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ABSTRACT

Organic farming has well established practices that simultaneously mitigate climate change, build resilient
farming systems, reduce poverty and improve food security. Organic farming emits much lower levels of GHGs, and
quickly, affordably and effectively sequesters carbon in the soil. In addition, organic farming makes farms and people
more resilient to climate change, mainly due to its water efficiency, resilience to extreme weather events and lower risk
of complete crop failure. There is finally, the realization at the highest political level, that food has to be grown where
people live - especially in developing countries where people are most vulnerable to fluctuations in food prices.
Organic farming puts local adaptation, production and consumption at the heart of its systems, strategies and
policies.
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Review

During the next decades, billions of people, particularly
those in developing countries, will face changes in climate
patterns that will contribute to severe water shortages or
flooding, and rising temperatures that will cause shifts in
crop growing seasons. This will increase food shortages and
distribution of disease vectors, putting populations at greater
health and life risks. The predicted temperature rise of 1 to
2.5° C by 2030 will have serious effects, especially in terms of
reduced crop yield. The productivity of farms is likely to
diminish because of climate change, especially in the 40
poorest countries in Africa and Asia. Increased drought
periods in many parts of the world and erratic rainfalls will
endanger yield stability and put global food production at
risk.

Asian farmers are most among those who have been
hit by the unpredictable climactic patterns, given the region’s
proneness to tropical disasters. Of all farmers, women have
the least leverage to adapt with and prepare for extreme
weather conditions and disasters. Women farmers are often
the poorest and quite dependent on their harvests. Thus,
when climate patterns drastically change or when disasters
strike, nothing is left for women farmers. But women farmers
are not only a vulnerable sector; they are also active
stakeholders in responding to climate change. Women
farmers have the knowledge and skills in understanding
the fields and livestock that they work and their surrounding
environment. They have grown familiar with the land and
livestock and have developed methods of keeping it
productive while nurturing it. The future of value creation of
agriculture depends on women farmers. We should be able
to develop traditional knowledge, culture, environment, local
resources and family farmer resources and make an income
out of them to be prepared for the uncertain future.

Organic farming is a production system that sustains
the health of soils, ecosystems and people. It relies on
ecological processes, biodiversity and cycles adapted to local
conditions, rather than the use of inputs with adverse effects.
Organic farming combines tradition, innovation and science
to benefit the shared environment and promote fair
relationships and a good quality of life for all involved. It
has a significant role to play in addressing two of the world’s
biggest and most urgent issues: climate change and food
security.

Climate change and the global food crisis have put a
spotlight on the vulnerability, unsustainability and social
inequity of agriculture and food production. Policy makers
are now referring to ‘soil organic matter’, to ‘soil carbon,’ to
‘ecosystem services’ and to ‘holistic’ approaches, all of which
are long established core pillars of organic farming.

Organic farming is the most important and widely
practiced agro-ecological farming system. It achieves the dual
goals of enabling people to flourish while enhancing our
eco-systems and their functioning. It has been leading the
world in the development of sustainable production systems
for over sixty years and has also pioneered the development
of standards, certification systems and markets for
sustainable products. Consumers of organic farming
products recognize the important role organic farmers play
in protecting ecosystems and producing healthy chemical-
free food.

Organic farming is a system approach which combines
a range of practices in an optimal and synergistic way. While
specific organic farming practices can be implemented in
conventional agricultural systems, the full combined
mitigation and adaptation potential in agriculture is only
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realised under the systemic approach practiced in organic
farming. In contrast to other suggestions for increased
mitigation in agriculture, organic farming optimally
integrates mitigation and adaptation. The IPCC also places
significant importance on this integration (Klein et al., 2007).

(1)  HIGH SEQUESTRATION
The world’s soil is a major store of carbon -

approximately three times the amount in the air and five
times as much as in forests (Bellarby et al., 2008). Soil carbon
losses caused by agriculture account for a tenth of total CO2
emissions attributable to human activity since 1850.
However, unlike the carbon released from fossil fuels, the
soil carbon store has the potential to be recreated to a
substantial degree if appropriate farming practices are
adopted. Organic farming offers a farming system that can
affordably recapture carbon from the air and effectively re-
store it in the soil. The studies show that organic farming is
highly effective in producing humus in the soil, a stable form
of organic carbon.

Depending on the organic farming soil management
practice implemented and variables such as soil type, climate
and initial carbon levels, soil carbon sequestration rates on
arable land can range from 200 to 2000 kg of carbon per
hectare per year above ‘business as usual’ conventional
agriculture. When different sequestration rates are
considered for the world’s pasture and permanently cropped
lands the per centage of global GHG emissions (49 Gt in
2004) that could be sequestered by a conversion of all
agricultural land to organic farming would range from 5 to
32% depending on the organic soil management practices
implemented. It is important to note the practices
implemented will depend on a number of factors including
the availability of organic inputs (biomass), the objective (e.g.
fertility maintenance versus land regeneration and fertility
building), and factors mentioned above such as soil type,
climate and the initial carbon levels of the soil.

The mitigation potential of globally applied organic
farming is therefore highly significant especially in the next
20 to 40 years which is critical in policy terms for delivering
major GHG reductions, transitioning to a low-carbon
economy and above all avoiding catastrophic climate change.

(2) LOW EMISSION
Conventional agriculture is a major contributor to

climate change. According to the IPCC the annual amount
of GHGs emitted by the agricultural sector is 10 to 12 per
cent of global emissions. The main GHGs emitted
through agriculture are nitrous oxide (N2O) and methane
(CH4) (Fig. 1).

Fig. 1: Main sources of agricultural GHG emissions in 2005
according to the IPCC

The IPCC however does not count the emissions that
result from agricultural driven deforestation (i.e. to create
more farmland) and the loss of carbon from cropped land
due to poor soil management under the agricultural sector.
These activities lead to significant CO2 emissions due to the
reduction of above and below ground carbon stocks (trees,
plants, roots, soil organic matter etc.) (Bellarby et al., 2008).

There are also major soil carbon impacts of agricultural
systems overseas. Millions of tonnes of carbon are being
emitted from the on-going conversion of habitats. The
production and transport of external inputs, such as chemical
fertilizer and concentrate feed, also contribute significantly
to emissions in the agricultural sector. If all agricultural
emissions are factored-in, the contribution of agriculture to
global anthropogenic emissions could be as high as 32%
(Bellarby et al., 2008).

The estimates of N2O emissions reductions in organic
farming from replacing chemical nitrogen (N) with organic
N and applying this at optimal, lower rates amounts to 1.2
to1.6 Gt CO2 eq. annually. These estimates are based on N2O
contributing 38% of total agricultural non-CO2 emissions
(Smith et al., 2007), the fact that of all chemical N applied to
the soil, 1 to 2% is emitted as N2O, and the fact that organic
farming uses 60 to 70% less N input than conventional
agriculture (Niggli et al., 2009). However due to the
complexity of farm and field specific variables, such as
humidity, temperature, soil pore-size, and the optimal timing
and quantity of N applications and various soil management
techniques, there is some uncertainty regarding the reliability
of potential N2O emission reduction estimates.

Global adoption of organic farming would deliver
additional emissions reductions of approximately. 0.6 to 0.7

R.K. Mathukia*, H.P. Ponkia, P.R. Mathukia and N.V. Savalia



Journal of Eco-friendly Agriculture 11(2) 2016 97

Gt CO2 eq. through the avoidance of biomass burning (CH4
and N2O emissions) (Giovannucci, 2005) and the avoidance
of 0.41 Gt CO2 eq. per year emitted from the use of fossil
energy consumption for chemical N fertilizer production
(UNEP-UNCTAD, 2008). In organic farming, no chemical
fertilizers are used and these emissions are avoided. Nitrogen
input in organic farming stems from application of manure
and compost, or is fixed from the air by leguminous plants.

Finally a switch to a more sustainable diet, one that fits
with the productive capacity of sustainable and climate-
friendly farming in which excessive production and
consumption of meat and meat products, particularly pork
and poultry is avoided will significantly reduce GHG
emissions associated with feed production and from less
intensive livestock production. A diet based on more
vegetables, plant based proteins and ruminant (grass fed)
livestock products will mitigate global warming, protect
biodiversity and habitats that are globally significant carbon
sinks and increase food availability for a growing human
population.

(3)  FOOD SECURE FARMING
Organically managed soils are rich in soil organic

carbon which makes the soil better able to capture and retain
water than conventionally managed soils. This means
organic farming can better secure stable harvests under
adverse conditions of water scarcity. Organically managed
soils are biologically alive and naturally fertile.

The diversity of crops grown in an organic system,
planted at different times in the year make organic farming
more stable in uncertain weather conditions. Organic farming
practices build soil, thereby increasing productive land
availability while halting and reversing land degradation
and erosion. Importantly, organic farming approaches are
also accessible to small-scale and poor farmers who depend
on biodiversity, soil health and locally-available resources
for agricultural production.

While average organic yields in temperate zones can
be slightly lower than in conventional agriculture, in
developing countries and arid regions, in low input
situations and under adverse conditions organic farming
can have considerably higher yields than conventional
agriculture (Pretty et al., 2006; Hepperly et al., 2006). Moreover,
organic farming is acknowledged as being able to contribute
to food security (FAO, 2007). The better performance of
organic farming compared to conventional agriculture under
water limiting conditions highlights the adaptive role of
organic farming in a changing climate (Hepperly et al., 2006).
The close linkage of organic farming to natural element
cycling enhances long-term sustained productivity

compared to many intensive conventional farming systems,
where decreasing yields are observed despite high inputs
(DFID, 2004; Matson et al., 1997).

Organic farming empowers local communities to take
control of their food production needs by providing
affordable, sustainable and locally adapted farming systems.
Given its affordability and reliance on local and renewable
inputs organic farming is readily adoptable by the world’s
400 million small (less than 2 ha in size) and relatively poor
farms. These small farms are the key to local food security
throughout the developing world. Higher and sustainable
productivity increases at the small farm level will have a
major impact on reducing hunger, improving nutrition and
reaching the Millennium Development Goals. Organic
farming can transform small farms like no other farming
system towards greater productivity by increasing soil
fertility and stability, optimizing water use, diversifying
crops and incomes, building resilience to climate change,
achieving high yields under difficult conditions and creating
new local markets. Given the necessary information
provision and extension services organic farming is an
affordable low-risk strategy for small-holders.

(4)  MITIGATION
Mitigation is primarily achieved through long

established and optimized organic farming practices. These
practices include enhancing soil biological processes, soil
fertility and structure, creating organic matter in forms that
are more effective at producing soil carbon, integrating crop
and livestock systems, increasing the proportion of
vegetation cover which promotes the soil’s micro-organisms
that stabilize soil carbon and through encouraging and
facilitating local production and consumption. The more
widespread adoption of organic farming practices and grass-
based and mixed farming systems can make a significant
contribution to GHG mitigation (Klein et al., 2007).

(i)  Avoidance of chemical fertilizers and herbicides
Conventional agriculture relies on fossil fuel based

chemical nitrogen (N) fertilizers and pesticides manufactured
in energy intensive factories transported to farms. Chemical
(mineral / inorganic) fertilizers release both CO2 and N2O
during their energy intensive manufacturing process.
Organic farming replaces highly soluble synthetic chemical
nutrients with naturally occurring nutrients in manure,
compost, and leguminous plants. Organic crops tend to have
deeper and denser roots and scavenge nitrogen and other
nutrients more efficiently than non-organic crops. Soil
fertility in organic farming systems is crucial as active and
abundant microflora is required to mineralize organic
fertilizers and inputs.
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Chemical fertilizers and pesticides inhibit the natural
biological activity of the soil that drives the formation of
compounds that encase and effectively store carbon. There
is some indication that the higher the application of chemical
inputs the greater the amount of soil carbon lost as CO2 as
the soil fractions are less stable. This is probably a more
significant reason for CO2 loss in conventional agricultural
systems than tillage. However this is only part of the reason
that organic farming sequesters more CO2 than conventional
systems. Organic farming also incorporates significant
amounts of organic matter, avoids bare fallows and generally
has a higher proportion of grasslands within farming
systems (Khan et al., 2007).

Due to the lower N input in organic farming, N2O
emissions are lower than in conventional agriculture.
Organic N inputs such as N fixed by legumes and applied
through compost and composted manure considerably
decreases the concentration of easily available mineral N in
soils. As a consequence organic N is released more slowly
than chemical N, thus minimizing N2O emissions.

(ii)  Building soil carbon and soil fertility
Soil carbon build-up is mainly stimulated by the

additional biomass return to the soil from organic manures,
which is absent when using chemical fertilizers (Drinkwater
and Wagoner, 1998; Pimentel et al., 1995). Organic farming
utilizes cover and catch crops, green (legumes) and animal
manures, crop residues and compost to build soil organic
matter, minimize nutrient loss and maximize productivity.
These practices also contribute to the build-up of a healthy
soil structure (greater aeration, increased porosity and higher
organic matter content), which facilitates the sequestration
of carbon and minimizes soil erosion and carbon loss.
Compost, followed by farmyard manure and legumes has
the most efficient conversion of carbon into soil carbon.

Organic farming improves the biological conditions for
soil carbon accumulation. Biological factors significantly
affect the proportion of carbon that is converted to stable soil
carbon (humus) thus contributing to increased carbon
sequestration in soils. The application of different forms of
compost, including composted manure, and the avoidance
of chemical inputs stimulates soil microbial processes. Many
studies show elevated levels of up to 120% of microbial
biomass, microbial enzyme activities, earthworms and soil-
dwelling insects in organic farming (Siegrist et al., 1998;
Fliebach et al., 2007; Gerhardt, 1997; Mäder et al., 2002). Soil
micro-organisms including fungi and earthworms play a
major role in securing carbon by producing polysaccharide
gums that glue soil particles together into clusters known as
soil aggregates. These aggregates contribute to the
stabilization and protection of humus.

(iii)  Covering soil
Ensuring the soil is always covered with vegetation

prevents the soil from being exposed to processes that
accelerate GHG emissions from stored soil carbon. Avoiding
bare fallows through the inclusion of catch crops and green
manures within organic farming systems retains nutrients
for future utilization and avoids the emissions associated
with additional nitrogen inputs. Cover vegetation is also
important in providing a greater and more continuous
supply of the root exudates that support the soil’s micro-
organisms which build the soil carbon store. Crop residues
can also be left on the field as a protective layer for the soil
and avoid CH4 and N2O emissions caused by the burning of
crop residues in conventional agriculture.

(iv)  Appropriate tillage
Organic farming utilizes a range of tillage and soil

management techniques to build soil fertility and structure,
enhance biological functions and optimize the build-up of
carbon in the soil without the need of toxic, fossil fuel
intensive inputs. Ploughing is a tillage method used to create
a friable and aerated soil for good root growth, to incorporate
organic matter into the soil and in organic farming it is also
used to control weeds. No-till systems were originally
developed for arid countries where water conservation is
critical and where soils are particularly prone to erosion.
No-till systems used in conventional and conservation
agriculture are chemical based and require herbicides to kill
weeds. Tillage does fracture the soil aggregates that contain
soil carbon and therefore exposes the carbon to the processes
of mineralization, oxidation and erosion. No-till avoids such
damage to the soil carbon structures and therefore
contribute to the conservation of soil carbon in the top layers
of the soil.

However organic farming sequesters significantly more
carbon than conventional agriculture regardless of which
tillage method is used. Tillage is just one of a number of
practices used in organic farming that sequesters carbon.
No-till is a passive approach to building soil carbon whereas
organic farming systematically incorporates carbon rich
organic matter into the soil. In conventional no-till
agriculture, the build-up of soil carbon is usually derived
from crop residues and confined to the top soil. The
avoidance of agrochemicals that inhibit the formation of
humus is another contributing factor to the higher carbon
sequestration in organically managed soils. Additionally by
aerating the soil, tillage promotes soil microbial activity and
root growth and reduces anaerobic soil conditions that can
lead to N2O and CH4 emissions in undisturbed soils or soils
with poor soil structure.
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(v)  Combining perennial and annual crops
Organic farming systems combine different perennial

plant species such as trees, shrubs, palms and grasses with
different annual crops. Organic farming also integrates
higher levels of native perennial trees and hedgerows from
the surrounding landscape. Plants sequester CO2 from the
atmosphere by pulling it in via photosynthesis. Perennial
plants develop their roots and branches over many years to
store carbon in the vegetation and soil, annual plants
however leave no permanent vegetation and comparatively
little soil carbon. There is great potential to improve mitigation
by increasing the use of perennials and reducing annual
crops, especially those grown to provide concentrated feed
for industrial livestock production.

In agro-forestry systems where trees are combined with
crop production, the potential is even higher for sequestrating
carbon. Diverse agro-forestry systems have mostly been
developed for the humid tropics but a combination of annual
and perennial crops could significantly raise carbon
sequestration and food and fuel production in temperate
regions. The inclusion of permanent species in tropical
farming systems can significantly improve productivity and
can encourage farmers to avoid traditional shifting
cultivation or slash and burn agriculture and the associated
GHG emissions. Combining permanent and annual crop
species also enhances the eco-functionality and productivity
of the farming system.

(vi)  Sustainable livestock management
There is debate that the direct GHG emissions from

livestock (enteric fermentation, respiration, manure etc.) are
much higher than estimated by the IPCC. The IPCC also does
not include the indirect GHG emissions from meat
production as agricultural emissions. When the whole life
cycle of the meat production is considered such as the land-
use changes linked to animal feed production, slaughtering,
processing, refrigeration and transportation the contribution
of meat production to climate change is very significant to
global warming and climate change. It is estimated that 33%
of arable land worldwide is used for producing feed for
animals rather than food for humans or for producing plant-
based alternatives to fossil fuels. The demand for meat is
driving deforestation resulting in huge amounts of CO2 being
released into the atmosphere, the loss of habitats, biodiversity
and ecosystems as well as the loss of vegetation capable of
sequestering huge amounts of CO2 annually.

Organic farming livestock production emits
significantly less GHGs than conventional livestock
production. In industrial livestock production animals are
raised in factory-like conditions that leads to excessive animal

manure production and the need for grain based feed that is
often sourced globally. In organic farming animals are
primarily raised in pastures reducing the need for feed and
their manure contributes to the building of soil carbon.
Conversion to organic farming would result in a much greater
per centage of farmland with permanent grass and would
therefore significantly increase soil carbon sequestration.
Organic farming integrates crops and animals in a single
farming system (mixed farm) or strives for cooperation
between specialized crop and animal farms. This allows
efficient feed and manure use and avoids manure
oversupply, thus reducing CO2, N2O and CH4 emissions from
over-fertilization, storage and dumping. Large-scale animal
factories are banned in organic farming.

Emissions from more sustainable livestock production
as practiced in organic farming will decrease available meat
due to less intensive production. As meat is a resource-
intensive and high GHG emitting product, decreasing meat
production can significantly reduce global GHG emissions
and release resources for increasing human food production.
A dietary transition towards less meat consumption
(especially livestock production dependent of feed
concentrates) will enable a food system that is better able to
mitigate and adapt to climate change and will increase global
food security.

(vii) Optimal manure management
Improved manure management including distribution

systems, such as slurry injections into soils or drag hoses,
reduce nutrients losses considerably. Covering manure and
slurry storage sites reduces CH4 emissions. In addition, CH4
can be captured and used as biogas. Specifically in organic
farming, manure is often composted. In aerobic composting,
assuring sufficient aeration will avoid CH4 and N2O
emissions. However, decomposition of organic material leads
to emissions if it depletes the available oxygen hence the
need to optimize aeration in aerobic composting systems.
Partial microbial digestion of farmyard manure such as
through composting for example promotes its potential to be
converted into securer forms of soil carbon.

(viii) Improved grassland management
Perennial grasslands are very effective in sequestrating

carbon in the soil especially by building up carbon in their
root systems. Grasses also have fine root hairs and high
mycorrhizal fungal levels which both enhance soil
aggregation. Many of the world’s arable soils were originally
perennial/permanent grasslands with very high carbon
contents. The shift from permanent perennial grasslands to
annual crops and over-grazing has depleted these
grasslands and their ability to sequester carbon and

Organic farming: Climate resilient agriculture



100 Journal of Eco-friendly Agriculture 11(2) 2016

promoted soil erosion.

Legumes are strongly promoted on organic grasslands
and pastures (grass clover leys), as they increase nitrogen
uptake in the soil, raise protein levels in animal feedstuff
and avoid the need to purchase animal feed concentrates.

(ix)  System of Rice Intensification (SRI)
Rice production is a key agricultural emitter of GHGs.

Innovative rice production systems based on organic
principles of increased root development and increased soil
organic matter through decreased flooding offers potential
to significantly decrease agricultural CH4 emissions. For
example, through the System of Rice Intensification (SRI), by
planting early, giving seedlings more room, and keeping
fields damp but not flooded, farmers can double yield using
one tenth as much seed and half as much water. SRI reduces
CH4 emissions by avoiding the need to flood rice fields, and
decreases GHG emissions because nitrogen fertilizers are
not required. Labour increases while the system is adopted
as increased weed management is required, but once the
management system has been fully developed labour needs
decrease (Satyanarayana and Uphoff, 2007).

(x)  Local production and consumption
Organic farming encourages local production for local

consumption of both farm inputs and outputs. This
maximizes efficiencies and synergies, reduces emissions
from transportation and increase access to local food
production and therefore enhances food security. All organic
production, distribution and marketing systems should aim
to minimize emissions regardless of where production and
consumption occurs. International agricultural markets
deliver economic benefits to exporting countries but it can
also lead to long term negative effects on local food security
due to reduced local food accessibility especially for poor
people who are most vulnerable to price fluctuations. The
promotion of local food production in food insecure regions
is critical for increasing food accessibility and also reduces
emissions.

(5)  ADAPTATION
Agriculture is highly vulnerable to climate change and

our food supply relies on successful adaptation. Adaptation
actions include those necessary to restore the resilience of
eco-systems and their productivity to enable sustainable
economic development. Organic farming increases the ability
of the farming system to continue functioning when faced
with the adverse effects of climate change by increasing
resilience within the agro-ecosystem (Borron, 2006; Ensor,
2009). Organic farming creates robust and environmentally
benign farming systems that are resilient to temperature

extremes, drought and which avoid soil erosion. Organic
farming also promotes sustainable community based
ecosystem management, conservation and restoration
activities. Organic farming fulfils many of the requirements
identified for successful adaptation strategies (Muller, 2009).

(i)  Preventing and reversing soil erosion and restoring
degraded land

Worldwide 38% of agricultural land is significantly
degraded, resulting in the breakdown of agro-ecological
functions, poor crop yields, land abandonment and
deforestation (Pretty et al., 2006). Agricultural erosion
through overuse, undernourishment and chemical inputs
has damaged the natural, healthy and helpful biological
activity in the soil that underpins the soils capacity to
continuously regenerate. Biologically alive soils are crucial
in the adaptation of agriculture to climate change, providing
sufficient nutrients for plant production, achieving high
yields in times of water scarcity and preventing and reversing
soil erosion.

Organic practices that contribute to the mitigation of
global warming also increase soil health: use of organic
instead of chemical fertilizer; cover crops, catch crops, green
manure; composting; appropriate tillage; and the integration
of perennials and trees into the farming system. Healthy soils
have higher organic matter contents and greater biological
activity which improves soil structure and stability. The
organic management of soils is a highly effective tool to
regenerate degraded land. By increasing the soil organic
matter content, organic farming is able to build up soil carbon
and soil fertility from low levels and bring severely degraded
land back into production.

(ii)  Drought and flooding resilience and water use efficiency
The majority of the world’s farmers rely on rainfed

agriculture. In the wake of climate change, rainfall is
predicted to become more unreliable and to come in more
intense events. It is critical that farming systems can capture
water and store it in the soil for later use. Organic farming
systems, capture, store and use water more efficiently due to
better soil structure and higher levels of humus and other
organic matter compounds with sponge-like properties
(humus can store approximately 30 times its weight in water
so that rain and irrigation water are not lost through leaching
and evaporation). Organic matter also enhances drainage
in soils, significantly reducing the risks from water-logging
and surface-water flooding (IFPRI-ADB, 2009; FiBL, 2007).
Water capture in organic fields can also be 100% higher than
in conventional fields during torrential rains (Rodale, 2008).
Under organic farming the soil organic matter captures and
retains more water in the crop root zone. Organic farming
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practices that preserve soil fertility and maintain or increase
organic matter can reduce the negative effects of drought
while increasing productivity (IFPRI-ADB, 2009; Pimentel et
al., 1995) and also reduce irrigation needs. Other practices
such as crop residue retention, mulching and agro-forestry,
conserve soil moisture and protect crops against
microclimate extremes.

(iii)  Resilient crops
Building healthy soils is the basis for growing healthy

resilient plants that are better able to withstand
environmental pressures such as increased water scarcity
and pest and disease pressure. Organic farming strengthens
the immune systems of plants and thus the defence and self-
healing capacities of crops against pests and diseases. Plants
that obtain their nutrients through natural biological
processes are more resilient to environmental stress than
crops that obtain their primary nutrition artificially through
highly soluble chemical fertilizers. This is mainly achieved
through optimal soil and water management, the building
of soil structure and fertility and the choice of locally adapted
robust crop varieties. In addition organic crops tend to have
longer and denser roots that are able to seek out water reserves
deeper in the soil profile and which are also more resilient to
desiccation.

(iv)  Agro-genetic biodiversity
Organic farming has a big role to play in protecting the

world’s agricultural genetic resources (e.g. crop and farm
animal species and varieties). Organic farming encourages
the use of locally adapted varieties and decentralized
participatory breeding programs especially in-situ (on-farm)
based conservation, breeding and production. In-situ
approaches maintain varieties for future needs while
allowing them to continuously adapt to environmental
pressures such as climate change. Our agro-genetic diversity
is a critical resource in the effective on-going adaptation to
continuous changes in climate.

(v)  Diversification
Diversification is a fundamental aspect of organic

farming. Resiliency to climate disasters is closely linked to
farm biodiversity. Practices that enhance biodiversity allow
farms to mimic natural ecological processes, enabling them
to better respond to change and reduce risk. Biologically
diverse organic farms that optimize ecological functionality
avoid the build-up of disease and pest levels and are more
resilient to other environmental pressures. Crop diversity
(both temporal and spatial) provides a variety of rooting
depths that enhance soil stability and structure, improves
nutrient and water use, and contributes to a stabilized

microclimate. Farmers who increase inter-specific diversity
via organic farming suffer less damage compared to
conventional farmers planting monocultures (IFPRI-ADB,
2009; Bolwig and Odeke, 2007; Khan et al., 2007; Altieri and
Koohafkan, 2008). The diversity of landscapes, farming
activities and crops is greatly enhanced in organic farming
resulting in farming systems that are resilient to the adverse
effects of climate change. The robust and resilient nature of
organic farming systems also helps to protect sequestrated
carbon from climatic disturbances increasing the permanence
of sequestration.

(vi)  Local farmer knowledge
Most of the world’s farmers are small-holders and many

are women. Organic farming encourages the use of local and
indigenous farmer knowledge and observation techniques
and recognizes the critical role of women throughout the
entire food chain, as farmers, consumers and mothers. Their
agricultural systems have attracted little attention from
research and development and are usually assumed to be
inherently unproductive. However small-holder farmers
throughout the world have developed a multitude of practices
and innovations that should be seen for what they are; the
basis for any realistic development - including productivity
improvements. Indigenous and traditional knowledge are
key sources of information on adaptive capacity, centred on
the selective, experimental and resilient capabilities of
farmers (IFPRI-ADB, 2009; Niggli et al., 2009; Bolwig and
Odeke, 2007; Pimentel et al., 1995; Pfiffner and Luka, 2003).
Organic farming strengthens the rich ecological knowledge
of the world’s small-holder farmers resulting in enhanced
productivity, greater resilience and resource efficiency, and
improved access to food and income.

(vii)  Food Security, Poverty Alleviation & Health
There is a combination of reasons for rising global

hunger including; market rather than people focused
agricultural policies, poverty, lack of food sovereignty, climate
change, degraded and unproductive farming systems and
the destruction of ecosystems and their services.
Fundamentally the lack of knowledge of affordable,
sustainable, resilient and productive farming systems that
put the needs of local people and ecosystems first is missing.
The World Development Report 2008 stressed the important
role of agriculture as a development tool in the world’s
poorest countries to increase incomes, reduce poverty and
food insecurity. Organic farming can help put the needs of
the most vulnerable first and break the cycle of poverty. It is
best practice for achieving food security through the support
of the world’s small-holder farms that make up 90% of all
farms worldwide.
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(viii) People before commodities
Food accessibility in the developing world is tied

closely to local food production (FAO, 2008; Bruinsma, 2009).
However in many developing countries investment in the
agricultural sector has focused largely on export crops to
generate foreign exchange, rather than producing crops for
local consumption. The IAASTD report confirmed that this
strategy has failed and led to rural poverty, under-
employment, food shortages and social unrest (Niggli et al.,
2009). Highly mechanized, capital and chemical intensive
farms often mass-produce commodities that are important
food crops. These commodities, instead of providing core
human nutritional needs, often become ingredients for other
industrial systems such as intensive livestock (meat), highly
processed food products, and renewable energy feedstock
affordable only by affluent consumers. Organic farming not
only avoids monocultures and industrial farming but
encourages the integration of the needs of local communities
in organic farming systems. Crop rotations can be designed
to increase income and self-sufficiency through the
integration of cash crops, goods for bartering and energy
and a diverse range of food crops including for self-
consumption.

(ix)  Lower costs, less debt and reduced financial risks
Seventy-five per cent of the world’s one billion hungry

people live in rural regions of developing countries where in
theory access to food should be easier (WFP, 2009). However
many of these people are unable to afford the necessary means
for effective and resilient productive farming. Organic
farming minimizes the financial and resource barriers to
farming and therefore enhances people’s access to local food.
Input costs in organic farming are much lower as it avoids
costly external inputs such as chemical fertilizers, pesticides
and fuel. Lower costs reduce financial risk, avoids the need
for credit and subsequent indebtedness. As fossil fuel prices
rise the cost of external chemical inputs will rise further,
making reliance on these inputs increasingly risky. Organic
farming also reduces risk by increasing the diversity of food
and income sources and therefore reduces the risks associated
with the failure of a particular crop. The high diversity of
organic farming leads to greater ecological and economic
stability through optimized ecological balance and risk-
spreading.

(x)  Eco-functional intensification
Conventional agriculture intensifies production by

increasing external inputs such as chemical fertilizers,
pesticides, water, hybrid and genetically modified seeds and
in the case of animal production: feed concentrates and
pharmaceutical drugs. Eco-functionally intensified

production systems enable more food to be produced without
compromising the quality of the environment and our food.
In organic farming eco-functional intensification is achieved
by higher inputs of knowledge, observation skills and agro-
ecological methods to intensify the beneficial effects of eco-
system functions including, biodiversity and soil fertility,
minimizing loses from material cycles and utilizing the self-
regulating mechanisms of biological systems to achieve stable
farming systems.

(xi)  Best practice food security
A major barrier to food security and accessibility in the

developing world is lack of adoption of affordable,
productive and resilient farming systems by many of the
world’s 1.5 billion small-holder farmers. These farmers
produce on approximately 400 million small (less than 2 ha)
and marginal (less than 1 ha) farms and form the backbone
of local food security throughout the developing world (FAO,
2009). Many of these farms are relatively poor and
unproductive and highly vulnerable to climate change.
Optimizing productivity and building resilience of these
farms is critical for improving local food security and
accessibility. Local food production in small-holder farms
can often be increased significantly through improving the
use of locally available resources and agro-ecological
methods for soil fertility building and pest prevention. Eco-
functional intensification increases productivity and
enhances food security especially in challenging
environments such as water scarce regions.

(xii)  Knowledge based income creation and the green
economy

Organic farming is optimized through the effective
adaption to local conditions and opportunities. These
include climate, topography, biodiversity, ecosystem health,
local and traditional farming system knowledge and the
entrepreneurial and innovative spirit of local communities.
Organic farming does not rely on externally imposed and
controlled one-size-fits-all formulas. Rather it empowers local
communities to develop their food and farming systems and
generate wealth through production and value-adding.
Realizing the optimization of organic farming, including
sequestration and eco-intensification potential, is dependent
on the expansion and dissemination of ecosystem oriented
research, knowledge, and technology. The shift towards a
knowledge based economy organic farming can contribute
not only to the rapid mitigation of global warming but also
to a green economy that secures access to food for all, protects
our ecosystems and brings sustainable growth and better
quality lives to us all.
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(xiii) Social innovation and capacity building
Organic farming has spearheaded the expansion of

many innovative local production and marketing systems
including community supported agriculture, urban
agriculture and direct marketing initiatives such as ‘box
schemes’. Organic farming builds the social capital of rural
areas: being knowledge-intensive, rather than capital and
resource-intensive, it utilizes traditional knowledge and
promotes farmer-to-farmer exchange. Participatory
Guarantee Systems (PGS) programmes enable small-holder
farmers selling directly to the community to guarantee the
authenticity of each other’s organic production systems,
develop markets and share knowledge. Hugely successful
in India these local initiatives eliminate external (third party)
certification costs and facilitate the uptake of sustainable,
affordable and resilient farming systems that build the
capacity of local people to respond to climate change and
food security.

(xiv) High yields in tough conditions
In developing countries yields often rise on organic

farms as the unfavourable conditions often respond
positively to organic farming practices. Organic farming
captures and stores more water and achieves higher yields
under water stress and on degraded land compared to
conventional agriculture. Organic farming builds soil fertility
and structure and is more efficient in using resources,
including well adapted local resources such as local seed
varieties, which are often limited in areas with extreme
poverty and food insecurity. The eco-functional
intensification of organic farming systems increases
productivity and enhances food security especially in
challenging environments.

(xv)  Long-term sustainability
Supply of chemical N fertilizer is unsustainable and

supply of chemical P fertilizer is limited. Chemical N is
manufactured with high energy use, currently from fossil
fuels of which supplies are rapidly diminishing.
Conventional agriculture relies on phosphorous that is
directly sourced from non-renewable and rapidly declining
deposits. Chemical N and chemical P underpin conventional
agriculture but they are not sustainable long-term options
for maintaining crop yields and driving world food
production. Fossil fuel prices are expected to rise
considerably in the future especially as supplies become
increasingly scarce. Global agriculture will need to switch
to sustainable fertilizers which are renewable, available
locally and which do not rely on high energy use. External,
non-renewable inputs of P can also be necessary on organic
farms depending on site characteristics. However due to the

P from organic fertilizers such as compost and manure, the
need for non-renewable P is much lower than in conventional
agriculture. Organic farming also promotes soil biological
processes that enhance P-uptake.

(xvi)  Avoidance of toxins and pharmaceutical drugs
Organically produced foods have lower levels of

pesticides and veterinary drug residues and, in many cases,
lower nitrate content (FAO, 2000). Chemically based
pesticides and herbicides are prohibited in organic farming.
Farmers, farming families, communities, farm animals, native
animals and insects, water bodies, foods and ecosystems
are therefore sparred exposure to these very toxic compounds.
According to the World Bank up to 5 million farm workers
are estimated to suffer pesticide poisoning each year and at
least 20,000 die annually from exposure (World Bank, 2006).
Many of these farm workers are in developing countries where
safety guidelines and equipment are less available and where
chemicals that are banned in many developed countries are
still routinely marketed.

Hormones, antibiotics and similar drugs are restricted
in organic farming worldwide to ensure that organic food is
as free as possible from antibiotic-resistant bacteria which
can pass from farm animals to humans and cause serious
infections which do not respond to normal antibiotic
treatment. Use of such substances to increase growth rates
in farm animals, milk yields in dairy cows and egg
production in poultry is entirely prohibited in organic
farming. In exceptional circumstances organic farming in
some countries may permit the use of pharmaceutical drugs
to treat, or prevent ill health, though with strict limitations.
Limitations include much longer withdrawal periods than
practiced in non-organic farming. Livestock health is
improved in organic farming due to reduced stress and
disease levels in animals, friendly husbandry conditions,
adequate space per animal, adequate combination of indoor
and outdoor space and adequate feed.

(xvii)Nutrition
Comparative studies (Tinttunen et al., 2001; Caris et al.,

2004) have shown a higher content of beneficial, health-
promoting secondary plant compounds in organic produce.
Phyto-chemicals produced by plants, such as vitamins and
anti-oxidants (e.g. carotenoids and flavonoids) are associated
with the prevention of disease in humans. Crops under
organic production are less “pushed” or “forced” than in
conventional agriculture, their growth is generally slower,
resulting in the plants having sufficient time to synthesize
their vital components. Produce raised with high water and
chemical fertilizers and pesticide inputs (Mitchell et al., 2007)
have been shown to causes a dilution effect. The “dilution
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effect” is triggered by high levels of nitrogen and rapid plant
growth, especially in the absence of pest pressure. For
example tomatoes grown on fields that have been organically
managed for several years exhibit much higher flavonoid
concentrations than in conventional crops. This also applies
for animal products. In certain countries growth can be
hastened through inclusion of hormones in the feed of
conventionally raised livestock. The effect of these hormones
is known to increase the weight of meat produced per calorie
of food ingested, primarily through the retention of water in
the flesh. Increased levels of secondary plant compounds
can contribute to improved community resilience to disease
and reduce reliance on health care interventions. The
prevalence of disease is expected to increase due to global
warming with the poor most likely to be hit the hardest and
also the least able to respond effectively due to lack of
resources.

