ISBN: 978-624-5731-24-4

PROCEEDINGS
Extended Abstracts

3rd International Symposium on Agriculture
2023

“Self-Sustaining Agriculture: Way Forward for Food Security and Safety”

oth March 2023




3" International Symposium on Agriculture
2023

PROCEEDINGS

Self-Sustaining Agriculture:
Way Forward for Food Security and Safety

09" March 2023

Faculty of Agriculture
Eastern University, Sri Lanka



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

3@ INTERNATIONAL SYMPOSIUM ON AGRICULTURE 2023
“Self — Sustaining Agriculture: Way Forward for Food Security and Safety”

Responsibilities for the content of the manuscripts included in this publication remains with the
respective authors.

Website: isa2023.fag.esn.ac.lk
Tel: +94 (0) 653121751

ISBN: 978-624-5731-24-4

© Copyright: Faculty of Agriculture, Eastern University, Sri Lanka

Compiled by:
Prof. S. Sutharsan
Mr. M. Rajendran
Mr. G. Niroash

Published by:
Faculty of Agriculture

Eastern University, Sri Lanka



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

Members of the Organizing Committee of the ISA 2023

Coordinator

Prof. S. Sutharsan

Secretary

Mr. M. Rajendran

Technical Session Committee Members
Mrs. A. Sugirtharan (Person In-Charge)
Mr. A. Paskaran

Overseas Dissemination Committee Members
Mr. T.D. De Silva (Person In-Charge)

Mr. M. Herusan

YouTube Live Streaming Committee Members
Mr. G. Niroash (Person In-Charge)

Mr. M. Arulmolivarman

Logistic Committee Members

Mr. R. Thivyatharsan (Person In-Charge)
Mr. P. Pragashan

Sponsorship Committee Members

Dr. T. Geretharan (Person In-Charge)

Mr. A. Paskaran

Registration & Publication Committee
Dr. K. Prasannath (Person In-charge)

Mrs. S. Karunakaran

Inauguration Committee

Dr. (Mrs.) T. Geretharan (Person In-charge)
Mr. P. Ramesh



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

Members of the Editorial Committee of the ISA 2023
Prof. (Mrs.) Thayamini H. Seran (Chief Editor)

Senior Prof. (Mrs.) T. Mahendran

Prof. S. Sutharsan

Prof. (Mrs.) P. Premanandaraja

Prof. M. Pagthinathan



3 International Symposium on Agriculture 2023

Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

Reviewers of the ISA 2023

Name of Reviewer

Senior Prof.(Mrs) C.M. Navaratne
Senior Prof. (Mrs.) T. Mahendran
Senior Prof. G. Mikunthan

Prof. (Mrs.) Thayamini H. Seran
Prof. S. Sutharsan

Prof. (Mrs.) P. Premanandarajah
Prof. T. Bhavan

Prof. (Mrs) N. Gnanavelrajah
Prof. M.1.S. Safeena

Prof. M.G.T.S. Amarasekara
Prof. M. Pagthinathan

Prof. R.K. Mutucumarana

Dr. K. Premakumar

Dr. M.M. Mahusoon

Dr. (Mrs.) M. Vinobaba

Dr. (Mrs.) C. Mahendranathan
Dr. K.H. Sarananda

Dr. (Mrs.) R.F. Niranjana

Dr. U. L. Abdul Majeed

Dr. Muneeb M. Musthafa

Dr. N.P. Vidanapathirana

Dr. S.S. Weerasinghe

Dr. T. Geretharan

Dr. D.M.S. Duminda

Dr. (Mrs.) T. Geretharan
Dr. (Mrs) Loha Pradheeban
Dr. C. Gunathilake

Dr. Pradeep Gajanayake
Dr. M. Sugirtharan
Dr. K. Pakeerathan

University / Institute

University of Ruhuna

Eastern University, Sri Lanka

University of Jaffna

Eastern University, Sri Lanka
EasternUniversity, Sri Lanka

Eastern University, Sri Lanka

Eastern University, Sri Lanka

University of Jaffna

South Eastern University of Sri Lanka
Rajarata University of Sri Lanka

Eastern University, Sri Lanka
Sabragamuva University of Sri Lanka
Eastern University, Sri Lanka

Eastern University, Sri Lanka

Eastern University, Sri Lanka

Eastern University, Sri Lanka

Wayamba University of Sri Lanka
Eastern University, Sri Lanka

South Eastern University of Sri Lanka
South Eastern University of Sri Lanka
University of Colombo Institute for Agro
Technology and Rural Sciences
University of Colombo Institute for Agro
Technology and Rural Sciences (Retired)
Eastern University, Sri Lanka

Rajarata University of Sri Lanka

Eastern University, Sri Lanka

University of Jaffna

University of Colombo Institute for Agro
Technology and Rural Sciences
University of Sri Jeyawardenapura
Eastern University, Sri Lanka

University of Jaffna

Vv


https://www.fcm.esn.ac.lk/economics/academic-staff/t-bhavan
https://fag.esn.ac.lk/agricultural-chemistry/academic-staff/premakumar-k
https://fsc.esn.ac.lk/zoology/academic-staff/m-vinobaba
https://fsc.esn.ac.lk/botany/academic-staff/c-mahendranathan

3 International Symposium on Agriculture 2023

Dr. E.U.U. Rathnathunga
Dr. (Mrs.) B. Raveendrakumaran
Dr. J. A. Surani Chathurika
Dr. (Mrs.) N. Suthamathy
Dr. AD.N.T. Kumara

Dr. A. Vengadaramana
Dr. AJ.M. Harris

Dr. K. Suresh

Dr. K. Prasannath

Dr. Ajith Gunawardena
Dr. M.S.M. Nafees

Dr. R. Eeswaran

Mr. M. Rajendran

Mr. R. Thivyatharsan

Mr. S. Srikrishnah

Mrs. K. Thirumarpan

Ms. T.D.C. Priyadarshani
Mrs. E. Delina. J. Prince
Mrs. A. Sugirtharan

Mrs. V. Raveenthira

Mr. M.H. Mohamed Rinos

Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

University of Sri Jeyawardenapura
Eastern University, Sri Lanka
University of Sri Jeyawardenapura
Eastern University, Sri Lanka
South Eastern University of Sri Lanka
University of Jaffna
Eastern University, Sri Lanka
Eastern University, Sri Lanka
Eastern University, Sri Lanka
Central Environmental Authority
Eastern University, Sri Lanka
University of Jaffna
Eastern University, Sri Lanka
Eastern University, Sri Lanka
Eastern University, Sri Lanka
Eastern University, Sri Lanka
Rajarata University of Sri Lanka
Eastern University, Sri Lanka
Eastern University, Sri Lanka
University of Jaffna
South Eastern University of Sri Lanka

Vi


https://fsc.esn.ac.lk/zoology/academic-staff/a-j-m-harris
https://www.fac.esn.ac.lk/economics/academic-staff/suresh-k
https://fag.esn.ac.lk/crop-science/academic-staff/s-srikrishnah

3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

MESSAGE FROM THE VICE CHANCELLOR
Eastern University, Sri Lanka

Self-Sustaining Agriculture: Way Forward for Food Security and Safety
| am so proud to be the Chair of the International Symposium on Agriculture by sharing this
message. As the Engine of regional development, provocative researching for solutions is the
key process of the University. This is a great opportunity to think and talk about the
collaborative efforts for Regional Common Development towards Self-Sustaining Agriculture.

‘The first rule of sustainability is to align with natural forces, or at least not try to defy them’
says Paul Hawken, a great Environmentalist of this era. The tracks of ISA pave the way for
contemporary researching on the said and comprehensively discuss ways and means to be Self-
Sustained through a multi-disciplinary approach. Geospatial Technology is one of the key tracks
to be highlighted where we lack very much up to date in Agricultural space. whether we are
familiar with the term or not, is already a growing and thriving technology that we use or interact
with regularly. Geospatial technology based agricultural Industry trending these days where
Acrtificial Intelligence leads to green revolution at every point. As a Leading University in
eastern region of Sri Lanka, the role of being as a think tank, our mission is technically
facilitating precision Agriculture within our communities towards food security and safety.

Past two years unlike any other. Collectively we experienced trauma that pushed wellbeing to
the forefront. COVID-19, unemployment, financial stress, parenting in a pandemic,
homeschooling, working from home, social justice, and politics were just some of the issues
that dominated the news. Those significantly dragged the option of Agricultural production far
away. | believe this International symposium will call back the hope for future developments.
The area under productive and sustainable agriculture in SDG s captures three dimensions of
sustainable production: environmental, economic, and social. The measurement instrument -
farm surveys give the flexibility to identify priorities and challenges within the three dimensions
of sustainability. Land under productive and sustainable agriculture will be those farms and
associated agricultural land area that satisfy the sustainability criteria of the SDG indicators
which we have to focus on intensively to cater current context.

As, Development and commercialization are the research outcome, we must work out more on
Farm Mechanization and Postharvest Technology in our region to maximize regoin’s return of
Investment. | really believe our Constructive research findings of this symposium would
contribute to self-sustaining Agricultural Industry. It is my fervent hope that this Symposium
would prove to be a productive forum that will facilitate the exchange of new ideas and make a
substantial contribution towards the advancement of research culture Regionally, Nationally
and Internationally.

I would like to appreciate the entire Organizing Committee for their untiring and innumerable
efforts in organizing this Symposium. Finally, | wholeheartedly wish all the research presenters
to deliver their findings and disseminate knowledge among the National and International
community to be conscientized and compromise for Self-Sustained agricultural Initiations.

Prof. V. Kanagasingam
Vice-Chancellor
Eastern University, Sri Lanka
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MESSAGE FROM THE CHIEF GUEST

| am glad that the Eastern University, Sri Lanka is organizing the 3rd International Symposium
on Agriculture. The theme Sustainable Agriculture for achieving Food Security and Safety is
very relevant and hope the deliberations will enable to frame policies and programmes for food
security. The issues that we face have to be analysed from a multi - dimensional perspective to
evolve comprehensive solutions. Research should lead to innovative solutions that ensure
sustainability.

Organic farming, permaculture, agroforestry and bio intensive farming are some of the
sustainable farming methods that use local inputs and ecological conditions for crop production.
Organic farming concepts with integrated practices will help in maintaining soil fertility and
pest control. Integrated farming at villages in a small scale within a farm will provide farm
sustainability and yield enhancement. Strengthening home with crop diversity can increase
resilience of the home garden to long term crisis periods and can be a source where it can
provide balanced nutrition. Implementation of programs for promoting good practices of
harvesting and transportation to reduce postharvest loss and transportation loss will make more
food available for consumption. A comprehensive value chain management approach is
essential rather than stage wise disintegrated solutions.

I wish the International symposium a grand success and the organizers for their efforts for
promoting sustainable agriculture for the future.

Prof. V. Geethalakshmi

Vice Chancellor

Tamil Nadu Agricultural University (TNAU)
Coimbatore

India
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MESSAGE FROM THE DEAN
Faculty of Agriculture
Eastern University, Sri Lanka

It is a great pleasure for me to give this message as the Dean, Faculty of Agriculture to the
International Symposium on Agriculture (ISA — 2023). The faculty of Agriculture is the
pioneer faculty at Eastern University. Which produces graduates of the highest professional
standard to contribute towards technology enhancement, dissemination of knowledge & skill
and involvement in sustained productivity in the Agricultural sector of Sri Lanka.

