that due to its
elusive behaviour, naturally low population density
(Jhala, 2003). However, Palei et al. (2013) reported
the livestock depredation by Indian grey wolf in
Hadagarh Wildlife Sanctuary, Odisha. Therefore,
survey of population trend, ecology and threats of
Indian grey wolf in Odisha is needed to understand
its status.

Yy SRR

Fig. 4. Camera trap photo of a male Indian grey wolf was

captured on 11™ April 2018 in Singharibahal, Hemgiri,

Sundargarh Forest Division, Odisha, India

In addition to the Indian grey wolf, threatened
species such as tiger (Panthera tigris), leopard
(Panthera pardus), elephant (Elephas maximus),



December 2019

PHOTOGRAPHIC EVIDENCES OF INDIAN WOLF

Fig. 5. Camera trap photo of a male Indian grey wolf was
captured on 10 April 2018 in Telianala of Chengapahad,
Hemgiri, Sundargarh Forest Division, Odisha, India.

sloth bear (Melursus ursinus) and four-horned
antelope (Zetracerus quadricornis) were also
recorded from this study area, highlighting the

T . - - - ‘-'h .. e y -3
Fig. 6. Camera trap photo of a male Indian grey wolf
was captured on 11" April 2018 in Kodbahal, Hemgiri
Range, Sundargarh Forest Division, Odisha, India.

importance for threatened species conservation.
Thus, extensive surveys of these areas are warranted,
as they may be a stronghold for threatened species.

Table 1. Records on the occurrence of the Indian grey wolf in Sundargarh Forest Division, Odisha

Sl. Year Locations Forest type Type of records Photo captured

1 2018 Ushakothi, Lepripara Range, Sundargarh Dry deciduous  Camera trap 02
Forest Division, Sundargarh forest

2 2018 Jamkani, Lepripara Range, Sundargarh Dry deciduous  Camera trap 02
Forest Division, Sundargarh forest

3 2018 Singharibahal, Hemgiri Range, Sundargarh Dry deciduous  Camera trap 02
Forest Division forest

4 2018 Telianala of Chengapahad, Kanika, Dry deciduous ~ Camera trap 03
Sundargarh, Forest Division. forest

5 2018 Kodbahal, Hemgiri Range Sundargarh, Dry deciduous  Camera trap 03
Forest Division,Sundargarh forest
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ABSTRACT

Red wattled lapwing (Vanellus indicus) is a ground bird, residing in the open countryside, ploughed fields,

grazing patches, and dry beds of water bodies in parts of Asia. Literature reveals that typical nesting

habitat of this bird includes open country, grazing land, fallow fields, dry beds of village tanks, and islets

in rivers. In natural conditions, 3-4 eggs are laid in a ‘ground scrape’ or a depression, sometimes fringed

with pebbles and goat or hare droppings. Here, we report observations of the nesting of Red-Wattled
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INTRODUCTION

Red wattled lapwing (Vanellus indicus)
belongs to the family Charadriidae of the avian
order Charadriiformes (Jerdon, 1984). It is a ground
bird, residing in the open countryside, ploughed
fields, grazing patches, and dry beds of waterbodies
in parts of Asia (Ali, 1996; Vyas and Rakesh, 1997;
Kaur and Khera, 2017). It feeds on insects and
acts as biological pest control. It has characteristic
loud alarm calls sounding like ‘did he do it’. It is
currently classified as Least Concern according to
the IUCN Red List (Birdlife International, 2016)
and is a common and widespread wading bird of
the Indian subcontinent.

Typical nesting habitat includes open
country, grazing land, fallow fields, dry beds of

village tanks, and islets in rivers (Ali and Ripley,
1998). In natural conditions, 3-4 eggs are laid in a
‘ground scrape’ or a depression, sometimes fringed
with pebbles and goat or hare droppings (Sharma,
1992). The incubation period ranges from 28 to
30 days and both sexes perform incubation duties
(Desai and Malhotra, 1976; Ali and Ripley, 1998).