(xviii) Biodiversity and ecosystem protection
Organic farming removes artificial boundaries between

farms and landscapes and therefore provides important
linkages, such as wildlife corridors, between disparate
natural habitats. Organic farming systems are seen as an
integral part of the wider ecosystem - the protection and
enhancement of the ecosystem at the landscape level provides
benefits in the form of ecosystem services at the farm level.
As a consequence organic farms have higher quantities of
native landscape and a greater diversity of plant species,
beneficial insects and wildlife growing and living on and
near the farm. Through optimising the application of
fertilizers, organic farming also avoids eutrophication of
water bodies caused by oversupply of highly soluble
fertilizers, manure and slurry. Eutrophication can lead to
severe reductions in water quality, fish, and other animal
populations. Organic farming can halt and reverse soil
erosion and desertification and regenerate degraded land to
highly productive levels while breathing new life into local
ecosystems and their functioning. Organic farming is
therefore an ideal tool for the world’s 1.5 billion small-holder
farmers that not only produce the bulk of the world’s food,
but are perhaps our most important biodiversity and
ecosystem stewards.
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ABSTRACT

The field experiment conducted to evaluate the potentiality of organic farming in groundnut-wheat cropping
sequence in terms of productivity, profitability and soil health on clayes soil during 2010, 2011, 2012 & 2013 at
Junagarh (Gujarat) revealed that application of farm yard manure (FYM) and vermicompost (VC) recorded significantly
higher pod yield (1786 and 1665 kg ha-1) and haulm yield (3147 and 2978 kg ha -1) of groundnut as compared to
recommended dose of fertilizer (RDF), while RDF and VC recorded significantly higher grain yield (4332 and 3885 kg
ha-1) and straw yield (6404 and 5967 kg ha-1) of wheat. Maximum net return and B:C ratio were obtained with FYM
in groundnut and recommended doze of fertilizer (RDF) to wheat. Overall maximum net return and B:C ratio from
groundnut-wheat cropping system were realised with FYM. Application of organic manures to groundnut-wheat
sequence significantly improved bulk density, organic carbon content, post harvest soil fertility, and increased uptake
of N, P and K over RDF.

Key words: Fertilizer, FYM, compost, poultry manure, vermicompost, biofertilizer, Rhizobium, Azotobacter
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Indiscriminate and excessive use of chemicals has put
forth a question mark on sustainability of agriculture in the
long run calling attention for sustainable production which
will address soil health, human health and environmental
health and eco-friendly agriculture. Groundnut-wheat is one
of the pre-dominant cropping sequences found suitable
especially under Saurashtra conditions. The nutrient
requirement of any crop must be based on entire cropping
sequence. Hence, it is highly essential to apply organic
sources which are easily available and feasible. Maintenance
of soil organic matter is pre-requisite for maintaining soil
health and crop productivity. Therefore, the present study of
organic farming in comparison to chemical fertilizers was
undertaken in groundnut-wheat crop sequence.

MATERIAL AND METHODS
A field experiment was conducted at Junagadh during

2010-10 to 2012-13 at Department of Agronomy, Junagadh
Agricultural University, Junagadh (Gujarat) to evaluate the
potentiality of organic farming in groundnut (kharif)-wheat
(rabi) crop sequence. Treatments comprising of farmyard
manure (FYM), farm compost (FC), vermicompost (VC),
poultry manure (PM), biofertilizer (BF) and recommended
dose of fertilizers (RDF) were tried in randomized block
design with four replications. The soil of the experimental
site was clayey in texture, slightly alkaline in reaction, low
in available N and P and high in available K. The RDF for
groundnut and wheat was 12.5-25-0 and 120-60-0 kg N-
P2O5-K2O ha-1, respectively. The FYM, farm compost,
vermicompost and poultry manure were applied @ 2.500,
3.125, 0.625 and 1.250 t ha-1 to groundnut and 24.000, 30.000,

6.000 and 12.000 kg ha-1 to wheat on equivalent N basis.
Biofertilizer viz., Rhizobium for groundnut and Azotobacter
for wheat were treated with seeds @ 10 g kg-1 seed.
Groundnut (cv. GG 20) and wheat (GW 366) were raised
with recommended package of practices. Economics of
different treatments was worked out on the basis of prevailing
market price of inputs and produce. For organic treatments,
20.0 per cent higher market price of produce was considered.
Soil analysis for bulk density, organic carbon, and available
NPK after harvest as well as plant analysis for NPK content
were carried out by standard procedures.

RESULTS AND DISCUSSION

Crop Yield
Groundnut:  Significantly higher pod yield of 1786 kg ha-1

was recorded with application of FYM in pooled results,
which remained statically at par with vermicompost (1665
kg ha-1). On the other hand, significantly the lowest pod yield
(1106 kg ha-1) was recorded with biofertilizer (Table-1).
Application of FYM recorded significantly the highest haulm
yield of 3147 kg ha-1, however it remained statistically at par
with vermicompost (2978 kg ha-1). While, significantly the
lowest haulm yield (2045 kg ha-1) was registered with
biofertilizer (Table-1). Sagarka et al. (2010) and Sutaria et al.
(2010) also reported similar results.

Wheat: Significantly higher grain yield of 4332 kg ha-1 and
straw yield of 6404 kg ha-1 were recorded when crop was
fertilized with RDF, but it remained statistically equivalent
to vermicompost in respect of straw yield (5967 kg ha-1). On
the contrary, application of biofertilizer registered
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Table 1. Effect of different treatments on crop yield and net returns (Pooled over three years)

Treatment 
Groundnut yield (kg ha-1) Wheat yield (kg ha-1) Net returns (Rs ha-1) B:C ratio 

Pod  Haulm  Grain  Straw  Groundnut Wheat Sequence Groundnut Wheat Sequence 
FYM 1786 3147 3627 5566 65470 48341 113810 5.13 2.58 3.45 
FC 1554 2775 3323 5034 54958 41710 96667 4.47 2.36 3.08 
VC 1665 2978 3885 5967 59663 48219 107882 4.67 2.33 3.05 
PM 1359 2620 3068 4770 46405 33448 79853 3.91 2.00 2.62 
BF 1106 2045 2795 4541 36250 42681 78931 3.54 3.34 3.42 
RDF 1248 2282 4332 6404 32926 57074 90000 3.15 3.60 3.42 
LSD 
(P=0.05) 131 233 296 535       

 

Treatment 
N uptake (kg ha-1) P uptake (kg ha-1) K uptake (kg ha-1) 

Groundnut Wheat Groundnut Wheat Groundnut Wheat 
FYM 123 100 12.8 17.8 31.2 76.9 
FC 104 95 10.9 16.0 26.1 65.2 
VC 111 110 11.6 18.1 27.4 80.8 
PM 95 90 10.2 15.5 24.8 64.6 
BF 74 82 7.6 12.7 17.9 58.7 
RDF 86 127 8.6 19.3 21.3 78.9 
LSD (P=0.05) 8 8 0.9 1.5 2.2 11.7 
 

Table 2. Effect of different treatments on nutrient uptake by crop (Pooled over three years)

significantly the lowest grain yield of 2795 kg ha-1 and straw
yield of 4541 kg ha-1 (Table 1). Similar results were also
reported by Chaturvedi (2006) and Rajkhova and Borah
(2008).

Economics
Groundnut: Application of FYM recorded higher net returns
of Rs. 65470 ha-1 and B:C ratio of 5.13, followed by that of
vermicompost which recorded net returns of Rs. 59663 ha-1

and B:C ratio of 4.67 (Table-1).

Wheat: Fertilizing the crop with RDF recorded higher net
returns of Rs. 57074 ha-1 and B:C ratio of 3.60, followed by
FYM in case of net returns (Rs. 48341 ha-1) and biofertilizer
in case of B:C ratio (3.34) (Table-1).

Cropping sequence: Application of FYM resulted in higher
net returns of Rs. 113810 ha-1 and B:C ratio of 3.45, followed
by vermicompost in case of net returns (Rs. 107882) and RDF
in case of B:C ratio (3.42) from the groundnut-wheat cropping
sequence (Table-1).

Nutrient Uptake
N uptake: Application of FYM recorded significantly higher
N uptake by groundnut (123 kg ha-1). The seed treatment

with biofertilizer recorded significantly lower uptake of N
(74 kg ha-1) (Table-2). Significantly higher uptake of N by
wheat (127 kg ha-1) was registered under RDF. Significantly
lower uptake of N (82 kg ha-1) was observed under biofertilizer
(Table-2).

P uptake: Significantly higher uptake of P (12.8 kg ha-1) by
groundnut was recorded with FYM. Seed treatment with
biofertilizer resulted in lower removal of P (7.6 kg ha-1) (Table
2). Whereas, significantly higher uptake of P (19.3 kg ha-1) by
wheat was registered with RDF, but remained at par with
vermicompost (18.1 kg ha-1). The biofertilizer resulted in
lower removal of P (12.7 kg ha-1) (Table-2).

K uptake: Manuring with FYM recorded significantly higher
uptake of K (31.2 kg ha -1) by groundnut. Whereas,
significantly lower uptake of K (17.9 kg ha-1) was observed
under biofertilizer (Table 2). Significantly higher uptake of K
(78.9 kg ha-1) by wheat was registered under RDF, but it was
at par with vermicompost and FYM. Significantly lower
uptake of K (58.7 kg ha-1) was recorded with biofertilizer
(Table 2).

Post harvest soil fertility
Application of organic manures improved soil health

Feasibility of organic farming for groundnut-wheat cropping sequence
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Table 3. Effect of different treatments on post harvest bulk density, organic carbon and available nutrients (Pooled over three
years)

FYM = Farmyard manure, FC = Farm compost, VC = Vermicompost, PM - Poultry manure, BF = Biofertilizer

RDF = Recommended dose of fertilizers

Treatment 
Bulk density (g/cm3) Organic carbon (%) Available N (kg ha-1) Available P (kg ha-1) Available K (kg ha-1) 
Ground-

nut Wheat Ground-
nut Wheat Ground-

nut Wheat Ground-
nut Wheat Ground-

nut Wheat 

FYM 1.350 1.422 0.78 0.70 223 219 36.0 35.8 252 242 
FC 1.382 1.426 0.76 0.68 214 215 38.2 38.3 244 239 
VC 1.386 1.449 0.73 0.63 199 209 43.3 41.4 247 236 
PM 1.393 1.445 0.74 0.66 206 213 52.1 46.7 254 257 
BF 1.412 1.475 0.71 0.61 196 197 32.8 31.2 226 218 
RDF 1.460 1.478 0.49 0.51 190 203 29.9 34.6 236 228 
LSD (P=0.05) 0.060 0.015 0.10 0.05 9 8 8.7 6.8 8 17 
 

by decreasing bulk density and increasing organic carbon,
and available N, P and K status after harvest of groundnut
and wheat.

The study concluded that higher net return along with
sustained soil health can be achieved by application of FYM
to groundnut and wheat. Hence, under organic farming,
groundnut-wheat crop sequence can be manured with FYM
on equivalent N basis on clayey soil of south Saurashtra
agro-climatic zone.

REFERENCES
Chaturvedi, I. 2006. Effects of different nitrogen levels on growth,

yield and nutrient uptake of wheat (Triticum aestivum L.).
International Journal of Agricultural Sciences, 2: 372-374.

Rajkhova, D.J. and Borah, D. 2008. Effect of rice straw management
on growth and yield of wheat (Triticum aestivum). Indian
Journal of Agronomy, 53: 112-115.

Sagarka, B.K.; Solanki, R.M. and Khanpara, V.D. 2010. Integrated
nitrogen management in groundnut.-wheat crop sequence
under medium black calcareous soil of south Saurashtra
region of Gujarat. Journal of Oilseeds Research, 27: 12-15.

Sutaria, G.S.; Akbari, K.N.; Vora, V.D.; Hirpara, D.S. and Padmani,
D.R. 2010. Influence of phosphorus and FYM on content
and uptake of nutrients by groundnut and soil fertility of
Vertic ustochrepts under rainfed conditions. Asian Journal
of Soil Science, 5: 197-199.

Manuscript received on 06.12.2015
Manuscript accepted for publication on 27.02.2016

R.K. Mathukia*, M.A. Sheikh, B.K. Sagarka and P.R. Mathukia



Journal of Eco-friendly Agriculture 11(2) 2016 109

Evaluation of bell pepper hybrid Indra under different growing
structures
K. V. Malshe, B. G. Desai and M. G. Palshetkar
Mango Research Sub-Cenre, Rameshwar, Tal. Deogad, Dist. Sindhudurg. 416806
Dr. B. S. Konkan Krishi Vidyapeeth, Dapoli, Ratnagiri, Maharashtra
E-mail : kvmalshe@rediffmail.com

ABSTRACT

The performance of ‘Indra’ hybrid of bell pepper was evaluated in three environment conditions viz; naturally
ventilated poly house, shade net house (50.0 per cent shade) and open field (Control) during 2009-10 at Agril.
Research Station, Palghar, Maharashtra. At 120 days after transplanting, the maximum plant height was (164.13 cm)
in naturally ventilated polyhouse and minimum plant height (99.85 cm) was recorded under open field conditions.
Under open conditions, variation in plant height (Crop vigour) was anticipated as standard deviation (ó) was 9.84.
Early flowering and highest fruit set was in naturally ventilated polyhouse. The average fruit weight and fruit volume
was also higher (172.52 g and 324.13 cm3 respectively) under naturally ventilated polyhouse. The maximum yield
(3.40 kg plant-1 and 75.45 t ha-1) was recorded under naturally ventilated polyhouse (E1). The lowest yield (1.39 kg
plant-1 and 30.83 t ha-1) was recorded under open field conditions. The deviation in the yield and yield attributing
characters (fruit weight and volume) was comparatively less in protected structures that exhibited relatively uniformity
in plant population.  The fruits grown under shade net house (E2) recorded significantly highest shelf life (9.75 days)
followed by 8.25 days in naturally ventilated polyhouse and 6.75 days in open field conditions.

Key words : Bell pepper, Indra hybrid,  fruit set, yield, shelf life

The bell pepper (Capsicum annuum L. var. grossum Sendt;
2n = 24) is commonly known as sweet pepper, capsicum or
green pepper. It is one of the highly remunerative vegetables
cultivated in several parts of the world especially in temperate
regions of Central and South America and European
countries, tropical and subtropical regions of Asian
continent. In India, bell pepper is under non-traditional
category of vegetables (Kalloo and Pandey, 2002). It has
attained a status of high value crop in India in recent years
and occupies a pride of place among vegetables in Indian
cuisine because of its delicacy and pleasant flavour coupled
with rich content of ascorbic acid and other vitamins and
minerals. It imparts delicate taste and pleasant flavor to the
cuisine.

Habitually bell pepper is a cool season tropical crop
and lacks adaptability to varied environmental conditions.
With good quality and high productivity, capsicum
production is not possible to farmers due to various biotic
(pest and diseases), abiotic (temperature, rainfall, relative
humidity and light intensity) and crop factors (flower and
fruit drop). Due to erratic behaviour of weather, the crops
grown in open field are often exposed to fluctuating levels of
temperature, humidity, wind flow etc. which ultimately affect
the crop productivity adversely (Ochigbu and Harris, 1989).
Apart from this, limited availability of land for cultivation
hampers the vegetable production. Different types of
structures are being used for improving the productivity and

profitability of horticultural crops as well as for
producing planting material throughout the year.
Cultivation of bell pepper under protected condition such
as green houses or polyhouses, shadow hall, shade house,
etc. obtains a good quality produce and production during
off season.

Protected structures are designed as per climatic
requirements of the area for different set of environmental
conditions. Growing of capsicums under cover has been
reported to give good quality produce with higher
productivity in several countries.

This crop is being introduced in north konkan
agroclinmatic conditions as there is extent for its exploitation
considering the market resources. The present study was
therefore undertaken to assess the influence of different
growing environments on growth and yield of bell pepper
under the north konkan agroclinmatic conditions.

MATERIALS AND METHODS
The investigation was conducted at Agril. Research

Station, Palghar, Dist. Palghar, Maharashtra state during
rabi seasons of 2009-10. The location is under north konkan
coastal agroclimatic zone. ‘Indra’ hybrid of bell pepper was
selected for study as it seems to have more potential in this
locality. The experiment was laid out in a randomized block
design with eight replications with treatments as three
environment conditions viz; naturally ventilated poly house,
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Table 1. Growth performance of bell pepper Cv. Indra under different growing conditions

(DAT : Days after transplanting)
(* Standard deviation)

Treatments (Growing conditions) Plant height (cm) at growth stage 

30 DAT 60 DAT 90 DAT 120 DAT 

Naturally ventilated polyhouse (E1) 47.35 
(± 1.71)* 

79.38 
(± 1.06) 

106.91 
(± 5.18) 

164.13 
(± 5.85) 

Shade net house (E2) 45.19 
(± 1.81) 

70.75 
(± 1.73) 

102.44 
(± 5.55) 

142.09 
(± 6.96) 

Open field (E3) 37.71 
(± 2.11) 

59.59 
(± 3.56) 

80.38 
(± 6.95) 

99.85 
(± 9.84) 

SE ± 0.59 0.92 1.42 3.25 

C.D. (P=0.05) 1.78 2.79 4.3 9.86 

 

Table 2. Effect of different growing conditions on flowering and fruiting behavior of bell pepper Cv. Indra

 (* Standard deviation)

Treatments (Growing conditions) Days taken for 
flower initiation 

Days taken for 
first harvest 

Fruit set 
(%) 

Naturally ventilated polyhouse (E1) 32.13 
(± 1.81)* 

81.63 
(± 1.77) 

49.38 
(± 1.19) 

Shade net house (E2) 40.88 
(± 2.10) 

80.38 
(± 2.62) 

36.13 
(± 2.10) 

Open field (E3) 52.63 
(± 4.27) 

93.63 
(± 3.34) 

29.75 
(± 3.62) 

SE ± 0.85 0.96 0.71 
C.D. (P=0.05) 2.59 2.90 2.17 
 

shade net house (50.0 per cent shade) and open field (control).
The preparatory tillage operations were carried out and the
soil was brought to fine tilth. Raised beds of 30 cm height,
1.0 meter width with adequate length were prepared leaving
50 cm between the beds to enable easy cultural operations
like weeding, spraying and harvesting etc. One month old
seedlings were used for transplanting. The transplanting
was done in first week of November at 45 cm x 60 cm spacing
in zigzag row planting system on raised bed.  The essential
cultural practices like fertilizer application, irrigation,
weeding, plant protection, etc. were carried out unvaryingly
in all three growing conditions. The five plants from each
treatment were randomly selected for recording observations
on growth and yield. To estimate the fruit set, ten unopened
buds were tagged at random from the plant and the number
of fruits set from the tagged buds was recorded periodically
and per cent fruit set was calculated. Physical parameters
like fruit weight, fruit volume were measured. Fully matured
harvested fruits were kept under ambient conditions and

the number of days were counted until the fruits remain fresh
and at acceptable quality. The numberof days were counted
to express the shelf life in days. The data were statistically
analyzed by the method suggested by Panse and Sukhatme
(1985).

RESULTS AND DISCUSSION
The data on plant height at different stages of crop

growth as influenced by growing structures are presented
in Table 1. The plant height of bell pepper differed
significantly due to growing structures at all stages of crop
growth viz., 30, 60, 90 and 120 days after transplanting
(DAT). At 30 DAT, the plant height was maximum (47.35
cm) in naturally ventilated polyhouse, which was
significantly superior over the other two growing structures.
The least plant height (37.71 cm) was recorded under open
field condition. The similar trend was noticed in every stage
of growth. At 120 DAT, it was significantly maximum (164.13
cm) in naturally ventilated polyhouse. The lowest plant
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height (99.85 cm) was recorded under open field conditions.
During the successive stages of crop growth viz., 30, 60, 90
and 120 days after transplanting, the plant height of bell
pepper was found to be increasing and it was maximum in
naturally ventilated polyhouse. This may be attributed to
the enhanced plant metabolic activities like photosynthesis
and respiration due to favourable micro-climatic conditions
that prevailed in the polyhouse as compared to shade net
house and open field conditions. The result of higher growth
rate under polyhouse structure was reported by Maurer
(1981). In each growth stage, the deviation in plant height
was minimum under naturally ventilated polyhouse. This
trend might be due to uniform growth habit under protected
conditions. At 120 DAT, under open field condition,
variation in plant height (crop vigour) was anticipated as
standard deviation (ó) was 9.84.

The data on days taken for flower initiation and for
first harvest and per cent of fruit set are presented in Table 2.
Among the different structures, early flower initiation (32.13
days) was recorded under naturally ventilated polyhouse
(E1) which was significantly superior over the other growing
structures. The late flower initiation (52.63 days) was
recorded under open field condition. This may be due to
accumulation of maximum photosynthates favouring fast
growth which triggered early initiation of flowers under
naturally ventilated polyhouse.  However, early harvesting
(80.38 days) was recorded under shade net house (E2) which
was on par with naturally ventilated polyhouse (E1). The
late harvesting (93.63 days) was recorded under open field
conditions (control, E3). Similar results were obtained by
Yellavva (2008) in capsicum.

The maximum fruit set (49.38 per cent) was recorded
under naturally ventilated polyhouse (E1) which was
significantly superior over the rest of growing structures.
The minimum fruit set (29.75) was recorded under control

conditions. This might be due to congenial micro climate for
the flowering, pollination and fruit set.

In case of time for first flowering initiation, first harvest
behviour and fruit set, the deviation was maximum (± 4.27,
3.34 and 3.62, respectively) in open field conditions. This
meant there was erraticness in flowering and fruiting
behavior under open conditions.

Under the different growing structures, the average fruit
weight and fruit volume was higher (172.52 g and 324.13
cm3, respectively) under naturally ventilated polyhouse
which were significantly superior over the other growing
structures. The lowest fruit weight and volume (118.48 g
and 229.88 cm3, respectively) was recorded under open
conditions. The specific gravity was not so much affected by
growing conditions (Table 3). The fruit weight and volume
was increased in protected structures and this could be
largely due to the increased size of fruit. The high uptake of
nutrients and build up of sufficient photosynthates might
be helped in enabling the increase in size of fruits, resulting
in the increased fruit weight and volume. Similar findings
were recorded by Mohomedien (1991) in cucumber and Naik
(2005) in capsicum.

The yield performance of Indra hybrid of bell pepper
under three different growing conditions is depicted in table
3. There was significant effect of growing structures on yield.
The maximum yield (3.40 kg plant-1 and 75.45 t ha-1) was
recorded under naturally ventilated polyhouse (E1). The
lowest yield (1.39 kg plant-1 and 30.83 t ha-1) was recorded
under open field conditions. The deviation in the yield and
yield attributing characters (fruit weight and volume) was
comparatively less in protected structures that exhibited
relatively uniformity in plant population.  This trend was
might be due to the favourable climatic conditions that
prevailed under naturally ventilated polyhouse, leading to

Table 3. Effect of different growing conditions on fruit weight, fruit volume, yield and shelf life of bell pepper Cv. Indra

(* Standard deviation)

Treatments (Growing 
conditions) 

Fruit weight 
(g) 

Fruit volume 
(cm3) 

Specific 
gravity 

Yield  
(Kg plant-1) 

Yield  
(Kg ha-1) 

Shelf life 
(Days) 

Naturally ventilated 
polyhouse (E1) 

172.52 
(± 3.90)* 

324.13 
(± 6.33) 

0.53 3.40 
(± 0.34) 

75.45 
(± 7.47) 

8.25 
(± 0.89) 

Shade net house (E2) 148.64 
(± 5.84) 

278.25 
(± 10.31) 

0.53 1.93 
(± 0.39) 

42.74 
(± 8.56) 

9.75 
(± 0.89) 

Open field (E3) 118.48 
(± 9.45) 

229.88 
(± 15.29) 

0.52 1.39 
(± 0.47) 

30.83 
(± 10.52) 

6.75 
(± 1.04) 

SE ± 2.49 3.93 - 0.13 2.81 0.34 
C.D. (P=0.05) 7.54 11.93 - 0.38 8.53 1.02 
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higher vegetative growth, contributing to more, early fruiting,
higher per cent of fruit set, more number of fruits, maximum
fruit weight and fruit volume. Similar results were obtained
by Nagendra prasad (2001).

The fruits grown under Shade net house (E2) recorded
significantly highest shelf life (9.75 days) followed by 8.25
days in naturally ventilated polyhouse. The minimum shelf
life (6.75 days) was recorded under open field. This might be
attributed to the thicker pericarp of fruits grown under
protected conditions and less physiological loss in weight.
The results are analogous with Yellavva (2008).

The capsicum hybrid ‘Indra’ gave an incredible
response to different growing structures. Under different
growing environments, the uniform and superior growth,
early fruiting, large size fruits and highest total marketable
fruit yield were recorded in the naturally ventilated
polyhouse.
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Effect of nitrogen and phosphorus level on grain yield of
forage maize (Zea mays L.) under rainfed condition of the
Kymore plateau and Satpura hill zone of (Madhay Pradesh)
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ABSTRACT

The field experiment, conducted during the Kharif season of three consecutive years of 2009, 2010 and 2011 to
find out the suitable dose of nitrogen and phosphorus for the forage maize (Zea mays L.) variety “African tall” under
rainfed condition, revealed that maize grain yield responded to N upto 80 kg ha-1 in 2009 but significant increases up
to 60 kg N ha-1 was observed in 2011and on pooled basis. The highest net return (Rs. 8266 ha-1) and benefit cost ratio
(2.66) were observed with higher dose of N. Maize responded significantly  up to 60 kg P2O5 ha-1 only  in 2009.

Key words: Forage maize, N. P. Rainfed, Economics.

Rainfed agriculture has prime place in Indian
Agriculture contributing to around 67 Per cent in the area
and 42 Per cent in national food grain production. Maize is
predominantly cultivated under rainfed condition in kharif
season at Research farm JNKVV, Jabalpur. In recent years,
cultivation has been found to be of hybrid maize. The area
under maize in the country is of  25million hectare with a
production of 1.1 Mt. However, its average productivity (1200
kg ha-1) as against national average productivity of 2334 kg
ha-1 under rainfed condition is very low (FAI, 2008-09). Low
productivity of crops system is linked to the water stress,
virtually no use of organic manure, poor recycling of crop
residues and low use of nitrogen and phosphorous that
leads to negative balances of nitrogen and phosphorous
(Regoet al. 2003). Wide spread of sulphur, zinc and boron
(Sahrawat et al., 2007) also leads to low productivity of dry
land crops. Hybrid maize being heavy feeder and more
responsive to nutrients the supply of required amount of the
nutrient through inorganic fertilizers is needed to grow it
and maintain soil fertility levels on sustained manner
(Sarkaret al., 2000)

MATERIALS AND METHODS
The field experiment was conducted during kharif

season of 2009, 2010 and 2011 at the Research Farm of
Jawaharlal Neharu Krishi Vishwa Vidyalaya, Jabalpur in
randomized block design with three replications. The
treatments consisted of four levels of nitrogen (20, 40,60 and
80 kg N ha-1), 3 levels of phosphorus (20, 40 and 80 kg P2O5
ha-1) and control (no fertilizers). A basal dose of potassium
(40 kg K2O ha-1)   was applied uniformly to all the plots

except in the control at sowing time. Half of the nitrogen (as
per treatment) was applied at sowing and the remaining
quantity was applied in 2 equal split doses at knee-height
and tasseling stages. The soil of the experiment is clay-loam,
having normal pH, organic carbon 0.53%. The available NPK
was 252, 17.34 and 297 kg ha-1 respectively. The seeds of
“African tall” forage maize were sown @ 20 kg ha-1 at the
distance 60X20 cm (8333.33 plan ha-1) on 5th, 6th and 4th July
in 2009, 2010 and 2011, respectively. The crop was harvested
on 3rd, 1st and 7th October in the year 2009, 2010 and 2011,
respectively, at maturity. The total rainfall received during
the crop growth period of 2009, 2010 and 2011 was 826.57
mm, 932.39 mm and 1315 mm, respectively.

RESULTS AND DISCUSSION
The plant height, 100-seed weight and grain yield was

significantly higher in all treatments than the control (Table
1). The pooled data revealed highest grain yield at 80 kg N
ha-1 which was at par with 60 kg N ha-1. Through, plant
height and 100-grain weight were not consistent, the higher
100-grain weight was recorded with higher level of N during
2009 and 2010. Singh et al. 1980 recorded 53 to 90 kg N ha-1

as maximum for different maize varieties while Singh 1991
reported 93.8 kg N ha-1 as maximum economic dose of N for
maize. The results were in confirmity to the findings of
(Shrivastava et al. 1983).

The higher level of nitrogen at 60 kg and 80 kg N ha-1

resulted in net return of Rs. 7157 and Rs. 8266 ha-1, which
were higher than that of lower doses of nitrogen application.
As both, the 60 and 80 kg N ha-1 were found to be at par, 60
kg N ha-1 was considered to be most economical dose for
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Table 1. Effect of nitrogen and phosphorus level on yield attributes, yield and economics of    forage maize. (Pooled data of 3
year)

Treatment. Plant height  
(m) 

100 grain yield  
(g) 

Grain yield  
(t ha-1) 

Net return 
(Rs ha-1) 

B:C  ratio 

2009 2010 2011 2009 2010 2011 2009 2010 2011 Pooled 
N (kg ha-1) 

20 2.61 1.44 1.61 28.2 26.1 27.0 3.01 1.82 2.02 2.28 4,778 2.10 
40 2.70 1.48 1.78 29.3 27.5 27.4 3.37 2.07 2.40 2.61 5,888 2.29 
60 2.55 1.35 1.97 28.0 28.0 28.5 3.99 2.16 2.81 2.98 7,157 2.50 
80 2.55 1.51 2.01 29.8 29.1 28.1 4.77 2.38 2.80 3.31 8,266 2.66 

CD (P=0.05) NS NS 0.25 NS 1.3 NS 0.27 0.36 NS 0.47 - - 
P2O5 (kg ha-1) 

20 2.65 1.38 1.71 28.5 27.8 27.5 3.61 2.12 2.40 2.71 4,335 2.49 
40 2.59 1.46 1.87 28.7 27.2 27.1 3.68 2.05 2.43 2.72 4,063 2.33 
60 2.56 1.49 1.94 29.2 28.0 28.7 4.05 2.15 2.67 2.96 4,511 2.38 

CD (P=0.05) NS NS NS NS NS NS 0.24 NS NS NS - - 
Control vs rest 

Control 2.34 1.10 1.22 24.6 25.33 23.7 2.09 1.88 1.15 1.71 3,555 2.08 
Mean of rest 2.60 1.45 1.84 28.8 27.7 27.7 3.78 2.11 2.50 2.80 6,543 2.40 

CD (P=0.05) 0.19 0.27 0.31 3.4 2.3 NS 0.35 NS 0.88 0.60 - - 
 

Table 2. Interaction effect of nitrogen and phosphorus on grain yield of forage maize during 2009 to 2011.

P2O5 (kg ha-1) Grain yield (t ha-1) 
N20 N40 N60 N80 

20 2.44 2.00 2.28 1.77 
40 1.14 2.28 2.27 2.53 
60 1.89 1.95 1.94 2.83 

CD (P=0.05) - 0.63 - - 

 

rainfed maize. Maize responded significantly up to 60 kg
P2O5 ha-1 only in 2009. Subbian et al., 1991 reported non
significant response of maize to P application up to fourth
year.

The N X P interaction was significant in 2010 (Table 2).
The phosphorus application showed significant yield
variation at higher level of N (Table 2).  The results confided
with those of Satyanaranan et al., 1978, who reported that
the response to P increases with the increase in the rate of N.

The study concludes that N and P2O5 @ 60 and 20  kg
ha-1, respectively are optimal for harvesting higher yield of
maize, variety “African-tall”in Kymore Plateau and Satpura
Hills Zone of M.P. under rainfed conditions.
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Growth, yield and quality of coloured sweet pepper (Capsicum
annuum L.var. grossum)  in response to pruning levels and
plant spacing
Inamoni Gogoi, Deepa Borbora Phookan and Sapna Barua
Department of Horticulture, Assam Agricultural University, Jorhat:785013

ABSTRACT

The experiment, carried out to study the effect of pruning and spacing in capsicum(Capsicum annuum L. var
grossum) cultivar Swarna under polyhouse at the Experimental Farm, Department of Horticulture, Assam Agricultural
University, Jorhat during 2011-2012 and 2012-2013, revealed that plant height, number of fruits,  fruit weight, fruit
set per cent, yield and quality parameters such as ascorbic acid , total sugar content were significantly affected by row
spacing and pruning. Study on economics of production showed that four shoot level with the spacing of 45 cm x 45
cm gave the highest benefit-cost ratio of 4.39.

Key words: Capsicum annuum var. grossum, polyhouse, fruit set, pruning and spacing

Sweet pepper, mainly grown during rabi season in
Assam, is now a days considered as high value crop
occupying a pride position among vegetables due to its
delicacy and pleasant flavour. Capsicums being used as
vegetables, salad, stuffing and in various dishes are rich
sources of antioxidants and vitamin C compared to green
chillies. Coloured peppers have more vitamins, nutrients
and antioxidant. Its demand, in recent years, has increased
tremendously with the emergence of pizza industry.
Greenhouse production technology of vegetable emphasizes
the need for having appropriate plant spacing and pruning
levels in order to boost-up the production per unit area by
utilizing the available space and nutrient applied. There is
not much information available on greenhouse cultivation
of capsicum and its response to varying plant population.
There is need to assess the optimum plant population for its
cultivation in greenhouse under Assam condition. Pruning
the plants to two stem, three stem and four stem will not only
facilitate easy training operation, but also permit closer
planting, early maturity and higher yields of larger sized
fruits. Such type of cultural operations are not followed by
the farmers of Assam where the area under this crop is very
limited and the yield is also low due to the lack of awareness
and information on planting distance, pruning and training,
varieties as well as agronomical and crop management
practices.

Hence,  the effect of plant spacing and pruning levels
on growth, yield, quality and economics of capsicum
(Capsicum annuum L. var. grossum) was studied.

MATERIAL AND METHODS
The experiment was carried out with cultivar Swarna

(yellow coloured variety)) under naturally ventilated
polyhouse during 2011-2012 and 2012-2013 at the
Experimental Farm, Department of Horticulture, Assam
Agricultural University, Jorhat .  There were four spacings
viz., 45 cm x 30 cm (S1), 45 cm x 45 cm (S2), 60 cm x 30 (S3) cm
and 60 cm x 45 cm (S4) and four levels of shoot per plant viz.,
two shoots (P1), three shoots (P2), four shoots (P3) and
unpruned (P0). The experiment was laid out in Factorial
Randomized Block Design with three replications. Growth,
yield and quality parameters were recorded as per standard
procedure. Pooled data of different parameters were
presented in this paper. The soil of the experimental site was
sandy loam with PH of 5.85, organic carbon 0.45 per cent,
available Nitrogen, P2O5 and K2O of 180.00, 30.40 and 90.00
kg hectare-1, respectively.

RESULTS AND DISCUSSION
Data presented in Table 1 revealed that pruning levels

and spacing treatments caused a significant increase in
plant height. The highest height of 123.74cm was obtained
at harvesting stage (120DAP) in the closed spacing (45 cm X
30 cm). All the pruned plants among the pruned treatments
were taller than the unpruned plants. The highest height of
150cm was recorded in closest spacing (45cm x 30cm) and
two levels of pruning. All the pruned plants were recorded
significantly taller than the unpruned plants. Harminder
Sing et. al. (1997) carried out an experiment to investigate
growth and yield of sweet peppers influenced by spacing
and found that the plant height increased significantly with
decreasing plant spacing. Hamed (1997) also reported that
pruning pepper plants exhibited the highest height
compared to unpruned one.
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Table 2: Fruits plant-1

Spacing  Pruning 
P0  P1  P2  P3  Mean  

S1  7.66  4.00  5.00  7.00  5.91  
S2  8.00  5.33  6.50  8.00  6.96  
S3  7.00  5.33  6.00  7.00  6.33  
S4  9.00  5.60  7.00  8.00  7.40  
Mean  7.92  5.07  6.13  7.50   
 SEd+   CD (5%)   
Spacing (S)  0.19  0.39  
Pruning(P)  0.19   0.39   
Spacing  pruning  ( S  P) 0.38   0.77   
  Table 3: Fruit set (%)
Spacing  Pruning 

P0  P1  P2  P3  Mean  
S1  16.91  30.71  25.89  25.41  24.73  
S2  15.59  35.56  36.14  28.29  28.90  
S3  11.42  42.30  30.04  22.89  26.66  
S4  15.97  35.89  42.98  25.33  30.00  
Mean  14.93  36.12  33.76  25.48   
 SEd+   CD (5%)   
Spacing (S)  0.86  1.77  
Pruning(P)  0.86   1.77   
Spacing  pruning  ( S  P) 1.73   3.54   
 Table 4: Average fruit weight (g)

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  67.67  176.67  162.00  145.33  137.92  
S2  71.33  216.00  203.00  200.67  172.58  
S3  74.67  204.00  194.33  183.00  164.00  
S4  100.00  243.67  211.33  204.67  189.92  
Mean  78.42  210.08  192.67  183.42   
 SEd+   CD (5%)   
Spacing (S)  2.14  4.38  
Pruning(P)  2.14   4.38   
Spacing  pruning  ( S  P) 4.29   8.75   
 

Table 1: Plant height (cm) at the time of harvest

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  110.60 150.00  118.63  115.73 123.74  
S2  109.50 128.00  117.25  115.00 117.44  
S3  109.30 121.00  115.60  112.80 114.68  
S4  108.90 120.00  115.50  110.80 113.80  
Mean  109.50 129.75  116.75  113.58  
 SEd+   CD (5%)   
Spacing (S)  0.21  0.42  
Pruning(P)  0.21  0.42  
Spacing  pruning  ( S  P) 0.42  0.84  
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Table 5: Yield  (g) plant-1

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  519  705  812  1018  763.50  
S2  572  1151  1336  1603  1165.75  
S3  523  1087  1164  1282  1014.00  
S4  899  1366  1475  1638  1344.50  
Mean  628  1078  1197  1385   
 SEd+   CD (5%)   
Spacing (S)  3.32  67.98  
Pruning(P)  3.32  67.98  
Spacing  pruning  ( S  P)  66.64   135.95   
 

Table 6: Yield (kg) m²-1

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  3.84  5.22  6.01  7.53  5.65  
S2  2.86  5.76  6.68  8.01  5.83  
S3  2.88  5.98  6.40  7.05  5.58  
S4  3.32  5.06  5.47  6.06  4.98  
Mean  3.22  5.50  6.14  7.16   
 SEd+   CD (5%)   
Spacing (S)  0.17  0.35  
Pruning(P)  0.17  0.35  
Spacing  pruning  ( S  P) 0.35   0.71   
 

Table 7: Ascorbic acid (mg 100g-1)

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  72.79  77.23  75.39  72.62  74.51  
S2  76.04  80.58  76.78  76.84  77.66  
S3  80.40  81.17  78.58  79.81  79.99  
S4  80.42  84.80  80.60  80.60  81.44  
Mean  77.41  81.02  77.84  77.47   
 SEd+   CD (5%)   
Spacing (S)  0.26  0.52  
Pruning(P)  0.26  0.52  
Spacing  pruning  ( S  P) 0.51   1.05   
 

There were significant differences among the treatments
regarding number of fruits per plant. The highest number of
fruits (7.4) was observed in S4.The highest number of fruits
per plant might also be due to more number of flower and
high fruit set (Nagendraprasad, 2001)Among the
interactions, the highest number of fruits per plant (9.00)
was recorded in S4P0. This might be due to more number of
shoots and wider spacing which provide more nutrients and
light for the development of flowers as well as fruits.