Dissemination of knowledge is a part of the responsibility of academics, and symposia like this
will help to fulfill the responsibility of academics. International Symposium is an annual
meeting place for scientists and professionals to share their research findings and innovative
ideas and also a place for new collaborations. The symposium greatly encourages not only the
academics of this faculty but also the graduate and Postgraduate students and research scholars
from all over the world to present their innovative ideas and latest discoveries in the field of
Agriculture. By becoming part of our Agricultural community and experiencing hands - on
learning while building relationships among all stakeholders may bring our creativity, ideasand
lived experiences to collectively solve the grand challenges of sustaining our national resources
with confidence and feeding the world. The supportive and collaborative nature of the
symposium will also build on our mission to support the community to withstand the great
demand for agriculture.

The broad theme of this year’s symposium is “Self-sustaining agriculture: Way forward for
food security and safety” highlighting the need for new technologies to sustain agricultural
production while safeguarding the environment for future generations. we need innovative
solutions for our future food security and sustainability by mitigating climate change, and
sustainable life on land and water. Environmentally friendly maintenance of land and water in
a sustainable manner may facilitate food safety and security. | firmly believe that this
symposium will bring a productive output in terms of food security and safety.

As we all know organizing this kind of event on annual basis is not an easy task. | would like
to extend my gratitude to the organizing committee ISA — 2023 and the editorial board for all
their hard work on this proceeding. I would like to thank all the authors who presented their
research at the conference and eventually for the printing of this proceedings.

Prof. (Mrs.). P. Premanandarajah
Dean / Faculty of Agriculture
Eastern University, Sri Lanka
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MESSAGE FROM THE COORDINATOR
3" International Symposium on Agriculture

| am privileged to pen this message for the 3™ International Symposium on Agriculture 2023
(ISA 2023). The ISA 2023 provides a platform for exchanging ideas, views and showcasing
creativity in line of academic dissemination of the scientists, academics, research scholars and
students of their recent findings in the field of Agriculture. The ISA 2023 on the theme of “Self-
Sustaining Agriculture: Way Forward for Food Security and Safety” addressing the current
needs of Sri Lanka to be held on 09" March 2023 which is a testimony captures recent
advancements towards self-sustaining agriculture.

The research articles in the fields of Plant production & protection, Climate smart agriculture,
Food nutrition value addition & postharvest technology, Livestock, fisheries & aquaculture,
Geospatial Technology & Precision Agriculture and Soil, water, environment & waste
management will be presented in this ISA 2023. The new research initiatives from these articles
will lead to enhance the agriculture sector of Sri Lanka and hence towards Self-sustaining
Agriculture which will lead to food security and safety in Sri Lanka.

On behalf of the organizing committee | congratulate all the authors who contributed to the
success of the ISA 2023 which will undoubtedly create greater awareness among scientists,
academics, policy makers, students and farming communities.

Prof. S. Sutharsan
Coordinator / ISA-2023
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MESSAGE FROM THE SECRETARY
3" International Symposium on Agriculture

As the Secretary, I'm delighted and honoured to bring this message to the 3 International
Symposium on Agriculture (ISA-2023). This symposium under the theme of “Self-sustaining
Agriculture: Way forward for food security and safety” provides an opportunity to the scientists,
academicians and researchers to share their research findings and expertise knowledge with the
scientific community as well as with other stakeholders including farming community.

The world, particularly the developing countries severely affected by the COVID-19 pandemic
and the subsequent economic crisis. Agriculture development is one of the most powerful tools
to end extreme poverty, boost prosperity and feed the ever-increasing population. Transforming
the agriculture into a dynamic and high-growth sector is essential to speed up recovery, poverty
reduction and inclusive growth.

Recognizing the benefits of bring local and international experts and researches in the field of
agriculture together, the Faculty of Agriculture, Eastern University, Sri Lanka has decided to
organize this ISA-2023 this year. | strongly believe that this symposium will be a remarkable
event, providing some valuable opportunities on top notch research, showcasing innovative and
problem-based studies in the field of agriculture.

| take this opportunity to welcome all the local and foreign participants for their presence and
contributions and also thank our dedicated organizing committee members who worked
relentlessly to make this symposium a very success.

Mr.M. Rajendran
Secretary / ISA-2023
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KEY NOTE -1
3" International Symposium on Agriculture

Sustainable Intensification of Crop Production in Sri Lanka in the face of Climate
Change and Resource Constraints

Introduction and Focus

Sustainable intensification (SI) refers collectively to strategies and practices that aim to increase
crop yields without adverse environmental impacts (i.e. with a proportionately lower increase
in resource use) and without expanding the presently-cropped area. As such Sl aims to conserve
and, possibly, regenerate the resource base (i.e. land, soil fertility, water, biodiversity etc.) while
meeting the food demand of a continuously increasing population. Climate change adds an
overarching layer of challenges on all Sl strategies. In this short presentation, | wish to focus
on identifying Sl strategies that are feasible in crop production systems in Sri Lanka. Then |
will focus on exploring how the additional challenges posed by climate change on the feasible
Sl strategies may be addressed.

The challenges faced by the food production systems in Sri Lanka

The global population which reached 8 billion in 2022 is projected to rise to 9.7 billion in 2050
and 11 billion in 2100. The corresponding trend in Sri Lanka is different where the current
(Feb. 2023) population of 21.65 million (0.27% of the global population) is projected to rise to
22.19 million in 2040 (0.24% of global). The annual rate of population growth in Sri Lanka
which was 2.43% in 1967 has almost continuously declined to the present rate of 0.42% in
2020. These demographic trends will, to a certain extent, lessen the pressures exerted on food
production targets and the demands exerted on essential environmental resources. However,
many other natural and socio-economic drivers are likely to increase these pressures. Climate
change is one such driver where the temperatures in key agroecological regions have been
shown to have increased at rates which are greater than that of the global average temperatures.
The recent economic down-turn and short-sighted government policies have combined to
reduce the capacity of farmers to invest on essential inputs such as fertilizer, good quality seed
and Good Agricultural Practices (GAPsS) in crop management. This has left the soils
impoverished and imbalanced in terms of essential plant nutrients and crops susceptible to a
range of biotic (e.g. diseases and pests) and abiotic stresses (e.g. drought, heat, salinity, climate
change).

Inadequate investment in research and development has left the national agricultural research
system (NARS) severely depleted so that generation of new technologies through research to
overcome these challenges has slowed down to a trickle. Similarly, the national agricultural
extension network has been depleted, fragmented and made ineffective during the last three
decades, thus depriving the farmers of knowledge and advise on existing and emerging
technologies to overcome the challenges that they are facing. Furthermore, arguably, Sri
Lankan agriculture and its farmers have, for a long time, been dependent on cultivation practices
which are heavily reliant on addition of large quantities of external inputs (e.g. inorganic
fertilizer and synthetic pesticides).

There has been inadequate attention, willingness and effort on the part of all stakeholders to

introduce and engage in agricultural practices which are less demanding on external inputs and

aim to regenerate and replenish the resource pool in the croplands that are being used to produce

the crops. Now, the Sri Lankan Agriculture is at a critical juncture where the substantially

reduced economic capacity to provide external inputs has forced its stakeholders to explore

options and avenues which will enable them to meet the national agricultural production targets
Xii
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with reduced inputs. Thus, I would argue that we have a ‘window of opportunity’ to steer the
Sri Lankan Agriculture towards a more sustainable pathway while engaging in efforts to
increase its productivity. This is where ‘Sustainable Intensification’, comes in to focus for Sri
Lanka at the present juncture.

Strategies for Sustainable Intensification (SI) in Sri Lanka and required paradigm shifts
Any Sl strategy should satisfy three criteria for it to be implementable, effective, and adopted
by the farmers. First and foremost, the strategy should be based on valid scientific principles.
In addition, its environmental cost should be minimum. Furthermore, the strategy should be
within the economic capability of the potential end-users (e.g. farmers) and also socially and
culturally acceptable. The specific Sl strategies that satisfy the scientific, environmental and
socio-economic criteria are different for different scales of agricultural production.
Accordingly, the strategies that may be applicable to large scale and extensive production
systems such as plantation crops and paddy would be different from the Sl strategies that are
suitable in small-scale and subsistence farming systems which produce a high proportion of the
Other Field Crops (OFCs) and vegetables in Sri Lanka.

Some key paradigm shifts are essential in identifying feasible Sl strategies for different
production systems in Sri Lanka. Currently, the specific crops (and specific crop varieties) are
selected via a crop-based approach, which is determined by climatic and soil considerations as
well as by economic (e.g. market forces) and social considerations (e.g. farmer preference) with
little consideration on sustaining and regenerating the resource base (e.g. nutrient recycling, soil
conservation etc.). Selection of crops to be grown based on a ‘Cropping Systems Approach’
(instead of a crop-based approach) constitutes a key paradigm shift in moving Sri Lankan
Agriculture towards SI. Such a paradigm shift forces all key players (e.g. farmers, researchers,
extensionists and policy makers) to explore the possibility of crop rotations, crop mixtures (e.g.
intercropping), cover crops, ‘crops for the period between seasons’ and fallowing, where
minimizing resource losses and maximizing resource recycling are given due consideration in
decision-making.

A second paradigm shift that is needed for Sl of Sri Lankan Agriculture is to shift focus from
attempting to maximize yield per unit land area to maximize yield per unit of limiting resources
(e.g. maximizing yield per unit of water used and yield per unit of nitrogen used etc..). This
requires a significant shift of focus in crop improvement programs through plant breeding from
developing higher yielding varieties to developing varieties with greater resource use efficiency
which give an adequate, but not necessarily the highest, yield. Development of these new
resource-efficient varieties should be accompanied by the development of a range of new
agronomic crop management practices/strategies/packages which focus on the key
requirements of Sl (i.e. sustainability of the resource base). In particular, these strategies
include irrigation and water management practices which minimize evaporative losses while
maximizing efficient delivery and uptake and nutrient management practices to minimize
leaching and volatilization losses while releasing the nutrients which are fixed in the soil
minerals.

Shifting from single strategy-based crop management to integrated crop management is the
third paradigm shift that is needed to move Sri Lankan Agriculture towards SI. Most single
strategy-based crop management practices (e.g. crop protection, nutrient management etc.) are
heavily reliant on inorganic and synthetic substances. Broadening the strategies used and

Xiii



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

thereby reducing their reliance on synthetic substances during crop protection (e.g. Integrated
Pest Management) and nutrient management (Integrated Nutrient Management) addresses one
of the key requirements of SI by ensuring protection of the agroecosystem and its services (e.g.
biodiversity, clean water, safer food etc.).

Strategies to address the challenges posed by climate change on Sustainable
Intensification

Cropping systems in all climatic zones of Sri Lanka at the lower (< 600 m above sea level)
elevations are highly vulnerable to increasing temperatures and rainfall variability, two of the
key features of climate change. Even those at higher elevations are not immune to these
persistent trends in the climate because the crops and cropping systems at these elevations have
evolved to be adapted to a lower temperature regime, which has been shown to be increasing at
a faster rate than at the lower elevations. Accordingly, incorporation of heat tolerance to all
crops grown in Sri Lanka via a focused and sustained plant breeding effort is an essential
medium-to long-term need. Agronomic interventions to reduce the energy load on crops and
soils should be introduced concurrently with the plant breeding efforts, which are not going to
yield new heat tolerant varieties in the near future. In this regard, incorporation of shade in to
agricultural fields via suitable tree and shrub species, preferably leguminous trees, will be a
win-win situation where several requirements for Sl can also be fulfilled. The reduced radiation
energy on the crop surface will reduce canopy temperature and thereby reduce the incidence of
heat stress. Concurrent reduction of evapotranspiration rates will contribute to conservation of
water and thereby increase the crops’ capacity to avoid possible drought periods. In addition
to the amelioration of the crop’s microclimate, when properly managed through lopping and
pruning, the shade trees can provide a supply of organic material to the soil and thereby ensure
nutrient recycling. A mulch of organic material will not only provide protection against
building up excessive soil temperatures, but also help in conserving soil moisture. Furthermore,
the input of organic materials, their decomposition will bring about significant changes in the
soil microbial population and thereby set in motion many of the soil biological, physico-
chemical and ecological processes which are required for sustained regeneration of soil fertility.
Incorporation of leguminous tree/shrub species will enable the harnessing of their ability to fix
atmospheric nitrogen and thereby potentially reduce the requirement of inorganic nitrogen
fertilizer.