There are reports of its nest on flat pebbled
roofs in urban environments (Gole and Mundkur,
1980; Patnaik, 1980; Tehsin and Lokhandwala,
1982; Mundkur, 1985; Grimmett et al., 1998).
Muralidhar and Barve (2013) have recorded nests
of this species on the corrugated asbestos roof of a
bungalow in urban area of Mumbai, Maharashtra
which sufficed that species has been adapting
to urban settings and choosing a nest location
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with minimize human and livestock interference.
Sangha (2011) reported its nesting in stone
boundary wall near his residence. The nest was in
irregular depression and filled with pebbles, grit,
and limestone to create flat surface in depression.

MATERIALS AND METHODS

Observations of the nesting of Red-Wattled
Lapwing was reported on a cemented rooftop of
house in Dehradun (30°19'31.00" N, 78°0'6.00" E),
Uttarakhand State, India. The house is surrounded
by barren land, roads and human habitation. It was
observed on the rooftop of the house in the month
of March 2019 (Fig. 1).

Fig. 1. Red Wattled Lapwing on the rooftop of AS
author’s residence

Fig. 2. Four eggs of Red Wattled Lapwing on the
rooftop
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Fig. 3. Three chicks of red wattled lapwing

The nest was built on the rooftop stuffed by
pebbles and small stones (Fig. 2). Breeding season
in the present study was similar to the study of
Vyas and Rakesh (1977), i.e. during the month of
March. Four eggs were layed on 29.3.2019 and out
of which, three eggs hatched on 26.4.2019 (Fig. 3)
and one egg hatched on 27.4.2019 with 29-30 days
of incubation.

RESULTS AND DISCUSSION

Chicks of lapwings are nidifugous and
precocial, i.e. they leave the nest and follow the
parents soon after hatching (Walter, 1982). It was
interesting to note how the chicks safely descend
on the ground from house rooftop without injuring
themselves. In the present study, it was observed
that all the four chicks descended to ground through
jumping technique after 5-6 days.

Sethi et al. (2011) reported that nest survival
and hatching has been higher in roof nests of Red-
wattled lapwing than in the ground-nests found
in district Haridwar. Desai and Malhotra (1976)
studied the nesting success and observed 52.70 %
hatched successfully, and overall nesting success of
40.54%. According to Gupta and Kaushik (2011)
hatching success was found to be around 60.92% in
Kurukshetra, Haryana, while Muralidhar and Barve
(2013) reported 75% hatching success in Mumbeai,
Mabharashtra.

Literature reveals that ground-nesting bird
species have adapted to the rapid urbanisation and
urban environments (Palei et al., 2017) and have
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developed change in their breeding sites depending
upon the needs of their young. Use of flat roofs for
nesting has been suggested as an adaptive response
of ground-nesting birds (Baumann, 2006).

Loss of natural habitat, increasing local
population pressure, to minimise predation
pressure are possible reasons for roof-nesting
by Red-wattled Lapwing (Mundkur, 1985). Our
observations provide incentive to gather more data
in connection with changing nesting pattern of
ground-nesting bird species. Further till date there
has been no study on the range of threats being
faced by the lapwings in the state of Uttarakhand.
More studies have to be conducted to ascertain the
reasons causing such a shift in the nesting habitat
of the species.
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ABSTRACT