The highest fruit set per centage of 30.00 was recorded
in wider spacing(S4) and least fruit set (24.73%) was noticed
under closer spacing(S1).Among the interaction effect S4P2
treatment recorded the highest 42.98 per cent fruit set. This
was consequence of production

The weight and volume of fruit play an important role
in increasing the total yield in capsicum. The highest fresh
weight of fruit (189.92 g) and fruit volume (321.56 cc),
respectively were found in spacing S 4, which was
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significantly superior to the other spacing levels. Plant with
higher net photosynthesis might have resulted in higher
individual fruit weight and larger sized fruit. This could be
due to the increased uptake of more nutrients and build up
of sufficient photosynthates enabling the increase in size of
fruits (length and breadth), ultimately resulting in the
increased fruit weight and volume. Similar finding was
reported by Nagendraprasad (2001) in capsicum. Among
the pruning levels the highest fruit weight (210g) and fruit
volume (358cc) was recorded under training level P1.

The highest yield (1344.50g plant-1) was recorded in S4,
which may be due to more fruit numbers and weight of fruits.
However, the highest yield of 5.83kg/m2 was obtained in S2.
Among the interaction effect S2P3produced the highest fruit

yield (8.01kg/m2). This may be due to cumulative effect of
more number of plants, more branches and more fruits. This
finding is in agreement with Kumar et.al.(2001).

The highest ascorbic acid content of 81.44mg 100 g-1

and 81.02mg 100 g-1 were recorded in in wider spacing (S4)
and two levels of pruning (P1). Among the interactions S4P1
recorded the highest value of 84.80mg 100 g-1 . This finding
was correlated with the findings of Aminifard et.al. (2010a)
that plant density significantly affected on vitamin content
of tomato fruits.

The highest total sugar content of 4.36 mg and 4.24 mg
100 g-1 fruit weight were obtained in S4 and P1, respectively.
Interaction effect showed that S4P1 obtained the highest of
4.47 mg of total sugar per 100g of fruit weight. The lowest

Table 8: Total sugar (mg) 100g-1

Table 9: Economics of capsicum cultivation under various treatment combinations

Spacing Pruning 
P0  P1  P2  P3  Mean  

S1  3.45  3.85  3.95  3.69  3.74  
S2  4.22  4.22  4.10  4.22  4.10  
S3  4.11  4.44  4.34  4.29  4.29  
S4  4.23  4.47  4.43  4.30  4.36  
Mean  4.01  4.24  4.21  4.12   
 SEd+   CD (5%)   
Spacing (S)  0.02  0.04  
Pruning(P)  0.02  0.04  
Spacing X pruning  ( S x P)  0.04   0.07   
 

Treatments Gross investment(Rs) 
Yield 500 m2 -1 

(kg) 
Gross Return (Rs) Net Return B:C 

S1P0 90,111 4,969 1,98,760 1,08,649 1.21 
S1P1 96,811 6,751 2,70,040 1,73,229 1.79 
S1P2 97,079 7,771 3,10,840 2,13,761 2.20 
S1P3 97,343 9,745 3,89,800 2,92,457 3.00 
S2P0 90,111 3,696 1,84,800 94,689 1.05 
S2P1 95,471 7,496 3,74,800 2,79,329 2.93 
S2P2 95,735 8,645 4,32,250 3,36,515 3.52 
S2P3 96,099 10,368 5,18,400 4,22,301 4.39 
S2P0 90,111 37,53 1,87,650 97,539 1.08 
S3P1 95,739 7,804 3,90,200 2,94,461 3.08 
S3P2 96,103 8,351 4,17,550 3,21,447 3.34 
S3P3 96,367 9,198 4,59,900 3,63,533 3.77 
S4P0 90,111 5,255 2,62,750 1,72,639 1.92 
S4P1 95,203 7,990 3,99,500 3,04,297 3.20 
S4P2 95,467 8,641 4,32,050 3,36,583 3.53 
S4P3 95,731 9,580 4,79,000 3,83,269 4.00 
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sugar content of 3.45mg 100 g-1 fruit weight was recorded in
S1P0

The study concludes that the coloured capsicum variety
Swarna showed good response to different spacing and
pruning levels. From the economic point of view S2(45cm x
45 cm) and four shoot pruning level (P3) proved best with a
cost benefit ratio of 4.39. Hence, farmers can grow sweet
pepper under naturally ventilated polyhouse for better
economic return.
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ABSTRACT

Seven insecticides viz., imidacloprid, acetamiprid, thiamethoxam, spiromesifen, buprofezin, bifenthrin,
triazophos against whitefly (Bemisia tabaci Gennadius) and six insecticides viz., malathion, spinosad, fenvalerate,
dimethoate, cypermethrin, deltamethrin in combination with attractant, against fruit fly (Bactrocera cucurbitae Coquillett)
in bitter gourd (Momordica charantia L.) were  evaluated under field conditions during spring-summer 2012 and 2013.
The results revealed that two sprays of spiromesifen followed by two sprays of dimethoate + protein autolysate
recorded the highest per cent reduction of whitefly population over control (65.74%) and 70.53 per cent (with trailing)
and 66.09 per cent and 68.24 per cent (without trailing) during 2012 and 2013, respectively. The lowest per cent fruit
infestation on weight basis by fruit fly was observed in the treatment T2 (two sprays of acetamiprid followed by two
sprays of spinosad + protein autolysate) i.e., 4.62 per cent (with trailing) and 4.89 per cent (without trailing) in 2012
and 5.48 per cent (with trailing) and 4.40 per cent (without trailing) during spring summer 2013, respectively. The
highest marketable fruit yield on weight basis was obtained in the treatment T2 (104.4q ha-1 (with trailing) & 79.1 q ha-

1 (without trailing)) during 2012 and (109.3 q ha -1 (with trailing) & 77.8 q ha-1 (without trailing) during 2013.
Spiromesifen and buprofezin were found more effective against whitefly while spinosad was effective against fruit fly
in bitter gourd.

Key words: Momordica charantia L., Bactrocera cucurbitae, Bemisia tabaci, spiromesifen, buprofezin, spinosad.
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Bitter gourd (Momordica charantia) is grown throughout
the world for its usage as vegetable as well as medicine. It is
traditionally used as medicine for the treatment of diabetes,
colic (Yesilada et al., 1999; Satyawati et al., 1987) and as
carminative purposes. However, it is commonly consumed
as vegetable in majority of the world. The production of bitter
gourd is hindered due to several biotic factors like insect
pests and diseases. Among them, the melon fruit fly
(Bactrocera cucurbitae) is the major limiting factor in obtaining
good quality fruits and high yield (Rabindranath and Pillai,
1986). The whitefly (Bemisia tabaci) is an important vector of
yellow mosaic virus and also causes direct damage as a
sucking pest by feeding, production of honeydew upon which
sooty mould fungus can grow, and transmission of yield-
limiting viruses. The combination of these effects has
promoted this species to one of the most damaging pests in
agricultural production (Perring et al., 1991).

Considering the hazardous impact of chemicals on
non-target organisms and the environment, selective

compounds can be used to manage the pest complex in bitter
gourd. Most of the sucking pests are polyphagous, widely
distributed in tropical and subtropical regions and are also
vectors for a large number of viral diseases.

Since indiscriminate application of insecticides results
in the presence of residues in vegetables and ensures
resistance development in target insects, there is a need for
judicious application of chemicals against multiple pests.
Vennila et al., (2007) reported that triazophos 40Ec @600 g
a.i. ha-1, ethion 50EC @ 1000g a.i,. ha-1 and acetamiprid 20SP
@ 30-40g ha-1 are effective against whiteflies in cotton.
According to Cisneros and Mujica (1998), several chitin
inhibitors have been introduced in recent years (buprofezin,
pyriproxifen and diafenthiuron) to control Bemisia whiteflies.
Protein hydrolysate contains certain nutrients necessary for
the fruit fly growth. Therefore, it can be used an attractant
along with insecticides. Vargas et al, (2002) found that
spinosad or phloxine B, with low contact toxicity, mixed
with protein baits offers a more environment friendly choice
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for control of Mediterranean fruit fly, C. capitata. Fenvalerate
(0.05%) or fenthion (0.01%) with protein hydrolysate
(Protinex 0.15%) sprayed five times at weekly intervals was
found very effective in checking Oriental fruit fly incidence
on guava in Punjab (Mann, 1996).

Keeping this in view, the efficacy of different insecticides
in combination with attractant against whitefly and fruit fly
in bitter gourd crop was evaluated.

MATERIALS AND METHODS
The field trials were carried out at the research farm,

Division of Entomology, Indian Agricultural Research
Institute, New Delhi during spring -summer 2012 and 2013.
During both the years the bitter gourd cultivar “Pusa vishesh”
was planted in randomized block having 10 treatments
including control and each treatment was replicated thrice.
The trials were done in two types of planting systems. The
crop was nursery transplanted with a spacing of 60 cm
between plants and 1m between rows/beds (with trailing
on support) and a spacing of 60 cm between plants and 2m
between rows/ beds (without trailing). Required agronomic
practices were undertaken and spraying of insecticides
against whitefly and fruit fly was done as per the following
schedule.

were recorded. The population data were square root
transformed and analysed by using SPSS software.

The per cent reduction over control (PROC) was
calculated by using the Fleming and Ratnakaran, 1985
formula :

{1- Post treatment population in treatment X Pre treatment
population in control}

PROC= __________________________________________

                 
     Pre treatment Post treatment

             population in treatment             population in control

The harvested fruits for each plot were kept in
numbered cloth bags separately  brought to the laboratory
and those infested with fruit fly and the healthy ones were
seperated by visual examination. The sorted fruits were
counted and weighed separately for each plots. Per cent fruit
infestation on weight basis was calculated by using the
formula as shown below,

Per cent fruit infestation = (weight of infested fruits/
Total weight of fruits) X 100

Based on the healthy fruit yield the yield gain in each
treatment and per cent yield gain were calculated. The data
were subjected to arc sine transformation and analysed using
SPSS software.

 RESULTS AND DISCUSSION
Whitefly infestation. The per cent reduction of whitefly after
the first spray in the trailing system varied from 20.06 to
65.74 during 2012 (Table 1.) and from 27.14 to 70.53 during
2013 (Table 2.). The per cent reduction over control after first
spray in without trailing system varied from 20.24 to 66.09
during 2012(Table 3.) and from 27.05 to 68.24 during 2013
(Table 4). The treatment (T4) with two sprays of spiromesifen
followed by two sprays of dimethoate + protein autolysate
recorded the lowest per cent reduction of whitefly population
over control with 65.74 per cent (Table 1.) and 70.53 per cent
(Table 2.) (with trailing) and 66.09 per cent after first spray
(Table 3.) and 68.24 per cent (Table 4.) (without trailing)
during 2012 and 2013, respectively. The next best treatment
was T5 with 58.90 and 66.95 per cent reduction over control
in 2012) (Table 1 and 2) and 59.82 and 62.89 per cent reduction
over control in 2013 (Table 3 and 4) with two sprays of
buprofezin followed by two sprays of cypermethrin + protein
autolysate.

 
Treat-

ments 

20 DAP 30 DAP 45 DAP 55 DAP 

T1 imidacloprid imidacloprid malathion+PA* malathion+PA* 

T2 acetamiprid acetamiprid spinosad +PA spinosad +PA 

T3 thiamethoxam thiamethoxam fenvalerate+PA fenvalerate+PA 

T4 spiromesifen spiromesifen dimethoate+PA dimethoate+PA 

T5 buprofezin buprofezin cypermethrin+PA cypermethrin+PA 

T6 bifenthrin bifenthrin deltamethrin+PA deltamethrin+PA 

T7 triazophos triazophos spinosad+PA spinosad+PA 

#T8 imidacloprid imidacloprid imidacloprid imidacloprid 

$T9 spinosad spinosad spinosad spinosad 

T10 Untreated control 

* PA: protein autolysate @ 4 %, # sprays only for whitefly, $
sprays only for fruit fly and without PA

Five plants from each treatment were randomly selected
and tagged for observing insect pests infestation. The number
of whitefly population was observed from top, middle and
bottom leaves of each plant. For whitefly, pre-spraying and
post-spraying population at 1, 5 and 9 days after spraying
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Table 1. Effect of different treatments against whitefly, Bemisia tabaci on bitter gourd during spring summer 2012 (with trailing)

Treatments 
Against 

whitefly 
Against fruit fly Pre-treatment$ 

Per cent reduction over control 

During 1st spray 

Per cent reduction over control 

During  2nd spray 

1DAS 5DAS 9DAS 1DAS 5DAS 9DAS 

T1 
imidacloprid 

@ 35g a.i./ha 

malathion 

@ 750g 

a.i./ha+PA* 

16.0 

 
27.1 

(39.0)b 

14.6 

(20.7)b 

11.1 

(19.3)b 

13.7 

(21.4)c 

15.5 

(22.3)a 

12.0 

(20.0)c 

T2 
acetamiprid 

@ 20g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 

20.6 

 

20.0 

(34.9)b 

12.2 

(31.2)ab 

11.7 

(24.2)ab 

18.0 

(25.1)bc 

11.8 

(20.1)a 

13.6 

(20.9)c 

T3 
thiamethoxam 

@ 50g a.i./ha 

fenvalerate 

@ 75g a.i/ha+PA 

16.6 

 

32.2 

(36.7)b 

13.4 

(26.3)ab 

8.5 

(20.9)b 

25.8 

(30.2)b 

13.5 

(21.2)a 

10.3 

(20.9)c 

T4 
spiromesifen 

@ 150g a.i./ha 

dimethoate 

@ 200g  

a.i./ha+PA 

25.0 65.7 

(55.64)a 

34.1 

(38.4)a 

29.5 

(32.0a 

41.7 

(40.2)a 

22.6 

(28.4)a 

18.0 

(22.0)bc 

T5 
buprofezin 

@ 250g  a.i./ha 

cypermethrin 

@ 50g a.i/ha+PA 
24.6 

58.9 

(53.4)a 

25.6 

(37.0)a 

32.1 

(30.7)a 

40.3 

(39.4)a 

23.2 

(28.5)a 

22.9 

(30.5)a 

T6 
bifenthrin 

@ 80g a.i./ha 

deltamethrin 

@ 12.5g 

a.i./ha+PA 

17.0 37.0 

(36.9)b 

9.1 

(21.8)ab 

8.2 

(24.21)ab 

13.1 

(20.9)c 

11.4 

(19.6)a 

13.1 

(24.2)ab 

T7 
triazophos 

@ 250g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 
17.6 

28.9 

(29.8)b 

19.8 

(30.2)ab 

10.5 

(25.7)ab 

20.1 

(26.6)bc 

17.1 

(23.7)a 

15.8 

(22.7)b 

T8 
Imidacloprid 

@ 35g a.i./ha 
--------------------- 18.6 

25.6 

(34.5)b 

9.4 

(28.8)ab 

14.7 

(22.7)ab 

17.6 

(24.8)bc 

14.4 

(21.0)a 

13.0 

(22.7)b 

T9 ------------------ 
Spinosad 

@ 75g a.i./ha 
19.0 

23.8 

(30.7)b 

9.8 

(29.6)ab 

12.8 

(23.4)ab 

17.8 

(24.0)bc 

16.0 

(23.5)a 

11.3 

(23.4)b 

T10 Untreated control 25.6 ------ ------ ------ ------ ------ ------ 

S.Em. (±)  4.6 6.2 4.4 3.9 4.4 6.2 

CD (P = 0.05)  9.7 13.1 9.3 8.2 9.4 13.1 
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The result corroborates with the reports of Bi and
Toscano (2007) in which spiromesifen application decreased
the number of immature greenhouse whiteflies by 29.0 per
cent to 92.0 per cent in 6 weeks after treatment in lab and
field experiments on strawberry.

The whitefly incidence from 2nd to 5th standard week

during spring-summer 2012 was significantly lower in
treatments T4 and T5 than the untreated control T10 (Table 1
and 2.).  Similar results were obtained during 2013 spring-
summer season also (Table 3 and 4.).  The lowest whitefly
population was recorded from the buprofezin treated plot
(T5) during all the 8 weeks in both 2012 and 2013 (Table 1, 2,
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Table 2. Effect of different treatments against whitefly, Bemisia tabaci on bitter gourd during spring summer 2013 (with trailing)

Treatments 
Against 

whitefly 
Against fruit fly Pre-treatment$ 

Per cent reduction over control 

During 1st spray 

Per cent reduction over control 

During 2nd spray 

1DAS 5DAS 9DAS 1DAS 5DAS 9DAS 

T1 
imidacloprid 

@ 35g a.i./ha 

malathion 

@ 750g 

a.i./ha+PA* 

14.3 
42.2 

(40.4)b 

11.0 

(19.1)b 

14.1 

(21.9)c 

13.7 

(21.2)c 

14.6 

(21.2)bc 

11.1 

(11.1)c 

T2 
acetamiprid 

@ 20g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 
14.3 

36.8 

(37.1)b 

26.5 

(30.8)ab 

15.9 

(23.1)abc 

22.5 

(28.3)bc 

12.2 

(20.4)bc 

11.7 

(11.7)c 

T3 
thiamethoxam 

@ 50g a.i./ha 

fenvalerate 

@ 75g a.i/ha+PA 
15.6 

38.1 

(37.9)b 

20.0 

(25.9)b 

18.4 

(25.0)ac 

24.9 

(29.5)b 

13.4 

(19.9)bc 

8.5 

(5.2)c 

T4 
spiromesifen 

@ 150g a.i./ha 

dimethoate 

@ 200g  

a.i./ha+PA 

22.0 
70.5 

(57.1)a 

37.1 

(37.5)a 

32.2 

(34.6)a 

49.3 

(44.6)a 

34.1 

(35.5)a 

29.5 

(29.5)ab 

T5 
buprofezin 

@ 250g  a.i./ha 

cypermethrin 

@ 50g a.i/ha+PA 
23.6 

66.9 

(55.0)a 

37.2 

(37.5)a 

31.0 

(33.4)ab 

45.9 

(42.6)a 

25.6 

(30.0)ab 

32.2 

(32.1)a 

T6 
bifenthrin 

@ 80g a.i./ha 

deltamethrin 

@ 12.5g 

a.i./ha+PA 

16.6 
40.1 

(39.2)b 

23.9 

(29.0)ab 

24.6 

(29.9)abc 

16.9 

(23.9)bc 

9.1 

(17.5)c 

8.2 

(8.2)abc 

T7 
triazophos 

@ 250g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 
16.6 

27.1 

(36.2)b 

25.5 

(30.0)ab 

25.2 

(29.9)abc 

19.1 

(25.8)bc 

19.8 

(26.1)abc 

10.5 

(14.7)c 

T8 
Imidacloprid 

@ 35g a.i./ha 
--------------------- 15.6 

35.3 

(32.8)b 

23.2 

(28.6)ab 

19.9 

(25.2)abc 

19.7 

(24.83)bc 

9.4 

(17.5)c 

14.7 

(10.7)abc 

T9 ------------------ 
Spinosad 

@ 75g a.i./ha 
17.6 

30.1 

(31.7)b 

25.7 

(29.5)ab 

20.3 

(26.5)abc 

25.8 

(30.3)b 

9.8 

(17.9)c 

12.8 

(12.8)bc 

T10 Untreated control 22.6 ------ ------ ------ ------ ------ ------ 

S.Em. (±)  4.8 4.9 5.3 3.8 5.5 8.4 

CD (P = 0.05)  10.1 10.4 11.1 7.9 11.6 17.7 

 
3 and 4). The present  result is in accordance with Palumbo
(2009) who reported that the spray of application of
spiromesifen and buprofezin is an effective foliar alternative
to the industry standard insecticides for controlling Bemisia
whiteflies in spring cantaloupes.

Webb et al., (2007) stated that although spiromesifen,
pyriproxyfen, and buprofezin affect mostly the reproduction

and survival of immature whitefly, they also help in reducing
secondary spread within and between fields by slowing the
increase of the whitefly population.

Per cent fruit infestation by fruit fly. By consolidating
the five pickings obtained during 2012, the mean per cent
fruit infestation on weight basis varied from 4.62 to 33.50 per
cent in trailing system of planting while it varied from 4.89

Efficacy of combined application of insecticides and protein attractant against Bemisia tabaci and Bactrocera cucurbitae in bitter gourd
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Table 3. Effect of different treatments against whitefly, Bemisia tabaci on bitter gourd during spring summer 2012 (without
trailing)

Treatments Against whitefly Against fruit fly Pre-treatment 

Percent reduction over control 

During 1st spray 

Percent reduction over control 

During 2nd spray 

1DAS 3DAS 9DAS 1DAS 3DAS 9DAS 

T1 
imidacloprid 

@ 35g a.i./ha 

malathion 

@ 750g 

a.i./ha+PA* 

16.0 
27.7 

(31.7)ef 

35.1 

(36.3)d 

18.3 

(25.3)c 

16.3 

(23.6)cd 

11.4 

(22.2)cd 

8.8 

(16.1)c 

T2 
acetamiprid 

@ 20g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 
20.6 

20.2 

(26.7)f 

40.5 

(39.5)c 

16.7 

(24.1)d 

20.6 

(26.9)c 

11.3 

(19.2)cd 

18.0 

(25.0)abc 

T3 
thiamethoxam 

@ 50g a.i./ha 

fenvalerate 

@ 75g a.i/ha+PA 
16.6 

32.1 

(34.5)d 

19.9 

(26.5)h 

13.5 

(21.5)e 

28.9 

(30.9)b 

12.9 

(20.7)bcd 

9.5 

(17.8)c 

T4 
spiromesifen 

@ 150g a.i./ha 

dimethoate 

@ 200g  

a.i./ha+PA 

25.0 
66.1 

(54.4)a 

53.1 

(46.8)a 

28.7 

(32.4)a 

46.1 

(46.2)a 

23.6 

(28.9)a 

29.4 

(32.5)a 

T5 
buprofezin 

@ 250g  a.i./ha 

cypermethrin 

@ 50g a.i/ha+PA 
24.6 

59.8 

(50.6)b 

42.4 

(40.6)b 

26.1 

(30.7)b 

43.9 

(41.5)a 

24.0 

(29.1)a 

28.4 

(30.9)ab 

T6 
bifenthrin 

@ 80g a.i./ha 

deltamethrin 

@ 12.5g 

a.i./ha+PA 

17.0 
37.1 

(37.5)c 

27.4 

( 31.5)f 

10.9 

(19.2)g 

11.5 

(19.0)d 

9.4 

(17.4)d 

15.2 

(22.6)abc 

T7 
triazophos 

@ 250g a.i./ha 

spinosad 

@ 75g a.i./ha+PA 
17.6 

29.5 

(32.9)e 

24.1 

(29.4)g 

12.1 

(20.3)f 

23.0 

(28.6)bc 

16.0 

(23.4)b 

21.6 

(27.6)abc 

T8 
imidacloprid 

@ 35g a.i./ha 
--------------------- 18.6 

26.4 

(30.9)f 

32.5 

(34.8)e 

17.1 

(24.4)cd 

20.2 

(26.7)c 

14.1 

(21.8)bc 

19.0 

(24.8)abc 

T9 ------------------ 
Spinosad 

@ 75g a.i./ha 
19.0 

24.3 

(29.5)f 

27.9 

(31.9)f 

16.9 

(24.2)d 

22.0 

(28.0)bc 

15.0 

(22.39)bc 

10.9 

(18.2)bc 

T10 Untreated control 25.6 ------ ------ ------ ------ ------ ------ 

S.Em. (±)  0.6 0.5 0.4 2.6 1.8 6.1 

CD (P = 0.05)  1.3 1.1 1.0 5.6 3.7 12.8 
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to 36.00 per cent in without trailing system (Table 5.). During
2013, it varied from 5.48 to 37.24 per cent and 4.40 to 36.71
per cent in with trailing and without trailing systems
respectively (Table 6). The lowest per cent fruit fly infestation
was obtained in T2 (two sprays of acetamiprid followed by
two sprays of spinosad + protein autolysate); 4.62 per cent &
4.89 per cent in 2012 and 5.48 per cent & 4.40 peer cent in
2013, which is significantly lower than the control and all
other treatments (Table 5 and 6.). This was followed by T7
(two sprays of triazophos followed by two sprays of spinosad

+ protein autolysate) and T9 (spinosad alone).

The treatment T2 also recorded the highest marketable
fruit yield of 104.4 quintals ha-1 (with trailing) and 79.1
quintals ha-1 (without trailing) (Table 5) and 109.3 quintals
ha-1 (with trailing) and 77.8 quintals ha-1 (without trailing)
(Table 6.) during spring summer 2012 & 2013, respectively.
This is in agreement with the findings of Burns et al., (2001)
who reported that the sprays with spinosad-SolBait provided
comparable and significant control of sterile Mediterranean
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Table 4. Effect of different treatments against whitefly, Bemisia tabaci on bitter gourd during spring summer 2013 (without
trailing)

Treatments Against whitefly Against fruit fly Pre-treatment$ 
Percent reduction over control 

During 1st spray 
Percent reduction over control 

During 2nd spray 

1DAS 3DAS 9DAS 1DAS 3DAS 9DAS 

T1 
imidacloprid 
@ 35g a.i./ha 

malathion 
@ 750g 

a.i./ha+PA* 17.0 
33.8 

(35.5)d 
34.1 

(35.4)d 
28.9 

(32.5)b 
13.4 

(21.5)e 
15.7 

(23.4)ab 
15.4 

(22.2)ab 

T2 
acetamiprid 

@ 20g a.i./ha 
spinosad  

@ 75g a.i./ha+PA 22.0 
27.0 

(31.3)f 
40.4 

(39.6)c 
24.5 

(29.7)bc 
20.2 

(26.7)cde 
15.5 

(23.2)ab 
11.6 

(18.4)b 

T3 
thiamethoxam 
@ 50g a.i./ha 

fenvalerate 
@ 75g a.i/ha+PA 18.7 

41.0 
(39.8)c 

18.9 
(25.3)f 

17.6 
(24.8)cd 

28.5 
(32.2)bc 

16.5 
(23.9)ab 

11.6 
(19.3)ab 

T4 
spiromesifen 

@ 150g a.i./ha 

dimethoate 
@ 200g  

a.i./ha+PA 26.0 
68.2 

(55.7)a 
52.6 

(45.6)a 
36.8 

(37.3)a 
45.1 

(42.2)a 
28.4 

(29.9)ab 26.1 (30.4)a 

T5 
buprofezin 

@ 250g  a.i./ha 
cypermethrin 

@ 50g a.i/ha+PA 26.0 
62.9 

(52.5)b 
42.5 

(40.5)b 
35.0 

(36.2)a 
37.3 

(37.3)ab 
27.8 

(31.8)a 
16.8 

(23.6)ab 

T6 
bifenthrin 

@ 80g a.i./ha 

deltamethrin 
@ 12.5g 

a.i./ha+PA 18.0 
42.1 

(40.5)c 
28.4 

(32.5)e 
17.4 

(24.6)d 
16.2 

(23.3)de 
11.6 

(19.6)b 
18.6 

(25.4)ab 

T7 
triazophos 

@ 250g a.i./ha 
spinosad 

@ 75g a.i./ha+PA 17.0 
28.6 

(32.3)ef 
26.1 

(30.3)e 
22.1 

(28.0)c 
23.3 

(28.8)cd 
21.2 

(27.4)ab 
12.05 

(20.0)ab 

T8 
Imidacloprid 
@ 35g a.i./ha 

--------------------- 
18.7 

28.3 
(32.1)ef 

31.6 
(33.2)d 

22.1 
(27.8)c 

19.3 
(26.0)cde 

17.9 
(24.7)ab 

19.2 
(25.1)ab 

T9 ------------------ 
Spinosad 

@ 75g a.i./ha 20.0 
30.0 

(33.2)e 
26.9 

(32.7)e 
23.5 

(29.0)c 
21.6 

(27.5)cde 
19.2 

(25.9)ab 
13.6 

(21.4)ab 

T10 Untreated control 25.0 ------ ------ ------ ------ ------ ------ 

S.Em. (±)  0.6 0.5 1.2 3.0 4.9 5.4 

CD (P = 0.05)  1.2 1.1 2.5 6.4 10.4 11.4 

 

and Caribbean fruit flies in comparison to standard
malathion with NU-LURE® or SolBait treatments by aerial
or foliar application in Florida by conducting three field tests
using aerial and/or foliar applications.

The marketable yield per centage over control varied
from 35.01 (T9) to 104.52 per cent (T2) (with trailing) and
61.81(T6) to 109.55 per cent (T2) (without trailing) during 2012
and 35.88 (T3) to 79.45 per cent (T2) (with trailing) and 30.22
(T1) to 115.05 per cent (T2) (without trailing) during 2013
(Table 5 and 6). The present investigation thus revealed that
all the treatments were significantly effective in managing

the fruit fly infestation and whitefly population to a lower
level compared to control.

The study concluded that spiromesin and buprofezin
were very effective against whitefly while spinosad mixed
with protein autolysate in combination with other
insecticides was effective against fruit fly. The study further
suggests use of the target specific use of insecticides and
attractant with insecticides against whitefly for overall
reduction of use of synthetic chemicals in bitter gourd
cropping system.

Efficacy of combined application of insecticides and protein attractant against Bemisia tabaci and Bactrocera cucurbitae in bitter gourd
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Table 5. Effect of treatments on the infestation of bitter gourd fruits by Bactrocera cucurbitae during spring summer 2012

Treatments Against whitefly Against fruit fly 
(1m spacing) (2m spacing) Increase in marketable 

yield over control (%) 
Marketable 

yield (q ha-1) 
Per cent 

infestation 
Marketable 

yield (q ha-1) 
Per cent 

infestation 1m 2m 

T1 imidacloprid 
@ 35g a.i./ha 

malathion 
@ 750g a.i./ha+PA* 84.0c 6.1abc 72.6b 7.3b 64.5 92.2 

T2 acetamiprid 
@ 20g a.i./ha 

spinosad  
@ 75g a.i./ha+PA 104.4a 4.6a 79.1a 4.9a 104.5 109.5 

T3 thiamethoxam 
@ 50g a.i./ha 

fenvalerate 
@ 75g a.i/ha+PA 82.2g 7.3d 67.2bc 8.8bc 60.9 78.1 

T4 spiromesifen 
@ 150g a.i./ha 

dimethoate 
@ 200g  a.i./ha+PA 90.8c 9.7e 68.2bc 7.9bc 77.8 80.7 

T5 buprofezin 
@ 250g  a.i./ha 

cypermethrin 
@ 50g a.i/ha+PA 92.9d 6.9cd 64.9bc

 7.7bc 81.9 71.8 

T6 bifenthrin 
@ 80g a.i./ha 

deltamethrin 
@ 12.5g a.i./ha+PA 86.4e 6.7bc 61.1bcd 7.2b 69.2 61.8 

T7 triazophos 
@ 250g a.i./ha 

spinosad 
@ 75g a.i./ha+PA 95.4b 5.1ab 75.6b 5.9a 86.7 100.4 

T8 Imidacloprid 
@ 35g a.i./ha --------------------- 68.9f 8.7d 67.7bc 8.8c 35.0 79.5 

T9 ------------------ Spinosad 
@ 75g a.i./ha 94.0b 6.1abc 75.4b 6.0a 84.1 99.7 

T10 Untreated control 51.1h 33.5f 37.7d 36.0d -------- -------- 
S.Em. (±) 0.5 12.8 0.8 13.8 -------- -------- 

CD (P=0.05) 1.1 26.6 1.8 28.8 -------- -------- 
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Table 6. Effect of treatments on the infestation of bitter gourd fruits by Bactrocera cucurbitae during spring summer 2013

Treatments Against whitefly Against fruit fly 
(1m spacing) (2m spacing) Increase in marketable 

yield over control (%) 
Marketable 

yield (q ha-1) 
Per cent 

infestation 
Marketable 

yield (q ha-1) 
Per cent 

infestation 1m 2m 

T1 imidacloprid 
@ 35g a.i./ha 

malathion 
@ 750g 

a.i./ha+PA* 98.0a 7.2cd 47.1d 8.1de 60.9 30.2 

T2 acetamiprid 
@ 20g a.i./ha 

spinosad  
@ 75g a.i./ha+PA 109.3a 5.4a 77.8a 4.4a 79.4 115.0 

T3 thiamethoxam 
@ 50g a.i./ha 

fenvalerate 
@ 75g a.i/ha+PA 82.8b 5.8ab 62.2b 7.8cd 35.9 71.8 

T4 spiromesifen 
@ 150g a.i./ha 

dimethoate 
@ 200g  

a.i./ha+PA 98.1a 6.0ab 53.9c 7.1bc 61.1 49.1 

T5 buprofezin 
@ 250g  a.i./ha 

cypermethrin 
@ 50g a.i/ha+PA 93.5a 7.9d 51.1c 9.0ef 53.4 41.3 

T6 bifenthrin 
@ 80g a.i./ha 

deltamethrin 
@ 12.5g 

a.i./ha+PA 92.3a 8.9e 54.6c 7.6cd 51.5 51.0 

T7 triazophos 
@ 250g a.i./ha 

spinosad 
@ 75g a.i./ha+PA 106.8a 6.6bc 75.6a 5.4ab 75.3 109.1 

T8 Imidacloprid 
@ 35g a.i./ha --------------------- 84.3b 10.3f 62.4b 10.3f 38.4 72.4 

T9 ------------------ Spinosad 
@ 75g a.i./ha 105.7a 6.1ab 74.3a 6.2bc 73.4 105.5 

T10 Untreated control 60.9c 37.2g 36.2e 36.7g --------- -------- 
S.Em. (±) 3.6 0.4 2.1 0.6 --------- -------- 

CD (P=0.05) 7.5 0.9 4.4 1.4 --------- -------- 
 



Journal of Eco-friendly Agriculture 11(2) 2016 127

REFERENCES
Bi J L and Toscano N C 2007. Efficacy of spiromesifen against

greenhouse whitefly (Homoptera: Aleyrodidae) on
strawberry. Hortscience 42:285–288.

Burns R E, Harris D L, Moreno D S and Eger J E 2001. Efficacy of
spinosad bait sprays to control Mediterranean and
Caribbean fruit flies (Diptera: Tephritidae) in commercial
citrus in Florida. Florida Entomologist  84: 672-678

Cisneros F and Mujica N 1998. Biological and selective control of
the sweet potato whitefly Bemisia tabaci (Gennadius),
Hom.: Aleyrodidae. CIP Programme Report 1997-1998: 255-
264

Fleming R and Ratnakaran A 1985. Evaluating single treatment
data using Abbot’s formula with modification. Journal of
Economic Entomology 78:1179

Hagen K S 1955. Special Legislative Committee on Agriculture
and Livestock Problems. Special Report on Oriental Fruit
Fly, 72-76 pp.

Mann G S 1996. Relative efficacy of some insecticides with or
without protein hydrolysate bait against the oriental fruit
fly infesting guava in Punjab. Pest Management and Economic
Zoology 4: 71-75.

Palumbo J C 2009. Spray timing of spiromesifen and buprofezin
for managing Bemisia whiteflies in cantaloupes. Online.
Plant Management Network.

Perring T M, Cooper A, Kazmer D J, Shields C and  Shields J 1991.
New strain of sweet potato whitefly invades California
vegetables. California Agriculture 45: 10-12

Rabindranath K and Pillai K S 1986. Control of fruit fly of bitter
gourd using synthetic pyrethroids. Entomon 11: 269-272

Satyawati G V, Gupta A K, Tandon N 1987. Medicinal plants of
India. Indian Council of Medical Research, New Delhi,
India, p. 262.

Vargas R I, Miller N W and Prokopy R J 2002. Attraction and
feeding responses of Mediterranean fruit fly and a natural
enemy to protein baits laced with two novel toxins,
phloxine B and spinosad. Entomologia Experimentalis et
Applicata 102: 273–282.

Vennila S, Biradar V K, Sabesh M and Bambawale O M 2007.
Know your cotton insect pests; Whiteflies. Crop Protection
Folder series produced under Technology Mission on cotton,
Mini Mission I. March 2007.

Webb S E, Akad F, Nyoike T W, Liburd O E and Polston J E 2007.
Whitefly-transmitted Cucurbit Leaf Crumple Virus in
Florida. Fact Sheet ENY-477 (IN716), a series of the
Entomology and Nematology Department, Florida
Cooperative Extension Service, Institute of Food and
Agricultural Sciences, University of Florida.