Climate change is likely to accelerate crop developmental processes via increasing
temperatures. While increasing temperatures have the possibility to increase crop growth rates
in currently cooler climates via increased photosynthetic rates, they are most likely to decrease
growth rates in crops in the currently warmer climates via decreased photosynthetic rates and
increased respiration rates. Similarly, all soil biological processes including decomposition of
added organic material and release of nutrients through mineralization will be accelerated by
the increased temperatures. Increased frequency of intermittent and terminal droughts will exert
further limitations on crop growth and yields. These impacts of climate change will require
careful fine tuning of the cropping systems and their management to increase resilience.

Many of the SI strategies have synergy with increasing crop resilience to climate change. For
example, increasing water use efficiency of crops increase their drought tolerance. Strategies
for increasing nutrient use efficiency can be synergized with strategies to reduce the emission
greenhouse gases such as nitrous oxides. Alternative water management strategies such as
Alternate Wetting and Drying (AWD) and aerobic rice, which are primarily designed to reduce
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the total water use in rice cultivation, concurrently reduce methane emissions from rice fields.
On the other hand, increased additions of organic material to crop lands could increase carbon
dioxide emissions. Therefore, careful management of different Sl strategies is needed to
maximize their benefits while minimizing their adverse impacts.

Concluding remarks

Sri Lankan Agriculture is at a critical juncture at present with a huge cloud hanging over its
sustainability and capacity to ensure national food security in the face of biophysical challenges
such as climate change, decreasing soil fertility and stagnating yields and socio-economic
challenges such as increasing costs of production and decreasing farmer profits. Meeting these
challenges require paradigm shifts in the way all stakeholders (i.e. farmers, researchers,
extensionists, policy makers and all others in the entire value chain) approach the task of
producing sufficient and safe food to the Sri Lankan people in an economically and
environmentally sustainable manner. This situation presents an opportunity to have a new
perspective and seek innovative and ‘out-0f-the box’ solutions, especially while the Sri Lankan
Agriculture is struggling to recover from the upheavals of recent policy decisions. In this
regard, Sustainable Intensification offers a strategy and a set of practices among many others to
all stakeholders, especially the farmers, researchers, extensionists and policy makers, to serious
consider implementing. It is significant to note that Sustainable Intensification is increasingly
adopted by a wide range of countries in all continents. Hence, it is appropriate that Sri Lanka
is not left behind, but explores the potential of Sustainable Intensification for resolving the
critical issues that its food production system and its associated value chain faces.

W.A.J.M. De Costa

Senior Professor and Chair of Crop Science
Faculty of Agriculture

University of Peradeniya

Sri Lanka
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KEY NOTE -2
3" International Symposium on Agriculture

Trace Elements under Regenerative Management

The composition of New Zealand pastures has changed with time in response to increasing
incidence of drought, resistance of livestock to anthelmintics, and adaptations to greenhouse
gas emissions (Bryant et al., 2019). The traditional New Zealand pasture cover dominated by
ryegrass and clover mixture has been gradually replaced by a range of forage species such as
chicory and plantain. These forage species have shown greater adaptability to persist under dry
conditions which are now becoming prevalent in New Zealand summers. Further, several
studies have demonstrated that inclusion of chicory and plantain in grazing systems may lead
to reductions in nitrous oxide emissions from farms. However, there are some known risks in
the use of these forage species. For example, soil cadmium (Cd) concentration has been shown
to be particularly enriched under long-term dairy land use in New Zealand due to the typically-
intensive phosphorus fertilisation history of these farm systems (Stafford et al., 2018). Chicory
has been shown to concentrate the trace metal Cd to a concentration that can be 50 times higher
than in ryegrass (Stafford et al., 2016; Ubeynarayana et al., 2021). Increase in Cd intake by
animals through forage can impact the health of both animals and humans, and there are strict
limits on the maximum permissible concentration of Cd in food stuffs. Strong evidence has
been presented in a recent Massey University study showed a significantly higher concentration
of Cd in the liver of lambs eating chicory relative to ryegrass (Anderson et al., 2022).

In recent years, regenerative agriculture is increasingly being adopted in New Zealand. It is a
farming practice that utilises diverse pasture species which include longer rooted species to
improve numerous aspects of agriculture, including, soil microbial diversity, carbon
sequestration, nutrient cycling, mitigation of greenhouse gas emissions, and animal welfare and
production. Both the Ministry of Primary Industries (MPI) and the Primary Sector Council,
New Zealand have recognised regenerative agriculture in the ‘Fit for a Better World’ vision for
the agricultural sector (Ministry of Primary Industries, 2019). Diverse species are also known
to accumulate a higher concentration of many essential trace metals (copper, zinc, iron,
molybdenum, cobalt, and selenium) than ryegrass alone (Hogh-Jensen et al., 2006; Wei et al.,
2022). This could be a solution for the occurrence of essential trace element deficiency in
grazing animals. The majority of farm animals in New Zealand graze pasture year-round,
inadequate intake of cobalt, copper, iodine, and selenium is prevalent (Grace and Knowles,
2012). Adequate levels of zinc in forage could reduce the incidence of facial eczema in sheep
and cattle, an issue that is expected to increase in severity with climate change. On the other
hand, a strong interaction with zinc has previously been reported, and zinc fertilisation is one
recommended amelioration strategy for high Cd levels in crops (Fertiliser Association, 2019;
Gray et al., 2019). Therefore, there is potential that the benefits associated with this greater
concentration of essential trace elements will offset any risk of elevated Cd concentration in
forage crops.

Further, recent Massey University studies by Matse et al., (2021, 2022) have demonstrated that
copper is a main cofactor for ammonia monooxygenase (AMO) enzyme which catalyses the
first step of ammonia oxidation to hydroxylamine in the nitrification process. We demonstrated
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that an increase in soil bioavailable copper can increase nitrification, while a reduction in
bioavailability can reduce the nitrification rate. Therefore, manipulating bioavailable copper in
soil can be applied as a potential nitrification mitigation strategy in pastoral systems. The
increase uptake of trace elements by forage species could be used to reduce the bioavailable
copper concentration in soil and therefore inhibit AMO enzymic activity, and consequently the
nitrification rate. Matse et al., (2023) have demonstrated that reducing soil bioavailable copper
can reduce nitrification rate in urine patches by reducing the ammonia oxidizing bacteria amoA
gene abundance. A reduction in ammonia oxidation reduces the accumulation of nitrate in soil
and helps to keep nitrogen in the ammonia form. Reducing nitrate accumulation can also
influence nitrous oxide emission in pastoral systems because nitrate is the main substrate of
nitrous oxide emission. The use of forage species to reduce bioavailable copper in pastoral soils
through increase in uptake can be a potential mitigation strategy that can not only have
environmental benefits, but it can also have economic benefits by reducing the copper
deficiency in pasture for grazing animals. A study about trace elements uptake and translocation
in diverse pasture species under New Zealand’s regenerative pastoral system now creates the
opportunity for a project that can assess the possible impacts on the mobility of essential and
toxic trace elements into plants and animals. A comprehensive MPI funded 7-year farmlet study
has recently started at Massey University, comparing regenerative and contemporary pasture
management under dairy and sheep systems.

In addition, the low trace element status of many New Zealand soils can lead to sub-optimal
nutrient contents in our export agricultural products. This is a potential risk to the New Zealand
economy as today’s health-conscious consumers are becoming increasingly concerned about
the health and nutritional value of their foods (e.g. Functional foods). In New Zealand, the
chemical, physical and biological properties of tephra-rich soil represent an opportunity for
agriculture and horticulture to lift production: soils influenced by volcanic activity cover 31
percent of the North Island of New Zealand’s total land area. Our regenerative management
project in allophanic soils targets a higher value for New Zealand agricultural products grown
on the underutilised resource of volcanic lands.

Opportunities and risks differ regionally but experience with implementation of the New
Zealand farming strategies and management practices may also help inform consideration of
land management for high-value agriculture production elsewhere, in countries with less
extreme climates, and higher quality soils such as Sri Lanka.
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IMPACT OF WATER STRESS ON GROWTH AND YIELD PERFORMANCES OF
TOMATO (Lycopersicon esculentum Mill)

J. Vijayakumari® and S. Sivachandiran

Department of Agronomy, Faculty of Agriculture, University of Jaffna, Sri Lanka

Abstract

Scarcity of water during “Yala” season is crucial problem specially for vegetables in Dry zone
areas of Sri Lanka and the study of crop performances under water scarcity are important for
efficient water usage in drier areas. Hence, the study was carried out for tomato (Lycopersicon
esculentum Mill) with the objective to assess the growth and yield performances under different
moisture levels at Department of Agronomy, Faculty of Agriculture, University of Jaffna,
Kilinochchi during the period from January to May, 2015. Tomato variety KC-1 was selected
and subjected to three treatments such as 100%, 85% and 70% of field capacity levels under
randomized complete block design (RCBD) with fifteen replicates. The seedlings of tomato
were transplanted in pots 21 days after sowing. The growth and yield parameters of plant height,
number of leaves, flower formation and fruits setting, root depth, root volume, shoot: root
volume ratio, flower abortion, fruit number and yield were measured and data were analyzed
using analysis of variance (ANOVA). The study revealed that water stress caused significant
decreases in growth parameters (plant height, leaf water content, leaf number) and yield
parameters like flower and fruit number ultimately influence crop yield. The treatment 70 % of
field capacity had significant impact on plant height and leaf numbers and it was reduced by
20.68% and 10.63% respectively. Root volume increased significantly by 18.5%. Shoot: root
ratio also reduced by 9.1%. The highest reduction of flower formation (17.13%), and vyield
reductions were observed (38%) at 70 % of field capacity compared to 100% of field capacity.
The significantly higher growth and number of flowers (4.15%) and 5% higher yield (36.508
t/ha) were recorded at 85% of field capacity compared to 100% of field capacity. It could be
concluded that Tomato performed extremely well under 85% of field capacity and this is ideal
for saving water rather than applying more water to maintain under full field capacity.

Keywords: Field capacity, growth, impact, tomato, water stress and yield

Introduction
Water stress is one the abiotic stress that affects the crop growth and yield. A plant becomes
water stress either when water supply to roots becomes limiting or when the transpiration rates
becomes intense. Drought stress (water deficit or low water availability) is a tricky problem that
widely distributed worldwide over 1.2 billion ha in rain fed agricultural land (Passioura, 2007).
These reasons emphasis on developing methods of irrigation that minimize water use or
maximize the water use efficiency. Water deficit condition significantly influences the
vegetative growth, physiological responses and yield especially in tomato under arid conditions.
Deficit irrigation (DI) is one of the efficient water usage methods that could help not only in
reducing production costs, but also in conserving water in order to minimizing leaching of
nutrients and pesticides into ground water. In water-limiting production systems, DI as a
management tool for tomatoes could be very effective in this respect. Tomato (Lycopersicon
esculentum Mill) is one of the most popular and versatile vegetable crops that attain a high and
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stable growth and development under deficient moisture all over the world. It is sensitive to a
number of environmental stresses; especially inadequate moisture stresses (Kalloo, 1993).