The present study was conducted in buffaloes over a period of five years from 1st July 2012 to 30th June
2017. The blood samples received in the Department of Veterinary Pathology, College of Veterinary
Science and Animal Husbandry, Orissa University of Agriculture and Technology, Bhubaneswar,
Odisha from buffaloes suspected to be affected with theileriosis on basis of clinical signs were included
in the study. The cases were screened by examination of stained blood smear. Out of 180 numbers of
blood samples from buffaloes, 168 (93%) cases were found positive and 12 (7%) cases were found
negative. Season wise distribution of cases showed that the disease was highly prevalent in summer
(44.04%) followed by rainy (35.11%) and least in winter season (20.83%). The disease was more seen
in middle aged (6-9 yrs) animals followed by young to adult animals of <6 yrs of age. The clinical
signs recorded in affected buffaloes were non-remittent pyrexia, enlargement of prescapular and
prefemoral lymphnodes, anorexia, drop in milk yield, tachycardia, dyspnoea, pale mucous membrane,
haemoglobinuria, corneal opacity, icterus, brisket edema etc. The average Hb%, PCV and TEC were
10.25+€2.51 g %, 31.02+7.61 and 6.20+1.28 million per cmm respectively indicating anaemia due to
erythrolysis. TLC was 8159.2342324 and the percentage of N, L, E, B and M in DLC were 42.43+14.77,
52.77+£14.91, 3.58+3.91, and 1.35+0.75 respectively. The average MCV, MCH, MCHC values were
42.99+7.48, 14.20+2.46 and 33.06+1.18 respectively.

Key words: Buffalo, theileriosis, clinical signs, hematology, Piroplasms

INTRODUCTION

Buffaloes contribute more than 55% of
total milk production of the country. Dairy cattle
and buffaloes suffer from tick borne diseases and
theileriosis is the biggest obstacle to livestock
production (Dhar et al., 1987). The disease is
caused by Theileria annulata of Genus Theileriae
under Family Theileridae and being transmitted
by ticks of Hyaloma spp. Theileria are obligate
intracellular protozoan parasites that infect both
wild and domestic bovines throughout the world
along with some species of small ruminants causing
clinical and subclinical infections. The disease
is also known as ‘Mediterranean coast fever’ or

‘Bovine tropical theileriosis’ or simply ‘Tropical
theileriosis’ and production losses and death in dairy
animals in Africa, Asia and Middle East countries.

The pathological progression of the
disease in a typical acute, often fatal, infection is
manifested by clinical signs including enlarged
superficial lymph nodes, persistent fever, anorexia,
congested mucous membranes, corneal opacity,
emaciation, unthriftiness, infertility, tachycardia
and tachypnoea (Radostits et al., 2010). During
the advanced stage there is lymphoid depletion
and disorganization associated with massive
lymphocytolysis and depressed leucopoiesis
causing severe leukopenia. Due to widespread
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destruction of the immune system, the animal
shows dyspnoea, recumbency and finally death.
Additionally, T. annulata infection is associated
with profound changes in haematological profile
and investigations of peripheral blood may reveal
severe anaemia, leukopenia, and lymphocytopenia.
Diagnosis of the clinical theileriosis can be made
based on combined clinical signs and pathological
findings.

Theileriosis very much occurs in buffaloes as
like as cattle. Buffaloes not only suffer from clinical
form of theileriosis but also act as carrier and source
of infection for healthy cattle. But, there has been
very little work undertaken globally to study this
particular disease in buffaloes. This may be due to
that buffaloes are reared in groups at the outskirt
of human habitation nearby river, pond or swampy
areas. They are hardy animals and are considered
more resistant to diseases than indigenous cattle.
The clinical signs and symptoms are less noticed as
individual care is not taken up in buffaloes as seen
in cattle (particularly crossbred and exotic cattle). It
is also difficult to access these animals and handle
them for treatment or collection of clinical samples
for their robust size and hardy nature. There is no
systematic study on the occurrence and pathology of
theileriosis in buffaloes in India except few sporadic
reports. The current investigation was aimed to
study the clinico-pathological and hematological
changes in affected dairy buffaloes.