Yesilada E, Gurbuz I and Shibata H 1999. Screening of Turkish
antiulcerogenic folk remedies for anti-Helicobacter pylori
activity. Journal of Ethnopharmacology 66: 289–293.

Manuscript received on 14.12.2015
Manuscript accepted for publication on 06.03.2016

Efficacy of combined application of insecticides and protein attractant against Bemisia tabaci and Bactrocera cucurbitae in bitter gourd



128 Journal of Eco-friendly Agriculture 11(2) 2016

Biology and degree day estimation of African bollworm
Helicoverpa armigera (Hubner) on chickpea crop in Eritrea
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ABSTRACT

Biology and degree days of African bollworm, Helicoverpa armigera (Lepidoptera:Noctuidae) studied at
Hamelmalo Agricultural College, Eritrea, located in east Africa revealed that  the bollworm adult female during its
oviposional period of 3 to 4 days could lay as many as 300- 350 eggs is its life span. It was also observed that the pest
passing through its different life stapes viz., egg, larval (six instars), pre-pupal and pupal (lasting for 3.5, 25, 1.5 and
12 days, respectively) took an average of 42.0 days with 396.67 degree days to develop. The longevity of males and
female was observed to be of 11 and 13 days, respectively.

Key words: Biology, degree days, Helicoverpa armigera

Helicoverpa armigera (Hubner), commonly known as
American bollworm, African bollworm, cotton bollworm,
legume pod borer, chickpea borer, pod borer and tomato fruit
borer is a polyphagous pest that feeds on over 200 host plants
and wild species including at least 45 families (Sidde Gowda
et al., 2002 and Ibrahim, 2012). Its occurrence as a major pest
of chickpea in Eritrea, a semi-arid country in East Africas
where about 80.0 per cent of the population is engaged in
agriculture and majority of them produce chickpea, has
assumed serious status leading to heavy loss in chickpea
production every year.

Pesticides are one of most important tools in pest
management programme to control H. armigera. However,
the pest developing resistance against many conventional
and non-conventional pesticides necessiteted screening of
novel and potent insecticides for their efficacy against the
pest. El-Mezayyen and Ragab (2014) opined that it is
necessary to design an alternative program for controlling
this pest by reducing the use of insecticides for human health
safety and better agro ecosystem. Keeping this in view, the
biology of H. armigera, a prerequisite for evolving pest
management strategies compatible with IPM, was studied.

MATERIALS AND METHOD
The biology of H. armigera was studied with its culture

maintained in the laboratory of Plant Protection, Hamelmalo
Agricultural College, Eritrea. The adult moths (males and
females) were collected from the chickpea field and placed
in transparent glass jars covered with a fine muslin cloth.
The inner surface of jars was lined with a black paper sheet
to provide clear visibility of eggs on the surface. A piece of
nappy liner was also hung inside the jars for egg laying.
Honey solution (10%) on a cotton swab was placed in each

jar for moth feeding. Twenty eggs were collected from the
stock and kept in petri dishes for hatching. The newly
hatched larvae were provided with succulent chickpea
leaves. Larvae beyond third instars, were reared individually
to avoid cannibalism. Fully grown larvae before entering in
to pre-pupal and pupal stage were transferred in glass jars
filled with moist sand, that provided optimal condition for
pupation. Pupae were collected from sand and transferred
to another jar for adult emergence. Adults, emerging out of
the stock were paired. The duration of every stages, viz. egg,
larvae pupae and adult were recorded and the cycle was
repeated for another generation.

The thermal constant degree days was determined by
method of Wilson and Barnett, 1983: (Maximum temperature
+ Minimum temperature)/2) – Base temperature. Base
temperature assumed = 11.5°C (Bartekov and Praslicka, 2006)

RESULT AND DISSCUSION
H. armigera life passed into four stages i.e., egg, larva,

pupa and adult and pre-ovipositon period. Two day old
male and female copulated and after an overnight pre-
oviposition period laid light yellowish eggs singly.  The egg
laying period lasted for 3-4 days and a female laid about
300-350  eggs in her lifespan. The eggs changed its colour
with time to light brown and finally to light blackish before
hatching. The incubation period was of three to four days
(avg. 3.5 days) while the total degree days for development
of egg were of 32.81 days. Arshad et al. (2009) reported that
the freshly laid eggs of H. armigera were yellowish-white
and the incubation period was of 3.37 days. There were six
larval instars in H. armigera and all the stages were
morphometricaly different from each other. The newly
hatched larvae are light brown in colour with black head
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which eat their egg shells soon after hatching. The size of
first instar  larvae varied from 1.00 mm to 2.00 mm. The first
instar changed into second instar in 2-3 days while, second
instar took an average of 3.5 days for development. Generally,
the first and second instar larva were similar in colour
having less movement. The maximum developmental period
was observed in sixth instar larvae (5.5 days). The maximum
degree days (51.79) was required by sixth instar and the
larvae needed 220.89 degree days to change to the pupal
stage. The results of previous studies that the larval
development completes in 3 days at 25°C and in 10-11 days
in colder weather (Vilckova, 1999) are similar to our studies.
Other authors reported hatching of larvae after 3 days at 27
28°C (Anonymous, 2003).

The full grown larvae showed decreased feeding
potentiality and were sluggish in nature. The pre-pupa after
a period of 1-2 days turned to pupal stage. The pupa was of
obtect type and mahogany brown coloured. The surface was
smooth, rounded anteriorly and posteriorly with two
tapering parallel spines at the posterior tip.  However, this
stage took minimum and maximum period of 10 and 14 days,
respectively. The adult moth was stout built with forewings
having a series of dots on the margins and black comma-
shaped markings on underside of both forewings. The male
and female was identified by the presence of tuft of hairs on
the tip of abdomen. Generally, the male was greenish while
the female was of orange brown colour. In every replication

it was found that emergence of the female adult preceded to
the male. The average survival period of male and females
was observed to be of 9-12 days, respectively.
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Table 1. Development of different life stages of Helicoverpa armigera on chickpea crop

Stage Developmental Period (days) Average (days) Degree days 
Egg 3-4 3.5 32.81 
1st Instar 2-3 2.5 22.08 
2nd Instar 3-4 3.5 26.69 
3rd Instar 3-4 3.5 32.38 
4th Instar 4-5 4.5 39.00 
5th Instar 5-6 5.5 48.95 
6th Instar 5-6 5.5 51.79 
Pre- pupa 1-2 1.5 15.75 
Pupa 10-14 12.0 108.86 
Immature stages 36-47 42 396.67 
Male 7-11 9.0 82.51 
Female 10-14 12.0 112.56 
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Screening of  rice varieties against yellow stem borer
(Scirphophaga incertulas Walker) in Jharkhand
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ABSTRACT

Field  screening of 16 rice varieties conducted against yellow stem borer (Scirphophaga incertulas Walker) during
Kharif 2011 and 2012 revealed that the varieties Kavya, BG-380-2, Suraksha, Lalat and IR-36 were most promising
being resistant to  yellow stem borer in the agro-climatic conditions of Jharkhand. Lalat recorded the highest grain
yield of 40.60 and 44.20 q ha-1 during 2011 and 2012, respectively, which in turn remained at par with Abhishek (40.50
& 42.80 q ha-1), BG-380-2 (40.50 & 43.80 q ha-1), RD-202 (39.70 & 41.50 q ha-1) and IR-36 (36.50 & 38.70 q ha-1) during
the respective years.The pooled mean yield of the two experimental years followed almost similar trends.Accordingly,
the test varieties in terms of grain yield could be arranged in descending order of Lalat (42.40 q ha-1) > BG-380-2
(42.15q ha-1)> Abhishek (41.65 q ha-1)> RD-202 (40.60 q ha-1) >Sahbhagi (35.3 q ha-1)> Kavya (35.15 q ha-1) and
remained statistically at par. The variety TN-1 which was found most prone to yellow stem borer attack, proved to
be highly susceptible with significantly  lowest yield of grains (25.65 q ha-1).

Key worker :Rice, yellow stem borer,relative resistance,yield.

Rice (Oryza sativa L.) is one of most important staple
food crop of India.  In the state of Jharkhand it is grown as a
major crop covering around 85.0 per cent (16.92 lakh hectare)
of the total cultivated area of 29.28 lakh hectars (Anonymous,
2008-09). The attack of yellow stem borer (Scirpophaga
incertulas Walker) is one among the various biotic factors
responsible for lowering down the rice yield estimated to
vary between 10.0 to 30.0 per cent (Prasad et al.2012, Prasad
and Prasad, 2006). Among the IPM tools, use of HPR (host
plant resistance) is the most economical, socially acceptable
and environment friendly. But information pertaining to this
aspect is scanty and scarce (Prasad et al., 2012). Hence, the
present study to search out the multiple choice pertaining to
the pest resistant / tolerant rice varieties ready to be used by
the farming communities in general and resource poor
farmers in particular in the agro-climatic conditions of
Jharkhand was undertaken.

MATERIALS AND METHODS
The experiment was conducted in the farmar’s field of

village-Khunti Toli (block & district-Simdega) in Jharkhand
during wet season, 2011 and 2012. There were 16 rice
varieties replicated thrice in subplot size of 5x2 square meter
in the randomized block design. Seeds of the test rice varieties
were sown on 7th July, 2011 and 6th July, 2012. Transplanting
was done on 12th and 10th August of 2011 and 2012,
respectively.

The crop was  raised undar the recommended
agronomical packages of practices without any plant
protection measures. Total numbers of tillers and number of
dead hearts (DH) were counted on 10 randomly selected

plants (hills) at 30 days of transplanting  (DAT) to calculate
the per centage of dead heart (DH) incidence. Total number
of tillers and white ears (WE) were counted on 10 randomly
selected plants (hills) to calculate per centage of white years
at dough stage of the crop. Harvesting was completed on
16th and 11th November of 2011 and 2012, respectively. Yield
of  grains were recorded in kg plot-1 and converted into q ha-

1. Data were subjected to statistical analysis after subtable
transformation for their interpretation and drawing
conclusions.

RESULTS AND DISCUSSION

Varietal reaction against yellow stem borer (Scirpophaga
incertulas Wlk.)

The results pertaining to the relative incidence of yellow
stem   borer in terms of dead heart(D H) and white ear head
(W EH.) are described in Table-1.

Incidence of Dead Heart (D H):
The results (Table-1) revealed that none of the varieties

under the test was found free from the pest attacks during
2011 and 2012. In general, the extent of  YSB dead heart (DH)
remained relatively higher during 2011 as compared to that
of 2012. The per centage incidence of dead heart ranged from
3.66 per cent (Kavya) to 21.60 per cent (TN-1) during 2011
and 2.14 per cent (Kavya) to 18.22 per cent (TN-1) during
2012, respectively. The least incidence of DH and to the tune
of 3.66 and 2.18 per cent during 2011 and 2012, respectively,
was registered in case of Kavya, which almost remained at
par with Suraksha, RD-202, Latat BG-380-2 and MTU- 1010
in the respective experimental years. Similar trend of dead
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heart incidence was noticed in case of pooled results of both
of the experimental years. As such, Kavya, Suraksha, RD-
202, BG 380-2, Lalat and MTU-1010 emerged as the most
promising rice varieties against YSB based on the overall
mean results of the two years of experimentation. The highest
per centage of dead heart (DH) was registered in case of TN-
1 was to the extent of 21.26 and 18.22 per cent during 2011
and 2012, respectively. This was at par with Pusa Basmati-
1 receiving 20.14 and 17.26 per cent, IR- 64 having 18.30 and
15.30 per cent DH during, the respective years.

Prasad et al. (2012) also reported rice varieties, viz. BG
380-2, Latat and Suraksha to be moderately resistant to YSB
while Pusa basmati and Jaya were found susceptible to YSB
in the agro -climatic conditions of Jharkhand. Their findings
are almost in the line of present studies.

Incidence of white ear head (WEH):
The observations recorded at milking stage (Table-2)

revealed that per centage incidence of white ear head (WEH)
remained relatively higher during 2011 as compared to that
of 2012 in almost all the test varieties. The per cent incidence
ranged from 2.85 (BG-380-2), 2.16 (Kavya) to 22.48 and 19.14
(TN-1).The minimum incidence (%) of WEH was recorded to
the extent of 2.85 (BG 380-2) in 2011 and 2.16 (Kavya) during
2012 which was at par with that of  Suraksha (3.18 & 2.22 %
WEH in 2011 & 2012), RD- 202 (5.60 & 3.90% in 2011 &
2012) followed by IR-36 (6.48 & 5.15 per cent WEH in 2011 &
2012) and Lalat (6.48 and 5.15% WEH) in the respective
experimental years. The results based on the two years
observations followed almost similar trends. Findings of
Prasad et al., 2012 are more or less in the line of the present
results.

Table 1. Relative incidence of yellow stem borer (Scirpophaga incertulas) in some promising rice varieties during 2011& 2012.

Figures under the parentheses corresponds to angular transformed values.

DAT- Days after transplanting; DH–dead heart.
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Percent dead heart (%)  due to YSB at 30 DAT 

Rice varieties 2011 2012 Mean 
IR-64 18.30(25.33) 15.30(23.03) 16.80(24.20) 

IR-36 13.18(21.26) 10.20(18.63) 11.69(19.95) 

RD-202 5.70(13.81) 4.30(11.97) 5.00(12.92) 

Abhishek 10.46(18.86) 8.46(17.10) 9.46(17.90) 

MTU-1010 7.30(15.68) 5.35(13.37) 6.32(14.54) 

MTU-7029 17.60(24.80) 13.64(21.64) 15.62(23.26) 

BPT-5204 12.60(20.79) 10.48(18.86) 11.54(19.82) 

Kavya 3.66(10.94) 2.14(8.43) 2.90(9.81) 

Pusa Basmati-1 20.14(26.67) 17.26(24.54) 18.70(25.62) 

Birsa mati 13.12(21.26) 10.75(19.09) 11.93(20.18) 

Sahbhagi 12.46(20.66) 9.38(17.80) 7.28(15.62) 

BVS-1 8.30(16.74) 6.47(14.71) 7.38(15.73) 

Lalat 7.40(15.79) 5.30(13.31) 6.35(14.59) 

BG380-2 6.20(14.42) 4.96(12.79) 5.58(13.62) 

Suraksha 5.13(13.16) 3.77(11.09) 4.45(12.18) 

TN-1 21.60(27.69) 18.22(25.25) 19.91(26.49) 

(2.38) (1.83) (1.73) 

(6.91) (5.32) (5.04) 

(19.36) (19.82) (16.70) 
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Table 2. Relative incidence of white ear head (WEH) caused by yellow stem   borer (Scirpophaga incertulas) in some promising
rice varieties during 2011 & 2012.

Figures under the parentheses corresponds to angular transformed values.

Rice varieties 
Percent white ear head (WEH) at maturity stage of rice 

2011 2012 Mean 
IR-64 13.46(21.51) 11.70(20.00) 12.58(20.74) 

IR-36 6.38(14.59) 4.66(12.39) 5.52(13.56) 

RD-202 5.60(13.69) 3.90(11.39) 4.75(12.52) 

Abhishek 11.38(19.68) 9.40(17.85) 10.39(18.76) 

MTU-1010 15.41(23.11) 12.50(20.70) 13.95(21.89) 

MTU-7029 18.38(25.36) 16.17(23.69) 17.26(24.54) 

BPT-5204 13.44(21.47) 10.14(18.58) 11.79(20.04) 

Kavya 3.26(10.39) 2.16(8.43) 2.71(9.46) 

Pusa Basmati-1 18.48(25.44) 15.90(23.50) 12.19(20.31) 

Birsa mati 12.44(20.66) 8.62(17.05) 10.53(18.91) 

Sahbhagi 11.48(19.77) 8.48(16.90) 9.98(18.34) 

BVS-1 12.40(20.62) 8.90(17.36) 10.65(19.00) 

Lalat 6.48(14.71) 5.15(13.16) 5.81(13.94) 

BG380-2 2.85(9.63) 2.26(8.62) 2.55(9.10) 

Suraksha 3.18(10.22) 2.22(8.53) 2.70(9.46) 

TN-1 22.48(28.28) 19.14(25.95) 20.81(27.13) 

SEm(±) (1.48) (1.47) (1.94) 

CD(P=0.05) (4.30) (4.28) (5.65) 

CV(%) (13.82) (15.65) (19.18) 

 

Varietal reaction in terms of rice grain yield:
The results are presented in (Table-3). Relatively higher

yield of grains was obtained  in almost all the 16 tested rice
varieties during 2012 as compared to that of 2011, which
was most probably due to lower incidence of YSB recorded
during 2012   as compared to 2011.

The grain yield in rice varieties is regulated by their
relative resistance against the pest species as well as by the
genetic yield potentialities of the respective varieties (Prasad
et al. 2012). The highest grain yields of 40.60 and 44.20 q ha-

1 were recorded during 2011 and 2012, respectively in case
of Lalat, which, in turn, remained at par with Abhisek (40.50
& 42.80 q ha-1), BG-380-2 (40.50 & 43.80 q ha-1), RD-202 (39.70
& 41.50 q ha-1) and IR-36 (36.50 & 38.70 q ha-1) during the
respective years. The pooled mean yield of the two

experimental years also followed similar trends.
Accordingly, test varieties could be arranged in descending
order of :Lalat(42.40 q ha-1)>BG-380-2(52.15 q ha-1)> Abhisek
(41.65 q ha-1)>RD-202(37.60 q ha-1)> Sahbhagi(35.30 q/
ha)>Kavya(35.15 q ha-1) in terms of grains yield and all these
seven varieties remained statistically at par. These rice
varieties realized higher yield of grains on account of having
significantly lower incidence of yellow stem borer (YSB). TN-
1 proved to be the  most prone to attack of  YSB  resulting in
the  significantly lowest grains yield of 24.50 and 26.80 q ha-

1 during 2011 and 2012 and 25.65 q ha-1 based on mean yield
of the two years of experimentations, followed by IR-64 in
the present studies. Prasad et al. (2012) also reported
significantly lower incidence of major insect pest complex
and higher grain yields in certain rice varieties viz., Naveen,
IR-36, BG-380-2, Lalat and Suraksha which  is almost in
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Table 3. Yield of rice grains in some promising rice varieties during 2011 & 2012.

agreement with the findings of the present experimentation.
Findings of Prasad et al. (2012) also endorses the results of
present studies.

It may thus be concluded that rice varieties Kavya, BG-
380-2, Suraksha, Lalat and IR-36 proved to be resistant and
promising against yellow stem borer. These were found in
the order of Lalat>BG-308-2,Abhishek>RD-202> Sahbhagi>
Kavya in terms of grain yield. Hence, these  varieties may
find good place in IPM of YSB for sustainable production of
rice.
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 Rice varieties 
Yield of rice grains (q ha-1) 

2011 2012 Mean 
2011 & 2012 

IR-64 26.50 29.50 28.00 

IR-36 36.50 38.70 37.60 

RD-202 39.70 41.50 40.60 

Abhishek 40.50 42.80 41.65 

MTU-1010 29.80 32.90 31.35 

MTU-7029 27.50 30.80 29.15 

BPT-5204 28.20 32.50 30.35 

Kavya 33.60 36.70 35.15 

Pusa Basmati-1 32.80 33.86 33.33 

Birsa mati 34.60 35.40 35.00 

Sahbhagi 34.80 35.80 35.30 

BVS-1 33.70 35.40 34.55 

Lalat 40.60 44.20 42.40 

BG380-2 40.50 43.80 42.15 

Suraksha 32.50 34.70 33.60 

TN-1 24.50 26.80 25.65 

SEm(±) 2.50 2.48 2.87 

CD(P=0.05) 7.25 7.19 8.17 

CV(%) 12.84 11.99 13.90 
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Leucinodes orbonalis Guenee
Mousumi Phukon1, Ira Sarma and  Rupam  Borgohain
Krishi Vigyan Kendra, Assam Agricultural University, Kaliapani, Jorhat, Assam - 785112
Email : mousumiphukon@yahoo.in

ABSTRACT

The field study carried out at farmers field in Jorhat district during 2011-12 and 2012-13 revealed that the
module comprising of four components viz., pheromones, neem pesticides, removal of infested shoots and plastic
mulch (M3) was most effective in reduction of 85.0% shoot damage followed by 79.5, 75.5 and 46.5 per cent in M2,
M4 and M1, respectively. This module also recorded the highest protection in fruit damage (74.0%) followed by 65.2,
63.4 and 53.95 per cent in M2, M4 and M1, respectively. The shoot damage and fruit damage were recorded to be the
lowest (3.0%) and (13.0%), respectively with installation of pheromone traps in an integrated mode rather than the
pheromone traps alone being 10.7% and 23.1%, respectively. Pheromone traps in integration with neem pesticides was
found effective in controlling the shoot and fruit damage rather than the use of pheromones alone with 32.8 per cent
increase in yield over control.

Key words: Brinjal shoot and fruit borer, neem pesticides, integrated pest management, pheromone traps

Brinjal (Solanum melongena) is one of the most important
vegetables grown extensively in an area of more than 5 lakh
hectares in India producing 8.2 million tonnes annually
(Chatterjee, 2009). It contributes 9.0 per cent of the total
vegetable production of the country (Sidhu and Dhatt, 2007).
Among the pest attacking brinjal crop, Leucinodes orbonalis
Guenee also known as brinjal shoot and fruit borer (BSFB),
(Lepidoptera: Pyralidae) is the most serious (Sardana et al.,
2004). The yield loss was reported to be as high as 70.0-92.0
per cent (Nair, 1995; Dhandapani et al., 2003). It inflicts
damage to both shoots and fruits (Srinivasan, 2008). The
pest has been reported to inflict losses to the tune of 20.7-60
per cent in Tamil Nadu (Raja et al., 1999), 70.0 per cent in
Andhra Pradesh (Sasikala et al., 1999), 80.0 per cent in
Gujarat (Jhala et al., 2003) and 41.0 per cent in Himachal
Pradesh (Lal et al., 1976). With the pros and cons of
genetically modified food crops still doing the rounds,
integrated pest management (IPM) that includes array of
alternatives like exploration of botanicals, sex pheromones
and microbial formulations comes as a direct tool. IPM
strategy for the control of BSFB has been developed earlier
(Alam et al., 2003; Alam et al., 2006). Ecofriendly and cost
effective measures like use of botanicals in IPM are more
advantageous over insecticides and fit well in IPM (Prakash
et al., 2008). The multiple and indiscriminate uses of
insecticides against this pest cause several problems viz.,
insecticide resistance, toxic residues in fruits, killing of
natural enemies and ultimately pest resurgence. Considering
the above problems IPM might be the potential alternative of

toxic insecticides to manage BSFB infestation.

Therefore, the field efficacy of sex pheromones, neem
pesticides alone and their combination to reduce the brinjal
shoot and fruit borer infestation as well as organic brinjal
production in an integrated approach was evaluated.

MATERIALS AND METHODS:
The field experiment was carried out at farmers’ field

in Jorhat district with 93°37’ E – 93°57’ E longitude and
altitude, 80 – 200 msl, Assam, during 2011-12 and 2012-13.
The experiment was laid out in randomized block design
with five treatments and four replications. The brinjal var.
Longai from RARS, AAU, Karimganj was selected for
cultivation. The plot size was 444 m2  having row to row and
plant to plant spacing of 75 cm x 60 cm. The neem cake @ 150
kg ha-1 was applied at the time of final land preparation. All
plots were prepared with proper manures and fertilizers.

The experiment consisted of five modules, M1=
pheromone traps @ 25 traps ha-1, starting from flower bud
initiation (45 days old crop) till final harvest and changing
the lures at monthly intervals, M2= pestoneem (azadirachtin
0.15% EC) of Amit Biotech @ 5 ml lit-1 at weekly interval
starting from flower bud initiation + pheromone traps, M3=
neem based pesticides @ 5 ml lit-1 at weekly interval +
pheromone traps @ 25 traps ha-1 + mulching with black
polythene + removal of infested shoots and fruits at weekly
interval, M4= pesticide spray (20 times application of
pesticides), M5= Control (without any application)
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Table 1: Performance of different IPM modules on shoot damage (%) due to brinjal shoot and fruit borer, Leucinodes orbonalis

*M- Module

Treatment Shoot damage (%) Protection over control (%) 
2011-12 2012-13 Pooled 2011-12 2012-13 Pooled 

*M1 11.3 9.9 10.7 43.8 49.7 46.5 
M2 4.5 3.6 4.1 77.6 81.7 79.5 
M3 3.6 2.4 3.0 82.1 87.8 85.0 
M4 5.3 4.6 4.9 73.6 76.6 75.5 
M5 20.1 19.7 20.0 - - - 
SEm + 0.23 0.32 0.15    
CD (.05) 0.70 0.99 0.46 - - - 
CV % 5.05 7.99 3.48 - - - 
 

The borer infestation was recorded on shoots and fruits
on ten plants from each replication. The borer damage in
shoot was assessed on ten tagged plants by counting the
number of damaged shoots per plant to total number of shoots
of the plant and expressed in per centage. Finally, damaged
shoots were taken alone for estimation. Fruit borer incidence
was estimated by recording the total number of affected and
unaffected fruits from each plot separately at every picking
and cumulative per centage was worked out. The fruit
infestation was calculated by using the following formula
for each plot,

                                                                                       Di

Percentage of bored fruits for each plot = ___________x 100

                                                                                       Ni

Whereas, Di = No. of bored fruit in each plucking

Ni = Total number of fruits harvested in each plucking

Per cent protection over control was worked out by the
following formula,

( % of bored fruits in control) – (% of bored fruits in
Treatments)

=_________________________________________x 100

% of bored fruits in control

Total yield was calculated by summing the weights of
each harvest including the bored fruits. The number of male
moths trapped was recorded once in every week for six weeks.

The treatments were arranged in a completely
randomized block design and the data was statistically
analyzed.

RESULTS AND DISCUSSION
The pooled data presented in Table 1 revealed that the

per cent shoot damage in brinjal due to L. orbonalis was the
lowest (3.0 per cent) in the plot treated Module 3, which
closely followed by  4.1  and 4. 9 per cent in  the plots treated
with Module 2 and Module 4, respectively. The highest shoot
damage was recorded to be 20.0 per cent in control plot and
10.7 per cent in the plot where only pheromone traps were

Table 2 : Performance of different IPM modules on fruit damage (%) due to brinjal shoot and fruit borer, Leucinodes orbonalis

*M- Module

Treatment Fruit damage (%) Protection over control (%)  
2011-12 2012-13 Pooled 2011-12 2012-13 Pooled  

*M1 21.8 24.4 23.1 56.0 51.9 53.95  
M2 17.9 17.0 17.4 63.9 66.6 65.2  
M3 13.5 12.6 13.0 72.8 75.3 74.0  
M4 19.6 17.1 18.3 60.5 66.3 63.4  
M5 49.6 50.8 50.1 - - -  
        
SEm + 2.03 1.39 1.12 - - -  
CD (.05) 5.98 4.10 3.32 - - -  
CV % 20.29 13.99 11.28 - - -  
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installed. The per cent protection of shoot damage over
control was recorded to be the highest (85.0 %) in the plot
treated with combination of all the component in an
integrated approach followed by M2 (79.5%), M4 (75.5%)
and lowest (46.5%) in Module 1.

The study revealed that the installation of pheromone
traps could be effective only when it is combined with neem
pesticides, weekly removal of infested shoots and the use of
plastic mulch. This also agreed with the findings of
Chatterjee (2009) which reported lowest per cent shoot
damage with the installation of pheromone traps in
combination with mechanical removal and botanicals
followed by the plot treated with 20 times pesticide spray
than the plot with installation of pheromone traps alone.

Table 2 revealed that the fruit damage could be protected
upto 74.0 per cent by installation of pheromone traps in
combination with damaged fruit removal, botanicals and
plastic mulch followed by pheromone traps and botanicals
(65.2%) than with the chemical treatment (63.4%). The fruit
damage was lowest (13.0%) with installation of pheromone
traps in an integrated mode rather than the pheromone traps
alone (23.1%). The per cent shoot and fruit damage in brinjal
due to L. orbonalis could be avoided at least by 46.5 and 53.95
per cent by installing pheromone traps alone over the control.
Chatterjee (2009) also reported that 46.41 per cent shoot and
25.92 per cent fruit damage could be avoided by only setting
of pheromone traps.

The yield was the highest (20.5 q ha-1) in M3 module
which was closely followed by the chemical control (18.6 q
ha-1), next to M2 module (19.3 q ha-1). The per cent increase
in yield over control was maximum (32.8%) in treatment with
all components followed by 25.6 per cent in M2 module. The

Pheromone traps alone and chemical control recorded
similar  (19.4% & 19.7%) increase in yield (Table. 3).

It was concluded that an IPM module comprising of
neem based pesticides could be an alternate approach to
replace the farmer’s regular practice of pesticide application
in the management of shoot and fruit borer damage and
harvest the increased yield.
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ABSTRACT

The field study was carried out at Hamelmalo Agricultural College, Eritrea to find out the most preferable host
of Tuta absoluta among the four solanaceae crop i.e. tomato (Lycopersicon esculentum), potato (Solanum tuberosum), chili
(Capsicum annuum) and datura (Datura stramonium) under protected and open field condition. The inference drawn on
the basis of average number of larvae/leaf/plant and per twigs of different host plants revealed that the tomato plant
harbouring maximum number of larvae per plant (44.27) and per twig (18.5) under open field condition and 61.4 on
leaves and 19.27 on the twig under protected conditions was highly preferred by T. absoluta. Chili and datura under
protected as well as in open field conditions was found to be least preferred.

Key words: Tuta absoluta, host preference, solanaceous crop and oviposional behaviour

The tomato leaf miner, Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae), a neotropical oligophagous pest
of solanaceous crops (Lietti et al. 2005), is a serious pest of
tomato (Solanum lycopersicum L.) (EPPO, 2005). The pest
originated from south America and has only recently been
introduced to the mediterranean region (Urbaneja et al., 2007).
It crossed borders and is now devastating tomato production
in several countries including south America, Europe,
African countries (Algeria, Egypt, Libya, Tunisia, Morocco,
Sudan and Ethiopia), Middle East (Bahrain, Cyprus, Iraq,
Israel, Jordan, Kuwait, Saudi Arabia, Syria) in protected as
well as under open field conditions (USDA, 2011b). It is
reported that the pest was although got introduced in Eritrea
at the same time to Sudan and Ethiopia but still no data was
reported from Eritrea.  The T. absoluta can cause losses up to
100.0 per cent due to attack to fruits (Soaza et al., 1992). Losses
up to 80.0 to 100.0 per cent, in open field and glasshouse
production units in South America has also been reported.
The pest affects the quality and quantity of the crop by direct
feeding and the infested fruits provide a place for secondary
infestation of the fungus and bacteria leading to rotting of
the fruits and rendering them unsuitable for human
consumption. The consumers are very reluctant to buy such
fruits and the farmers under such circumstances get reduced
prices for their products and suffer huge financial losses.

The main host of T. absoluta is tomato, but potato (CIP,
1996; Galarza, 1984; Notz, 1992) together with Lycopersicon
hirsutum, Solanum lyratum and various other wild
solanaceous species such as Solanum nigrum, Solanum
elaeagnifolium, Solanum puberulum, Datura stramonium, Datura
ferox and Nicotiana glauca (EPPO, 2005) are also reported as

its host. Viggiani et al. (2009) reported that in Italy the tomato
leaf miner causes direct and indirect damage to the production
of tomato, potato, eggplant, and pepper, although it does not
specify if the damage includes fruit. T. absoluta has a high
reproductive potential and larvae do not enter diapause as
long as food is available, and there may be 10-12 generations
in a year (EPPO 2005).  The life cycle is completed in 29-38
days depending on environmental conditions. The studies
in Chile have shown that development takes 76.3 days at
14°C, 39.8 at 19.7°C and 23.8 days at 27.1°C (EPPO 2005,
Barrientos et al. 1998).

The pest attacks every plant parts viz., leaf, stem, and
fruit affecting the growth and leading to 100 per cent crop
destruction in case no control measures are adapted. The
larvae prefer apical bud, tender leaves, flowers and green
fruit. On leaves the larvae feed on the mesophyll tissues
forming irregular leaf mines and later becoming necrotic.
Larvae can form extensive galleries in the stem which affect
the development of the plants. At present T. absoluta is one of
the most challenging pest in Eritrea causing high destruction
and rendering over 50 per cent of the tomato fruits produced
in the country unmarketable.

MATERIALS AND METHODS
The study was conducted at Hamelmalo Agricultural

College, Eritrea located in Anseba region, 12km north east to
Keren at Keren Nakfa.  The altitude of the study area is 1286m
above sea level and its position is 15o to 53o N latitude and
38o to 66o E longitudes (MOA, 2008). The average annual
rainfall  is 450mm, with temperature varying from 16 to 38oC
during the cold period (Nov to Dec) and 27oC  during dry
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seasons (March to June). The soil of the experimental field is
sandy loam in texture with pH of 7.0. The trial was conducted
during the months of September to January of the year 2014
and 2015.

The land was ploughed by tractor thrice in order to
make the soil fine. Fifteen micro plots measuring 3.6mx2m
were prepared with help of hand hoe, rope and measuring
tape.  Nursery soil was thoroughly tilled and was irrigated
while preparing the bed. Seeds of tomato, chilli and datura
were sown on August 21, 2014 in the green house. Nurseries
were irrigated every evening using hazara and weeding was
done as necessary until transplanting. Healthy seedlings of
15-20 cm height after 21 days of raising were transplanted
on October 20, 2014. Potato tuber was directly sown after 20
days of transplanting of seedlings. The experiment was
designed in a randomized complete block design (RCBD)
with three replications having four treatments. Three micro
plots mixed with solanaceous crops were covered by
mosquito net. Rest of the field kept open receiving no
insecticidal application or other control measures.

To maintain adult T. absoluta population the leaves,
apical shoots and fruits infested by T. absoluta were brought
from tomato field and was kept in glass jars under observation
up to adult emergence.

Fig. 1. Different host crops under nylon net protection

Five plants from each plot were tagged for assessing
the number of larvae per leaves and twigs. For protected
condition, newly emerged adults couple were released under
nylon net. After five days (consider as day one) infested leaves
and twig were counted and finally average number of larvae

were calculated. Whereas, for open field condition, consider
as day one as in protected  condition, the population of T.
absoluta larvae was consequently counted for six days and
the data collected were analyzed statistically using the
software GENOSTAT. This was further subjected to DMRT
(Duncan’s Multiple Range Test) for significance test.

RESULT AND DISCUSSION

Larval population of Tuta absoluta on leaves and twigs
under protected field condition

The data recorded from under the protected field
conditions (Table 1) were found to be statistically significant
and non-significant for different hosts. The data revealed
that the tomato plants was maximum preferred by T. absoluta
in comparison to other host plant. The maximum number of
larval population recorded on tomato was 61.9 followed by
potato, chili and datura being 17.1, 0.6 and 0.4, respectively.

Table 1. Larval population of Tuta absoluta on leaves of
different host plants in protected field condition

Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Tomato 8.56a 36.6a 37.2a 50.66a 55.78a 61.9a 

Potato 2b 4.8b 3.2b 6.11b 12.78b 17.1b 

Chili 0.33bc 1.1b 0.3b 1.56b 0.78c 0.6c 

Datura 0.89b 0.3b 0.2b 0.56b 0.56c 0.4c 

mean 2.94 10.7 10.2 14.72 17.47 20 

LSD 1.29 8.36 7.26 6.13 5.18 7.96 

CV% 22 39.1 35.5 20.8 14.8 19.9 

 Tuta absoluta infestation on apical shoots and buds of
the four solanaceous hosts were significantly affected. The
average numbers of larval population on tomato twigs were
relatively high as compared to the other hosts (fig. 1). Highest
number of infested twigs were recorded on tomato followed
by potato; however, chili and datura twigs were not preferred
by T. absoluta. Generally, the infestation of T. absoluta in
protected field condition on leaves and twigs on tomato and
potato, were statistically significant. Chili and datura were
non-significant to each other but  were significant with the
others.

Larval population of Tuta absoluta on leaf and twig in open
field condition

The host preference by T. absoluta was significant and
non-significant at 0.05 level. Significant difference in the
preference of T. absoluta among the four solanceous crops
was recorded. The highest value obtained from tomato with
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Table 2. Larval population of Tuta absoluta on leaves of different host plants in open field condition

Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 
Tomato 2.53a 15.53a 21.9a 23.1a 34.53a 44.27a 
Potato 0.6b 3.73b 5.6b 7.1b 4.4b 16.47b 
Chili 0.33b 0.4b 0.3b 0.3b 0.4b 0.27c 
Datura 0.2bc 0.2b 0.2b 0.4b 0.4b 0.2c 
Mean 0.917 4.97 7 7.8 9.93 15.3 
LSD  5% 0.37 3.59 7.10 9.24 4.29 2.74 
CV% 20.2 36.20 50.90 59.70 21.60 9 

 

Figure 2 Number of larvae on twig in open field conditionFigure 1 Number of larvae on twig in protected condition

the tomato crop the most indicating it to be the main host.
The report by Adugna, 2014 (unpublished) and ministry of
Agriculture, Asmara recorded on tomato crops in comparison
to other soalceaeous crop also confirms the present findings.
The host selection by the insect is based on volatile of plants
that provide olfactory information of host. These chemicals
attract female insect towards the host plant for oviposition
with the down of chemical current. The female insect follows
the rout to the host plant and lay eggs to ensure their food for
the next generation. Proffit et al. (2011) found host plant odor
elicited in mated tomato leaf miner T. absoluta
females’ upwind orientation flight as well as egg laying.
Gravid T. absoluta females discriminated between
the cultivated and wild tomato and also among tomato
cultivars according to their volatile profiles. It is indicated
that leaf volatiles provide olfactory information on the
suitability of host plants.