In Northern Province of Sri Lanka, scarcity of irrigation water is the common problem during
Yala season due to less rainfall. There is an urgent need to increase the food production with
limited water usage to satisfy food requirements. There were no literatures available regarding
water stress study on vegetable crops in Northern region of Sri Lanka. This study is very
important for better and efficient water management especially in Yala season. Therefore, a
new study was carried out in Ariviyal Nagar, Kilinochchi to evaluate an “impact of water stress
on growth and yield performance of tomato™.

Materials and Methods

An experiment was conducted at Department of Agronomy, Faculty of Agriculture, Ariviyal
Nagar in Kilinochchi during January to May, 2015 to evaluate the impact of root and shoot
phenology on growth and yield performances of tomatoes under the water stress condition. The
experimental site receives an average rainfall of 415.33 mm and average temperatures 28.4-
34.5 °C (max) and 19.7- 24 °C (min). Twenty-one days old tomato seedlings were obtained
from District Agricultural training Centre, Jaffna and transplanted two seedlings per pot that
contained 18 kg potting mixture (at the ratio of 2:1 soil: compost). Pots were filled up to field
capacity level and it was maintained as uniform up to two weeks. After two weeks of
transplanting, three treatments were arranged in Completely Randomized Block design (RCBD)
with 15 replicates under polyethylene covered structures. Pots were kept under the poly tunnel
to avoid the rainfall impact. Treatments included T1 (100% of field capacity), T2 (85% of field
capacity) and Tz (70% of field capacity). The measured amount of water was added daily to
maintain the above field capacity level by using soil moisture meter to compensate losses
through evapotranspiration.

Parameters and Data collection
Growth parameters measured included: plant height(cm) from the stem base up to shoot apex,
number of leaves, total number of flowers initiated and number of flowers which formed fruits
data were collected at every 2 weeks’ interval up to end of the experimental period. Root depth,
root volume and shoot: root volume ratio were taken at 4 weeks’ interval. The root and shoot
volumes were measured by actual volume displacement, the volume of water displaced was
measured when plant tissue is submerged in a vessel of water (Novoselov, 1960). Flower
abortion (Infertile flower formation) rate (%) was calculated based on the formation of flower
buds and fruit primordia.
(TFB — FRP)

TFB

Where, TFB-Total number of flower buds formed and TFR-Total number of fruits produced.
Tomato fruits were harvested at ripening stage and fruit weight was measured. Equatorial
diameter of the fruits and peel thickness were measured in 5 fruits from each treatment at every
harvest by using Vernier calliper. Fruit length and fruit stalk length also were measured by using
measuring tape. Dry and fresh weights were measured by using electronic balance. The
reduction in the total yield compared with 100% of field capacity level, water saving and Water
use efficiency (WUE) were computed as follows by using following equations (Zotarelliet al.,
2009).

Flower abortion rate(%) =

(Yield at 100% of field capacity — Yield at of 70% capacity)
Yield at 100% of field capacity

The reduction of yield =
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[Applied water at 100% of F.C] — [Appliedwater at 85% or 70% of F. C]
Applied water at 100% of F.C

Water saving =

Crop yield(kg/ha)

Water Use Efficiency (WUE) = (Total water supply)

Data analysis
The data collected were subjected to Analysis of Variance (ANOVA) using SAS version 9.1.
Significant means were separated using the Duncan Multiple Range Test (DMRT) at a < 0.05.

Results and Discussion

Plant Height

Changes in plant height were used to study the effect of water stress on growth of tomato plants.
Plant height difference in tomato under 100% (T1), 85% (T2) and 70% (T3) moisture regimes
were significantly differed throughout the growing period (Figure 1). Plant height under
treatments of 100% (T1) and 85% moisture regimes (T2) were not significantly differed at
flowering stages, fruit setting and maturity stages. In seedling, there was a significant difference
in plant height under the treatments of 100% (T1) and 85% moisture regimes (T2). Under 70%
moisture regimes tomato showed 20.6% lesser plant height. The reason could be low increase
in plant height under extreme deficit possibly due to reduced cell turgor which affects cell
division and expansion (Luvaha et al., 2008).
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Figure 1: Plant height variations with Figure 2: Leaf formation influenced by

different treatments different treatments

Number of leaves

The highest leaf formation was observed (Figure 2) in moisture regimes 85% (T1), whereas the
lowest leaf formation was observed in 70% moisture regimes (T3). Water stress reduced the leaf
number, relative leaf expansion rate and plant height depends on the stage of development,
particularly when water stress occurred during the vegetative stage (Kacperska et al., 1989).

Flower formation and Fruit setting

The formation of number flowers was significantly differed among the treatments (Figure 3).
At 85% moisture regimes, the highest flower formation was observed in tomato. Irrigation
deficit in the initial growth period of tomato reduced the number of flowers leading to a decrease
in the number of fruits and in the marketable yield (Colla et al., 1999). At 70% moisture regimes
17.13% flower number reduction and 4.15% highest number of flowers at 85% moisture
regimes was observed compared to 100% moisture regimes. Water deficit (70% moisture
regimes) had reduced the number of flowers produced. The highest percentage fruit formation
was observed at 85% moisture regimes compared to other moisture regimes.Under the 70%
moisture regimes,fruit formation had lowest number that showed the reduction of fruit number
by 25.56% and highest at 85% moisture regimes by 33.9% compared to control. Water stress
severely affects flower formation and later, fruit setting (Losada and Ridcon (1994).
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Figure 3: Flower development and fruit setting influenced by different treatments

Root Depth

The root depth had significantly differed in different moisture regimes in tomato. At moisture
level 85%, plant had higher mean root depth and lesser mean depth under 100%. Water stress
increased more root development. Tomato under 70% moisture regimes had deep rooting would
become a more common trend in less extreme dry areas (Kummerow, 1980).

Root Volume

The moisture regimes had significant influenced on root volume in tomato. At 85% moisture
regimes plant had higher root volume throughout the study and lower mean value under 100%
moisture regimes. The adaptation of root for the water stress condition in that area.

Shoot: Root VVolume Ratio

In tomato, initial stage after transplanting, shoot: root volume ratio was highest at 85% moisture
regimes (moderate moisture level). But flowering and fruit setting time, root volume was highly
significant than other treatments. Therefore, later stage the ratio was reduced under 85%
moisture regimes.

STI(100%) BT2(85%) BT3(70%)

oTI00% BT2EM BTIOM)

Rt deptl )

Figure 4: Root depth, root volume and shoot: root volume ratio influenced by different
treatments in tomato.

Yield Parameters
Soil moisture deficit had an effect on abortion rate, fruit diameter, peel thickness, number of
fruits per plant and yield per hectare.

Flower Abortion

The results confirmed significant differences in flower abortion among the treatments (Table
1). The highest percentage (43.67%) of aborted flowers was recorded in 70% moisture regimes
in tomato. The plants showed less number of flowers abortion at 85% moisture regimes
(moderate stressed plants). The number of flower buds that failed to form fruit, increased with
a decrease in water levels. Mahendran and Bandara (2000) observed that when plants were
exposed to moisture stress at the flowering stage, a severe flowering occurred.

Fruit Number and Yield

Significant differences were noted between the treatments regarding the number of fruits per
plant and average length, diameter and weight of fruits. The lowest yield was obtained in 70%
moisture regimes and there were not significant differences between 100% and 85% moisture
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regimes. While the highest fruit yield of 36.51 t/ha was observed in plants subjected to the 85%
moisture regimes in tomato.

Table 1: Effect of water stress on yield and yield attributes of tomatoes

Flower Fruit Fruit

Yield Flowers  Fruits Abortion  fresh dry Fruit Fruit Peel
Treatments per per ; . length Diameter  thickness
(9/plant) plant Plant Rate weight weight (cm) (cm) (mm)
(%) Q) @)
100%SM.R  1390.40* 48.178  30.00° 37.72°>  48.85°? 10.80*  4.03°  3.95° 3.7
85% S.M.R 1460.40* 50.17%  40.17% 19.93° 52.722 11.90* 4.65% 4.412 3.632
70% S.M.R  861.50° 39.83°  22.33° 43.93° 37.04° 9.75% 3.73¢  3.61° 2.21°

In a column, means followed by a common letter are not significantly different at 5 % level by DMRT.

Table 2: Potential yield reduction (%) and water saving (%) in different water level treatments

Treatments Total Yield Total Water Crop Yield Ratio to Yield Increase Water
until 4Picking  Applied WUE 100%Moisture  Reduction (%) Saving
(kg/ha) (ml) (kg/ha/ml)  Level (%) (%)
T1(100%) 34760.79 23,910.00 1.45 100.00 0.00 0.00
T2(85%) 36508.77 20,490.00 1.79 105.02 +5.02 14.30
T3(70%) 21538.58 16,967.50 1.27 61.96 -38.04 29.04

In a column, means followed by a common letter are not significantly different at 5 % level by DMRT.

Conclusion

The tomato found to be sensitive to water stress especially if watering is limited. Different
watering regimes affect the growth and yield of tomato at different growth stages. Water deficit
reduced the plant growth by reducing number of leaves, leaf water content, and shoot height,
flower and fruit number. Under water stress condition plant produced deeper root than the field
capacity level (100%). Root: shoot ratio increased with increasing water deficit conditions. Crop
growth and yield were increased under the 85 % moisture regimes and reduction was observed
at 70 % moisture regimes. Therefore, in overall study based on the growth and yield of tomato,
the best crop performances were obtained at 85% of moisture regimes and it saved the applied
water considerably than field capacity level.
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Abstract
The Spirulina platensis is quite spread all over the world due to its high nutritional value and
Spirulina is capable to grow in various kinds of cultural media. Looking out for natural forms
of fertilizers is increasing. This study aimed to determine the influence of various concentrations
of vermiwash on the growth of S.platensis. Four concentrations of vermiwash fertilizer used (2,
5,8 and 11 ml/L) and 10 ml/L of Zarrouk’s medium was used as control. Among the treatments,
the highest Spirulina platensis cell concentration was found in the concentration of 5 ml/L and
also found to be the most effective concentration to increase in dry matter content of Spirulina.
Consequently, it was seen that vermiwash have the potential to replace commercially used
medium in S. platensis mass cultures to decrease the costs of production. This formulated
vermiwash can be an effective nutrient solution for the mass cultivation of Spirulina platensis.

Keywords: Mass cultivation, Spirulina, vermiwash fertilizer

Introduction

Nowadays, the cost of fish feed is drastically increased, and this situation encourages us to use
locally-available feeds and feed materials. The Spirulina platensis is the best source of essential
nutrients and is easily cultivatable in different media (Hosseini et al., 2013). Spirulina is used
as a complete or partial protein nutritional supplement in aquaculture through aquaculture
feeds. Present Spirulina cultivation primarily depends on chemical fertilizers. The continuous
use of chemical fertilizers has led to the contamination of water bodies and even food materials.
This situation turned us to use organic fertilizers. The vermiwash obtained from vermicompost
is an alternative liquid fertilizer to provide all essential nutrients for plant growth and production
(Sreenivas, 2000). Therefore, the present study aimed to determine the influence of vermiwash
in various concentrations on the growth of Spirulina platensis.