MATERIALS AND METHODS

The blood samples were received time to
time at Teaching Veterinary Clinical Complex,
CVScAH, OUAT from buffaloes with suspected
signs of theileriosis. They were then screened for
theileriosis by examination of Giemsa stained blood
smears. A total of 180 samples were screened and
put for further investigation. The haematological
values in the affected buffaloes which were found
positive by examination of blood smears were
recorded. Screening of affected animals was mostly
based on clinical signs and presence of piroplasms
in blood smear. The important clinical signs shown
by theileria affected buffaloes were non-remittent
pyrexia, enlargement of prescapular lymph node

(Fig. 1) and prefemoral lymph nodes including
other signs as described earlier.

n

i

-

-ar = il .. e
A Y
Fig. 1. Swollen pre-scapular lymphnode
RESULTS AND DISCUSSION
Screening of theileriosis

Examination of stained blood

revealed piroplasms

smears
inside erythrocytes. The
number of erythrocytes having piroplasms in their
cytolplasm per high power microscopic field varied
from case to case. The piroplasms were having
different shapes like ring , oval, spherical, umbrella,
comma, dot etc. (Fig. 2). Most of the blood smears

Fig.2. Microscopic examination of blood smear

from buffaloes showed rolex or chain formation of
RBCs. Most of the workers (Hasanpour et al., 2008;
Sridevi et al., 2011; Vahora et al., 2012; Kaushal
et al., 2013; Ariyaratne et al., 2014; Sudan et al.,
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2014; Waskel et al., 2015) have reported use of this
method as a primary screening practice.

Incidence of disease

Positive cases were detected after screening
of suspected blood smear to find out the incidence
in coastal districts of Odisha. The cases were from
districts adjoining Bhubaneswar namely Khurda,
Puri and Cuttack. Only two cases were from
Nayagarh district. Out of 180 numbers of blood

samples from dairy buffaloes, 168 (93%) cases
were found positive and 12 (7%) cases were found
negative. Season wise distribution of cases showed
that the disease was highly prevalent in summer
(44.04%) followed by rainy (35.11%) and least
in winter season (20.83%). The age of affected
buffaloes varied from 1.5 yrs to 15 yrs with an
average age of 6.3 yrs. Distribution of positive
cases of theileriosis among different age groups
revealed that the disease was more seen in middle
aged (6-9 yrs) animals followed by young to adult
animals of <6 yrs of age and seen least in older
animals of age> 9 yrs. The number of positive cases
in the above three age groups were 71 (62.88%), 81
(26.43%) and 16 (10.68%) in <6 yrs, 6-9 yrs and >
9 yrs of age respectively. Out of 168 cases found
positive for theileriosis, 154 cases were of females
and 14 cases in males.

Many previous workers (Khan et al., 2004;
Ouraetal., 2011; Vahora et al., 2012; Kaushal et al.,
2013; Mohamed et al., 2013; Kundave et al., 2014;
Pienaar et al., 2014; Waskel et al., 2015; Memon et
al., 2016) have reported occurrence of the disease
in buffaloes from various parts of the world. But
systematic epidemiological investigation on the
disease in India has not been performed. This may
be due to the fact that the buffaloes are kept in large
herds in riverbeds and barren lands and they cover
large areas daily in search of food.

Haematological alterations

Blood is of crucial importance for the
maintenance of physiological equilibrium in the

body. However, this equilibrium may be disturbed
due to certain physiological and pathological
conditions. The knowledge of haematological
constituents is useful in diagnosing various
pathological and metabolic disorders, which can
adversely affect the productive and reproductive
performance of buffaloes, resulting in great

economic losses to farmers.