The study concludes that tomato is the most preferable
host plant for T. absoluta followed by potato, chilli and datura
suggesting them to be second alternative host. These findings
are comparable to other studies (USDA-APHIS 2011b).

values 2.53, 15.53, 21.9, 23.1 and 34.53 in the sequential
periods, respectively was followed by potato in all the periods
(table 2). Besides, the rest of the other crops aside from tomato
did not show any significant impact on the preference of
this insect pest. However, during the last period of data
recording, potato tended to possess a significantly higher
value as compared to the chilli and datura. The least values
of the host preference was registered by datura in the first
three periods, attaining values of 0.2, 0.2 and 0.2, whereas,
chili accounted for the least values in the remaining periods.

Similar alphabets are non-significant at 0.05 levels
The average number of larval population on tomato

twigs was relatively high as compared to potato, chili and
datura. The highest numbers of larval population recorded
on tomato twigs was followed by potato. However, no
infestation on datura and chili twigs was recorded. Generally
the number of T.absoluta on leaves and twigs in open field
condition were statistically significant on tomato and potato,
but non-significant between chili and datura.

The overall results revealed that T. absoluta prefered
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ABSTRACT

Weather based models may be used to predict the disease incidence and its development over a period of time
as a function of soil-plants-atmospheric systems and thereby screening various mitigation options to combat impinging
climate change. Although much attention has been paid in recent years to find the applicability of various crop growth
simulation models at  regional/country levels, the agroclimatic based regression models may be paid due attention
to quantify the real time crop responses using daily weather information in different agro-ecological zones. Keeping
this in view, powdery mildew disease of mango has been predicted using weather based regression models following
field experimentations carried out in two consecutive flowering seasons of 2013 and 2014 in Dashehari mango belt of
Malihabad and Kakori of Lucknow district. Peak occurrence of powdery mildew was recorded during last week of
March i.e. 13th standard meteorological week of 2013 and 2014. Highest incidence and severity of powdery mildew
was recorded 32.0 and 41.12 per cent during 2013 at Rehmankhera and 18.0 and 43.66 per cent during 2014 at
Meethenagar. Minimum incidence and severity of the disease was observed 2.0 and 13.0 per cent at Kakori during
2013 and 4.0 and 22.5 per cent at Ulrapur during 2014. However, average incidence and severity of the disease were
recorded 12.2 and 15.9 per cent during 2013 and 13.5 and 34.01 per cent during 2014. Linear regression models were
developed in which Growing Degree Days (GDD), Heliothermal Unit (HTU) and Photothermal Unit (PTU) have been
used as independent variables. These units were cumulated up to maximum disease incidence and severity. Models
developed from pooled data showed significant and positive correlations existed between weather variables with
disease. Around 77 per cent variations in progressive changes in powdery mildew disease incidence and severity
could be predicted by GDD (Disease incidence = 0.059 × GDD - 40.54; R2 = 0.77** and Disease severity = 0.1282 ×
GDD - 89.76; R2 = 0.76**). Regression models generated may be used for predicting disease incidence at farmer’s field
and forewarning system may be adopted to put in use for agro advisory services to the farmers, so that time bound
control measures may be adopted.

Key words: Powdery mildew, mango, regression models, heliothermal unit, photothermal unit, GDD

Mango (Mangifera indica L.) is an economically
important fruit crop of India from view point of both domestic
as well as international export markets. Uttar Pradesh is
number three state of India in acreage (274030 ha) under
mango cultivation and second in production (4386990 MT)
with well known Malihabad mango belt and GI status to its
popular cultivar Dashehari (NHB Database, 2012-13).
During its cropping cycle, the crop has been found to suffer
from several diseases, out of which powdery mildew caused
by Oidium mangiferae Berthet is recognized as one of the most
important infectious disease of mango. It mostly appears on
young leaves and inflorescences as white powdery mass of
fungus (O. mangiferae). The flowers on infected inflorescence
remain unfertilized and drop off prematurely (Lonsdale and
Kotze, 1993 a,b). Infected fruits do not grow in size and drop
at the pea stage. Fruit yield can be drastically reduced or
even completely lost due to powdery mildew (Misra, 2001).
The most severe losses occur when flowering and growth
flushes are infected during temp. 25 to 350C and relatively
dry (maximum relative humidity less than 65%) conditions
(Verma and Deepraj, 1998; Misra, 2001; Sinha et al., 2001).

The incidence and severity of the disease is affected by host
susceptibility, pathogen dynamics and environmental factors
(Nasir et al., 2014). Among environmental factors,
temperature, RH, dew and wind are determining factors for
epidemic to develop (Gupta, 1979; Pathak, 1980). Initial
inoculum load can be reduced by removal of infected leaves
and malformed panicles (Prakash and Misra, 1992, 1993;
Prakash and Raoof, 1994). When maximum temperature is
below 300C, disease can easily be managed by spray of
wettable sulfur @ 0.2 per cent (Prakash and Misra, 1986;
Chavan et al., 2009). At higher temperature, spray of systemic
fungicides can also give better protection (Nasir et al., 2014).

Weather is an important determinant in pest and
disease dynamics in mango orchards and its seasonal and
daily variations determine the cropping practices, fruit
productivity and quality of the produce under any
agroecological region (Ravishankar et al., 2011). The seasonal
pattern in rainfall, temperature, RH, pan evaporation,
sunshine hours and solar radiation influence the disease
development which coincides with the phenological events
like emergence of vegetative shoots, flower bud differentiation
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Table 2. Meteorological parameters during the period of development of disease
 Temperature  (0C) Relative Humidity (%) 
 Max.  Min.  Max.  Min.  

SMW 2013 2014 2013 2014 2013 2014 2013 2014 
9 25.5 24.1 10.4 11.8 83.0 89.4 44.7 51.7 
10 29.8 27.1 11.0 10.0 80.4 84.3 36.9 36.3 
11 31.1 29.7 13.0 11.7 80.7 83.6 35.6 37.3 
12 32.5 31.0 14.6 13.0 71.1 70.0 29.3 32.3 
13 31.9 33.9 14.1 14.9 73.0 66.6 31.7 23.9 
14 34.9 36.0 14.2 14.9 58.7 58.6 21.3 20.1 
15 38.2 35.6 17.2 14.7 59.0 52.7 22.7 23.3 
16 37.0 33.1 17.8 15.6 63.7 62.3 33.1 37.4 

 Sunshine hour Wind speed (km h-1) Rainfall (mm) Pan evaporation (mm) 
SMW 2013 2014 2013 2014 2013 2014 2013 2014 

9 9.5 5.0 3.6 3.1 0.0 0.0 3.4 3.5 
10 8.7 8.4 2.5 2.4 0.0 0.0 3.0 4.0 
11 8.2 8.8 2.4 2.5 0.0 0.0 3.8 4.7 
12 8.4 8.1 4.2 2.9 0.0 1.4 4.3 5.2 
13 8.3 9.0 4.2 3.0 0.0 0.0 3.8 5.2 
14 10.0 9.2 4.8 3.2 0.0 0.0 7.1 7.9 
15 8.8 8.7 2.9 3.7 0.0 0.0 7.8 8.9 
16 7.4 8.2 3.6 3.5 0.0 0.0 8.4 8.0 

 

development of inflorescence and fruit set. Agroclimatic
models based on key weather parameters are one of the most
powerful tools for analyzing interactions among soil, plant
and atmospheric system and pest and disease prediction

(Aggarwal, 2008; Adak et al., 2013; Venkatesh et al., 2013). In
this context, weather based regression models were widely
applied to assess the response of the plants/diseases to the
thermal environment for their growth/development or

Table 1. Details of selected orchards

 

Block Village Orchard Latitude Longitude Altitude Age of 
Orchard (Yr) 

Malihabad Kanar Fixed I N26°53.848 E80°44.585 362 24 
 Fixed II N26°54.036 E80°44.775 360 28 
Mahmood Nagar Fixed I N26°54.505 E80°44.312 361 26 

Fixed II N26°54.564 E80°44.346 360 28 
Methenagar  Fixed I N26°54.347 E80°46.190 343 24 
 Fixed II N26°54.641 E80°46.113 345 18 
Ulrapur  Fixed I N26°58.507 E80°45.820 356 25 
 Fixed II N26°58.656 E80°45.908 350 26 
Hafizkhera Fixed I N26°56.755 E80°45.512 369 26 
 Fixed II N26°55.088 E80°47.171 373 25 
Malihabad Fixed I N26°55.127 E80°43.026 364 35 
 Fixed II N26°55.810 E80°42.187 365 35 
Nai Basti  Fixed I N26°54.590 E80°44.590 354 15 

Fixed II N26°54.520 E80°45.420 350 25 
Kakori Kakori Fixed I N26°53.018 E80°47.625 371 27 

 Fixed II N26°52.716 E80°48.515 365 24 
CISH  Fixed I N26°54.725 E80°46.449 359 20 
 Fixed II N26°54.254 E80°45.945 365 25 
Allupur  Fixed I N26°53.070 E80°45.140 371 15 
 Fixed II N26°53.220 E80°45.170 359 18 

Mall  Navipana Fixed I N26°57.405 E80°48.165 347 28 
 Fixed II N26°58.292 E80°43.447 361 25 
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at 22 locations mentioned in table 1. The soil of the
experimental sites belong to mixed hyperthermic Typic
ustochrepts and is well drained, flat and sandy loam in
texture. The climate of the experimental site was semi-arid
subtropical with hot dry summers and cold winters.

Orchards of mango cv. Dashehari of 20-35 years age
were selected with planting at 7.5 x 7.5 to 10 x 10 m distance.
Each orchard had 25 trees. Data were recorded on weekly
basis from 5 trees in each orchard. Disease incidence and
severity was recorded from 10 panicles of each tree. Disease

Fig. 1a. Powdery mildew diseases incidence in two cropping
seasons in mango at Lucknow

Fig. 1b. Powdery mildew disease severity in two cropping
seasons in mango at Lucknow (Bars on histogram
indicates standard deviation)

incidence/severity. Temperature based models particularly
accumulated heat units could be better employed to express
the disease dynamics in any fruit based ecosystem instead
of ambient temperatures, as the ambient daily temperatures
are highly variable (Adak and Chakravarty, 2010; Suresh et
al., 2013). In addition to this, sunshine hours and day length
based prediction models may also be used for evaluating the
incidence, severity and their correlation with these models.
Since, the information on these aspects is meager, the present
study was set out to develop weather based prediction
models in mango orchard under subtropical environment.
Information of this kind could be used in predicting powdery
mildew disease paradox in relation to site specific weather
parameters of other regions.

MATERIALS AND METHODS
A field experiment was conducted for two consecutive

seasons (2013 and 2014) in Lucknow, Uttar Pradesh, India

Fig. 2. Progressive changes in diseases incidence/severity
against weather based models
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                              Number of diseased panicles observed

Disease incidence (%) =_________________________×100

                                  Total number of panicles observed

The severity of powdery mildew was recorded as the
per cent area observed infected and it was converted into 0-
9 scale, where, 0 = nil, 1 = 1-10%, 2 = 11-20%, 3 = 21-30%, 4 =
31-40%, 5 = 41-50%, 6 = 51-60%, 7 = 61-70%, 8 = 71-80%, 9 =
81% and above. Per cent disease index was calculated by
using formula mentioned below:
                             Sum of all numerical ratings

PDI =_______________________________________×100

             No. of panicles observed × Maximum rating

Daily temperature (maximum and minimum), RH
(morning and evening), rainfall, wind speed, bright sunshine
hours and evaporation rates were recorded in the Agromet
Observatory located from experimental site at Rehmankhera.
Temperature, solar radiation and day length data were used
to compute agro climatic models. These models were
calculated as follows:
1. Growing Degree Days (GDD) = (TMax + TMin ) /2-T Base

where TMax and TMin  are the maximum and minimum
temperatures (0C) of the day and  TBase is base
temperature, which was taken as 150C (Whiley et al.,
1991).

2. Heliothermal units (HTU) = GDD × actual bright
sunshine hour (n)

3. Photothermal units (PTU) = GDD × day length (N)
Where, N indicates maximum possible bright sunshine
hours or day length and calculated as
N = (24/) × Ws
Ws is the sunset hour angle (Radian) = Arc Cosine [-
tan () × tan ()]

= Latitude in radian,
 = Solar declination in radiation, calculated as follows
 = 0.409 × Sine [(2 ×  × J)/d-1.39]

Where, J= Julian days (1 to 365/366) and d = No. of
days in the year
These models were computed on daily basis taking 1st

September as base for each year since, mango is harvested
during June and July in Northern India and post harvest
vegetative phase start. The disease development was also
plotted against these models and cumulated up to peak/
maximum disease incidence and severity for generating
regression based prediction models. Statistical analysis viz.,
regression equations, were carried out using MS Excel and

Fig. 3. Prediction models for powdery mildew diseases
incidence/severity (%) in mango using agro-climatic
models

incidence was calculated on the basis of total number of
leaves and panicles observed on a tree and the number of
leaves and panicles having disease symptoms.

Weather based models in predicting powdery mildew of mango for Malihabad mango belt
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SPSS packages (Version 12.0). The required statistically
significant graphs were drawn using MS Excel software
packages.

RESULTS AND DISCUSSION

Crop weather situation during study period
During the study period the agro climatic analysis

indicated that experimental sites had dry hot summers and
cold winters. Mean daily maximum temperature during
summers ranged from 38.83 to 42.060C, while January was
the coldest month with mean daily minimum temperature
ranging from 4.06 to 8.460C during 2013 and 2014. Mean
daily pan evaporation ranged from 3.0 to 8.9 mm during
both the seasons. Only a scanty amount (1.4 mm) of rainfall
was received during the second season during 9th to 16th

standard meteorological week (SMW), 2014, while no rainfall
received during first crop season (2013). Wide variations
were recorded in maximum RH at the time of disease
incidence periods. Initially a higher (>80%) RH was observed
at the time of disease initiation and it was decreased with
the passage of time. Lower (<30%) values of minimum RH
was recorded at the time of peak disease incidence and
severity.

Disease incidence and program
The data set for disease incidence revealed that the first

incidence was recorded in 9th SMW (first week of March) in
the first season (2013), while the next season (2014) it was
delayed by one week (10th SMW). It increased gradually and
attained a peak at 13th SMW in both the years and thereafter
decreased towards the end of fruit set. During this period,
highest incidence and severity of powdery mildew was
recorded 32.0 and 41.12 per cent during 2013 at
Rehmankhera, and 18.0 and 43.66 per cent during 2014 at
Meethenagar. Minimum incidence and severity of the disease
was observed i.e. 2.0 and 13.0 per cent at Kakori during 2013
and 4.0 and 22.5 per cent at Ulrapur during 2014. However,
average incidence and severity of the disease were recorded
12.2 and 15.9 per cent during 2013, and 13.5 and 34.01 per
cent during 2014. In general, the incidence was greater in
2014 as compared to 2013 mango crop season (Fig 1a).
Regarding, disease severity, differences were observed
between the two seasons with higher values in second
season. The progressive changes in disease severity were
much more in the second season crop as compared to first
season one (Fig 1b). Of course, both the incidence and severity
were recorded up to 16th SMW (III week of April).

Powdery mildew is prevalent in all mango growing

states of India. It usually appears every year and severity
depends upon the weather conditions (Shukla et al., 2011). It
is reported to cause loss up to 90 per cent in India under
unprotected conditions (Misra, 2001). Highest incidence and
severity of powdery mildew recorded during 13th SMW (26th

March to 1st April) was because of most susceptible stage
(95-100% flower open and fruit set) of crop and most
favourable weather conditions (maximum temperature 31.9
and 33.90C, RH 31.7 to 73.0% and 23.9 to 66.6%, Sunshine
3.0 to 9.0 hours and no rainfall).  Higher incidence and
severity of disease during 13th SMW of 2014 as compared to
2013 may be because of average weekly temperature (33.90C)
was more favourable during 2014 than 31.90C during 2013
and lesser RH (23.9 to 66.6%) during 2014 as compared to
31.7 to 73.0% during 2013 (Table 2). Present interpretation is
in general agreement with the observations recorded under
Lucknow conditions by Misra (2001) and Shukla et al. (2013).
Sudden and drastic decrease in disease severity during 14th

and 15th SMW was due to shedding of infected flowers and
seizing of new infection due to increasing temperature. Thus,
it was inferred from the study that weather parameters had
significant impact on the dynamics of powdery mildew
disease in mango.

Prediction models
The disease incidence and its severity followed a

sigmoid trend during its life cycle which stated that both
increased gradually and attained a peak value and then
decreased down to a certain value. It was observed that the
GDD accumulation during the entire disease cycle ranged
from 684.0 to 1120.50Cd in 2012-13, while the corresponding
value in 2013-14 was 773.7 to 1171.30Cd. Likewise, HTU
was recorded as 6498.2 to 8292.0 and 3838.3 to 8669.4 in
both the seasons respectively. Wide variations in HTU was
found, which may be because of the fact that sunshine hours
(n) may be limited in some parts of the months during the
cycle of the disease. The PTU varied between 7836.8 to
14280.1 and 8863.9 to 14927.5 in 2012-13 and 2013-14
respectively (Fig 2). It was further inferred from the graphical
representation that disease incidence/severity when plotted
against the weather based models, they were linearly related
up to their maximum values. Thus, the progressive changes
in disease incidence and development could only be
predicted when they were positively correlated. In view of
this, the corresponding maximum values, stands at 886.0
and 933.80Cd GDD, 7381.9 and 8416.0 HTU and 10809.6
and 11392.2 PTU in both the years respectively. The
progressive disease incidence were pooled (Fig. 3), and was
predicted by linear regression equations of following types:
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Journal of Eco-friendly Agriculture 11(2) 2016 147

A) Disease incidence may be predicted as follows
Disease incidence = 0.059 × GDD - 40.54 (R2 = 0.77**)
Disease incidence = 0.0034 × HTU - 15.50 (R2 = 0.62**)
Disease incidence = 0.0042 × PTU - 33.20 (R2 = 0.84**)

B) Disease severity prediction equations
Disease severity = 0.1282 × GDD - 89.76 (R2 = 0.76**)
Disease severity = 0.0074 × HTU - 35.75 (R2 = 0.63**)
Disease severity = 0.0089 × PTU - 71.403 (R2 = 0.78**)
Disease incidence and its development on any crop

depend on the weather dynamics of the study area. The rate
of severity is directly or indirectly dependent on the virulent
spores and as well as temperature, RH, rainfall, sunshine
hours and day lengths, wind speeds etc. Normally, with the
progress of crop growth stages, particularly onset of new
vegetative flush and inflorescence, pathogen gets virulent
and thereafter infection starts, and trend continued till its
favorable weather conditions persist. The accumulated heat
units during the reproductive stages particularly, during
flowering and fruit set, varied. However, it was revealed that
all these weather based models could predict 62-84 per cent
variations in disease incidence and severity. Limited
sunshine hours limited the scope of HTU for its application
as a robust model as it could predict only 63 per cent
variations in disease incidence and severity. Based on disease
appearance data, Misra et al. (2004) proposed logistic
regression models for forecasting the disease and it was
concluded that the model could explain 89 per cent variation.
Shukla et al. (2013) observed that the dynamism in predicting
the disease incidence and its severity should be considered
as the incidence depends on the phenological stages of the
mango crop. Low incidence and severity of powdery mildew
(<5%) was recorded at CISH experimental farm during 2012,
however, in selected farmer’s orchards highest incidence
(93%) of powdery mildew was observed with severity 13 per
cent during 11th SMW of March 2012, when average minimum
and maximum temperatures were 16.28 and 30.10C and RH
between 35.8 and 78.6 per cent. During 2013, sub-zero
temperature during 2nd week of January followed by heavy
rains during 5th to 8th SMW, high RH 81.7 per cent and lower
maximum and minimum temperatures 29.6 and 9.30C during
9th to 11th SMW did not allow powdery mildew pathogen to
develop. Sharp increase in incidence from 19 to 64 per cent
and severity from 19 to 67.5 per cent of the disease was
recorded at CISH experimental farm during 12th and 13th

SMW when minimum and maximum temperature ranged
between 11.5-16.8 and 29.0-33.80C and RH between 30.6 and
72.4 per cent. Observations indicated that incidence and
severity of disease not only depend on period but weather

conditions and on host susceptible stage, as during 2013 the
initiation of flower was delayed due to lower temperature
during January and frequent rainfall during February. Thus,
apart from the incidence dynamism, phenological
complexities should be taken care of in dynamics prediction
models.

Thus, it is concluded from the present study conducted
at 22 locations in Lucknow district that incidence and
severity of powdery mildew disease of mango is weather
and host susceptibility dependent. On one hand,
development of disease progressed with the development of
panicles and flower opening and decreased with shedding
of flowers and on other hand it was supported by rising
temperature. Around 77 per cent variations in progressive
changes in powdery mildew disease incidence and severity
could be predicted from GDD.
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ABSTRACT

In the experiment, the management of various seed borne fungi of wheat (Tilletia tritici, Ustilago tritici, F.
graminearum, F. culmorum, Alternaria alternata, A. niger, A. candidus, A. flavus and Penicillium spp., isolated from thirteen
wheat varities viz. Malveey-55, Sangam, Raj-3077, UP-2121, Sujata, Pratap, Arjun, Girija, Sonalika, Narwada,
Ganga, Kanchan and Rajeshwari, through bio-agents T. viride and T. harzianum were attempted during Oct. to Dec.
2014-2015. under laboratory conditions. The results showed 56.50 to 80.0 per cent control of various seed borne fungi
from T. viride and 50.00 to70.40 per cent controls from T. harzianum.  In the pot condition, the control per centage was
50.00 to 76.70 per cent and 46.70 to73.40 per cent through T. virdae and T. harzianum, respectively.
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Wheat (Triticum aestivum L.), an important cereal crop
in the world, is a rich source of carbohydrates, proteins,
vitamins and minerals. Among the biotic constraints, smut
diseases cause significant loss of yield, and quality of the
grains.  First report of bio control of seed borne disease. the
loose smut of wheat, using T. viride as seed treatment was
shown by Aggarwal et al. (1991). Trichoderma species viz., T.
viride, T. koningii, T. hamatum, T. harzianum and T. lignorum
are reported to inhibit germination of chlamydospores of
wheat pathogen U. segetum var. tritici (Mondal et al., 1995).
The potential of Trichoderma spp. for biological control of
Karnal bunt of wheat was also explored and reported
(Aggarwal et al., 1995; Amer et al., 1998).  Mandal et al. (1999)
reported inhibitory effect of T. reesei, T. pseudokoningii, T.
hamatum, Talaromyces flavus, Chaetomium globosum, and
Trichothecium roseum on mycelial growth of Drechslera
sorokiniana. In another study Singh and Maheshwari (2001)
reported that seed treatment with bio agents  T. viride, T.
harzianum, P. fluorescence and G. virens in combination with
vitavax is useful in combating loose smut of wheat.
Trichoderma being growth promoting agent also helps in
increasing crop yield  as has been demonstrated by
application of T. harzianum in irrigated and dry areas of Kota
and Jaipur districts of Rajasthan (Sharma et al., 2012; Sharma
et al., 2012).

The present experiment was aimed at to manage and
test the antagonistic activity of Trichoderma spp. isolates
against various seed borne fungi of wheat in Allahabad

district of Uttar Pradesh, India.

MATERIAL AND METHODS
The studies were carried out at Bhargava Agricultural

Botany Laboratory, Department of Botany University of
Allahabad, Allahabad, Uttar Pradesh, India, during Oct. to
Dec. 2014-2015.   Seed samples were collected from different
grain markets, seed corporations, companies and farmer’s
seed lots from Allahabad district. Ten seeds each from 15
selected varieties were taken in the experiment. The collected
samples were put into sterile polythene bags and sealed
properly.

Isolation and identification of fungi from wheat seeds:
The pathogens were cultured and purified on potato

dextrose agar medium extract (boiled potatoes 200 ml,
dextrose 20 gm, agar 20 gm). Each replicate having three
plates was incubated for 7-10 days at 27°C for the isolation
of causal agent. The identification of the pathogen was made
by studying the colony characteristics of the isolates on the
PDA plates by following the method described in a technical
bulletin on seed borne disease (Agrawal et al., 1983). The
identification was conducted using morphological
characters such as spore size, shape, colour and their
arrangement on the conidiophores and morphology of the
mycelium (Utobo et al., 2011) by referring to Nelson et al.
(1983), Sivanesan (1987), Leslie and Summerell (2006) and
Watanabe (2002).



150 Journal of Eco-friendly Agriculture 11(2) 2016

Table 1: Seed borne fungi isolated from different varieties of
wheat

and Hynes, 1993). The isolates of the seed-borne fungi and
antagonistic fungi were grown in petri-dishes. Cultures of
antagonistic and seed-borne fungi were inoculated 3 cm
apart in triplicate in petri-dishes containing 15 ml each of
PDA medium and incubated for 5 days at 28°C. Controls
were also maintained along with them. The interactions
between seed-borne fungi and antagonistic fungi were
assayed using a key based on the observations of Skidmore
and Dickinson and categorized into five separate modes of
interaction of colony growth (Skidmore and Dicknson 1976).
Total infected seed of fungal was calculated by applying
this formula:

                                    No. of fungus affected seed

Total control % =________________________× 100

                                             Total No. of seed

The calculated control degree of antagonistic activity
was estimated as follows (Sookchaoy, et al., 2009): -

4 – Very high antagonistic activity (R > 76)
3 – High antagonistic activity (R = 61-75)
2 – Moderate antagonistic activity (R = 51-60)
1 – Low antagonistic activity (R < 50)

(I)  Inoculam in laboratory condition
The technique for suspension preparation was the same

as used in dual culture test. Seed pelleting method on 15
varieties selected was tested. 10 seeds of each variety of wheat
were treated by isolated fungi of  T. viride and T. harzianum.
Spores were counted using haemocytometer and spore
concentration adjusting to 105 spores/ml 10 seeds pelleted
with 3 ml., (Hasan et al., 2012) have been used 105 spores/ml
for seed borne disease of wheat. Spore suspension for each
seed-borne fungi was done for 30 minutes followed by
carboxylmethyl cellulose (0.2%w/v) for 1 minute and then
dried in shade, After drying, the seeds were pelleted with 3
ml of spore suspension of antagonistic fungi for 30 minutes
followed by carboxymethyl cellulose (0.2%w/v) for 1 minute
and dried in shade.

(II).   Inoculation in pots condition
The experiment was conducted in three replications.

The T. viride and T. harzianum spore suspension @
105spores/ml were inoculated at two weeks stage of the
plants (Hasan et al., 2012) through syringe (10 ml). One drop
(15 l) was inoculated by injecting aqueous suspension to
all the plants (Seth et al., 2014). The inoculated plants under
pot conditions were tagged, labelled and then harvested.

Variety Isolated fungi 
Malveey-55 Fusarium graminearum, Fusarium culmorum 

Sangam Aspergillus  flavus 
Raj-3077 Fusarium culmorum 
UP-2121 Aspergillus candidus, Aspergillus flavus 

Sujata Tilletia tritici 
Pratap Penicillium spp. 
Arjun  Alternaria alternata 
Girija Aspergillus niger 

Sonalika  Ustilago tritici,  Aspergillus niger 
Narwada Aspergillus flavus,  Aspergillus niger 

Ganga Aspergillus niger,  Aspergillus candidus 
Kanchan Alternaria alternata, Aspergillus niger 

Rajeshwari Tilletia tritici 

 
Isolation and identification of Trichoderma spp. from wheat
cultivated area of soil

The soil fungus was isolated from soil dilution plating
technique (Jonhson et. al.1960).  The bio control agent,
Trichoderma spp. was isolated from wheat cultivated soil area
by soil dilution plating technique. The soil dilution plate
method (Manoch, 1998) was used to isolate fungi from the
soil samples. Each soil sample was diluted to 1×10-4

concentration suspension. Then, 1 ml of the soil suspension
(containing 0.0001 g wet weight soil) was drawn by pipette
into petri dish 90 mm in diameter. A mixture of 25 ml of
warm, melted glucose-ammonium nitrate agar (GAN) added
with rose bengal and streptomycin was poured over the soil
suspension and the petri dish was rotated gently to let the
soil suspension mix well with the agar medium. The isolated
fungi were identified on the basis of their morphological
characters (Rifai, 1969). The obtained fungal isolates were
grown on potato dextrose agar slants and kept at 4°C until
being used. The fungi were identified with the help of
literature (Nagamani et al . , 2006).  Morphological
characterization was conventionally used in the
identification of Trichoderma species, and it remains as a
potential method to identify Trichoderma species (Anees et al.,
2010; Gams and Bissett 2002; Samuels et al., 2002).

In vitro screening of antagonistic effect
The antagonistic fungal culture was prepared. The

cultures were maintained on PDA medium by monthly sub
culturing and test in the refrigerator at 40C. The study was
carried out employing a “Dual culture test” method (Reddy
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RESULTS AND DISCUSSION
Nine species of fungi namely, Tilletia tritici, Ustilago

tritici, Fusarium graminearum, F. culmorum, Alternaria alternata,
Aspergillus niger, A. candidus, A. flavus, and Penicillium spp.
were isolated from thirteen wheat verities viz. Malveey-55,
Sangam, Raj-3077, UP-2121, Sujata, Pratap, Arjun, Girija,
Sonalika, Narwada, Ganga, Kanchan and Rajeshwari. The
results  obtained from laboratory and pot conditions were
reported in table 2, 4 and 3, 5, respectively.

Table 2: Control of seed borne fungi of wheat through T.
viride spore concentration under laboratory
conditions

Table 3. Control of seed borne fungi of wheat through T.
harzianum spore concentration under laboratory
condition

Note: - T1=Treatment 1, T2=Treatment 2, T3= Treatment 3 and
SD= Standard Deviation

T. virdae under laboratory conditions showed 53.40-80
per cent control of various seed borne fungi of wheat.  Four
varieties (Raj-3077, Sujata, Arjun and Narwda) recorded very
high antagonistic activity (R > 76). Six varieties (Sangam,
UP-2121, Pratap, Arjun, Ganga, Kanchan) showed high
antagonistic activity (R = 61-75); three varieties (Malveey-
55, Sonalika, Rajeshwri) showed moderate antagonistic
activity (R = 51-60) while none of the variety recorded
antagonistic activity (R < 50) from T. viride in the control of
various seed borne fungi of wheat (Table 2).

Note: - T1=Treatment 1, T2=Treatment 2, T3= Treatment 3 and
SD= Standard Deviation

The bioagent, T. harzianum under the laboratory
condition recorded 46.70 to73.40 per cent control of various
seed borne fungi. No variety was recorded very high
antagonistic activity (R > 76). Eight varieties (Raj 3077, UP-
2121, Sujata, Pratap, Arjun, Girija, Narwda and  Ganga)
showed high antagonistic activity (R = 61-75), three varieties

Varity 
Total 
No. of 
seed 

No. of infected seeds Control   
(%) T1 T2 T3 Mean ± SD 

Malveey-55 10 5 5 5 5.00±0.00 50.00 
Sangam 10 4 4 4 4.00±0.00 60.00 
Raj-3077 10 3 3 2 2.66±0.57 73.40 
UP-2121 10 3 4 3 3.33±0.57 66.70 

Sujata 10 3 3 2 2.66±0.57 73.40 
Pratap 10 3 3 4 3.33±0.57 66.70 
Arjun 10 3 3 3 3.00±0.00 70.00 
Girija 10 3 4 4 3.66±0.57 63.40 

 Sonalika  10 5 6 5 5.33±0.57 46.70 
Narwda 10 3 3 2 2.66±057 73.40 
 Ganga 10 3 4 3 3.33±0.57 66.70 

Kanchan 10 4 4 4 4.00±0.00 60.00 
 Rajeshwari 10 4 3 5 4.00±1.00 60.00 
 

Table 4: Control of seed borne fungi of wheat thrugh T. viride
spore concentration under pot conditions

Note: - T1=Treatment 1, T2=Treatment 2, T3= Treatment 3 and
SD= Standard Deviation

Varity 

Total 
No. 
of 

seed 

No. of infected plants 
Control 

(%) T1 T2 T3 
Mean ± 

SD 

Malveey-55 10 5 5 4 4.66±0.57 53.40 
Sangam 10 4 3 4 3.66±0.57 63.40 
Raj-3077 10 2 3 2 2.33±0.57 76.70 
UP-2121 10 3 3 3 3.00±0.00 70.00 

Sujata 10 2 3 2 2.33±0.57 76.70 
Pratap 10 2 3 4 3.00±1.00 70.00 
Arjun 10 3 3 2 2.66±057 73.40 
Girija 10 3 4 3 3.33±057 66.70 

 Sonalika  10 5 5 5 5.00±0.00 50.00 
Narwda 10 2 3 2 2.33±0.57 76.70 
 Ganga 10 3 3 3 3.00±0.00 70.00 

Kanchan 10 4 4 3 3.66±0.57 63.40 
Rajeshwari 10 4 3 5 4.00±1.00 60.00 
 

Management of seed borne fungi of wheat through Trichoderma species

Varity 

Total 
No. 
of 

seed 

No. of infected seeds 
Control   

(%) T1 T2 T3 
Mean ± 

SD 

Malveey-55 10 5 4 4 4.33±0.57 56.70 

Sangam 10 3 3 4 3.33±0.57 66.70 

Raj-3077 10 2 3 2 2.33±0.57 76.70 

UP-2121 10 3 2 3 2.66±0.57 73.40 

Sujata 10 2 2 2 2.00±0.00 80.00 

Pratap 10 2 3 4 3.00±1.00 70.00 

Arjun 10 3 2 2 2.33±0.57 76.70 

Girija 10 3 3 3 3.00±0.00 70.00 

 Sonalika  10 5 4 5 4.66±0.57 53.40 

Narwda 10 2 3 1 2.00±0.00 80.00 

 Ganga 10 3 2 3 2.66±0.57 73.40 

Kanchan 10 4 4 3 3.66±0.57 63.40 

 Rajeshwari 10 4 3 5 4.00±1.00 60.00 
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(Sangam, Kanchan, Rajeshwari) showed moderate
antagonistic activity (R = 51-60) while two varieties (Sonalika,
Malveey-55) recorded low antagonistic activity (R < 50) from
T. harzianum (Table 3).

In the pot condition, T. virdae  recorded 50.00 to76.70
per cent control of various seed borne fungi. Three varieties
(Narwda, Raj-3077 and Sujata). recorded  very high
antagonistic activity (R > 76).  Seven varieties (Sangam, UP-
2121, Pratap, Arjun, Girija, Ganga and Kanchan) showed
high antagonistic activity (R = 61-75); two varieties (Malveey-
55 and Rajeshwari) were observed with moderate
antagonistic activity (R = 51-60) while, Sonalika recorded
the lowest antagonistic activity (R < 50) from T. viride (Table
4).

Table 5: Control of seed borne fungi of wheat through T.
harzianum spore concentration under pot
conditions

and T. harzianum  from wheat cultivated area, which
are strong and virulent antagonists, can effectively be used
in the management of various seed borne fungi of wheat.
T. viride was adjudged the most effective compared to
T. harzianum under the laboratory and pot conditions as
well.
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ABSTRACT

Pearl millet and sorghum are the major staple foods in Eritrea. The soil is predominantly sandy loam. Several
seed and soil borne diseases are occurring in these crops. Soil samples were collected from the fields of pearl millet and
sorghum at their different growth stages from the villages of Basheri and Wazentit. Estimation of fungi was done by
moistened blotter paper and isolation in Potato Dextrose Agar medium. A total of 11 fungal flora were identified.
Among them Pythium debaryanum was common in three different growth stages of crops i.e. sapling stage, flowering
stage and pre-harvesting stage. Maximum incidence of fungal numbers of Pythium debaryanum was recorded in the
field of pearl millet crop. On the contrary, the soil samples collected from pearl millet of both villages did not show
presence of Aspergillus terreus, where as Cladosporium cladosporoides and Rhizopus sp. were not observed from the
sorghum fields.

Key words: Pearl millet, sorghum, colony forming units, growth stages soil-mycoflora

Eritrea is a country of North Eastern Africa. Area under
cereal cultivation is estimated as 463,926 hectares (Grando
et al. 2010). Eritrean farmers use to grow wide range of crops
under rainfed production system (AATF 2011).

Sorghum bicolor (L.) Moench (Sorghum or in local
language Mishella) is most important and widely grown
cereal crop, in Eritrea, especially in low lands. This major
staple food crop ranks first in the contribution towards
national economy and diet and on an average 45.0 per cent
of the bulk total food production for the nation comes from it.
Crop suffers by several biotic and abiotic stresses, which
hinder its production. Contaminated soils with fungal flora
attack the crops and reduce seed viability, cause grain
damage and thus reduce market value.

Pennisetum glaucum (L.) R. Br. (Bultug) (Pearl millet ) is
the second most important cereal after sorghum in Eritrea,
and is grown on 17,000 hectare (AATF 2011) and indigenous
to North Africa (D’Andrea, et al. 2001).  It is the staple food
and fodder crop.

Fungal organisms are either seed borne or soil and
damage crops of sorghum or pearl millet.

In Eritrea mycoflora in these field crops are not clearly
documented. It is therefore, the objectives of this study to
isolate and identify the fungal flora from the fields of sorghum
and pearl millet at their different phenological stages in
Hamelmalo region.

MATERIALS AND METHODS

Site location
Hamelmalo is located at 12km north east of Keren town

on the bank of the river Anseba at 15o 53' N latitude and 38o

66' E longitude and an elevation of 1292m above sea level.
The area receives an average rainfall of 450mm, with a mean
temperature of 270C (Anonymous, MOA 1997).

Soil profile
The soil of the sub zoba is predominantly sandy loam

with low water retention capacity and pH 6-7 (MOA, 2014).