Materials and Methods

Preparation of Vermiwash

Vermicompost was prepared by using compost, cow dung and paddy straw. A tap fixed plastic
container was selected. The layer of broken bricks and stone, coarse sand, fine sand, compost
and cow dung with paddy straw were used to prepare the vermiwash container. Then, the
earthworms (Eisenia foetida) were introduced into the compost in the container. The container
was covered with gunny bags to shade the contents and protect them from direct sunlight. The
clean water was sprinkled at regular intervals to maintain the moisture content of 70-80%
humidity and temperature at 25-30 °C. Vermiwash was collected after 45 days and used for
further experiments.

* Corresponding author: mashi98.rukshila@gmail.com
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Determination of N, P, K percentages of Vermiwash
The pH, Nitrogen, Potassium and Phosphorus of Vermiwash were determined by using the
methods described by Fishman and Friedman in 1989.

Preparation of Spirulina Mass Cultivation

Spirulina inoculum was collected from the Wet lab, Ornamental Fish breeding and Training
centre, National Aquaculture Development Authority, Rambodagalla, Panagamuwa. The
cultivation tanks were supplied with continuous light and aeration. The pH and temperature
were maintained at 9-10 and 28 — 30 °C, respectively. After 24 hours, the sterilized vermiwash
fertilizer was diluted with chlorinated water and 4 different treatment media were prepared. The
five categories of formulation include vermiwash: culture media (T1- 2:1000, T2- 5:1000, T3-
8:1000, T4- 11:1000) and control (T5-10:1000 Zarrouks media) trials were separately
maintained. Each treatment have three replicates.

Calculation of cell concentration and measurement of total dry weight

The cell density of all treatments was measured by using the Hemocytometer under the
microscope (Tulashie and Salifu, 2017). The approximate total dry weight of the cultivation
was manually measured.

Experimental Design

The completely randomized design was designed with triplicates. The data were statistically
analysed using statistical analysis software version online academic packages. The one way
ANOVA and for the mean separation, Duncan’s multiple range test were performed at the
significant level of p<0.05.

Results and Discussion

Composition of Vermiwash

The total N value of vermiwash fertilizer is 0.027%, the total P amount is 0.0057%, and the
total K amount is 0.17% at the pH level of 8.9. Compared to commercial growth media used to
cultivate S. plantensis the nutrient content in vermiwash was significantly low yet supported
the growth of spirulina at a substantial growth rate.

Effect of different media on Cell growth during cultivation period

20
£ s ——
s / T1
2 10 T2
2 5 T3
3 T4
0 ——T5
0 10 20 30
Cultivation Duration (Days)

Figure 1: Spirulina cell growth in different media during cultivation period

Figure 1 shows that T2 had the highest cell concentration after one month. The study revealed
that there is no significant difference between the cell concentrations of T1, T2 and T5 while
T3 has a significant difference and the T4 has a significant deviation at the mass culture which
resulted in no observable algae mass in the culture after the 30" day of observations. Because



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

of the unexpected environmental error. These findings were in agreement with the study done
by Grover et al. (2019). The study discovered that vermiwash has positive growth-stimulating
effects in freshwater microalgae in terms of growth rate and biomass.

Effect of vermiwash on the total dry weight of Spirulina
Table 1: Effect of vermiwash on Spirulina total dry weight

Treatment Total number of Mean + SE
observation

T1 16 0.39+0.0002%

T2 16 0.43+0.0002°

T3 16 0.32+0.0002%*

T4 16 0.00+0.0002°

T5 16 0.38+0.0002%

According to the Table 1, the different treatments have shown significant differences (P<.0001)
in cell growth and dry weight. Treatment 2 showed the highest mean values among the other
treatments.

Cost analysis for the vermiwash production

The total amount of vermiwash collected was 120 liters. The total operational cost for the
vermiwash production was Rs. 4050.00. The cost for the production of 1liters vermiwash is Rs.
33.75. Therefore, the vermiwash can be made available for low price than commercially
available chemical fertilizers.

Conclusion

The study revealed that among the treatments, the highest Spirulina platensis cell concentration
was found in the concentration of 5 ml/L and also found to be the most effective concentration
to increase in dry matter content of Spirulina. Consequently, it was seen that vermiwash
fertilizers have the potential to replace commercially available medium in S. platensis mass
cultures to decrease the costs of production. This formulated vermiwash can be an effective
fertilizer for the mass cultivation of Spirulina platensis.
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Abstract

This experiment was carried out at home garden in Ampara, Eastern province, Sri Lanka as a
polybag experiment during the period of June to September, 2021 to investigate the different
combinations of Amirthakaraisal and compost on growth and yield of Vigna unguiculata. The
experiment was laid out in Completely Randomized Design (CRD) with six treatments and ten
replications. The treatments were T1 (100% Amirthakaraisal), T2 (75% Amirthakaraisal +25%
Compost), T3 (50% Amirthakaraisal + 50% Compost), T4 (25% Amirthakaraisal + 75%
Compost), T5 (100% Compost), T6 (Control) and tested their performance on the growth and
yield. In this investigation, the statistical analysis of data proved that 50% Amirthakaraisal
liquid fertilizer and 50% compost gave the best performance when compared to other
treatments. The 50% Amirthakaraisal and 50% compost (T3) increased plant height (9%),
number of leaves per plant (18.29%), number of branches per plant (17.72%), fresh weight of
shoot (14.02%), dry weight of shoot (28.33%), dry weight of roots (51.85%), root length
(24.93%) total number of nodules per plant (20.62%), days for 50% flowering (15.36%),
number of flowers per plant (52.38%), number of pods per plant (76.19%), fresh weight of pods
(38.63%), dry weight of pods (61.41%), length of pods (39.28%), number of seeds per pod
(57.44%), weight of seeds per pod (49.62%) , weight of 100 seeds (39.44%) and total yield per
hectare (65.58%) compared to control. Therefore, the 50% of Amirthakaraisal and 50% of
Compost (T3) fertilizer could be recommended to enhance the growth and yield of Vigna
unguiculata L. which is environmentally friendly for sustainable agriculture.

Keywords: Amirthakaraisal, compost, Vigna unguiculata, organic cultivation

Introduction

Cowpea is one of the important legume crops grown in Sri Lanka and mostly it is cultivated in
dry zone and intermediate zone of the country. All cultivated cowpeas are grouped under the
species Vigna unguiculata. Cowpea is high in protein, essential vitamins and minerals,
unsaturated fatty acids, antioxidants, phenolic compounds, and soluble fiber and insoluble fiber
(Liyanage et al., 2014). Chemical fertilizers improve crop productivity, but their excessive
usage has harmed soil structure, polluted water and air and causing health and environmental
risks. Inorganic fertilizers can improve crop yield and soil pH, total nutrient content, nutrient
availability but their use is limited due to high cost, nutrient imbalance, scarcity and soil acidity.
Use of organic manures as a means of maintaining and increasing soil fertility has been
advocated.

Amirthakaraisal is organic manure that functions as a growth stimulant, growth promoter and
immune booster. Amirthakaraisal proved its value by providing strength and great resistance to
the crop. Some Macronutrients such as nitrogen, phosphorous, and potassium and
Micronutrients such as Zinc, manganese, and copper along with reducing sugars are present in
Amirthakaraisal. Composting has been defined as a biological process through which
microorganisms convert organic materials into useful end products, which may be used as soil
conditioners and/or organic fertilizers. Farm compost has 0.5% N, 0.15% P, and 0.5% K. The
effective combination of Amirthakaraisal and compost is an essential step in harvesting high
quality yield. However, the effect of different combinations of Amirthakaraisal and compost on

* Corresponding Autor: deshanisudath@gmail.com
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cowpea growth and yield has not yet been reported. Therefore, the study was conducted to find
the good combination of Amirthakaraisal and compost on cowpea growth and yield.

Materials and Method

Experimental site

A polybag experiment was carried out at the home garden in Ampara, Sri Lanka which is located
in the Eastern Province of Sri Lanka during the period of June to September 2021. It is located
in the latitude of 7° 18' 10.9" N, and longitude at 81° 40' 49.6" E at an elevation of 0 - 125 m
above the mean sea level.

Climate and soil

It belongs to the agro-ecological region of low country dry zone of Sri Lanka. The average
annual Temperature is 28 + 2°C. The area receives a mean annual rainfall is less than 1750mm
with a distinct dry season from May to September and long dry season (May to September) and
a small rainy season (October to March). The predominant soil type of this area is non-classic
brown.

Treatment codes and description

Table 1: Treatment Codes and Description

Treatment code Description
Tl 100% Amirthakaraisal
T2 75% Amirthakaraisal +25% Compost
T3 50% Amirthakaraisal + 50% Compost
T4 25% Amirthakaraisal + 75% Compost
T5 100% Compost
T6 Control

Preparation of polybags

This experiment was conducted by using polybags. The height and the diameter of the polybags
were 30 cm and 30 cm respectively. The polybags were filled with topsoil and cow dung at the
ratio of 1:1. A distance of one inch was left unfilled from the top of the soil to facilitate
irrigation.

Preparation of Amirthakaraisal

Amirthakaraisal consists of two products from the cow (cow dung and cow urine) and jaggery.
Materials used for the preparation of Amirthakaraisal are cow dung, cow urine, jaggery, and
water. The steps involved in preparation of Amirthakaraisal are given in Figure 1.

Application

Once in two weeks different levels of Amirthakaraisal and compost organic fertilizer were
applied to cowpea plants from two week after planting and their performances were recorded
once at biweekly interval.

12
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20Kg cowdung, 20L cow urine, 2Kg jaggery, 20L clean
water were added in to a plastic container.

All the ingredients were mixed In plastic bucket for at
least 15 minutes.

Solution was stired in clockwise diection twice per day
(morning and evening) to activate microorganisms.

The solution was filtered by using muslin cloth after 24
hours of preparation.

During the application the solution was mixed 10L of
water for 1L of solution.

Figure 1: Steps involved with preparation of Amirthakaraisal

Results and Discussion

Dry weight of shoots

The dry weight of shoot of Vigna unguiculata L. is given below in Table 2. The results showed
that changes in different levels of Amirthakaraisal and compost were significantly (P<0.05)
affecting the dry weight of shoots of Vigna unguiculata L. This results in T3 treatment may be
due to faster decomposition of organic manure, thereby increased availability of nitrogen which
helps in protein synthesis and ultimately resulting in more dry matter production in plants
(Ravisankar et al., 2017). The cow dung and urine provide nitrogen which is essential for plant
growth. The compost gives zinc (Zn) which influence the growth of shoots of plants
(Karunarathna et al., 2018)

Dry weight of roots

The dry weight of roots of Vigna unguiculata L. is given below in Table 2. This results of T3
might be due to the presence of microorganisms by combination of compost and
Amirthakaraisal which increase the nutrient availability for cowpea production and thus
increase the dry weight of roots as compared to the control. Amirthakaraisal increased the
number of bacteria, fungi and soil invertebrates in soil. The use of compost can change plant-
available micronutrients by changing both physical and biological characteristics of the soil.

Total number of nodules

The total number of nodules of Vigna unguiculata L. is given below in Table 2. This increased
nodulation in T3 might be due to the increment of plant growth-promoting bacteria and other
microorganisms by the combination of compost and Amirthakaraisal which encourage the
nodulation of cowpea. Presence of plant growth-promoting bacteria and P-enriched compost is
highly effective in improving the growth and nodulation of chickpea (Shahzad et al., 2008).
The effective microorganisms present in Amirthakaraisal improved soil quality, growth and
yield of crops (Ketsiyal and Thatheyus, 2021).