There were 168 numbers of positive cases
and 12 negative cases found by examination of
blood smear. All the 168 cases were subjected to
haematological study. The parameters studied
were Hb%, PCV, TLC, TEC, DC, MCV, MCH and
MCHC. The values were compared with normal
values. The average haemoglobin percentage of
theileriosis in affected buffaloes was 10.25+2.51
g% which was lower than normal value. The
haemoglobin percentage in the affected buffaloes
varied from 3.8 to 17.4 g%. Packed cell volume
(31.02+7.61) was also lower than normal. The
PCV values in the affected buffaloes ranged from
12 to 55. Total leucocyte count of individual cases
showed great variation ranging from 2600 per cmm
upto 15600 per cmm and the average value was
8159.23+2324. Total erythrocyte count was lower
than normal and the average was 6.20+1.28 million
per cmm indicating anaemia due to erythrolysis.
In differential leucocyte count the percentage
of neutrophil, lymphocyte, eosinophil, basophil
and monocyte were 42.43+14.77, 52.77+14.91,
3.58+£3.91, and 1.35+0.75, respectively. Although
the average figures seem to be within the normal
range there was great variation in individual
data for the different cell types. Neutrophill,
lymphocyte, eosinophil, basophil and monocyte
percentage varied from 8-82, 17-90, 0-20, 0-1 and
0-7 respectively. The average mean corpuscular
volume (MCV), mean corpuscular haemoglobin
(MCH), mean  corpuscular  haemoglobin
concentration (MCHC) values were 42.99+7.48,
14.20£2.46 and 33.06+1.18 respectively (Table 1).
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The erythrocyte indices have been reflected in chart
1. Many workers (Osman et al., 2007; Hasanpour

et al., 2008; Mohamed et al., 2013; Ariyaratne et

Table 1. Minimum, maximum and mean haematological values

al., 2014; Memon et al., 2016) have reported fall in
erythocytic indices indicating anaemia caused due
to erythrolysis due to theileriosis.

Parameters Min Max Affected Buffaloes Apparently Healthy
Hb (g%) 3.8 17.4 10.25+2.51 13.24+1.97
TLC ('000 per cmm) 2600 15600 8159.23+2324 6800+1036
TEC (million per cmm) 4 10.3 6.20+1.28 7.4+1.34
PCV (%) 12 55 31.02+7.61 38.08+3.92
N (%) 8 82 42.43+14.77 35.224+4.63
L (%) 17 90 52.77+14.91 62.31+5.78
E (%) 0 20 3.58+0.91 3.54+.033
B (%) 0 1 0.07 £0.02 0.02+.001
M (%) 0 7 1.3540.75 1.2240.42
MCV (1) 25.92 74.63 42.99+7.48 40.41+6.79
MCH (pg) 8.33 24.18 14.20+2.46 13.64+2.06
MCHC (g per dl) 30.28 36.67 33.06+1.18 38.45+2.06
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Fig. 3. Comparison of erythrocytic indices of affected ones with healthy buffaloes




164 MISHRA et al.

e-planet 17 (2): 160-164

CONCLUSION

From the above study it can be concluded
that clinicopathological examination of suspected
cases of Theileriosis is instrumental in diagnosis
of the disease. Microscopic examination of thin
blood smears of suspected blood sample is an age
old golden method for diagnosis of theileriosis.
Haematological estimation of suspected blood
sample is usually practiced as an aid to diagnosis
by clinician.
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area (17.8 x 22 cm). The legends should be brief and self-explanatory. All graphs, figures should be drawn by EXCEL
and submitted in editable format. Define in the footnote or legend any non-standard abbreviations or symbols used
in a table or figure.

6. Reviews. Full length review articles are also invited.






	color cover & back
	book for print wo cover
	01_013-1N_E_Planet 17(2)
	02_006-1N_E_Planet 17(2)
	03_002-1N_E_Planet 17(2)
	04_004-1N_E_Planet 17(2)
	05_005-1N_E_Planet 17(2)
	06_008-1N_E_Planet 17(2)
	07_011-1N_E_Planet 17(2)
	08_012-1N_E_Planet 17(2)
	09_007-1N_E_Planet 17(2)
	10_010-1N_E_Planet 17(2)
	11_003-1N_E_Planet 17(2)
	12_009-1N_E_Planet 17(2)
	13_009-1N_E_Planet 17(2)

	color cover & back