Sample collection
Soil samples of pearl millet and sorghum at their

different growth stages i.e., sapling stage, flowering stage
and pre-harvesting stage were collected in brown paper bags
from the fields of Basheri and Wazentit of Hamelmalo Region,
Eritrea.

Isolation and identification of the fungal flora
Randomly collected soil measured of 0.005g of soil was

scattered on the bottom of a sterile Petri dishes and molten
cooled (40-45°C) Potato Dextrose Agar medium was added
(Warcup, 1950), which was then rotated gently to disperse
the soil particles in the medium. Isolations were also done
by serial dilution plate method. To avoid bacterial
contamination, streptomycin was mixed in the media before
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Table 1. Fungi isolated from the fields of pearl millet and sorghum of Basheri village during three crop growth stages in
Hamelmalo sub-zoba on PDA and by dilution plate method (DPM).

Table 2. Fungi isolated from the fields of pearl millet and sorghum of Wazentit village during three crop growth stages in
Hamelmalo sub-zoba on PDA and by dilution plate method (DPM).

Crop growth 
stage 

Pearl millet     Sorghum 
PDA DPM PDA DPM 

Sapling  stage 
Cladosporium cladosporoides Alternaria alternata Alternaria alternata Pythium debaryanum 
Fusarium oxysporium Aspergillus niger Aspergillus flavus Aspergillus niger 

 Fusarium oxysporium  Aspergillus flavus 

Flowering stage 

Alternaria alternate Alternaria alternata  Rhizoctonia solani 
Aspergillus flavus Aspergillus flavus Aspergillus niger Fusarium oxysporum 
Fusarium oxysporium Aspergillus niger   Penicillium chrysogenum  Fusarium oxysporum Fusarium oxysporum Phytophthora infestans 
Pythium debaryanum Phytophthora infestans   

Pre-harvesting 
stage 

Alternaria alternate Alternaria alternata Alternaria alternata  Aspergillus flavus Aspergillus flavus Phytophthora infestans Pythium debaryanum 
Fusarium oxysporum Aspergillus niger Pythium debaryanum  Pythium debaryanum  Fusarium oxysporium   

 Penicillium chrysogenum    Total fungi  6 5 6 6 
 

plating. The inoculated petri dishes were incubated at 250C
for 5 days for proliferation (ISTA 1993). Fungal identifications
were carried out on the basis of characterization of colonies
and also examining under microscope and consulting
relavent literature (Gilman, 1957; Raper and Fennell 1965;
Ellis., 1971; Barnet and Hunter, 1972; Nagamani et al., 2006).

Qualitative and quantitative estimation of fungi was
done by employing Dilution Plate Method (DPM)
(Waksmann, 1916) and agar plate method with Potato
Dextrose Agar (PDA) Medium.  Soil samples were collected
from the fields at three growth stages of crops and the
occurrence of mycoflora was analyzed for the fungal numbers
(colony forming units/ gram of soil). The number of colony

forming units per gram of soil was calculated with the
following formula:

Colony forming units/g soil (cfu g-3) = (Colonies x
dilution factor)/g wt. (AOAC 1947).

RESULTS AND DISCUSSION
Eleven (11) fungal species were isolated through two

methods (directly on PDA and by dilution plate method).
The fungal species isolated were Alternaria alternata,
Aspergillus flavus, Aspergillus niger, Aspergillus terreus,
Cladosporium cladosporoides, Fusarium oxysporium, Penicillium
chrysogenum, Phytophthora infestans, Pythium debaryanum,
Rhizoctonia solani and Rhizopus stolonifer (Plate 1). Eight (8)

Crop growth 
stage 

Pearl millet     Sorghum 
PDA DPM PDA DPM 

Sapling  stage 

Phytophthora infestans Pythium debaryanum Fusarium oxysporum Phytophthora infestans 
Pythium debaryanum Alternaria alternata Pythium debaryanum Pythium debaryanum 
Rhizoctonia solani Fusarium oxysporum  Alternaria alternata Rhizoctonia solani 
Rhizopus stolonifer  Aspergillus niger   

Flowering stage 

Fusarium oxysporum Alternaria alternata Pythium debaryanum Aspergillus flavus 
Pythium debaryanum Aspergillus niger  Phytophthora infestans Pythium debaryanum 
Phytophthora infestans Pythium debaryanum Alternaria alternata Aspergillus terreus 

 Rhizoctonia solani Fusarium oxysporum  
  Aspergillus terreus  

Pre-harvesting 
stage  

Alternaria alternate Alternaria alternata Fusarium oxysporum Aspergillus flavus 
Aspergillus niger Fusarium oxysporum Pythium debaryanum Pythium debaryanum 
Pythium debaryanum Penicillium chrysogenum    
 Pythium debaryanum   Total fungi  7 6 6 5 
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Plate1.Identified mycoflora, A. Alternaria alternate, B. Aspergillus
flavus, C.  Aspergillus niger,  D.  Aspergillus terreus,
E.  Rhizopus stolonifer, F.  Cladosporium cladosporoides,
G.  Fusarium oxysporum, H.  Penicillium chrysogenum,
I.  Phytophthora infestans and J.  Pythium debaryanum

fungi were isolated from the fields of pearl millet and 8 fungi
from sorghum field from Basheri village of Hamelmalo (Table
1).

Phytophthora infestans and Rhizopus stolonifer were
isolated only in PDA media from the fields of pearl millet,
which could not be isolated by DPM. Fusarium oxysporum,

Alternaria alternata and Aspergillus niger were isolated only
in PDA and not by DPM method from the soil of sorghum.
Among eight fungal species, Pythium debaryanum was
isolated in all stages of the crop growth of perl millet and
sorghum by both methods of isolations.  Penicillium
chrysogenum was isolated in  DPM method  in pearl millet
and Aspergillus flavus and Rhizoctonia solani was isolated
from sorghum. Pythium debaryanum was isolated from both
villages and in both methods (Table 1).

Nine fungal species i.e., Alternaria alternata, Aspergillus
niger, A. flavus, Fusarium oxysporum, Penicillium chrysogenum,
Phytophthora infestans, Cladosporium cladosporoides, Pythium
debaryanum and Rhizopus stolonifer isolated from both fields
of pearl millet and sorghum of Wazentit village. It is clearly
indicated that Cladosporium cladosporoides, Penicillium
chrysogenum and Pythium debaryanum were isolated only in
the PDA media from the soil of pearl millet, while, Alternaria
alternata was isolated only in PDA from sorghum field.
Aspergillus niger and Phytophthora infestans was isolated by
DPM from soil of pearl millet and Rhizoctonia solani was
isolated from soil of sorghum by DPM (Table 2).

It is evident from the present results that the soil samples
contained disease causing fungi. Among eleven fungal flora
isolated from the samples, the maximum incidence of fungal
numbers (cfu/g x 103) of Pythium debaryanum was counted
from the fields of pearl millet of Wazentit village (36) followed
by Basheri village (31). Alternaria alternata, Fusarium oxysporum
and Pythium debaryanum were noticed, maximum incidence
in sorghum fields i.e. 24, 27 and 25 respectively.  However,
the soil samples collected from pearl millet of both villages
did not show any presence of Aspergillus terreus, where as
Cladosporium cladosporoides and Rhizopus stolonifer were not
observed from the sorghum fields (Table 3).

The results indicated that fungal numbers and species
varied in relation to two villages. These results, soil inoculum
and moderate temperatures infect the crop and favour
disease development respectively, in agreement of the
previous investigations with those of Kousik et al.  1988,
Thakur and King, 1988a and Thakur, 1990.  In the current
study an attempt was made to identify the occurrence of
soil-borne mycoflora during different crop growth stages of
selected crops where farmers can take appropriate
management practices to fetch better yields.
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Table 3. Colony forming units per gram (cfu/g x 103) from the soils of pearl millet and sorghum of Basheri and Wazentit villages

Villages/fungi Pearl millet Sorghum 
Basheri Wazentit Basheri Wazentit 

Alternaria alternate 15 14 18 24 
Aspergillus flavus - 4 6 15 
Aspergillus niger 1 14 6 9 
Aspergillus terreus - - 12 - 
Cladosporium cladosporoides  - 2 - - 
Fusarium oxysporum 15 18 12 27 
Penicillium chrysogenum 8 4 - 12 
Phytophthora infestans 15 4 12 3 
Pythium debaryanum 31 36 25 9 
Rhizoctonia solani 8 4 6 - 
Rhizopus stolonifer 8 - - - 
 

Isolation of field mycoflora at different growth stages of pearl millet (Pennisetum glaucum) and sorghum (Sorghum bicolor) of Hamelmalo region in Eritrea
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A survey on incidence and severity of citrus gummosis caused
by Phytophthora species in Zoba Anseba, Eritrea
Syed Danish Yaseen Naqvi, G. Sethumadhava Rao, Bethelihem Kiflemariam, W., Daniel Guesh, G. and
Million Eyob, W.
Department of Plant Protection, Hamelmalo Agricultural College, Hamelmalo, Keren, Africa
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ABSTRACT

A survey was conducted on randomly selected three citrus plantations within the nine administration regions
of three sub zobas of Zoba Anesba from November, 2014 to April, 2015 for the period of 5 months. All the three citrus
species viz. orange, lemon and mandarin surveyed in growing regions of Zoba Anseba viz. Elabred, Hagaz and
Hamelmalo. During the survey, it was found that crop was severely infected by citrus gummosis. Citrus crops
orange, lemon and mandarin showed highest/maximum incidence of foot rot in Hagaz, i.e. 81, 91.5 and 80.6 per cent
and the lowest/minimum incidence was found in Hamelmalo i.e. 52.7, 30.1 and 59.8 per cent respectively. It was
observed that the highest disease severity was noted in Hagaz region and the lowest was recorded in sub-region
Elabered. The lemon crop showed significant difference in incidence among the citrus species and also Hagaz was
found the significantly different from other citrus growing areas.

Key words: Citrus, gummosis, Phytophthora, disease incidence and disease severity.

Eritrea is situated in the horn of Africa (East Africa)
and has a total area of 124, 320 square kilometer and a
population of about 5 million. It is bordered  in the north and
west by Sudan, in the south by Ethiopia and Djibouti and in
the east by the Red Sea. Out of six administrative provinces
(zobas) i.e. Anseba, Debub Gashbarka, Maekel, Northern
Redsea and Southern Redsea, Anseba region is situated in
north western part of Eritrea and it covers an area of 22,834
square kilometers. Zoba Anseba with a Capital town Keren
is divided up into 11 sub-zobas.Anseba is one of the most
drought-prone regions of Eritrea as annual rain fall is low
and very erratic.

Citrus fruit are the most important fruit in international
market. In Africa it is cultivated in 551.95 thousand ha with
total production of 8.400 thousand t with production share
of 8.3 per cent (Table 1).

Table 1. Worldwide cultivating area, total production and
its per centage of citrus

According to the 2003 statistics of MOA, the total
cultivated land and production in Eritrea is estimated 410
ha and 4,450.3 t respectively.  The cultivated area of orange
is 373 ha, lemon 33 ha and mandarin 4 ha. Average yield per
ha for all citrus is around 10.0 t ha-1 which is much below
the international averages. According to MOA, 2003, the
citrus area of production in Eritrea is shown in table 2.

Table 2. Area production of citrus in Eritrea (MOA 2003)

Source FAO (2007)

Continent Cultivated 
area 

(1000 ha) 

Total 
prodution  

(1000 t) 

Production  
(%) 

Americas  2,400 45.620 44.6 
Asia  3,040 37.600 36.6 
Europe  437.87 10.340 10.1 
Africa  551.95 8.400 8.3 
Oceania  32.64 660 0.5 
World 6,612 102.620 100 
 

 

Species  Cultivated 
area 
(ha) 

Average 
yield  

(t ha-1) 

Total 
production 

(t) 
Orange 373 10.7 3,978.4 
Lemon  33 14.0 454.7 
Mandarin 4 4.3 17.2 
 Foot rot is one of several well-known diseases of citrus.

Gum formation on the trunk or branches is a characteristic
symptom. Gum exudes from blisters containing gum pockets,
usually located on the trunk. The wood beneath the blister
shows a pink-orange colour. Several factors, such as freeze
damage, high water table and salt accumulation contribute
to the disease. Gummosis is believed to be a condition of
weak and injured trees and is reported to be infectious. It is
caused by one or more species of the fungus Phytophthora.
This disease can affect the root system, the trunk below and
above ground, branches, leaves, blossoms and fruits. It is
especially troublesome during prolonged rainy periods.
Trees with the bud union beneath or close to the soil and
trees in poorly-drained locations are highly susceptible.
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Infection of the lower areas of the trunk by Phytophthora spp.
results in dark, water-soaked areas in the active areas of
infection. Often gum exudes profusely from active lesions.
The dead bark frequently breaks away from the wood in
vertical strips. Callus tissue begins to form on the margin of
the surrounding healthy bark, if the fungus becomes inactive
because of unfavorable weather conditions. The disease may
become active again when conditions become favorable. If
the lesion encircles the trunk, girdling occurs and results in
death of the tree.

Healing is slower, if infection occurs below ground level.
The fungus may attack young feeder roots, causing them to
decay. Infection of lateral and fibrous roots can become
widespread in wet soils. This infection results in poor health
of the tree, a thin canopy, failure to make new growth and
poor fruit production. Phytophthora spp. also may attack
nursery stock and young orchard trees during rainy season.

MATERIALS AND METHODS
The present survey was taken in one of the most

important citrus growing area of Eritrea Zoba Anseba (Fig.
1) in three sub zones i.e. Hamelmalo (located at 15053’ N
latitude and 380 66’ E longitude and an elevation of 1292 m
above sea level),  Hagaz (at the latitude of 15045’ N and 380

15’ E located at the altitude of 850-1499 m above sea level)
and Elabered (located at the 38030’ N and 38030 E an elevation
of between 1400–1500 m above sea level in the Eritrean
western escarpment)

Hamelmalo area receives an average rainfall of 450 mm,
with a mean temperature of 200C-350C. Hagaz optimum
rainfall is 346 mm, maximum temperature is 420 C from March
to June, while the minimum 240 C from December to February.
Elabered has moderates climate with an annual temperature
range 6–320C, annual rainfall 500 mm (but highly variable
ranging from 300 to above 1000 mm) and relative humidity
of 64 per cent.

General properties of soil texture of Hamelmalo, Hagaz
and Elabered are sandy loam and pH is 7.8 (MOA 2003).

Sample collection
Soil samples were collected for identification from citrus

gummosis affected plants from the sub zobas Hamelmalo,
Hagaz and Elabered.

Isolation and identification
The laboratory work was done at Hamelmalo

Agricultural College in Plant Protection Department. Plant
and soil rhizosphere samples were obtained from the trees
showing symptoms. Isolations were done on Potato Dextrose
Agar media.

After isolation, the culture media was kept in the
incubator adjusting the temperature between 25-280C for
growth of the pathogen. After 3-4 days of incubation, the
identification of Phytophthora spp. carried out on the basis of
colony characteristics and microscopic examination.
Standard book and papers were consulted, while examining
of these fungi (Aneja, 2004; Barnet and Hunter, 1999).

Statistical analysis of data
Data recorded on various parameters were statisticaly

analyzed by the software Gen Stat with analyze variances
design in Microsoft Eexcel

Calculating the disease incidence (Jagtap et al., 2012)

                                         Number of plants infected

Per cent disease incidence =_____________________x 100

                                      Total number of plant examine

Grading degree for calculating the disease severity (Jagtap
et al., 2012). Grading was done on the basis of symptom
(Fig. 2).

                                 Sum of all disease rating

Per cent disease severity=________________________x 100

                  Number of rating x Maximum disease grade

RESULTS AND DISCUSSION

Identification of the causal organism
The samples were collected from various infected fields

of HAC region and was identified as Phytophthora
citrophthora. It was characterized by a finely radiate as white
rosette and slightly cottony colonies. Sporangia were mostly
laterally attached and shape ranged from spherical, ovoid,
obpyriform, obturbinate to ellipsoidal, but mostly papillate.
Sporangiophores were irregularly branched singly or in a
loose sympodium with a swelling at the point of branching
(Fig. 3. A, B, C, D and E).

Incidence of citrus gummosis in Zoba Anseba
The survey on gummosis conducted in randomly

selected three citrus crops within the nine administration
regions of three sub zobas of Zoba Anseba. On orange,
highest per centage of disease incidence 95.83 and 90.90 per
cent was recorded in Technical School and Hagaz (Gebina)
respectively. The Mandarin fruit crop growing in Technical
School showed 91.90 per cent of disease incidence. On the
other hand, the the lowest per centage of disease incidence
was recorded in Hamelmalo (Wazentet) and Elabered (Girat
Peteros) with 30.15 and 38.33 per cent in lemon and orange
respectively (Table 3). In lemon highest disease was recorded
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Fig. 1. Citrus cultivation areas (source: Dept LREN, HAC, 2015). Survey was done for three common citrus i.e orange, lemon and
mandarin in Zoba Anseba.
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Fig. 2. Grading system for calculating severity per centage of
citrus gummosis, arrow indicating the citrus gummosis
symptoms on stem

at Hagaz Technical School and Hagaz (Daerotiy) i.e. 95.74
and 90.90 per cent respctively

Table 3. Disease incidence of citrus gummosis in Zoba
Anseba (Per cent)

Sub-zoba/Administrative 
regions 

PDI of 
orange 

PDI of 
lemon 

PDI of 
mandarin 

Hamelmalo  
Hamemalo (HAC region) 52.94 32.88 69.23 
Hamemalo (Wazentet) 49.27 30.15 - 
Hamemalo (Bashire) 55.86 - - 
Hagaz    
Hagaz (Gebina) 90.90 87.87 - 
Hagaz (Techincal School) 95.83 95.74 91.73 
Hagaz (Daerotiy) 56.30 90.90 - 
Elabered    
Elabered (Girat Peteros) 38.33 57.79 63.41 
Elabred (Chende-6) 57.00 79.77 45.60 
Elabred (Aysemet & Kariko) 43.23 61.12 - 
 

All the three citrus crop showed higher per centage of
disease incidence in Hagaz, whereas, less disease incidence
was recorded in Elabered region. It was observed that a
significant difference in the mean values  in lemon crop
among the regions. It also came to noticed that people do not
know that P. citrophora can develop in water logging fields
and in warmer condition maximum sporulation takes place.
In the case of orange the highest mean value was observed
in Hagaz areas followed by Hamelmalo and Elabered, which
were at par (Table 4). Whereas, in case of lemon, highest
mean value was recorded in Hagaz and followed by Elabered
areas but it was lowest in Hamelmalo areas. The same trend
of incidence was observed in the Mandarin crop as it was in
orange.

Table 4. Mean values of disease incidence of citrus
gummosis in three citrus species in three sub-
regions of Zoba Anseba

Region Orange Lemon Mandarin 
Hamelmalo 52.7 30.1b 59.8 
Hagaz 81 91.5a 80.6 
Elabered 46.2 66.2a 53.9 
Mean  60 62 64.8 
LSD NS 19.50 NS 
cv% 23.2 12 30 
 

Data recorded on disease incidence of citrus gummosis
in the three sub-zobas of Zoba Anseba reveals that there
were significant variations in disease incidence and highest
incidence 85.8 per cent was observed Hagaz followed by
55.4 per cent in Elabered and 49.1 per cent in Hamelmalo

A survey on incidence and severity of citrus gummosis caused by Phytophthora species in Zoba Anseba, Eritrea
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areas (Fig. 4). This means less disease incidence occurred in
Hamelmalo.

Fig. 4. Mean of disease incidence of citrus gummosis  in
Hamelmalo, Hagaz  and Elabered  regions

There was significant difference among the regions in
Hagaz with LSD of 22.2, this may be due to Hagaz has
relatively warm weather and close spacing among plants
(about 3.00 m). It seems farmers of Hagaz were not careful in
the field operation like proper pruning, which results plant
branches touching to ground. Even though root stock was
slightly resistant. The farmers also do not follow the proper
management practices due to lack of knowledge and
extension worker though provide some management
measures through the Ministry of Agricultural but that is
not proper. The Phytophtora spp. spread rapidly during
warmer temperatures, water logging condition and high
plant density. These factors might be prevalent in Hagaz
region, which made Hagaz more suitable for disease
compared to other regions.

Severity of citrus gummosis in Zoba Anseba
The disease severity was assessed on citrus gummosis

in three citrus i.e. orange, lemon and mandarin in Zoba

Anseba areas. The highest disease severity was recorded in
lemon in Hagaz especially in Technical School and Hagaz
Dearoti with 53.19 and 43.47 per cent respectively. Whereas,
in mandarin the highest disease severity was recorded in
Elabered Girat Petros 42.37 per cent followed by Technical
School (39.66 per cent). However, the lowest disease severity
13.89 per cent were recorded in Hamelmalo HAC region in
mandarin. In orange lowest disease severity 20.90 per cent
was recorded in Hagaz Daerotay (Table 5).

Table 5. Disease severity of citrus gummosis in Zoba
Anseba (per cent)

Fig. 3. Morphological characteristics of Phytophthora citrophthora in petri dish (A), fine radiating cottony mycelium, coenocytic hyphae
(B), ovoid and asymmetric  sporangium with prominent papilla (C and D), sporangium with more than one papilla (E) (Mounde
et al., 2012).

Regions of Zoba 
Anseba 

PDS of 
orange 

PDS of  
lemon 

PDS of 
mandarin 

Hamelmalo  
HAC region 30.8 32.47 13.89 
Wazentet 22.22 27.78 - 
Bashire 23.1 - - 
Hagaz  
Gebina 33.33 33.69 - 
Technical School 31.01 53.19 39.66 
Dearotiy 20.9 43.47 - 
Elabered 
Girat Petros 28.74 23.35 42.37 
Chende-6 32.16 38.34 23.33 
Aysemet & kariko 30.52 30.99 - 
 

However, the mean values show that the per centage of
severity was highest in orange in Hamelmalo (31.0%).
Whereas, in the case of lemon it was higher in Hagaz and
Elabered i.e. 39.4 and 34.9 per cent respectively. On the other
side, Hagaz had lowest disease severity i.e 20.00 per cent in
Mandarin. The severity of disease incidence in mandarin
was almost same as in orange (Table 6).
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It was observed that at the regional level, the average
disease severity of citrus gummosis was found highest in
Hagaz (32.52) followed by Hamelmalo (30.25) and Elabered
(29.71) sub-regions (Fig. 6).

Therefore, it can be concluded that the causal organism
of citrus gummosis in Zoba Anseba was identified as
Phytophtora citrophora (Smith and Smith) Leonian. This is
due to the suitable environmental conditions, such as
temperature, moisture and soil pH of Zoba Anseba, which is
favorable  for  the growth and rapid spread of Phytophtora
citrophora. On the basis of survey made, it can be concluded
that all the three citrus spp. i.e orange, lemon and mandarin
show highest disease incidence in Hagaz and the lowest
disease incidence  in Hamelmalo, whereas, the highest
disease severity was found in Hagaz sub-region and the
lowest in Elabered sub-region.
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Fig. 6. Average disease severity of citrus gummosis in
Hamelmalo, Hagaz and Elabered  regions

Table 6. Mean value of disease severity of citrus gummosis
in three citrus species from three regions
Hamelmalo, Hagaz and Elebered (per cent).

Region Orange Lemon Mandarin 
Hamelmalo 31.0 29.8 36.9 
Hagaz 28.5 39.8 20.0 
Elabered 24.8 34.9 24.6 
Mean  28.5 34.8 27.2 
LSD NS NS NS 
cv% 16.1 21.3 15.7 
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Rice (Oryzae sativa L) is an important food crop that
serves as a source of staple food for nearly half of the world’s
population. Bacterial leaf blight (BLB) caused by the gram-
negative bacteria, Xanthomonas oryzae (Xoo) is one of the most
devastating disease of rice cultivation worldwide. It causes
yellowing and drying, beginning at the tips of the rice leaves
and spreads down one or both sides of the leaf or through
the mid-vein. The disease being systemic, effective chemical
control measures are lacking (Devadath,1989) and the
concern over health hazards of pesticides limited the
utilization of chemical control agents (Guillebeau,1998).
Breeding for disease resistance is the most important
approach for its management (Sanchez et al., 2000 ; Singh et
al., 2001., ; Zhang 2005; Nino-Lui et al., 2006; Sundaram et
al., 2008; Mamgain et al., 2013).

To date, atleast 38 BB resistance gene conferring host
resistance against various strains of Xoo has been identified
(Bhasin. 2012; Natrajkumar. 2012). All these resistance genes
follow a Mendelian pattern of major gene inheritance and
express resistance to a diverse group of Xoo pathogens
(Cheema, 2008; Gu. 2005; Korinsak 2009; Lee 2003; Sun 2004).
Of the 38 R genes, six are physically mapped(Xa2, Xa4, Xa7,
Xa30, Xa33 and Xa38) and six are cloned ( Xa1, xa5, Xa13,
Xa21, Xa26, Xa3 and Xa27) ( Bhasin. 2012; Cheema, 2008; Gu.
2005; Liu. 2006; Natrajkumar. 2012;Yang 1998). Several BLB
resistance gene has been associated with tightly linked DNA
markers and some of them have been cloned (Xa1, xa5, Xa13,
Xa21, Xa26, Xa27) and used for breeding BLB-resistant rice
cultivars (Ali Sattari et al., 2014). Molecular markers can be
used as indirect indicators of the presence of a resistance
gene. Because of the availability of DNA markers derived

from the resistance genes it is possible to detect the level of
polymorphism between different BLB resistance gene.It has
been reported during release in 1994 that the popular rice
variety of Assam, Ranjit is moderately resistant to BLB.
However, the gene conferring its resistance to BLB has not
been identified yet.

Fig: Ranjit infected by BLB

The main objective of this study is PCR polymorphism
survey of different Xa genes in the three different rice varieties
namely Ranjit, Shraboni (TTB404) and improved samba
mahsuri (ISM). ISM has three major bacterial blight resistance
genes Xa21, xa13 and xa5. The resistance gene to BLB Xa4,
xa13 and Xa21 links to the sequence-tagged-site(STS) markers
Npb181, RG136 and pTa248, respectively. The xa5 resistance
gene tightly links to the simple sequence repeat marker
RM122. These markers are used to confer the presence of
each gene and gene combinations in the three rice varieties.

Bacterial leaf blight (BLB) resistance and its introgression in
rice varieties - Ranjit and Shraboni
Monalisa Kalita, Sanjay Kumar Chetia, B. C. Das and T. Ahmed
Regional Agricultural Research Station
Assam Agricultural University, Titabar 785 630, Assam
email : kalita.monalisa11@gmail.com

ABSTRACT

The study was conducted with a views of combating bacterial leaf blight disease in two most populer susceptible
rice varieties viz.,, Ranjit and Shraboni in Assam. The study revealed presance of xa5 gene in the varieties under
reference. It was however observed that inspite of this resistant gene (xa5), the two varieities were susceptible to the
disease indicating thereby that the prevalent pathotype III and xa5 alone are not sufficient to centere complete
resistance ageis of the prevalent pathotype in Assam. This therefore, necessitated introgressim of a combination of
BLB resistant genes, Xa13 and Xa21 along with X 95.

Key Words: Bacterial Leaf Blight, Xanthomonas oryzae (Zoo), Microsatellite markers, resistance gene
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Table 1: List of resistant genes identified for bacterial leaf blight (BLB) resistance

 

Gene identified Resistance source Origin Reference 
Xa1 Temperate japonica Japan Sakaguchi (1967); Yoshimura . (1998) 
Xa2 indica Vietnam Kurata and Yamazaki (2006) 
Xa3 japonica Japan Sun . (2006); Xiang . (2006) 
Xa4 indica India Wang . (2001) 
xa5 aus Bangladesh (Petpisit . (1977) 
Xa6/Xa3 – USA Sidhu . (1978) 
Xa7 aus Bangladesh Sidhu . (1978); Lee and Khush (2000) 
Xa8   USA Sidhu . (1978); Singh . (2002) 
Xa9 – Laos Singh . (1983); Ogawa . (1988) 
Xa10   Senegal Yoshimura . (1983); Kurata and Yamazaki (2006) 
Xa11 indica Philippines Kurata and Yamazaki (2006) 
Xa12 japonica Japan Ogawa (1987) 
xa13 – India Ogawa . (1988); Kurata and Yamazaki (2006) 
Xa14 japonica Taiwan Sidhu . (1978); Kurata and Yamazaki (2006) 
Xa15 – – Nakai . (1988); Ogawa (1996) 
Xa16 indica Vietnam Kurata and Yamazaki (2006) 
Xa17 japonica South Korea Kurata and Yamazaki (2006) 
Xa18 indica, japonica Philippines, Japan Liu . (2004); Kurata and Yamazaki (2006) 
Xa19 – – Taura . (1992); Kurata and Yamazaki (2006) 
Xa20 – – Taura . (1992); Kurata and Yamazaki (2006) 
Xa21 Wild spps of Oryza Africa, Mali Song . (1995) 
Xa22(t) – China Sun . (2004); Kurata and Yamazaki (2006) 
Xa23 Wild spps of Oryza China/Cambodia Zhang . (1998), (2001) 
Xa24 – Bangladesh Khush and Angeles (1999) 
Xa25(t) indica China Liu . (2011) 
Xa26(t) indica China Lee . (2003) 
Xa27(t) Wild spps of Oryza Philippines Lee . (2003); Gu . (2004), (2005) 
Xa28(t) indica Bangladesh Lee . (2003) 
Xa29(t) Wild spps of Oryza – Tan . (2004) 
Xa30(t) Wild spps of Oryza India Cheema . (2008) 
Xa31(t) japonica China Wang . (2009) 
Xa32(t) Wild spps of Oryza – Ruan . (2008); Zheng . (2009) 
Xa33 Wild spps of Oryza – Natrajkumar . (2012) 
Xa33(t) – Thailand Korinsak . (2009) 
Xa34(t) indica Sri Lanka Chen . (2011) 
Xa35(t) Wild spps of Oryza Philippines Guo . (2010) 
Xa36(t) – China Miao . (2010) 
Xa38 Wild spps of Oryza – Bhasin . (2012) 

MATERIALS AND METHOD
Three varieties viz. Ranjit, TTB 404 and improved

Samba Mahsuri were selected to see their resistance ability
against BLB pathogen. The varieties were transplanted
during Kharif 2014 at RARS, Titabar, AAU. At the age of
maximum tillering and booting stage, the plants were
inoculated with Xoo. following clip method (Plate 2).

Leaf samples of these varieties were taken for DNA
extraction and PCR analysis.

DNA extraction
Total genomic DNA was isolated from the leaves of the

three rice varieties; Ranjit, TTB 404 and improved Samba
Mahsuri using the DNA isolation protocol suggested by
Zheng et al. Healthy rice leaf sample was collected and
ground in 1ml of extraction buffer (50mM TrisHCl pH 8.0,
25mM EDTA pH 8.0, 300mM NaCl, 1% SDS). The tissue was
ground until the buffer turned dark green and transferred
into a 2ml centrifuge tube. The tube was then kept in a water
bath at 65ºC for about an hour. The supernatant was collected
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after centrifugation at 10,000 rpm and equal volume of
chloroform:isoamyl alcohol (24:1) was added,
mixed well. After centrifugation at 10,000 rpm, the
upper aqueous layer was carefully collected and to this
double the volume of chilled absolute ethanol was added.
The precipitated DNA was collected after centrifugation at
10,000 rpm and the DNA pellet was allowed to dry. 50µl of
TE buffer (10mM TrisHCl pH 8.0 and 1mM EDTA pH 8.0)
was added to dissolve the DNA and stored at -20ºC for
further use.

PCR amplification
The PCR mixture contained 50ng of template DNA, 5

picomoles of each primer, 0.05mM dNTPs, 1X PCR buffer
and 1U Taq DNA polymerase in a reaction volume of 20µl.
Template DNA was initially denatured at 94ºC for 5 min
followed by 35 cycles of PCR amplification with the following
parameters : 1 min denaturation at 94ºC, 1min annealing at
55ºC and 1 min primer extension at 72ºC. A final extension
was done at 72ºC for 5 min. The amplified products were
resolved at 1.5 per cent agarose gel electrophoretically and
visualized under UV.

RESULT AND DISCUSSION
Improved Sambha Mahsuri exhibited resistance to BLB,

whereas Ranjit and Shraboni showed high susceptibility to

Table 2: BLB resistance genes, their chromosome location, linked marker and primer pairs.

Gene Chromosome Linked marker Primer pair Reference 

Xa1 4 16PFXa1/EcoRV -
SNP 

F:ACGGTTCTGAAGGTCGTCAT 
R:TGCAAGAGCTCCGGTTTAGG 

Shin et al.(2006), 
Shin et al. (2007) 

Xa4 4 
MP-STS 

MP1:ATCGATCGATCTTCACGAGG 
MP2:TCGTATAAAAGGCATTCGGG 

Ma et al. (1999) 

RM144 
F: TGCCCTGGCGCAAATTTGATCC 
R:GCTAGAGGAGATCAGATGGTAGTGCATG 

Yoshimura et al.(1992) 

xa5 5 
RG556/DraI -SNP 

F:TAGCTGCTGCCGTGCTGCGC, 
R:AATATTTCAGTGTGCATCTC 

Huang et al. (1997), 
Yoshimura et al.(1995) 

RM122 - SSR 
F:GAGTCGATGTAATGTCATCAGTGC, 
R:GAAGGAGGTATCGCTTTGTTGGAC 

Chen et al. (1997) 
Ullah et al. (2012) 

Xa7 6 M5- STS 
F:CGATCTTACTGGCTCTGCAACTCTGT 
R:GCATGTCTGTGTCGATTCGTCCGTACGA 

Porter et al. (2003) 
Zhang et al. (2009) 

xa13 8 
RG136 / HinfI - SNP 

F:CCCAGAAAGCTACTACAGC, 
R:GCAGACTCCAGTTTGACTTC 

Zhang et al. (1996), 
Huang et al. (1997) 

xa13 
F: GGCCATGGCTCAGTGTTTAT 
R: CAGCTCCAGCTCTCCAAATG 

 

Xa21 11 
pTa248- STS 

F:AGACGCGGAAGGGTGGTTTCCCGGA, 
R:AGACGCGGTAATCGAAAGATGAAA 

Ronald et al. (1992),  
Huang et al. (1997) 

RM206 
            F: CCATGCGTTTAACTATTCT 
R: CGTTCCATCGATCCGTATGG 

Temnykh et al. (2001) 

 

Plate 2a: Inoculated plant
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Plate2b: Improved Samba Mahsuri (Resistant) Plate2c: Ranjit (Susceptible)

BLB. This may be due to the presence of three BLB resistance
genes –xa5, xa13 and Xa21 in Improved Sambha Mahsuri.

Polymorphism in the PCR products was detected after
electrophoresis. The PCR marker linked to xa13 and Xa21
did not detect any banding pattern of resistance as ISM in
both Ranjit and TTB 404 and these two varieties do not have
the resistance genes xa13 and Xa21 (Fig 1: lane 2-10).
Amplification of genomic DNA of both Ranjit and TTB 404
using marker linked to xa5 showed the same banding pattern
as ISM conferring the presence of xa5 resistant gene in both
the rice varieties (Fig 1 lane 11, 12, 13). However, only the
presence of xa5 is not sufficient to confer resistance to the
pathover available at Titabar, Assam. Therefore, it is essential
to introgress more number of resistance gene in the popular
rice variety of  Assam, Ranjit and Shraboni to combat BLB.

Earlier, after electrophoresis of the PCR products
amplified using the markers xa13 and pTA248 in the agarose
gel, some non-specific bands were observed along with the

DNA bands (Fig2). To overcome this, the PCR temperature
profiles, annealing time and number of PCR cycles were
changed for both the markers. In case of xa13 the annealing
time was reduced from 1min to 30 secs and the number of
PCR cycles was reduced to 30. The gel image showed clear
DNA bands and no non-specific bands were observed (Fig3).
Hence, this profile was considered to be best suited for xa13.
Similarly, the gel image for pTA248 showed similar non-
specific bands (Fig4). To reduce these bands, the annealing
time was reduced to 30 secs, the annealing temperature was
raised to 58ºC and number of PCR cycles reduced to 30 cycles.
With this PCR profile, no non-specific band for pTA248 was
observed and a clear image was recorded making it suitable
to get the best result (Fig5).

Therefore, to confirm the presence of xa5 in Ranjit and
Shraboni along with improved Samba Mahsuri, we
considered a highly susceptible rice variety, TN1 as the
negative control. From the gel picture it clearly indicated the
presence of xa5 in the three varieties.

In Assam the prevalent pathotypes of X. oryzae pv oryzae
are III, V, VIII, IX. As reported earlier, the presence of Xa4
gene shows susceptible reaction against pathotype III & IX
and moderately resistant reaction against pathotype V &
VIII. xa5 gene gives susceptible reaction against pathotype
III, moderately resistant reaction against pathotype V and
complete resistance against pathotype VIII & IX. Presence of
xa13 gene gives complete resistance against pathotype III &
V and susceptible reaction against pathotype VIII & IX. The
Xa21 gene gives moderately resistant reaction against
pathotype III & IX and complete resistance against pathotype
V & VIII.

Plate 2b-2c: Showing symptom of BLB after 7 days of inoculation

Fig 1: PCR products of Ranjit ( R ), TTB 404 and Improved Samba
Mahsuri ( ISM ) using the different markers for xa13
(xa13)(lane 2, 3, 4), Xa21 (pTa248)( lane 5, 6, 7), Xa4 (Npb
18) (lane 8, 9, 10)  and xa5 (RM122) (lane 11, 12, 13). Lane 1
and 14 showing 100 bp molecular weight marker.