Number of seeds per pod

The number of seeds per pod of Vigna unguiculata L. is given below in Table 2. This may be
due to the high phosphorus content and high microbial population in Amirthakaraisal and
compost. Amirthakaraisal contains a high amount of phosphorus due to cow dung and cow urine
has increased microbial population in soil (Karunarathna et al., 2018). Compost is known as a
slow-release nutrient source of macro and micronutrients to the soil.
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Weight of seeds per pod

The weight of seeds per pod of Vigna unguiculata L. is given below in Table 2. This treatment
could be due to the presence of macro and micronutrients particularly Phosphorus in
Amirthakaraisal and compost. Compost consists of nitrogen and phosphorous. Amirthakaraisal
prepared by using cow dung. Cattle manure contains the three major plant nutrients such as
nitrogen, phosphorus and potassium, as well as many essential nutrients such as Ca, Mg, S, Zn,
B, Cu, Mn, etc.

Total yield (t/ha)

The total yield of Vigna unguiculata L. is given below in Table 2. This might be due to the
increment of the microbial population by combination of compost and Amirthakaraisal which
increase the nutrient availability in the soil helps to increase the yield. Effective microorganisms
present in Amirthakaraisal improved soil quality, growth and yield (Ketsiyal and Thatheyus,
2021). The yield in the compost treatments increased compared to the unfertilized control in
crops and crop quality was not affected by compost, but in some cases even improved.

Table 2: Effects of Different Combinations of Amirthakaraisal and Compost on Dry Weight of
Shoots, Dry Weight of Roots, Total Number of Nodules, Number of Seeds Per Pod, Weight of
Seeds Per Pod and Total Yield of Vigna unguiculata L. At 10 Weeks After Planting.

Total

Treamens DYWE Dyweiht  Numberof (Gl goihy  Totl vied
Pod Pod (g)

T1 18.80+1.02° 2.80+0.32° 39.50+1.84° 4.28+0.62° 1.29+0.11° 1.57+0.19°
T2 19.80+0.92° 3.10+0.23" 41.30+0.68° 6.00+0.74% 1.59+0.18" 1.90+0.16°
T3 23.10+1.67% 4.10+0.31* 46.20+1.84% 7.40+0.76% 2.02+0.14* 2.55+0.28?
T4 18.10+0.74° 3.20+0.19" 40.70+0.66° 4.90+0.70° 1.46+0.15° 1.77+0.27°
T5 19.00+0.96° 3.00+0.25° 39.40+1.35° 5.20+0.41° 1.50+0.12° 1.87+0.13°
T6 18.00+0.75" 2.70+0.36° 38.30+2.78" 4.70+0.57° 1.35+0.11° 1.54+0.21°
FTeSt * * * * * *

Value represents mean + standard error of 10 replicates.

* Represents significant at 5% level of probability.

Mean values in a column having the dissimilar letter/letters indicates significant difference at 5% level of
significance by Duncan’s Multiple Range Test (DMRT).

Conclusion
In this investigation, the statistical analysis of data proved that application of 50%
Amirthakaraisal and 50% compost in to soil increased the dry weight of shoot, dry weight of
roots, total number of nodules per plant, fresh weight of pods, dry weight of pods, number of
seeds per pod, weight of seeds per pod and total yield compared to the plants in other treatments.
Therefore, the 50% Amirthakaraisal and 50% compost fertilizer could be recommended for the
cultivation of Vigna unguiculata L. in order to enhance the growth and yield which is
environmentally friendly for Sustainable Agriculture.
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YIELD PERFORMANCE OF BLACK GRAM (Vigna mungo L.)
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Abstract

A field experiment was conducted at the Integrated Farm and Training Centre, Faculty of
Agriculture, University of Jaffna, Puliyankulam, during the period from April to July 2022, to
find out the effect of seed pelleting treatment with different leaf powders using different binding
materials on the growth and yield performance of black gram (Vigna mungo) Anuradha variety.
The study was carried out using six leaf powders (Azadirachta indica (Neem), Prosopis
juliflora, Pongamia pinnata (Pungham), Cassia auriculata, Annona squamosa (Annona), and
control) with three binding materials (Clay, Wheat flour, and Aloe vera). The experiment was
carried out using a two factor factorial randomized complete block design with three replicates.
Data were collected on nodulation, growth, and yield parameters and they were subjected to
analysis of variance (ANOVA) to determine the effect and their interactions using SAS 9.1.
Mean separation was done by using the Duncan test. Leaf powder treatment significantly
(p<0.05) induced the nodulation in roots which led to the improvements on vegetative and yield
parameters. Different binding materials has significantly (p<0.05) affected nodulation, and it
influenced the number of nodules per plant and the growth and yield parameter of black gram.
Considering all growth parameters (plant height, number of leaves, number of branches), yield
parameters (number of pods, yield,) and number of nodules, Pungham leaf treatment was
significantly (p<0.05) performed well among all six leaf powder treatments and Aloe vera
binding material was significantly (p<0.05) performed well among all three-binding material.
The interaction effect found to be non-significant. This experiment results revealed that
Pungham leaf treatment and Aloe vera binding material improved the growth and vyield
performance of black gram. Further, the experiment indicated that without applying additional
inorganic fertilizers, black gram can be cultivated. Therefore, the farmers could be advised to
cultivate black gram effectively without applying inorganic fertilizers using leaf pelleting
techniques using Pungham powder and Aloe vera gel as binding materials.

Keywords: Binding material, black gram, dry zone, leaf powder treatment, seed pelleting

Introduction
Worldwide, pulses are being a second most important group of crops (Anbarasan and Srimathi,
2015). Black gram (Vigna mungo L) is one of the most significant pulse crops and its belongs
to Fabaceae family (Tandon and Chauhan, 2019). The average national productivity of black
gram was recorded as 1.16 t/ha in 2020. However, the potential productivity of different black
gram varieties; Ml 1, Anuradha, MIBG3, MIBG4 is reported as 1.8 to 2 t/ha, 1.5 t/ha, 2.2t0 2.5
t/ha and 2 to 2.2 t/ha, respectively (Department of Census and Statistics, 2021). Anuradhapura,
Vavuniya, Kurunegala, Kilinochchi, Batticaloa, and Jaffna are the major districts where black
gram is primarily grown. The amount of black gram that is farmed and produced varies from
year to year with a decreasing tendency (Economics division, DOA), according to the data that
is currently available, and the overall production is insufficient to meet the demand. Population
growth, lack of natural resource availability, and low agricultural production are some of the
main issues in Sri Lanka in the recent past. Food scarcity is becoming a major issue, developing
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countries and must rely mostly on cereals, grains, starchy roots, and pulses for their protein
needs (Kulasinghe,2019). Seed quality is regarded as a fundamental requirement to increase
germination and uniform stand which can be improved through seed treatment, such as seed
pelleting (Khatun et al., 2011). Pre-sowing seed treatments like seed pelleting aid to promote
seed germination by overcoming challenging environmental factors like limited rainfall and dry
soil (Vennila, 2018). Seed pelleting is the process of enclosing a seed in a little amount of inert
material to create a globular unit of a standard size and deliver a modest amount of nutrients to
young seedlings (Krishnasamy, 2003). A limited amount of growth-promoting chemicals given
to the seed by seed pelleting. These compounds give new seedlings some nutrients during the
early growth stage and improve the soil's ability to hold water near the area where roots emerge
(Srimathi, 2013). The development of environmentally friendly crop production methods using
natural resources is crucial in organic farming to minimize the dangers caused by the use of
chemicals (Kavitha, 2009). Seed pelleting with different botanical leaf powders has been
reported by several scientists, but there is a need to develop appropriate seed pelleting
technology to increase the production of black gram. This study was conducted to study the
effect of botanical seed pelleting by using different leaf powders with different binding
materials on growth characters of black gram variety Anuradha.

Materials and Methods
A field experiment was carried out at the Integrated Farm and Training Centre, Faculty of
Agriculture, University of Jaffna, Parasankulam, Puliyankulam during the period from April to
July 2022. Vavuniya is located in the Northern Province of Sri Lanka, which is located at 8° 45’
5.04” N latitude and 80° 29’ 49.56” E longitudes and belongs to DL1e agro-ecological region in
the low country dry zone of Sri Lanka. The soil is well-drained well aerated reddish-brown soil.
It consists of slightly sloppy topography and relatively flat land. The area receives a mean annual
rainfall is about 1434mm.Anuradha variety was selected for this study. Due to the high demand
from the consumers, this variety was chosen. A field experiment was conducted in two factor
factorial randomized completed block design with three replicates. Black gram seeds were
planted in the field at 30 cm x 10 cm. Three blocks were made and each block was further
divided into eighteen plots with the size of 1.7 m x 1.8 m to accommodate the 18 treatment
combinations. Three main blocks were separated by 1 m and every plot was separated by a ridge
of 1 m. The furrows were made according to the row spacing.

Six different leaf powders were chosen for the pelleting experiment (T1 - Neem leaf powder, T>
- Prosopis juliflora leaf powder, T3 - Pungham leaf powder, T4 — Cassia auriculata leaf powder,
Ts — Annona leaf powder, Te — Control). The fresh leaves were collected separately and dried
under shade conditions. The shade-dried leaves were powdered using a mixer grinder. A fine
leaf powder was obtained by sieving through a 0.25mm sieve to remove unwanted material and
leaf debris. Three different binding materials were taken (B1 - Clay, B> — Wheat flour (Maida)
and Bz — Aloe vera gel). Wet clay was taken and allowed to dry fully for 2 days. Dried clay was
ground and sieved to obtain fine clay powder. Maida and fresh Aloe vera gel were taken. The
bulk seeds were cleaned manually to remove unwanted material from the seed lot. Pelleting was
done by using 200 g/kg of the seed of leaf powder with 10% of the seed of binding material and
water. Pelleted seeds were air dried for 2 days under shade to bring back to the normal moisture
content.
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Table 1: Treatment and their combination
Leaf powder Binding material Treatment code
Clay T1B1
Azadirachta indica Wheat flour (Maida) T1B2
Aloe vera T1B3
Clay T2B1
Prosopis juliflora Wheat flour (Maida) T2B2
Aloe vera T2B3
Clay T3B1
Pongamia pinnata Wheat flour (Maida) T3B2
Aloe vera T3B3
Clay T4B1
Cassia auriculata Wheat flour (Maida) T4B2
Aloe vera T4B3
Clay TsB1
Annona squamosa Wheat flour (Maida) TsB2
Aloe vera TsBs
Clay TeB1
Control Wheat flour (Maida) TeB2
Aloe vera TeBs

All agronomic practices were done as per the recommendation of the Department of
Agriculture. Four plants were tagged in each plot to obtain the growth of and yield parameters
such as plant height (cm), number of leaves, number of branches, number of pods per plant,
seed yield (ton/ha). One plant was uprooted per plot weekly interval from four weeks after
planting (WAP) to record the number of active nodules. The data were analyzed by using SAS
9.1 package. Mean separation was using Duncan Multiple Range Test.

Results and Discussion
Growth parameters

Plant height (cm): Plant height (Table 2) was significantly influenced by the different leaf
powder treatments at any time of the growth stage except 4WAP. But control significantly
differed from other leaf treatments. In SWAP, 6WAP and 7WAP highest plant height was
observed in Pungham Leaf treatment (78.26 cm) and followed by Annona leaf treatment.
However, there were no significant differences observed among Annona, Cassia, Prosopis and
Neem leaf powder treatment in 7WAP. Many researchers have reported the same finding that
the increase in plant height by using Pungham leaf powder (Nadeem binzia, 1992). Plant height
(Table 2) was significantly influenced by the different binding materials used for the pelleting
at any time of the growth stage except 5SWAP. The highest plant height was observed in Aloe
vera binding material in 6WAP and 7WAP. It was significantly different from other binding
materials such as Wheat flour (Maida) Maida and clay. Many researchers have reported that the
natural Aloe vera gel has many hormones, Vitamins, minerals and enzymes. Maybe due to these
substances Aloe vera gel enhances the growth and development of the plant (Hassan, 2021).