Bacterial Leaf Blight (BLB) resistance and its Introgression in rice varieties - Ranjit and Shraboni
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The study confirmed the presence of xa5 gene in the
popular varieties Ranjit and Shraboni. However, even after
the presence of xa5 resistant gene which confers resistance
against pathotype V & VIII, these varieties were found to be
susceptible to BLB infection which means the prevalent
pathotype is pathotype III and xa5 alone is not sufficient to
confer complete resistance against the prevalent pathotype
of Assam. Therefore, for complete resistance against the
prevalent BLB pathotype, a combination of BLB resistance
genes, xa13 and Xa 21 along with xa5 has to be introgressed.
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Genes Pathotype III Pathotype V Pathotype VIII Pathotype IX 
Xa4 S R, M R,M S 
xa5 S R, M R R 
xa13 R R S S 
Xa21 R, M R R R, M 

 

Table:  Reaction of BLB resistance genes against the prevalent pathotypes of Assam, (Mishra et al, 2013)
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Evaluation of nutritional values in biscuits and cookies
developed using partially defatted peanut flour
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ABSTRACT

Evaluation of sweet biscuits, salty biscuits and cookies prepared by incorporating partially defatted peanut
flour for sensory attributes using eight point hedonic rating scale and nutritional composition of the products by using
standard methods revealed that sweet biscuits and cookies supplemented with 10 per cent and salty biscuits with 15
per cent of partially defatted peanut flour showed overall acceptability at 7.74, 7.74 and 7.88, respectively. The value
added products continued high protein, iron and calcium content.

Key words: Biscuits, Cookies, Nutritional composition, Partially defatted peanut flour, Sensory evaluation,

Biscuits, as convenient foods, are very popular in every
age group of rural and urban populations of India.  The
reasons behind its wide popularity are its low cost among
other processed foods, varied taste, easy availability and the
longer shelf life (Gandhi et al., 2001). Biscuits are prepared
from wheat flour with moderate levels of fat and sugar and
can be nutritionally enriched by the addition of protein rich
flours like partially defatted peanut flour. Peanuts are usually
processed for oil and the residual meal is used either as
animal feed or as fertilizers. Peanut meal, a by-product left
after oil extraction which is rich in protein, when dried and
ground in a flour form can be added to various daily
consumed foods (Zhao et al., 2011). This has been
incorporated in various food products like biscuits,
noodles and extruded snacks (Purohit and Rajyalakshmi,
2011). Study has shown that the peanut flour which
is most commonly used for fortification contains a good
amount  of protein, ranging between 47.0 - 55.0% (Walters
1982) .

Peanut flour blends well with cereal flour to
yield products with excellent flavour, texture and colour.
It is made from crushed, partly defatted peanuts and
is very low in saturated fat and cholesterol. It is also a
significant source of dietary fibre, thiamin, folate, potassium
and zinc, and a very good source of protein, niacin,
magnesium, phosphorus, copper and manganese (Fekria et
al., 2012).

Keeping this in view, the sweet biscuits, salty
biscuits and cookies developed by using partially defatted
peanut flour were evaluated for their nutritional and health
benefits.

MATERIAL AND METHODS
The products were prepared using raw ingredients

such as peanuts,  refined wheat flour, whole wheat flour,
sugar and fat procured from local market of Ludhiana,
Punjab, India. To prepare partially defatted peanut flour,
peanuts were de-shelled, roasted, de-skinned and oil was
extracted, peanut meal cake then dried and powdered as per
following flow chart (Fig. 1).

Fig.1. Preparation of peanut flour
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Biscuits (sweet biscuits, salty biscuits and cookies) were
prepared in the Food Laboratory of Department of Food and
Nutrition, College of Home Science PAU using standardized
recipe with the supplementation of partially defatted peanut
flour at different levels (10% and 15%). The ingradients used
are detailed in Table 1.

Sensory evaluation of products, carried out under
controlled envirnment was done by an expert panel of 10
judges recruited from the Department of Food and Nutrition,
College of Home Science, Punjab Agricultural University,
Ludhiana. The developed products were assessed for
sensory attributes like colour, appearance, flavour, texture,
taste and overall acceptability by using eight point hedonic
rating scale.

The developed products were nutritionally evaluated
for their moisture, protein, fat, fibre, ash, carbohydrate,
energy, iron, calcium (AOAC 2000), phytate (Haug and
Lantzsch, 1983) and oxalate (Abeza et al.,1968) contents. The
data on all the parameters of developed value added baked
products were analyzed statistically. The mean, standard
error, t-test and their statistical significance was ascertained
using a computer programme package.

RESULT AND DISCUSSION
Sweet biscuits, salty biscuits and cookies were

acceptable at 10, 15 and 10 per cent level of peanut flour,
respectively. The overall acceptability after sensory
evaluation of the products was found to be 7.74, 7.88 and
7.74, respectively.

The acceptable products along with their respective
control samples evaluated nutritionally for their proximate,
mineral and anti-nutritional content, revealed a significant
increase in the protein and fibre content in all the products
(Table 2).

Incorporation of 10.0 per cent peanut flour in sweet
biscuits increased the crude protein from 6.11 per cent in
control to 7.92 per cent in test sample. The crude fibre content
of the test biscuits was significantly higher i.e. 1.17 per cent
against 0.67 per cent in the control. The fat content of test
biscuits was 29.18 per cent against 28.76 per cent in the
control. The value of ash in test sample was 1.35 per cent
against 1.17 per cent in the control. The test sample of biscuits
had 52.05 per cent of carbohydrates against 61.69 per cent in
the control.

In case of salty biscuits  the protein content of the
accepted level was found to be higher (8.46%) and (5.53%)
than the control. The fat content increased slightly in case of
acceptable level as compared to control being 24.7 per cent
and 24.5 per cent, respectively. Incorporation of peanut flour
showed significant increase in fibre from 0.39 per cent in
control to 1.38 per cent for acceptable level. The ash content
of biscuits ranged from 1.5 per cent in control to 1.61 per cent
with 15.0 per cent treatment. The carbohydrate content in
the control and the S3 treatment were 66.77 and 62.18 per
cent, respectively. The energy content in control was 514.43
Kcal while in this and that of aceeptable treatment  it was
508.2 Kcal per 100 g, respectively. Farzana et al (2003)
reported lower moisture i.e. 0.1 per cent, protein as 7.2 per
cent, fat as 32.5 per cent, ash 2.4 per cent and 524 Kcal 100
g-1 energy in wheat flour salty biscuits.

It was observed that cookies incorporated with 10.0
per cent partially defatted peanut flour had 12.47 per cent
moisture content against 13.09 per cent in the control. The
difference was statistically significant. The protein content
ranged from 4.71 per cent in control to 6.21 per cent with
10.0 per cent partially defatted  flour added biscuits with
significant differences. The fat content in cookies was found
to be 28.51 per cent for acceptable treatment and 26.86 per

Table 1. Ingradients used in different biscuits
Ingredients Quantity (g) of ingredients used in different type of biscuits 

Sweet Salty Cookies 
Wheat flour refined  - 85 90 
Wheat flour 90 - - 
Peanut flour 10 15 10 
Sugar 50 20 50 
Fat (dalda) 60 50 60 
Baking Powder a pinch 1/2 tsp 1/3 tsp 
Baking Soda (Sodium bicarbonate ) a pinch - 1/3 tsp 
Ammonium bicarbonate a pinch - - 
Milk 10 ml - 5 ml 
Salt - 1/2 tsp - 
Ajwain/Cumin seeds - 1/2 tsp - 
Water - 10 ml - 
 

Evaluation of nutritional values in biscuits and cookies developed using partially defatted peanut flour
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Table 2. Proximate composition of developed products (on dry weight basis)

Table 3. Mineral content of different value added products (dry weight basis) (mg 100g-1)

cent for control. The crude fibre content in control sample
was 0.12 per cent against 0.6 per cent in the test sample. The
ash content in the 10.0 per cent treatment was 1.48 per cent
against 1.34 per cent in the control. The carbohydrate content
in control was 66.25 per cent followed by 62.87 per cent in
S2. The energy content ranged from 534.33 Kcal 100g-1 for S2
to 530.9 100g-1 for control.

Mineral composition
The iron content in the developed products are

presented in Table 3. The total iron content in the acceptable
sample ranged from 1.27 mg 100g-1 in cookies to 1.77 mg

100g-1 in sweet biscuits at 10.0 per cent level of peanut flour
supplementation. With addition of partially defatted peanut
flour at 15.0 per cent level, the iron content in salty biscuits
increased from 1.56 to 1.66 mg 100 g-1. Less increase in the
iron content may be attributed to less iron content in the
peanut flour.

The results on calcium contents in the developed
products are shown in Table 3. This was highest in sweet
biscuits (30.66 mg 100g -1) than in other products.
Supplementation of sweet biscuits and cookies with 10.0
per cent partially defatted peanut flour showed an increase

Treatments Per cent levels of Energy 
(Kcal)  Moisture Protein Fat Fibre Ash CHO 

   Sweet biscuits      
Control  8.58±0.33  6.11±0.11  28.76±0.70  0.67±0.07  1.17±0.10  61.69  537.3  
Accepted  8.13±0.05  7.92±0.70  29.18±0.66  1.17±0.10  1.35±0.29  52.05  531.33  
t-value  NS  4.37*  NS  6.69**  NS    
   Salty biscuits      
Control  13.76±0.4  5.53±0.15  24.55±0.47  0.39±0.43  1.5±0.4  66.77  514.43  
Accepted  12.98±0.07  8.46±1.13  24.73±0.28  1.38±0.19  1.61±0.01  62.18  508.2  
t-value  3.28*  4.42*  NS  3.58*  NS    
   Cookies      
Control  13.09±0.34  4.71±0.10  26.86±0.80  0.12±0.01  1.34±0.40  66.25  530.9  
Accepted  12.47±0.44  6.21±0.14  28.51±0.87  0.60±0.11  1.48±0.28  62.87  534.33  

t-value  NS  14.50**  NS  7.52**  NS    
 

Treatments  Calcium  Iron  

 Sweet biscuits   
Control  29.51±0.52  1.64±0.11  
Accepted  30.66±0.57  1.77±0.17  
t-value  NS  NS  
 Salty biscuits   
Control  10.23±0.32  1.56±0.35  
Accepted  14.28±0.53  1.66±0.34  
t-value  11.27**  NS  
 Cookies   
Control  12.60±0.25  1.16±0.13  
Accepted  15.3±0.36  1.27±0.11  
t-value  10.53**  NS  
 *   Significant at 5% level

** Significant at 1% level



Journal of Eco-friendly Agriculture 11(2) 2016 173

in calcium content as 29.51 and 12.60, in control to 30.66
and 15.3 mg 100g-1, respectively. Calcium content in salty
biscuits was 14.28 mg 100g-1.

Anti-nutritional composition
Anti-nutritional contents in different products was also

studied. The phytate content was found to be maximum in
sweet biscuits (50.03 mg 100g-1) which was significantly
lower than the respective control sample (65.03 mg 100g-1 ).
Oxalate content in the products (Table 4) was observed to be
nil except for the sweet biscuits (1.50 mg 100g-1).

Conclusively, there was significant enhancement in the
nutritive composition of the developed products in terms of
protein, fibre, calcium and iron.

All the products were acceptable at 10.0-15.0 per cent
level of supplementation with partially defatted peanut flour.
The developed products with supplementation were
comparable to their respective control samples in terms of
proximate analysis except for protein, fiber and the calcium
content which significantly increased in all the products.
Salty biscuits supplemented with peanuts flour at 15.0 per
cent level showed maximum protein content (8.46%) followed
by sweet biscuits with 7.92 per cent. Maximum fibre and ash
content was found in salty biscuits with 15.0 per cent peanut
flour i.e. 1.38 g 100g-1 and 1.61 mg 100g-1, respectively on dry
weight basis. The highest energy content was found in cookies
as 534.33 Kcal 100g-1. The calcium content of all the products
increased on addition of peanut flour. Maximum calcium
content was found in sweet biscuits (10% peanut flour) as

30.66 mg 100g-1 followed by cookies as 15.3 mg 100g-1. The
study thus concludes that the value added baked products
using peanut flour improve nutritional status and health
values of different biscuits used by the community.

Keeping in view the nutritional value of peanut flour,
bakery industries were recomended to incorporate it in their
products.
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Accepted  50.03±0.37  1.50±0.11  
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ABSTRACT

The impact of nutrition counseling on the blood glucose and lipid profile of gestational diabetics studied with
sixty gestational diabetics divided into experimental (E) and control (C) groups between the age group of 20-40 years,
selected from Dayanand Medical College and Hospital and other local hospitals of Ludhiana, showed significant
improvement in food habits, physical exercise and dietary pattern in group E. Significant decrease in fasting blood
glucose (150 to 100.6 mg/dl), postprandial blood glucose (190 to 150.7 mg/dl), total triglycerides (147.1 to 134.7
mg/dl), total cholesterol (192.5 to 176 mg/dl), LDL-C (114.4 to 92.9 mg/dl) and VLDL-C (29.4 to 26.9 mg/dl) and
increase in the level of HDL-C (48.7 to 56.2 mg/dl) in group E was recorded. This resulted into significant improvement
in the blood glucose levels and lipid profile of the gestational diabetics.

Keywords : Gestational diabetes, blood glucose, lipid profile, nutrition counseling.

Gestational diabetes is a type of diabetes that affects
women during pregnancy. In this, women without
previously diagnosed diabetes exhibit high blood glucose
levels during pregnancy. Normally the amount of glucose in
the blood is controlled by a hormone called insulin.
However, during pregnancy, some women develop higher
than normal levels of glucose in their blood, which insulin
can’t bring under control. It is usually diagnosed
during routine screening. It often does not cause any
symptoms at all.  However, high blood glucose
(hyperglycemia) can cause some symptoms, including
excessive thirst (Polydipsia), excessive appetite
(Polyphagia), increased urine production (Polyuria), having
a dry mouth, feeling extremely tired, weight loss, impaired
vision, poor wound healing. During pregnancy, body
produces a number of hormones (chemicals), such as
oestrogen, progesterone, and human placental
lactogen. These hormones make body insulinresistant,
which means cells respond less well to insulin leading to
high level of glucose in the blood. The purpose of this
hormonal effect is to allow the extra glucose and nutrients in
the blood to pass to the foetus (unborn baby) so that it can
grow. In order to cope with the increased amount of glucose
in the blood, the body should produce more insulin. However,
some women cannot produce enough insulin during
pregnancy to transport the glucose into the cells, or their
body cells are more resistant to insulin. This is known as
gestational diabetes.

Gestational diabetes mellitus (GDM) indicates
increased risk for diabetes and the metabolic syndrome in

women. Overweight (body mass index e” 25 kg/m2) is a
strong risk factor for GDM (Pirkola 2010). Maternal nutrition
is an important determinant of the course and outcome of
pregnancy and seventy five per cent of the foetal growth is
related to maternal nutritional status. Dietary fibre offers
manifold health benefits particularly to diabetics by lowering
blood sugar levels, reducing insulin requirements, improving
glycemic control and lowering serum cholesterol and
triglycerides values in diabetic individuals (Pallavi et al.,
2000, Kavitha et al., 2001). Keeping in view the importance of
nutrition counseling in the management of gestational
diabetes, the present study on impact of nutrition counseling
on the blood glucose and lipid profile of gestational diabetics
was desinged.

MATERIALS AND METHODS
A sample of 60 patients suffering from gestational

diabetes in the age group of 20-40 years were selected from
Dayanand Medical College & Hospital and other local
hospitals of Ludhiana city and were equally divided into
two groups viz. Experimental (E) and Control (C). Nutrition
counseling was imparted to group E, while group C was not
be given any nutrition counseling. Nutrition counseling was
imparted for the period of 3 months at every 15 days interval
regarding gestational diabetes, its signs & symptoms, causes,
risk factors, complications, management, dietary
management and importance of exercise. Booklet containing
all the above mentioned information were distributed among
all the subjects. Special emphasis was given to make them
aware of balanced diet, increased consumption of fibrous
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foods like fruits with peels, vegetables, whole grains and
pulses and increased physical activity. Fasting and
postprandial blood glucose was calculated by the method
given by Trinder (1969). Serum total cholesterol was
calculated on the basis of the method given by Richmond
(1973), HDL-C by Lopes-Virella et al (1997), LDL-C by
Friedwald’s equation (1972) and serum triglycerides by
Fossati and Principle (1982).

RESULTS AND DISCUSSION

Socio economic profile
Socio economic profile of the subjects revealed that 70.0

and 83.3 per cent of the subjects were in the age group of 20-
30 years, while 30 and 16.7 per cent of the subjects were in
the age group of 31-40 years in group E and C, respectively.
It was found that majority of subjects i.e. 56.6 per cent were
of hindus, 36.7 per cent sikhs while 6.7 per cent were of
muslims in group E. The subjects from hindu, sikh and
muslim in group C were 43.3, 53.3 and 3.4 per cent,
respectively. It was observed that 10.0 per cent of the subjects
in group E had studied up to high school and none in group
C, 13.3 per cent of the subjects had studied up to higher
secondary, 36.7 per cent were graduate and 40.0 and 50.0
per cent were post graduate in group E and C, respectively.
Majority of subjects i.e. 83.3 and 76.7 per cent belonged to
joint families in group E and C, respectively. Percentage of
subjects who belonged to nuclear families was 16.7 and 23.3
per cent in group E and C, respectively. Further, it was found
that 16.7 and 23.3 per cent of the subjects belonged to families
having 2-4 members and 66.6 while 66.7 per cent were in the
category of 4-8 members in group E and C, respectively. Rest

of the subjects i.e. 16.7 and 10.0 per cent had above eight
members in their families in group E and C, respectively.
The monthly income of subjects ranged from  21,000 –  90,000
per month. It was observed that 60.0 and 60.0 per cent of
subjects had monthly income of   21,000 -  50,000 and 30.0
and 40.0 per cent had monthly income between  51,000-
80,000 in group E and C, respectively and 10 per cent of the
subjects had monthly income of >  80,000 in group E and
none in group C. It was observed that majority of the subjects
i.e. 60.0 per cent had per capita income of  5000 -  10,000, 30
per cent had per capita income of  20,000 -  30,000 and 10 per
cent had per capita income of >  30,000 in group E and C,
respectively.

Family history of the subjects
Majority of the subjects i.e. 93.3 and 90.0 per cent had

family history of diabetes, only 6.7 and 10.0 per cent of the
subjects had no family history of diabetes in group E and C,
respectively. 42.9 and 37.0 per cent of the subject mothers
were suffering diabeties, whereas none of the subject and
14.81 per cent of the subject fathers were diabeties in group E
and C, respectively. 21.4 and 25.9 per cent of subject
grandparents, 14.3 and 11.1 per cent of mother-in-laws,
whereas 3.57 per cent of their father-in-laws were diabeties
in group E and none in group C. 17.9 and 11.1 per cent of
subject grandparents-in-law suffered from diabetes. The data
revealed that 66.7 and 73.3 per cent and 33.3 and 26.7 per
cent of the subjects were diagnosed during 5th and 6th month
in group E and C categories, respectively. All the patients
were on diet control i.e. none of patient was taking any
medicine for gestational diabetes.

Table 1. Physical exercise pattern of the subjects

Figures in parenthesis indicate per centage n = number of subjects in each group

Particulars Group E (n=30) Group C (n=30) 

Before After Before After 

Physical exercise 
Yes 
No 

 
11 (36.7) 
19 (63.3) 

 
27 (90) 
3 (10) 

 
12 (40) 
18 (60) 

 
15 (50) 
15 (50) 

Type of exercise 
Walking 
Yoga 

 
10 (90.9) 

      1 (9.1) 

 
26 (96.3) 

1 (3.7) 

 
10 (83.3) 
2(16.7) 

 
13 (86.7) 
2(13.3) 

Frequency of exercise (min.) 
10-20 
20-30 
>30 

 
7 (63.6) 
3 (27.3) 
1(9.1) 

 
6 (22.2) 

18 (66.7) 
3 (11.1) 

 
  9 (75) 
 3 (22) 

- 

 
10 (66.7) 
5 (33.3) 

         - 
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Frequency of food consumption pattern of the subjects
In the frequency of food consumption pattern of the

subjects, it was seen that majority of the subjects in group E
and C (90.0%) consumed cereals at least thrice a day
while10.0 per cent at least twice a day. After nutrition
counseling the consumption of cereals increased
significantly (Pd”0.01) by the subjects in group E. The per
centage of subjects consuming of pulses/legumes twice a
day was 6.7 and 10.0 per cent, once a day was 50.0 and 60.0
per cent respectively before nutrition counseling in group E
and C respectively. After nutrition counseling the
corresponding figures were 13.3 per cent twice a day and
80.0 per cent once a day in group E.  It was seen that there
was a significant increase in the consumption frequency of
green leafy vegetables and decrease in roots and tubers by
the subjects of group E. After nutrition counseling the
consumption frequency of fruits and milk and milk products
were significantly increased by the subjects in group E i.e.
97.7 and 98.1 per cent, respectively. A significant decrease
in the consumption frequency of fats and oils and sugar and
jaggery by the subjects of group E was observed.

Physical exercise pattern of the subjects
Table 1 shows that majority of the subjects in group E

and C.  (63.3 and 60.0%) were not doing any kind of exercise.
Only 36.7 and 40.0 per cent of subjects were doing some
kind of exercise before nutrition counseling in group E and

C, respectively. After nutrition counseling 90.0 and 50.0 per
cent of the subjects started doing exercise in group E and C
respectively. 90.9 and 83.3 per cent of the subjects were
engaged in light walk and only 9.1 and 16.7 per cent of the
subjects were doing yoga before nutrition counseling in group
E and C. It was observed that 96.3 and 86.7 per cent of the
subjects were engaged in light walk  while 3.7 and 13.3 per
cent of the subjects were doing yoga after nutrition
counseling. It was also seen that 63.6 and 75.0 per cent
subjects were doing exercise for 10-20 min, 27.3 and 25 per
cent were doing exercise for 20-30 min in group E and C
respectively. Only 9.1 per cent in group E and none of the
subject in group C were doing exercise for more than 30 min
before nutrition counseling. After nutrition counseling 22.2
per cent of the subjects were doing exercise for 10-20 min,
66.7 per cent of the subjects were doing for 20-30 min and
11.1 per cent of the subjects were doing exercise for more
than 30 min in group E. Colberg (2013) reported that regular
exercise participation likely reduces the risk of pregnancy
complications, such as preeclampsia and GDM, and shortens
the duration of active labor.

Fasting and post prandial blood glucose level of the subjects
The present data (Table 2) revealed that the mean

values of fasting blood glucose were 150±8.8 and 150±8.5
mg/dl and 100.6±5.9 and 140.1±8.1 mg/dl in group E and C
before and after nutrition counseling, respectively, mean

Table 2. Fasting and post prandial blood glucose level of the subjects before and after nutrition counseling

*: Significant at 1% **: Significant at 5% #: Raghuram et al (2012)

Blood 
glucose               
(mg/dl) 

                          Group E (n=30)                          Group C (n=30)                                       Normal  range 
#  
     (mg/dl)         

Before After Paired t-test     Before After Paired t-test            

Fasting 150±8.8 100.6±5.9 25.06* 
22.35* 

150±8.5 140.1±8.1      11.81**                      
      6.65**                      

     70-110 
Postprandial 190±6 150.7±9.9 200±6.1 180.3±5.4     120-140 
 

Table 3. Serum lipid profile of the subjects before and after nutrition counseling (Mean ±SE)

 NS: Non significant *: Significant at 1% **: Significant at 5% #: Ghafoorunissa and Krishnaswamy (2007)

Serum lipid  
profile 
(mg/dl) 

Group E (n=30) Group C (n=30) Normal 
range # 
(mg/dl) 

Before After Paired t-
value 

Before After Paired t-value 

Total 
triglycerides 

147.1±5.6 134.7±7.8 7.83* 148.2±6.7    145.2±5.6 0.42NS < 150 

Total 
cholesterol 

192.5±5.1 176±6.2         8.52** 193.9±6.6            190.9±6.2 1.83 NS < 200 

HDL-C 48.7±5.1 56.2±3.9         8.96**       47.3±5 49.9±4.9 0.75NS         > 75 
LDL-C  114.4±5.1 92.9±4.7  2.21** 117±4.8    112±4.6 0.89NS <130 
VLDL-C 29.4±1.8 26.9±2   4.81** 29.6±1.9 29±1.8 0.97NS  < 30 
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values of post prandial blood glucose were 190±6 and
200±6.1 mg/dl and 150.7±9.9 and 180.3±5.4 mg/dl in group
E and C before and after nutrition counseling, respectively.
The statistically significant (Pd”0.01) decrease was observed
in group E. Study also showed (Table 4) per cent reduction
in fasting blood glucose and postprandial glucose level of
the subjects by 33.3 and 20.7 per cent in the subjects of group
E and whereas 6.6 and 9.9 per cent in the subjects of group C.
In the present study, fasting blood glucose level showed the
positive effect of nutrition counseling and decrease
consistent with decrease the intake of sugar, increase the
intake of salad and increase in physical exercise. Decrease
in fasting blood glucose levels among diabetics after dietary
counseling was reported by Suganthi and Saradha (1991),
Vishwanathan and Mohan (1991).

Lipid profile of the subjects
The data (Table 3) revealed that the mean values of

triglycerides were 147.1±5.6 and 148.2±6.6 mg/dl and
134.7±7.8 and 145.2±5.6 mg/dl in group E and C before and
after nutrition counseling, respectively. Data (Table 2)
showed that after nutrition counseling significant per cent
reduction in total triglycerides was 8.4 in the subjects of
group E whereas non-significant reduction i.e. 2 in the
subjects of group C. The mean values (Table 3) of cholesterol
were 192.5±5.1 and 193.9±6.6 mg/dl and 176±6.2 and

190.9±6.2 mg/dl in group E and C before and after nutrition
counseling, respectively. Data (Table 4) showed that after
nutrition counseling significant per cent reduction in total
cholesterol was 8.6, in the subjects of group E where as non-
significant reduction i.e. 1.5 in the subjects of group C. The
mean values (Table 3) of high density lipoprotein cholesterol
were 48.7±5.1 and 47.3±5 mg/dl and 56.2±3.9 and 49.9±4.9
mg/dl in group E and C before, respectively. Data (Table 2)
showed significant per cent increase in HDL-C 13.3 in group
E whereas non-significant increase group C after nutrition
counseling. The mean values (Table 3) of low density
lipoprotein cholesterol were 114.4±5.1 and 117±4.8 mg/dl
and 92.9±4.7 and 112±4.6 mg/dl in group E and C before
and after nutrition counseling, respectively. Data (Table 2)
showed per cent reduction in LDL-C (18.8) in the subjects of
group E where as non-significant reduction i.e. 4.3 in the
subjects of group C after nutrition counseling. The mean
values (Table 3) of very low density lipoprotein cholesterol
were 29.4±1.8 and 29.6±1.9 mg/dl and 26.9±2 and 29±1.8
mg/dl in group E and C before and after nutrition
counseling, respectively. Data (Table 2) showed that after
nutrition counseling per cent reduction in VLDL-C of the
subjects was 8.5 in the subjects of group E, whereas non-
significant reduction i.e. 2.0 in the subjects of group C. The
data shows that before nutrition counseling, total
triglycerides, total cholesterol, low density lipoprotein

Table 4. Improvement in blood profile of the subjects

Parameters Group E Group C 
Fasting blood glucose 33.3 6.6 
Postprandial blood glucose 20.7 9.9 
Total triglycerides 8.4 2.0 
Total cholesterol 8.6 1.5 
HDL-C 13.3 5.2 
LDL-C 18.8 4.3 
VLDL-C 8.5 2.0 
 

Figures in parenthesis indicate per centages    n = number of subjects in each group

Table 5. Frequency of blood test by the subjects before and after nutrition counseling

Frequency     Group E (n=30) Group C (n=30) 

Before After  Before After 

Daily 2 (6.7) 3(10)  
 

1(3.3) 1(3.3) 

Weekly 5 (16.7)    10 (33.3) 6 (20) 6 (20) 

Fortnightly 
Monthly                              

8 (26.6) 
15 (50) 

  12(40) 
    5 (16.7)  

   8 (26.6) 
  15 (50) 

   8 (26.6) 
  15 (50) 
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cholesterol and very low density lipoprotein cholesterol were
higher and high density lipoprotein cholesterol was less,
but after nutrition counseling results were better. Changes
in blood profile of gestational diabetics are due to changes
in their dietary intake and increase in their physical activity.
Fletcher et al (2014) reported that effective nutrition education
and support can improve blood lipids. Khan et al (2012)
suggested that abnormal glucose levels, glycosylated
hemoglobin, serum cholesterol, and serum triglycerides play
an important role in pathophysiology of gestational diabetes.
Early diagnosis of gestational diabetes will decrease adverse
neonatal and maternal outcomes. Srivastava et al (2007)
reported that nutrition counseling is effective in improving
blood profile.

Frequency of blood glucose testing by the subjects before
and after nutrition counseling

The frequency of blood glucose testing by the subjects
before and after nutrition counseling was studied (Table 5).
It was observed that before nutrition counseling 6.7 and 3.3
per cent of the subjects tested their blood glucose level daily,
16.7 and 20 per cent weekly in group E and C, respectively.
26.6 per cent fortnightly and 50.0 per cent monthly in both
the groups. After nutrition counseling the frequency of blood
glucose testing by the subjects  increased by 10 per cent daily,
33.3 per cent weekly, 40 per cent fortnightly and 16.7 per
cent monthly in group E. In the nutrition counseling session
the subjects were taught about the importance of regular
blood glucose testing for their day to day normal life. Blood
glucose needs to be controlled otherwise it will affect the
feotus as well as mothers health.

The study concluded that nutrition counseling is
effective in improving blood profile by increasing the intake
of balanced diet and physical activity which alter the
interaction between insulin and its receptors and thus
enhances insulin action, improves glycemic control and
reduces the need for insulin. Hence, it can be inferred that
nutrition counseling can be an effective measure for brining
favorable and significant changes in the blood profile of
gestational diabetics.
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ABSTRACT

The prevalence of diabetes is increasing globally and the total number of people with this condition is projected
to rise from 171 million in 2000 to 366 million in 2030. The reports indicate that worldwide prevalence of gestational
diabetes mellitus range from 0.6 to 13.7%. The prevalence in India varies from 3 to 15 per cent. Gestational diabetes
is a type of diabetes that affects women during pregnancy. Pregnant women who were not diabetic before but who
have high blood sugar levels during pregnancy are said to have gestational diabetes (GD). All patients with gestational
diabetes are at significant risk for fetal macrosomia. Gestational diabetes has serious, long-term consequences for
both baby and mother. Women at high risk for gestational diabetes mellitus may be able to prevent it with lifestyle
management during pregnancy. Nutrition counseling is effective in improving blood profile as well as nutrition and
disease related knowledge of subjects by increasing intake of balance diet, antioxidants and physical activity.

KEYWORDS: Gestational diabetes, overweight, macrosomia, antioxidants, physical exercise.

Pregnant women who have never had diabetes before
but who have high blood glucose levels during pregnancy
are said to have gestational diabetes. It starts when the body
is not able to make and use all the insulin it needs for
pregnancy. Without enough insulin, glucose cannot leave
the blood and be changed to energy. In this way, glucose
builds up in the blood to high levels. It is usually diagnosed
during routine screening. It often does not cause any
symptoms at all.  However, high blood glucose
(hyperglycemia) can cause some symptoms, including
excessive thirst (Polydipsia), excessive appetite
(Polyphagia), excessive urination (Polyuria), having a dry
mouth, feeling extremely tired, weight loss, impaired vision,
poor wound healing. Any woman can develop gestational
diabetes, but some women are at greater risk. Risk factors for
gestational diabetes include: family history, gestational
diabetes in previous pregnancy, excess weight before
pregnancy, irregular menstrual cycles, excess of amniotic
fluid in amniotic sac. There are different effects that can harm
and cause further complications to the baby. The baby, for
instance, may grow very large, known as macrosomia which
results from the increased amounts of sugar the baby is
obtaining from the mother’s blood. Babies who are
macrosomic can cause a difficult and dangerous delivery.
Another complication that the baby can develop is
respiratory distress syndrome also known as RDS, or
difficulty by breathing which is usually due to premature
births and underdeveloped lungs. Other complications the
baby could develop include jaundice, nervous system
conditions, weakness, and possible hypoglycemic shock after

birth. The mother can also be affected by gestational diabetes
mellitus (GDM). One common condition that can affect the
mother is polyhyramnios or too much amniotic fluid in the
uterus. Polyhyramnios can cause the uterus to stretch, which
takes up abdominal space and results in difficulty breathing.
Women with GDM can also develop toxemia, means
pregnancy induced hypertension, which may result in high
blood pressure and swelling. Women with GDM may also
develop bladder, kidney, and urinary tract infections (Moses
et al 1997).

The incidence of gestational diabetes mellitus is
increasing all over the world and becoming the problem of
significant importance. The reports indicate that worldwide
prevalence of gestational diabetes mellitus ranged from 0.6
to 13.7 per cent. The prevalence in India varies from 3.0 to
15.0 per cent. Approximately 650,000 women give birth in
England and Wales each year, and 2.0–5.0 per cent of
pregnancies involve women with diabetes.  Approximately
87.5 per cent of pregnancies complicated by diabetes are
estimated to be due to gestational diabetes, with 7.5 per cent
being due to type 1 diabetes and the remaining 5 per cent
being due to type 2 diabetes. The prevalence of type 1 and
type 2 diabetes is increasing. The prevalence of gestational
diabetes mellitus is increasing worldwide especially in
developing countries. In India its prevalence is high and
varies according to geographical areas and diagnostic
methods employed. According to a random national survey
conducted in 2004, the prevalence was 16.55 per cent. In
2008, a hospital based survey showed a combined
prevalence of gestational diabetes mellitus and impaired
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glucose tolerance to be 21.6 per cent. (Sachdev 2011, NICE
2008, Sharmilakrishna et al 2011).

Risk factors of gestational diabetes
All patients with gestational diabetes are at significant

risk for fetal macrosomia. This condition may result in
significant injury to the infant due to difficulty during
delivery, with such morbidities as brachial plexus injury or
bony trauma. The offspring of mothers who experience
fasting and postprandial hyperglycemia are at greater risk
of intrauterine death or neonatal mortality and such mothers
must undergo careful antepartum fetal surveillance (Beard
et al 1985).

Gestational diabetes indicates increased risk for
diabetes and the metabolic syndrome in women. Research
on prenatal exposure to gestational diabetes mellitus as a
risk factor for metabolic diseases is conflicting. Overweight
(body mass index e” 25 kg/m2) is a strong risk factor for
gestational diabetes mellitus and metabolic diseases;
however, there are few published previous studies
distinguishing the separate effects of overweight and
gestational diabetes mellitus on the later risk for metabolic
diseases in women and their children. Gestational diabetes
mellitus is a type of diabetes that presents during pregnancy
and usually disappears shortly after a woman gives birth.
Better recognition of the risk factors of gestational diabetes
mellitus, combined with more universal screening for the
disease in many countries, has led to the increased detection
of gestational diabetes mellitus along with other forms of
pre gestational diabetes. There is growing evidence that
gestational diabetes mellitus significantly increases the risk
of a number of short and long-term adverse consequences
for the fetus and mother, the most significant of which is a
predisposition to the development of metabolic syndrome
and Type 2 diabetes. (Pirkola 2010, Reece et al 2010).

Gestational diabetes mellitus poses an important
public health problem because it not only affects the maternal
and fetal outcome, but these women with their fetuses are
also at an increased risk of developing diabetes and related
complications later in their life. Diabetes during pregnancy
is associated with higher maternal and fetal morbidity and
pregnancy provides an opportunity to the clinician to control
the disease process and inculcate healthy lifestyle practices
in these patients. Findings provide insight into the complex
relationship between maternal diabetes and the later risk of
offspring being large. Indicating an association between
maternal diabetes, pre-pregnancy weight and childhood
weight. (Khurshid et al 2013, Morgan et al 2013).

Complications of gestational diabetes
Gestational diabetes has serious, long-term

consequences for both baby and mother, including a
predisposition to obesity, metabolic syndrome, and diabetes
later in life. Early detection and intervention can greatly
improve outcomes for women with this condition and their
babies. Women with gestational diabetes mellitus and their
offspring are at increased risk of not only adverse pregnancy
outcomes, including macrosomia and cesarean delivery, but
also long-term adverse health outcomes, including the future
development of type 2 diabetes. Therefore, it would be of
considerable interest to prevent gestational diabetes mellitus.
(Reece et al 2010, Ley et al 2011).

In pregnant women with diabetes, careful attention
must be given to avoid both hyperglycemia and starvation
induced ketogenesis because both conditions are associated
with high rates of fetal morbidity. Carbohydrate restriction
improved glycemic control, decreased the insulin
requirement, decreased the incidence of large for gestational
age infants, and decreased cesarean deliveries for
macrosomia. Fetal macrosomia and infant respiratory
distress syndrome, cardiomyopathy, hypoglycemia,
hypocalcemia, hypomagnesemia, polycythemia,
and hyperviscosity all can occur as a result of
maternal hyperglycemia. (Jovanovic 1999, Butte 2000, Jones
2001).

Diabetes mellitus group witnessed more abortion and
pre-term delivery compared to gestational diabetes mellitus
groups. The caesarean section was higher in gestational
diabetes mellitus compared to diabetes mellitus group.
Gestational diabetes mellitus group had better fetal outcome
than diabetes mellitus group, indicating that diabetes
mellitus (type 1, type 2) in pregnancy is a serious condition.
The great advantages of the use of nutritional therapy in the
treatment brings to gestational diabetes mellitus patients the
reduction of maternal complications (preeclampsia,
gestational weight gain excessive, need for cesarean delivery,
insulin therapy, improved metabolic control, shoulder
dystocia) and perinatal complications (macrosomia,
neonatal hypoglycemia, birth weight), showing the
importance of professionals related to nutritional care during
pregnancies considered of low or high risk. (Aburomman et
al 2013, Lima et al 2013).

Management of gestational diabetes
A low–glycemic index diet is effective as a treatment

for individuals with diabetes and has been shown to improve
pregnancy outcomes when used from the first trimester. A
low-glycemic index diet is commonly advised as treatment
for women with gestational diabetes mellitus. Using a low-
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glycemic index diet for women with gestational diabetes
mellitus effectively halved the number needing to use insulin,
with no compromise of obstetric or fetal outcomes. Among
pregnant women with type 1 diabetes, higher fiber intake is
associated with lower daily insulin requirements. Dietary
fiber intake should be considered when counseling patients
about the management of blood glucose concentrations. Heat
cooking methods like baking, roasting and pan roasting; a
usage of minimum possible amounts of water for cooking,
and selection of whole wheat product helps maximum
retention of total dietary fibre and ensures better glycemic
control in diabetic subjects. (Moses et al 2009, Kalkwarf et al
2001, Kavitha et al 2001).

There is a strong association between maternal
nutritional status and the pregnancy outcome. Thus there is
a need to improve the health of adolescent girls in order to
confirm that they do not enter pregnancy in a nutritionally
disadvantaged state. Only then, the pregnancy outcome (i.e.,
birth weight) will be favorable, which is turn will decrease
the overall infant morbidity and mortality. Supplementation
with Gymnema sylvestre leaf powder (3g) in the form of
capsules to diabetic subjects helped in reduction of their
blood glucose, lipid profile and blood pressure. Further it
leads to an improvement in diabetic state and this helps in
retardation of secondary complications. (Kumari et al 2009,
Kuna and Khader 2009).

In those with a family history of type 2 diabetes, higher
vegetable and fruit fiber intakes were associated with
reduced insulin resistance and increased insulin sensitivity
later in pregnancy after similar adjustment. Our results add
to growing knowledge of the importance of nutrition during
pregnancy on the metabolic health of women and emphasize
the need for continued work to determine optimal prenatal
nutritional strategies to prevent gestational diabetes mellitus.
Study investigated the correlation between maternal pre
pregnancy BMI and infant birth weights. Overweight and
obese or morbidly obese women had a negative impact on
birth outcomes to both mother and infant. And they have
increased incidence of gestational diabetes and large for
gestational age (LGA) infants. Development of interventions
to reduce weight before a women becomes pregnant and or
weight management during pregnancy can greatly improve
the overall health of mother and baby. Maternal obesity had
adverse effects on maternal and infant weight. Vitamin D
supplementation in pregnant women with gestational
diabetes mellitus had beneficial effects on glycemia and total
and LDL-cholesterol concentrations but did not affect
inflammation and oxidative stress. (Ley et al 2011, Abraham
et al 2012, Asemi et al 2013).

A)  Role of nutrition counseling
Nutrition counseling is effective in improving blood

profile as well as nutrition and disease related knowledge of
subjects by increasing intake of balance diet and physical
activity. Dietary modification with carbohydrate restriction,
exercise regimes and insulin therapy if required. Although
insulin has been the drug of choice if dietary and exercise
measures are insufficient to maintain normal glucose levels.
There is a need to provide nutrition education to mothers to
increase their awareness and knowledge to inculcate
appropriate dietary practices and to include cheap locally
available nutrient dense food in their daily diet. (Srivastava
et al., 2007, Rowan et al., 2008, Vijayalaxmi and Urooj 2009).

Using a low–glycemic index diet for women with
gestational diabetes mellitus effectively halved the number
needing to use insulin, with no compromise of obstetric or
fetal outcomes. Nutrition education groups have probably
helped to achieve the higher impact of nutrition education
alone and in combination with supplementation. (Moses et
al 2009, Subapriya and Chandrasekhar 2011).

Infants born to women on the low glycaemic index diet
had better outcomes in regards to birth weight. Diet may
play a significant part in the control of diabetes, with
wholegrain carbohydrates and low glycaemic index diets
being helpful. Low glycaemic index diets aim to slow down
the digestion of food, allowing the body to better adjust to
the load of sugar coming in after a meal. It is possible,
therefore, that dietary advice in pregnancy may reduce the
number of women who get gestational diabetes mellitus and
its effects. Low glycaemic index diet suggested that this may
be beneficial to the mother and child. Women on the low
glycaemic index diet were less likely to have a large-for-
gestational-age infant. Dietary treatment/counseling has
long been recommended for women who develop gestational
diabetes mellitus. The quality of dietary carbohydrate and
fat intake may be more relevant to type 2 diabetes risk than is
the total amount of these nutrients. Specific types of
carbohydrates may be protective and specific types of fats
may be risk enhancing. Pregravid consumption of dietary
fiber was significantly and inversely associated with
gestational diabetes mellitus risk. (Tieu et at 2011, Zhang
and Ning 2011).

Gestational diabetes mellitus involves educating the
patient about diet, exercise, blood glucose self-monitoring,
and insulin self-administration. Pharmacists canoptimize
overall care of a gestational diabetes patient by educating,
monitoring, and intervening or assisting the patient in the
management of gestational diabetes. Gestational diabetes
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mellitus women were mainly treated by insulin and meal
plan during their gestational period. (Joy and Sivakumar
2012, Savitha and Mageshwari 2012).

Low glycemic index dietary intervention in early
pregnancy significantly reduced maternal glycemic index;
increased dietary fibre intake; increased intake of wholegrain
breads and cereals and reduced consumption of high energy
beverages, white breads and refined cereals in a group of
women who previously delivered a macrosomic infant.
Those who received low glycemic index dietary advice
gained significantly less weight during pregnancy. Nutrition
education can be used as an effective measure to bring about
favorable and significant changes in the dietary pattern of
adolescents who are future parents and who would be
responsible for bringing nutritious balance diet to their family
members. (Mcgowan et al 2013, Shunmukha and Kowsalya
2013).

The impact of the quality and quantity of carbohydrate
intake on glycaemic control and pregnancy outcome was
evaluated with focus on pregnant women with type
1 diabetes. A lowglycaemic index diet is considered safe,
and has shown, positive effects on the glycaemic control
and pregnancy outcomes for both healthy women, those with
type 2 diabetic and gestational diabetes mellitus. In general,
carbohydrate counting does improve glycaemic control in
type 1 diabetes. A moderately low carbohydrate diet with a
carbohydrate content of 40% of the calories results in better
glycaemic control and comparable obstetric outcomes in type
2 diabetes and gestational diabetes mellitus when compared
to a diet with a higher carbohydrate content, and is regarded
safe in diabetic pregnancy (Roskjaer et al 2014).

B)  Role of antioxidants
Normal human pregnancy is considered a state of

enhanced oxidative stress. In pregnancy, it plays important
roles in embryo development, implantation, placental
development and function, fetal development, and labor.
However, pathologic pregnancies, including gestational
diabetes mellitus, are associated with a heightened level of
oxidative stress, owing to both overproduction of free
radicals and/or a defect in the antioxidant defenses. This
has important implications on the mother, placental
function, and fetal well-being. Increased antioxidant intake
can reduce the complications of gestational diabetes mellitus
in both mother and fetus. This review provides an overview
and updated data on current understanding of the
complications associated with oxidative changes in
gestational diabetes mellitus (Lappas et al 2011).

Gestational diabetes mellitus induces oxidative stress
in the fetus. There was a significant positive correlation
between the levels of serum protein thiol in normal and
gestational diabetes mellitus maternal and cord blood
samples suggesting that excessive free radical production
as seen in gestational diabetes mellitus state could lead to
an adaptive response in terms of protein thiol as a sacrificial
antioxidant. Moreover, a significant positive correlation that
was observed in serum total glutathione-S-transferasc
glutathione-S-transferasc level in gestational diabetes
mellitus (maternal and cord blood) may be to combat the
oxidative stress in such cases (Dey et al.,  2008).

Oxidative stress occurs in gestational diabetes and
antioxidant defense mechanisms are inadequate. Serum
levels of advanced oxidation protein products and
malonyldialdehyde are higher in gestational diabetes
mellitus patients when compared to healthy individuals,
and may be useful markers in gestational diabetes mellitus.
Various antioxidants have been developed for oxidative
stress treatment in diabetes mellitus, including the use of
vitamins and supplements as well as the use of some
components of plants and fresh fruits which have
demonstrated antioxidant effect in diabetes mellitus patients.
In some recent studies, some drugs routinely used in the
treatment of diabetes mellitus also demonstrated antioxidant
effects. (Maitra et al.,  2012, Zatalia and Sanusi 2013).

C)  Role of exercise
Engaging in regular physical activity before pregnancy

frequently has been associated with a reduced risk of
developing gestational diabetes mellitus. A prospective
cohort study among 21765 women in the Nurses’ Health
Study II showed that physical activity before pregnancy is
associated with a risk reduction in gestational diabetes
mellitus, and both intense exercise and moderate activity
(e.g., brisk walking) bestow a similar risk reduction. Even
engaging in leisure time physical activity in advance of
becoming pregnant may reduce glucose intolerance during
the pregnancy. Being physically active during pregnancy
may prevent both gestational diabetes mellitus and possibly
later-onset type 2 diabetes. Women who perform recreational
physical activity during the year before becoming pregnant
experience a reduced risk, but participating in any physical
activity during the first 20 week of pregnancy has been shown
to lead to close to a 50 Per cent risk reduction in gestational
diabetes mellitus. Engaging in physical activity both before
and during pregnancy likely leads to the greatest reduction
in gestational diabetes mellitus risk. Engaging in 30 min of
moderate intensity physical activity on most days of the
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week, reaching a minimal total of 150 min per week, has
been adopted as a recommendation for pregnant women
without medical or obstetrical complications. Health benefits
can be derived from daily sessions lasting 20 to 45 min.
Compared with less vigorous activities, engaging in an
exercise intensity that is at least 60 Per cent of heart rate
reserve during pregnancy, while gradually increasing
physical activity increases energy expenditure, reduces the
risk of gestational diabetes mellitus, and the more vigorous
the exercise, the less total exercise time is required. Prolonged
duration physical activity (i.e., lasting over 60 to 90 min when
done continuously) usually is not recommended for pregnant
women due to heightened concern over possible
hypoglycemia or hyperthermia. (Colberg et al., 2013)

It can be concluded from the research studies that
there were many risks of gestational diabetes and subjects
had to face many complications in pregnancy or in future
life. So nutrition counseling by the dietician must be imparted
to them to live full life despite complication of gestational
diabetes. Antioxidants and physical exercise also play a
great role in the management of gestational diabetes.
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Water management options for rabi rice on deltaic soils
A.Upendra Rao, K M Dakshina Murthy, D Adi Lakshmi T V Sridhar and D Viay
Andhra Pradesh Rice Research Institute, Maruteru,A.P.
Acharya N G Ranga Agricultural University

ABSTRACT

Field experiments conducted for five consecutive  rabi season of 2005-06 to 2009-10 on Godavari Alluvials
(Vertic chromusters) at Andhra Pradesh Rice Research Institute, Maruteru, A.P. with four water management practices
viz., maintaining saturation up to PI ,±2cm thereafter; alternate wetting & drying; continuous saturation and maintaining
submergence ±2cm  up to PI ,±5cm thereafter with a view to develop appropriate water management option for
transplanted rice under water scarce situation revealed that maintenance of saturation up to PI ,±2cm there after
resulted in significantly higher grain yield over AWD and continuous saturation (higher by 14.2 & 9.2%, respectively).
Sustainable yield index, energy output, gross returns N, P & K  uptake at harvest, crude protein content of grain, per
cent hulling, milling and head rice recovery were also higher in maintaining saturation up to PI and ±2cm thereafter.
Water saving was 32.9, 24.7and 12.3 per cent with AWD, continuous saturation and saturation up to PI ,±2cm there
after compared to RWM. The highest water use efficiency was noticed with AWD (6.85 kg/ha-mm)  followed by
continuous saturation . Weed density in RWM was almost half to the AWD and maintenance of continuous saturation.
The net returns as well as return of rupee per rupee invested were higher with RWM. Root volume as well as root
biomass in RWM were significantly higher over AWD and maintaining continuous saturation. Maintaining continuous
saturation throughout crop growth period resulted in higher status of available nitrogen, phosphorus and potassium.

Key words: Rice, water management, yield, returns, root & weed bio mass, water saving.

To meet the food demand of our burgeoning population,
130 million tonnes of rice needs to be produced by 2025 .We
would be required to add annually not less than 2.0 million
tonnes of milled rice to meet the demand. It is therefore a
challenging task to achieve this targeted production
especially from shrinking resource base. Area under rice is
expected to be reduced to about 40.0 million ha in the next
15-20 years and most of this reduction is attributed to water
shortage and rapid urbanization. Water available for rice is
getting scarce year to year due to increased competition from
industrial and urban sectors, besides increased competition
from commercial crops. Rice consumes 64.0 per cent of the
finite fresh water resources in Andhra Pradesh with very
low water use efficiency of 2.45 per cent during 2008-09. The
expenditure towards water alone accounts for 20-30 per cent
of the total variable cost of rice production (Kumar et al.,
2007). Decreased inflows in major delta systems of the state,
particularly Krishna Godavari delta in the recent years is
one of the major concern for the farmers, researchers and
policy makers. Predicted climate changes are likely to further
accentuate the water crisis warrants the need for exploring
of water saving alternatives in rice cultivation. The rabi rice,
which solely depends on canal water as the rainfall from
north-east monsoon is negligible. The conventional irrigation
of submergence of ±2cm up to panicle initiation and
submergence of ±5cm thereafter leads to wastage of water
besides causing environmental degradation and reduced
fertilizer use efficiency (Singh & chinnusamy, 2006).There

are evidences that continuous flooding is not essential for
higher gain yield (Kumar et al., 2006) .Shallow submergence,
maintenance of saturation and intermittent ponding are the
ways to reduce water supply to the dry season rice without
much effect on yield and economics ( Raman and Desai
1997).Therefore, the study to evaluate suitable water
management technique to economize irrigation water in the
cultivation of rice was conducted.

MATERIALS AND METHODS
Field experiments were conducted for five consecutive

rabi season of 2005-06 to 2009-10 on Godavari Alluvials
(Vertic chromusters) at Andhra Pradesh Rice Research
Institute, Maruteru, A.P. India (26.380 N, 84. 440 E and 5 m
above mean sea level). The soil was clay loam having pH
6.9, CEC of 41.5 meq/100g of soil, organic carbon 0.88 per
cent, available nitrogen 297 kg ha-1, available P2O5 38kg ha-

1 and K2O 274kg ha-1 The top 30 cm soil had a bulk density of
1.58 g/cc, field capacity of 28.7 per cent and permanent
wilting of point of 16.5 per cent on an oven dry basis . The
trial was conducted in randomized block design with five
replications and four treatments consisting of T1: saturation
up to PI ,±2cm there after;T2 : alternate wetting & drying up
to formation of half cracks(AWD i.e. irrigated once in seven
days) ; T3: continuous saturation; T4 : maintaining
submergence ±2cm  up to PI ,±5cm there after (recommended
water management- RWM). Thick polythene sheet was
embedded around the bunds of each plot to a depth of 0.5 m
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Table 1: Effect of water management practices on  tillers, dry matter production and yield attributes of rice (pooled data of five
years)

to avoid horizontal seepage. The treatments were imposed
five days after transplanting onwards.  MTU 1010 (120 days
duration) was the test variety, planted 24 days old seedlings
at  a spacing of 15 X 15 cm with 2-3 seedlings per hill. Weeds
were controlled by application of pre emergence herbicide
pretilachlore @ 0.75 kg a.i ha-1 followed by one hand weeding
at 40 days after transplanting . The field was drained before
application of fertilizers and one week before harvest.
Fertilizers were applied as per the treatmental requirement
through Urea, SSP, MOP. Entire P & K and 1/3 recommended
N  was applied as basal, remaining N was applied in two
splits at active tillering and panicle initiation. Zinc sulphate
@ 50 kg ha-1 was applied at the time of last puddling. The
experiments received uniform plant protection and cultural
management practices throughout the period of crop growth.
Data on growth, yield attributes and yield were collected
following standard procedures from 10 randomly marked
hills.  The surface soil samples  up to 15 cm depth before and
after the harvest of the crop were collected and analyzed for
physico-chemical properties following standard procedures.
The quality parameters were assessed as per the procedure
given by Ghosh (1971). Economic parameters like gross

returns, net returns and rupee returned per rupee invested
were worked out treatment –wise taking prevailing market
rates for different inputs and out puts. Energy use efficiency
was calculated as per the procedure given by Panesar and
Bhatnagar(1994). Water was measured using water meters
and parshall flume. Data were analyzed using ANOVA and
the significance was tested by Fisher’s least significance
difference (p= 0.05) by pooling three years data.

RESULTS & DISCUSSION
Five years pooled data of different water management

practices in rabi rice revealed significantly higher number of
tillers in AWD followed by continuous saturation compared
to saturation up to PI ,±2cm thereafter and RWM (Table
1).Dry matter production at harvest was conspicuously
higher with saturation up to PI ,±2cm there after compared
to AWD and continuous saturation however, it was on par
to RWM. Iqbal 2004 also reported the positive effects of
flooding in increasing rice biomass due to reduced weed
growth. The large number of total gains panicle-1, filled grain
panicle-1 and test weight were recorded in saturation up to
PI ,±2cm thereafter, which was markedly higher over AWD

Water management practices Tillers m-2 Panicles m-2 Total gains 
panicle-1 

Filled grain 
panicle-1 

Test 
Weight (g) 

DMPH 
(kg ha-1) 

Saturation up to PI ,±2cm there after 432 392 154 138 23.97 15013 
Alternate drying & wettting 544 362 134 101 20.86 12820 
Continuous saturation 527 383 143 114 22.40 13552 
±2cm up to PI, ±5cm there after 474 402 149 125 23.31 14614 

SE+ m 12.26 8.08 2.74 1.38 0.04 277 
CD ( 0.05) 38 24.89 8.0 4.25 0.11 825 

 

Table 2: Effect of water management practices on  grain yield, sustainable yield index, water used, water use efficiency and
energy parameters of rice (pooled data of five years)

SYI- Sustainable yield Index;                  WUE –Water use efficiency

Water management 
practices 

Grain yield 
(kgha-1) 

SYI Harvest 
Index 

Water 
used 
(mm) 

WUE 
(Kg/ ha-

mm) 

Energy 
input 
(MJ) 

Energy 
output 
(MJ) 

Energy Ratio 
(MJ/MJ) 

Saturation up to PI ,±2cm 
there after 6981 0.88 46 1142 6.11 20756 102618 4.94 

Alternate drying & 
wettting 5991 0.83 47 874 6.85 21156 88068 4.16 

Continuous saturation 6341 0.85 47 981 6.46 21456 93207 4.34 
±2cm up to PI, ±5cm 
there after 6778 0.87 46 1302 5.21 19856 99642 5.02 

SE+ m 104   24.48  311 1214  
CD ( 0.05) 319   75.42  954 3724  
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and continuous saturation. Lesser spikelet sterility (15.6%)
in saturation up to PI, ±2cm there after   compared to AWD
and continuous saturation where the spikelet sterility was
33.4 per cent & 29.0 per cent respectively might be the reason
behind this. Whereas number of panicles was  higher in
RWM, which was significantly superior over AWD and
continuous saturation. The highest number of tillers (91.0
%) were converted to panicles in saturation up to PI ,±2cm
thereafter, followed by 85.0 per cent in RWM, 73.0 per cent in
continuous saturation, while it was lowest (67%) in AWD .

Maintenance of saturation up to PI ,±2cm there after
resulted in significantly higher grain yield over AWD and
continuous saturation and  was at par to RWM (Table 2).The
grain yield in saturation up to PI ,±2cm thereafter was higher
by 14.2 & 9.2 per cent over AWD and continuous saturation,
respectively. Cabangaon et al.(2001) also reported 1-7 per
cent higher yields in continuous flooding than alternate
wetting and drying. Higher grain yield with maintaining
saturation up to PI and ±2cm thereafter was due to increased
yield attributing characters. These results are in corroboration

with that of Raju et al.(1992). Sustainable yield index was
also higher in saturation up to PI ,±2cm there after indicates
the higher stability in yields with this practice of irrigation.
Harvest index was unaffected by different irrigation practices
in rice.

Recommended water management used highest water
followed by saturation up to PI ,±2cm thereafter(Table 2).
Water utilized by AWD was lowest followed by continuous
saturation. Water saving was 32.9, 24.7and 12.3 per cent
with AWD, continuous saturation and saturation up to PI
,±2cm there after compared to RWM. The highest water use
efficiency was noticed with AWD followed by continuous
saturation and saturation up to PI ,±2cm thereafter. Though
the grain yield was noticeably low under AWD, the
corresponding lesser intake of water in AWD was the reason
for this higher water use efficiency by AWD compared to
other methods of water management. Maximum water use
efficiency of 8.97 kg/ha-mm under AWD in rice was reported
by Raju et al.(1992). Won et al.(2003) also reported that water
use efficiency increased by 44.0 per cent in very shallow

Table 3: Effect of water management practices on  weed density and weed biomass in rice (pooled data of five years)

Fig in parenthesis are original values

Water management  Weed density / m2 Weed bio mass (g/m2) 
BLW Grasses Sedges Total BLW Grasses Sedges Total 

Saturation up to PI ,±2cm 
there after 

5.34 
(28)* 

3.54 
(12) 

5.61 
(31) 

14.49 
(71) 

4.19 
(17.0) 

2.52 
(5.85) 

3.27 
(10.2) 

9.98 
(33.1) 

Alternate drying & wettting 6.04 
(36) 

4.85 
(23) 

6.36 
(40) 

17.25 
(99) 

5.27 
(27.3) 

3.38 
(10.92) 

3.94 
(15.05) 

12.60 
(53.27) 

Continuous saturation 6.44 
(41) 

4.06 
(16) 

6.12 
(37) 

16.63 
(94) 

5.19 
(26.4) 

2.85 
(7.6) 

3.59 
(12.4) 

11.63 
(46.4) 

±2cm up to PI, ±5cm there 
after 

3.94 
(15) 

2.12 
(4) 

2.92 
(8) 

8.97 
(27) 

3.05 
(8.82) 

1.72 
(2.45) 

1.92 
(3.19) 

6.69 
(14.46) 

SE+ m 0.14 0.16 0.13 0.30 0.11 0.10 0.10 0.20 
CD ( 0.05) 0.41 0.50 0.41 0.91 0.33 0.31 0.30 0.61 

 

Water management practices Root Volume 
(Cm3 hill-1) 

Root Biomass 
(mg hill-1) 

Goss 
Returns 
(Rs ha-1) 

Cost of 
cultivation 
(Rs ha-1) 

Net Returns 
(Rs ha-1) 

Rupee per rupee 
invested 
(Rs Rs-1) 

Saturation up to PI ,±2cm 
there after 21.07 3506 57676 28530 29146 1.16 

Alternate drying & wettting 18.11 2903 49453 29050 20403 0.83 
Continuous saturation 19.83 3235 52827 27620 25207 1.02 
±2cm up to PI, ±5cm there 
after 22.35 3704 55970 26650 29320 1.26 

SE+ m 0.53 120 461 201 308 0.03 
CD ( 0.05) 1.6 400 1390 606 951 0.09 

 

Table 4: Effect of water management practices on root volume , root biomass and economics   in rice (pooled data of five years)
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intermittent irrigation and 26.0 per cent in shallow
intermittent irrigation when compared to deep water regime.
Energy intake was highest in  continuous  saturation and
lowest in RWM, whereas energy output was higher in
saturation up to PI ,±2cm thereafter, which was
conspicuously higher over AWD and continuous saturation.
More energy spent towards control of weeds and
maintenance of soil under saturated conditions might be the
reason for higher energy requirement of saturation. However
the energy use efficiency was highest in RWM followed by
saturation up to PI, ±2cm thereafter.

Weed density and weed biomass at flowering of rice
was significantly influenced by different water management
practices(Table ). There was conspicuous variation in density
and biomass of broad leaved weeds, grasses and sedges with
different water management practices. Density of broad
leaved weeds are more under continuous saturation
followed by AWD, where as density of grasses and sedges
as well as total weeds was higher in AWD followed by
continuous saturation. The lowest weed density was noticed
in RWM followed by saturation up to PI ,±2cm thereafter.
However, weed density in RWM was almost half to the AWD
and maintenance of continuous saturation. The highest
weed biomass was recorded in AWD followed by continuous
saturation, while the lowest weed biomass was observed in
RWM. The results confirm the findings of Raju and Reddy
(1987).

Root volume as well as root biomass in RWM were
significantly higher over AWD and maintaining  continuous
saturation. The lowest root volume as well as root biomass
were recorded in AWD. Plants grown under continuous
flooding had  heavier root mass than under prolonged
saturation and alternate wetting and drying( Raju et al
.(1992).Higher root volume with continuous submergence,
where the soil mechanical resistance was lowest, compared
to reduced water regimes was reported by Reddy and
Kuladaivulu 1992).

Economic analysis of the data reveals that maintaining
saturation up to PI and ±2cm there after resulted significantly
higher gross returns compared to other irrigation practices
(Table 4).The net returns as well as return of rupee per rupee
invested were higher with RWM only. However, it was on
par to maintaining saturation up to PI and ±2cm thereafter.
Higher cost of cultivation in maintaining saturation up to PI
and ±2cm was probably the reason for reduced net returns
of this practice and making it on par to RWM. Similar findings
of higher net retuns with submergence was reported by Singh
et al.( 2001). Significantly lowest gross returns, net returns
and return of rupee per rupee invested were recorded in
AWD compared to other irrigation practices. Lower grain
yield  coupled with higher cost of cultivation might have
reuced the returns from this practice.

Table 5: Effect of water management practices on  post harvest available N P205 & K20 status, N P K uptake at harvest by rice
(pooled data of five years)

Water management practices Uptake at harvest 
(kg ha-1) 

Post harvest available nutrient status  
(kg ha-1) 

Nitrogen Phosphorus Potassium N P205 K20 
Saturation up to PI ,±2cm there after 130.0 26.16 144 279 35.04 280 
Alternate drying & wettting 93.6 20.72 119 292 41.11 297 
Continuous saturation 100.8 22.14 130 285 38.35 294 
±2cm up to PI, ±5cm there after 117.4 26.80 139 269 37.65 276 

SE+ m 2.45 0.58 2.62 4.08 0.85 6.17 
CD ( 0.05) 7.6 1.80 8.00 13 2.63 19 

 

Table 6: Effect of water management practices on protein & amylose content and quality parameters of rice  (pooled data of five
years)

Treatment protein Amylose 
content 

L:B ratio Hulling  
(%) 

Milling 
(%) 

HRR 
(%) 

Saturation up to PI ,±2cm there 
after 8.19 24.1 3.18 75.2 71.8 62.5 

Alternate drying & wettting 7.27 23.7 3.39 70.8 65.9 56.5 
Continuous saturation 7.70 23.9 3.23 72.4 67.5 57.3 
±2cm up to PI, ±5cm there after 7.94 24.3 3.09 73.2 69.0 59.9 

SE+ m 0.29 1.27 0.14 1.95 1.90 2.61 
CD ( 0.05) 0.88 NS NS 4.19 4.08 5.61 

 

Water management options for rabi rice on deltaic soils
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The N uptake  by rice at harvest was significantly higher
in maintaining saturation up to PI and ±2cm there after
compared to other water management practices. Higher
uptake of N under maintaining saturation up to PI and ±2cm
there after was due to reasonably better root growth compared
to AWD and continuous saturation, lesser N losses compared
to RWM.  The highest P & K  uptake was observed in
maintaining saturation up to PI and ±2cm there after.
However it was at par to RWM. Higher N P K uptake by rice
with maintaining saturation to submergence was reported
by Reddy and Raju ( 1987).  Significantly lowest uptake of  N
P K was recorded in AWD. Reduced NPK uptake by rice
under reduced moisture regimes was  due to lesser root
volume (Reddy and Kuladaivulu 1992).Among different
water management practices, maintaining continuous
saturation throughout crop growth period resulted in higher
status of available nitrogen, phosphorus and potassium
(Table ).However, there was no measurable differences in
available status of nutrients  among different water
management practices except AWD. The lowest available
nutrient status was recorded with AWD. Ponding of water
favourably influenced the chemical environment of rice roots
due to change in physic-biochemical properties of soil
system (Ponamperuma,1972).

Crude protein content of grain was highest where
saturation up to PI and ±2cm thereafter was maintained
followed by RWM and continuous saturation and it was
conspicuously higher over AWD. Better nutrient uptake and
concomitant synthesis of protein in the practice of
maintaining saturation up to PI and ±2cm there after could
be attributed for this. The L:B ratio was un affected by different
irrigation practices. The milling parameters were
significantly influenced by water management practices. The
highest per cent hulling , milling and head rice recovery
were recorded in maintaining saturation up to PI and ±2cm
there after followed by RWM .AWD resulted in the lowest
milling parameters among all the water management
practices. Differential nutrient absorption and protein
content might be the season for such differences in milling
parameters with respect to water management practices.

It can be concluded that maintaining saturation up to
PI and ±2cm thereafter is the best water management option
for rabi rice in deltaic soils for reaping higher grain yield of
higher quality with more stability in production.
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Weed management in tomato (Lycopersicon esculentum Mill.)
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ABSTRACT

The experiment conducted at the instructional farm of KVK, West Tripura with an objective to find out a
suitable method of weed control in tomato with treatments comprising of T1: HW at 30 DAT, T2: pendimethalin @
1.5 lit ha-1 at 3-5 DAT, T3: pendimethalin @ 1.5 lit ha-1 at 3-5 DAT + HW 30 DATT4: and control during 2013-14
showed maximum plant height (78.23cm), maximum number of branch plant-1 (6.22) and highest yield (6.69 t ha-1)
in T3 with lowest weed dry biomass 4.30, 10.89, 34.14 and highest weed control efficiency (WCE %) of 84.33, 73.39,
47.54 at 30, 60 and 90 DAT, respectively. It was observed that weed dry matter at all the stages of crop growth period
was significantly higher in case of unweeded control due to unchecked growth of weeds.

Key words: Weed control, Tomato, Tripura

Tomato (Lycopersicon esculentum Mill.) belonging to the
family Solanaceae is one of the widely grown nutritious
vegetable consumed next to potato in the world. This being
an important source of minerals and antioxidants such as
carotenoids, lycopene, vitamins C and E phenolic
compounds play a key role in human nutrition to prevent
certain cancer and cardiovascular diseases (Adalid et al.,
2004). Tomatoes are consumed in a number of ways as sun-
dried tomatoes, sauce, juice, soup, ketchup and fresh as salad
(Frusciante et al., 2007). In India the total area under its
cultivation is 882.0 thousand ha with total production of
187.35 lakh tone. In Tripura the area and production of this
crop is 1.58 thousand ha and 39.00 thousand MT,
respectively. (NHB database, 2014).

Weeds in tomato reduce yields by competing for space,
light, water and nutrients resulting in weakening of the crop
stand and reduced harvest efficiency (Abbasi et al., 2013).
Govindra et al., (1986) reported that weeds resulted in a 57.0
per cent reduction in tomato yield when compared with weed
free conditions. Adigun (2000) reported that unrestricted
weed growth throughout the crop life cycle resulted in 92-95
per cent reduction in tomato fruit yield. Shadbolt & Holm
(1956) also concluded from their studies that the first four
weeks in the early growth period are critical in many
vegetable crops, during which the weeds should be removed.
This period coinciding with the season of peak labour activity
leads to scarcity of labour for weeding. This adds to the high
cost of production. Therefore, use of proper weed control
method is the prime need to obtain maximum productivity.
The choice of any weed control measures therefore, depends
largely on its effectiveness and economics. Use of pre-

emergent herbicides would make the herbicidal weed control
more acceptable to farmers, which will not change the
existing agronomic practices but will allow complete control
of weeds (Adhikary and Ghosh, 2014). Keeping this in view,
the present study to find out a suitable method of weed
control in tomato was carried out.

MATERIAL AND METHODS
The field experiment was conducted during rabi season

of 2013 in the experimental field of KVK, West Tripura located
in District Khowai of Tripura at an altitude of 23m mean sea
level, latitude 23.84N, longitude 91.27E. Soil of the
experimental site was sandy loam, acidic with PH 5.8, 0.52
per cent organic carbon, low in available nitrogen ( 217.65
kg ha-1), Medium in available phosphorus (22.82 kg ha-1)
and available potash (177.68 kg ha-1). The variety used in
this experiment was Trishul. The treatments consisted of T1:
HW at 30 DAT, T2: pendimethalin @ 1.5 lit ha-1 at 3-5 DAT,
T3: pendimethalin @ 1.5 lit ha-1 at 3-5 DAT + HW 30 DAT,
T4: control. Spraying was done with knapsack sprayer with
flood jet deflector WFN 040 nozzle using 500 lit of water ha-

1. All the recommended improved package of practices
including the plant protection measures was followed in
the experiment. Predominant weed biomass, weed control
efficiency were recorded at 30, 60 and 90 DAT.

Pendimethalin is applied as pre-emergence (PRE)
herbicide or pre-plant incorporated (PPI) for control of
grasses and small-seeded dicot weed species (Byrd and York
1987). Among the dinitroanaline herbicides, pendimethalin
is among the most water soluble and the least volatile (Wilcut
et al., 1988), with microbial decomposition being the main
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method of dissipation (Weber 1990). This makes it more
conducive for sustainable crop production and is used world
wide. Pendimethalin in susceptible weed species inhibits
the mitotic cell division in the developing root systems
(Vencill 2002).

The weeds were uprooted from 0.25 m2 area selected at
random each time and were oven dried to a constant weight
at 65°C. The dry weight of weeds was expressed as g per
0.25 m2.

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

WUE (%) = Dry weight of weeds in un weeded control
– Dry weight of treatment plot / Dry weight of weeds in un
weeded control X 100

The data were subjected to statistical analysis by
analysis of variance method. The correlation studies were
made to reveal the association among the variables in the
investigation (Gomez and Gomez, 1984). As the error mean
squares of the individual experiments were homogenous,
combined analysis over the years were done through
weighted analysis.

RESULTS AND DISCUSSION
Efficiency of different treatment in controlling the weeds

in tomato was found effective in decreasing the weed dry
weight and increasing the weed control efficiency. Weed dry
matter is a better parameter to measure the competition than
the weed number (Murthy, 1982, Chnnappagoudar et al,

2013). In the present study, unweeded control recorded
significantly higher weed dry matter at all the stages of crop
growth period due to unchecked growth of weeds (Table 1).
WCE at 30 DAT is almost equal in case of T2 (84.32) and T3
(84.30). But WEC gradually decreased in case of T3. From
among the treatment, the lowest weed dry biomass 4.30,
10.89, 34.14 and highest weed control efficiency (WCE) 84.33,
73.39, 47.54 was recorded at 30, 60. 90 DAT in case of
pendimethalin (@ 1.5 lit ha-1 at 3-5 DAT + hand weeding.
The lower weed dry weight in weed control treatments may
be ascribed to less number of weeds, rapid depletion of
carbohydrate reserves of weeds through rapid respiration
(Dakshinadas, 1962) which may be due to reduced
photosynthetic activity (Hilli and Santkemann,1969). The
herbicides when used in combination with one or two hand
weedings, improves their efficiency and the pre-emergent
herbicides are beneficial to keep the crop weed free in the
early stages. During later stages, hand weeding helps to
reduce the cost of weeding and keep the weed population
below the economic threshold level throughout the crop
growth period. (Shivalingappa et al., 2014).

Data presented in Table: 2 revealed that the yield and
yield component of tomato is significantly influenced by
different weed control methods. The data on plant height,
branch per plant, total fruit yield indicated significant
difference due to herbicide treatments and crop weed
competition. Highest plant height  (78.23cm), branch per
plant (6.22) and total fruit yield (6.69 t ha-1) is recorded in
case of pendimethalin (@ 1.5 lit ha-1): 3-5 DAT + hand weeding
at 30 DAT (T3) followed by hand weeding at 30 DAT (T1).
However, lowest fruits per plant, individual fruit weight,
total fruit yield was recorded in case of unweeded control

Table 1:  Effect of treatments on Weed

Treatment Weed dry biomass 
(g.m-2) 

Weed control Efficiency  
(WCE) 

30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT 
Hand weeding at 30 days after treatment (DAT) 28.21 12.11 34.58 0 74.12 44.45 
Pendimethalin (@ 1.5 lit ha-1 at 3-5 DAT 4.32 17.26 38.02 84.33 60.03 40.60 
Pendimethalin (@ 1.5 lit ha-1 at 3-5 DAT +  HW 30 DAT 4.30 10.89 34.14 84.34 73.39 47.54 
Control 26.87 42.46 64.31 0 0 0 
LSD 0.05 1.65 1.21 1.25 - - - 
 

Table 2:  Effect of different of treatments on yield parameters

Treatment Plant height  
(cm) 

No. of branches  
plant-1 

Fruit Yield 
(t ha-1) 

Hand weeding (HW) at 30 days after treatment (DAT) 75.60 5.34 5.70 
Pendimethalin (@ 1.5 lit ha-1): 3-5 DAT 73.56 5.13 5.54 
Pendimethalin (@ 1.5 lit ha-1): 3-5 DAT +  HW 30 DAT 78.23 6.22 6.69 
Control 70.12 3.82 3.12 
LSD 0.05 1.75 1.96 2.13 
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(T4). All treatments reduced weed pressure and increased
yield compared with control (Rahman et. al., 2012)].
Minimum plant height in the weedy check plots might be
due to the competition of tomato plants with weeds for
sunlight.  It is a general concept that one kilogram weed
biomass in one’s field will correspond to a loss of one
kilogram of crop yield (Sajjapongse et.  al.,1983).

The study concludes  that application of pendimethalin
@ 1.5 lit ha-1 as pre-emergence herbicide alongwith one hand
weeding at 30 DAT have more significance in the
management of weed in tomatos..
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