Number of leaves: The number of leaves increased with the age of the crop. The average
number of leaves (Table 2) were significantly influenced by the different leaf powder treatment
at any time of the growth stage except 3SWAP. In 7WAP higher number of leaves (63) was
observed in Pungham leaf powder treatment. However, there were no significant differences
observed among Annona, Cassia, Prosopis, Neem and control in 7WAP. Pushpakaran et al,
(2018) stated the same finding that the Pungham leaf treatment increase the number of leaves
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in black gram. The number of leaves was influenced by a different binding material. In 4WAP
higher number of leaves were observed in Aloe vera. However, there were no significant
differences between Aloe vera, wheat flour and clay in 4WAP. Even though there were no
significant differences observed among different binding materials in 6WAP and 7WAP. A
higher number of leaves were observed in Aloe vera. Many researchers stated that Aloe vera
gel has vitamins, enzymes, and minerals (Raman et al., 2013). It may be due to the number of
leaves being increased by Aloe vera gel.

Number of branches: The number of branches (Table 2) was influenced by the different leaf
powder treatments. The highest number of branches (6.41) were observed in Pungham leaf
treatment in 7WAP. The low number of branches (5.31) was observed in control in 7WAP. In
6WAP also higher number of branches were observed in Pungham treatment. However, there
were no significant differences observed among Annona, Cassia, Prosopis, Neem and control
in 6WAP and 7WAP. In 4WAP and 5SWAP low number of branches were observed in control.
However, there were no significant differences observed among other treatments in 4WAP and
SWAP. The number of branches (Table 2) was significantly influenced by different binding
materials at any time of the growth stage except 4WAP and 5WAP. In 6WAP higher number
of branches were observed in Aloe vera. It has significantly differed from clay and wheat flour
(Maida). In 7WAP higher number of branches were observed in Aloe vera. Sharma et al. (2015)
stated that Aloe vera contains Bioactive polysaccharides like acemannan and saponin, which
enhance plant growth and development.

Total number of nodules per plant: Kevin Zaychuk (2006) reported that nodule formation
begins approximately 14 days after crop emergence, but under certain conditions, formation
may take 3-4 weeks. The total number of nodules per plant at the different growth stages of a
black gram at different leaf powder treatments is given in Table 3. The number of nodules was
significantly influenced by different leaf powder treatments in all growth periods. A
significantly higher number of nodules were observed in Pungham leaf treatment in
AWAP,5WAP and 6WAP. A higher number of nodules (68.96) were observed in Pungham in
6WAP. There were no significant differences observed between Annona and Prosopis in
S5WAP. However, a significant difference was observed between Annona and Prosopis in
6WAP. Previous researchers stated the same finding as Pungham leaf treatment increase the
number of nodules (Pushpakaran et al., 2018). Several nodules were influenced by Different
binding materials. Table 3 shows that there were significant differences observed among
binding materials in 4WAP and 5WAP. But there were no significant differences observed in
6WAP. In 4WAP higher number of nodules were observed in Aloe vera. But there was no
significant difference between clay and Aloe vera. However, there were no significant
differences observed between Wheat flour (Maida) and Aloe vera in SWAP.

Number of clusters: The number of clusters (Table 3) was significantly influenced by different
leaf powder treatments. A higher number of clusters (12.88) were observed in the Pungham leaf
powder treatment. A low number of clusters (8.22) were observed in Neem leaf treatment.
However, there were no significant differences observed among Annona, Cassia, Prosopis and
control. Previous researchers stated the same finding that the Pungham leaf treatment increases
the number of clusters (Vennila, 2018). Table 3 shows the number of clusters that were
influenced by a different binding material. But there was no significant difference was observed
among all binding materials. A higher number of clusters were observed in Aloe vera.
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T Plant height Number of leaves per plant Number of branches per plant

reatment 3WAP 4WAP 5WAP 6WAP 7WAP 3WAP 4WAP 5WAP 6WAP 7WAP 4WAP 5WAP 6WAP 7WAP
Leaf powder
Neem (T1) 21.66% 39.49% 60.04°°® 64.29° 72.06° 8.00* 18.50° 32.47% 40.63®® 53.05* 3.228 3.69* 4.11° 5.34°
Prosopis (T2) 21.78% 40.08% 60.09®°® 65.91° 7253 8.00*° 18.75° 35722 39.97% 54.38*° 3.11* 3.61* 4.27° 5.44P
Pungham (T3) 22.30° 40.04* 62.84* 70.47%° 78.26° 8.00%° 19.91* 37.11° 4358 63.02* 3.41*° 3.75% 483 6.41°
Cassia (T4) 21.79% 40.02* 60.43®° 64.33° 73.08® 8.00* 18.51* 32.66° 39.08° 52.80*° 3.16*° 3.66* 4.11° 5.25°
Annona (T5) 22.13% 40.33* 62.19° 68.15% 76.82® 8.00*° 18.61° 34.00* 41.00® 5597° 3.10° 3.66° 4.229 530"
Control (T6) 20.35° 38.71* 56.84° 60.37° 67.18° 8.00* 15.59° 27.40° 35.60° 50.51°° 2.79® 3.00° 4.13® 531°
Binding material
Clay (B1) 21.77% 40.31* 60.78% 64.61° 71.96° 8.00* 1853* 31.95° 39.37% 54.40*° 3.20° 356% 4.27° 5.43°
Maida (B2) 20.75° 38.52° 59.09%° 64.25° 72.34> 8.00* 17.59® 34.71* 39.91* 53.86% 3.13%° 354% 397° 536
Aloe vera (B3) 2248 4051*° 61.35% 67.90° 75.66* 8.00° 18.75° 34.83* 40.65% 55.11* 3.08% 359° 4.60° 5572

Means with the same letter within a given treatment are not significantly different at p= 0.05
WAP indicates the Week After Planting.
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Table 3: Effect of leaf powder and binding material treatments on number of clusters and nodule formation of black gram

Treatment Number of root nodules per plant Number of Clusters per pant

Leaf powder 4AWAP 5WAP 6WAP

Neem (T1) 30.11¢ 45,631 58.57¢ 9.22
Prosopis (T2) 32.37° 51.74% 61.05° 8.22¢
Pungham (T3) 42,542 59.672 68.96° 9.33"
Cassia (T4) 32.70° 49.82° 62.85"¢ 12.882
Annona (T5) 36.54° 53.37° 63.17° 9.44°
Control (T6) 30.41¢ 41.90° 56.28° 9.88"
Binding material

Clay (B1) 34.14% 48.13° 61.232 9.83%
Maida (B2) 31.38" 51.202 61.43 9.66°
Aloe vera (B3) 36.81% 51.73% 62.79% 10.00?

Means with the same letter within a given treatment are not significantly different at p= 0.05

WAP indicates the Week After Planting.
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Yield Parameter: Shkolnik et al. (1975) stated that the leaves powders contain gibberellin-
like substances and zinc which are synergistically activated to form indole acetic acid. Indole
acetic acid regulates the growth and development processes such as cell division and
elongation. Increased quality parameters in developing plants may be due to enlarged embryos,
higher rate of metabolic activity and respiration, better utilization and mobilization of
metabolites to growing points and higher activity of enzymes (Satiskumar et al., 2011). Anon,
(2000) stated that botanicals contain growth-promoting substances and nutrients. Maybe due
to these facts the leaf powder treatment increases the yield parameter like the number of pods
and yield of black gram. Table 4 shows that the number of pods was significantly influenced
by different leaf powder treatments. A higher number of pods (41.25) were observed in
Pungham leaf treatment. However, there were no significant differences observed among
Pungham, Annona, Prosopis and Cassia. A lower number of pods (33.19) were observed in
Neem leaf treatment. Table 4 shows that there were no significant differences observed among
different binding materials. A higher number of pods were observed in Aloe vera. The yield of
black gram was significantly influenced by different leaf powder treatments. Table 4 shows
that a higher yield (2.15 ton/ha) was observed in Pungham leaf powder treatment and a lower
yield (1.73 ton/ha) was observed in Neem leaf treatment. However, there were no significant
differences observed among Pungham, Annona, Cassia and Prosopis leaf treatments. Table 4
shows that there were no significant differences observed among all binding materials. The
higher yield was observed in Aloe vera.

Table 4: Effect of leaf powder and binding material treatments on yield parameters of black

gram
Treatment Number of pods per plant Seed yield(ton/ha)
Leaf powder

Neem (T1) 33.19¢ 1.73°
Prosopis (T2) 39,772 2 073
Pungham (T3) 41.252 2.152
Cassia (T4) 38.94P 2.03°
Annona (T5) 40.08% 2.09%
Control (T6) 33.47¢ 1.74°
Binding material

Clay (B1) 37.61° 1.96°
Maida (B2) 37.722 1.972

Aloe vera (B3) 38.028 1.982

Means with the same letter within a given treatment are not significantly different at p= 0.05

Conclusion
Considering all growth parameters (Plant height, Number of leaves, Number of clusters), yield
parameters (Number of pods and yield) and other parameters (Number of nodules) Pungham
leaf powder treatment was significantly performed well among all other leaf powder treatment.
Considering growth parameters (Plant height and Number of leaves) Aloe vera significantly
performed well among all other binding materials. Even though there were no significant
differences observed in yield parameters (Number of pods and Yield) and other parameters
(Number of nodules), a higher value was observed in Aloe vera than in other binding Materials.
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Results revealed that Pungham leaf powder and Aloe vera improved the productivity of black
gram.
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Abstract

A research was conducted at Regional Agriculture Research and Development Centre,
Kilinochchi from February 1% 2022 to May 20" 2022 to find out the responses of different
formulations of fish tonic foliar sprays on Capsicum annum L. yield under organic system.
Two major steps were involved in this research, which were preparations of different
formulations of fish tonic and field experiment. The field experiment was laid out in a
Randomized Complete Block Design, with 8 treatments and 3 replicates. Seven different
formulations of fish tonics were prepared using fish, brown sugar, jaggery, bananas, sugarcane
extract and dates at different ratios, while maintaining the total amount constant and applied
on Capsicum annuum L. along with 10 ton/ha cow dung as basal fertilizer. The treatments
tested were; Treatment 1 (control), Treatment 2 (fish+brown sugar), Treatment 3
(fish+jaggery), Treatment 4 (fish+bananas), Treatment 5 (fish+sugarcane extract), Treatment
6 (fish+jaggery+bananas), Treatment 7 (fish+jaggery+dates) and Treatment 8
(fish+jaggery+dates+bananas). The applications of fish tonic were done at weekly intervals.
The results revealed that, significant nitrogen content was observed in T4 (1.41%) and T5
(1.34%) when compared to other treatments. Field results showed that, T4 significantly showed
an excellent plant growth, higher leaf length as well as leaf width. Even, higher yield and yield
attributes were experienced in crops. T4 produced significantly highest pod length (9.35 cm),
pod diameter (9.93 mm) and yield per hectare (7.18 ton/ ha). Apart from T4, T5 also had a
good response on chilli yield (6.99 ton/ha). It could be concluded that both T4 and T5 foliar
applications have good impact on chilli yield. They can be used as promising alternatives for
the reduction of inorganic fertilizers. Further research should be done to increase the yield with
combined application of fish tonic with reduced amounts of organic, inorganic fertilizers.

Keywords: Chilli, fish tonic, foliar application, growth, yield

Introduction
Capsicum annum L. is a species of plant genus Capsicum which belongs to the family
Solanaceae. Around the world, chillies are grown over an area of 1776 thousand hectares,
yielding 7182 thousand tons (Hussain et al., 2019). The yield of chillies depends on adequate
supply of the essential nutrients. The nitrogen application to green chilli shows a great increase
on plant growth and yield (Stroehlein and Oebker, 1979).

Foliar feeding of organic liquid manures cures nutrient deficiencies and boosting crop
performances at specific physiological stages (Ramesh et al., 2020). Fish tonic is a cost-
effective fertilizer made from the by-products of fish industry. Fish tonic, being an organic
fertilizer promotes higher growth and yield in crops, as well as a viable alternative to chemical
fertilizers. Fish tonic foliar spray promotes seedlings for the growth of plants such as chilli,
brinjal etc. Use of foliar spray is obtaining importance in yield development owing to its quick
response in plant growth (Ramesh et al., 2020). It is revealed in literature that fish tonic is said
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to be an excellent nitrogen fertilizer, which improves the chilli yield during their vegetation
period. It provides enough nitrogen to the plants for uptake and also plant is maintained by
means of chlorophyll production (Weinert et al., 2014). Thereby, this experiment was aimed to
study the responses of different formulations of fish tonic foliar sprays on green chilli yield
under organic system.
Materials and Methods

The experiment was conducted at Regional Agriculture Research and Development Centre,
Kilinochchi from February 1% 2022 to May 20" 2022. M1 green chilli variety was selected for
this study. The experiment was carried out in a Randomized Complete Block Design (RCBD)
replicated thrice with eight treatments (Table 1). Seven different formulations of fish tonics
were prepared with three replicates for each of the formulations and applied on Capsicum
annuum L. along with cow dung basal application of 10 ton/ ha.

Table 1: The designed treatments are indicated here

Treatment

Treatment 1 Control

Treatment 2 Fish (50%) + brown sugar (50%)

Treatment 3 Fish (50%) + jaggery (50%)

Treatment 4 Fish (50%) + bananas (50%)

Treatment 5 Fish (50%) + sugar cane extract (50%)

Treatment 6 Fish (45%) + jaggery (45%) + bananas (10%)

Treatment 7 Fish (45%) + jaggery (50%) + dates (5%)

Treatment 8 Fish (40%) + jaggery (48%) + dates (4%) + bananas (8%)

Fish tonic preparation and application

Low-cost fishes were collected from Katakaadu fish market, near Elephant pass. The fishes
were chopped into pieces and added with different ingredients (brown sugar, jaggery, bananas,
sugarcane extract, dates) for each treatment. The components were mixed thoroughly, sealed
air tightly and allowed to ferment for 26 days in a cool shady site. Finally, the liquid portion of
the fish tonic was filtered and stored in separate containers. 1% of fish tonic was applied on
crops, in accordance with the findings of Priyanka et al., (2019). That means,10 ml of fish tonic
was diluted with 1000 ml of water and sprayed at weekly intervals.

Data collection

Total nitrogen, available phosphorus, potassium, organic carbon, pH, EC of the different
formulations of fish tonics were analyzed using standard procedures. Plant growth parameters
such as plant height, leaf length and leaf width were recorded after 30 and 60 days of
transplanting (DAT) and yield parameters like pod length, pod diameter and total yield per
hectare were measured at the time of harvest. The data were statistically analyzed by single
factor completely randomized design SAS 9.1 package and Duncan’s multiple range test was
used to compare means.

Results and Discussion

Nutrition analysis of the different formulations of fish tonics

Among the nutrition elements analyzed, there were significant differences (p<0.05) resulted in
T4, T5 and T8 with acceptable range of SLSI standard (Table 2). When compared to SLSI
standard, significant nitrogen content was observed in T4 (1.41%) and T5 (1.34%). T4 resulted
with significant potassium content (1.19%) when compared to other treatments. Significant
amount of phosphorus was registered under T8 (0.99%). No significant variations were resulted
for NPK in other treatments. When considering EC, T4 and T5 had EC value (34.1 dS/m, 39.3
dS/m) even above the SLSI standard. This might be due to the higher presence of ions in
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solution. But it didn’t affect the plant growth and yield, as because only 1% of fish tonic
application was done on crops. But in case of Organic carbon, all treatments were high in
content, except T4 (4.09%) and T5 (3.85%).

Table 2: Nutrient analysis of fish tonic

Treatment pH EC(dS/m) N% P% K% Organic C%
SLSI standard  6.5-8.5 <20 >1% >0.5%  >0.5% -

1 Control application

2 4.87° 2.07° 0.60¢ 0.74¢ 0.55¢ 26.26°
3 4.66° 1.65° 0.86° 0.38¢ 0.35¢ 29.582
4 6.31° 34.1° 1.412 0.91%  1.19? 4,09
5 7.412 39.32 1.342 0.70¢ 0.55¢ 3.85°
6 4.34° 2.97° 0.82%¢ 0.77°°  0.68° 18.28¢
7 4.78¢ 2.91° 0.78% 0.75°  0.65° 18.95%
8 4.79° 2.87¢ 0.744 0.992 0.73° 20.67¢

CV 7.4 20.0 3.8 11.6 7.9 7.3

Growth and yield parameters

Foliar application of fish tonic resulted in higher plant height, leaf length as well as leaf width
when compared to T1 (control). Highest significant difference was observed under T4, when
compared to other treatments at p<0.05 (Table 3). T4 application resulted in highest plant
height (31.04 cm), leaf length (8.95 cm) and leaf width (2.75 cm) at 60 DAT, which is
significant with other treatments. That is because T4 has the highest nitrogen (1.41%),
potassium (1.19%) and relatively good phosphorus content (0.91%) when compared to other
formulated fish tonics. Comparatively least results were registered under control (T1). FAA
application had a great role in enhancing the metabolism processing due to the importance of
nitrogen. Consequently, gained a promotion in vegetative plant growth i.e., plant length,
number of branches and/ or leaves per plant of whole pumpkin plant. These results were in
accordance with the findings of Shwe et al. (2018).

Table 3: Effect of fish tonic foliar sprays on growth and yield parameters

Trt  Plant height (cm)  Leaf length (cm) Leaf width (cm) Pod Pod Yield
30 60 30 60 30 60 length  diameter ton/ha
DAT DAT DAT DAT DAT DAT (cm) (mm)

1 15.33¢  20.43° 5.33¢ 5.98° 1.82° 1.85¢ 8.08¢ 6.93¢ 3.03¢
2 19.31° 2506% 579  7.03¢ 2028 2.15Pd  8.26° 7.90b° 3.87¢
3 2049 26.86° 6.30%¢ 7.96° 2.25% 2.50%c  8.70%¢ 8563 5.54°
4  23.14*  31.04° 6.882 8.952 2.442 2,75 9.35% 9.932 7.182
5 21.74% 2864° 659% 848%  2.33%® 2.61®  9717%® 9.20% 6.992
6  19.43°  24.76¢ 5.59¢ 6.71¢ 1.98% 2.09cd 8.13¢ 7.66° 3.26¢
7 1951° 25339 591%c  712¢d  216% 2.353c g4 g37dc  407°
8 19.63° 2564 6.16%c 7.68°  2.22% 2.46%c  g8.6%c  g40ic  522b
cV 5.2 3.4 8.4 4.2 13.1 11.2 5.1 10.5 3.8
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The yield attributes were recorded with a better performance when compared to T1 (control).
T4 application significantly resulted with the highest pod length (9.35 cm) and pod diameter
(9.93 mm). A significant difference was observed in case of yield and the highest yield rate
(7.18 ton/ ha) was recorded under T4 at p<0.05. Even T5 also recorded with a heavy yield (6.99
ton/ ha). In the year of 2018, the average chilli yield was 5.83 tons/ ha (AgStat,2019). Even
though, T4 and T5 were resulted with a high yield when compared to the average yield, still
the yield is not enough for other treatments. Combined application of fish tonic with reduced
organic and inorganic fertilizer usage might increase the yield in future. Moreover, quick
absorption and assimilate of more nitrogen, phosphorus, potassium and micro nutrients present
in the fish amino acid through foliar spray would said to have improved the metabolic activity
and cell division resulting in higher plant height, a greater number of leaves, more chlorophyll
content which consequently increased the photosynthetic activity which in turn yield attributes
and higher yield of green gram. These results are in accordance with the findings made by
Abbasi et al. (2003), who reported that foliar spray of fish emulsion increases the total yield of
tomato and peppers.

Conclusion
The study revealed that both T4 (fish+ bananas), T5 (fish+ sugarcane extract) fermented tonics
had significant amounts of Nitrogen and resulted comparatively higher yield on green chilli
when compared to other treatments.
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Abstract

There is an annual demand for medicinal plant based raw materials in the world. To fulfill the
increasing demands, the medicinal plants are harvested excessively from their natural habitants
causing loss of biodiversity. The hydroponics technologies have proven its benefits in
increasing yields of many medicinal plants. Ashwagandha is widely used herb due to its anti-
microbial, anti- inflammatory, anti-tumor, anti-stress, neuroprotective, cardioprotective, and
anti-diabetic properties. The objective of the present study was to investigate effect of substrate
moisture level and salicylic acid concentrations on the growth and yield of W.somnifera. The
plants were grown in an open top coir dust grow bags inside a protected house. Four moisture
stress levels 100% CC (container capacity)-Mz, 80% of CC-M, 60% of CC-Msz, 50% of (CC)-
Mo and four strengths (102M-S1,10*M-S;,10*M-S3 and control-Sp) of Salicylic acid as a foliar
spray was applied to induce the root yield. The experiment was designed based on split plot
design. There were 16 treatment combinations and 3 replicates for each treatment combination
of moisture and salicylic acid. Plant height, number of leaves, and internodal length were taken
as growth parameters and fresh weight and dry weight of the root was taken as the yield
parameter. The data was analyzed by using one way ANOVA and means were separated by
Duncan Multiple Range Test (DMRT) in SAS® software. The highest plant height (76.79cm)
was recorded under treatment Mo and the salicylic acid stress level Sz. The highest number of
leaves were shown under the moisture stress level Mo and the Salicylic acid stress level Sz
which were 117 and 86 leaves per plant respectively. There was no significant influence by
treatments on internodal length. Root is the main plant part harvested from W.somnifera due to
its rejuvenate properties. Highest fresh root weight was given under the interaction effect of
treatments M2 and Ss. Highest dry root weight was given under the interaction effect of
treatments M4 and Ss. According to the results of the experiment, it can be concluded that
moisture stress level 50% of container capacity and a foliar spray concentration of 10“M
Salicylic acid could be applied to increase root yield of W.somnifera.

Keywords: Coir dust, foliar spray, moisture stress, polytunnel, root yield, salicylic acid

Introduction

Demand for herbal products accounts for a significant portion of medicinal use in Europe,
United States, Asian region, and other emerging regions and the growth of medicinal herb
market is expected to expand with high profit margins in next decades (Mugundhan et al.,
2011). Due to the excessive demand, most of the medicinal plants species and their population
diminishing in alarming rate and in danger of extinction due to over exploitation of plant
resources and deforestation (Xego et al., 2016). It is a timely requirement to develop of
sustainable methodologies for the cultivation of medicinal plants in order to ensure consistent
supply of quality raw materials for the wellbeing of present and future of medical care.

Withania somnifera (Ashawagandha) is a medicinal plant which has higher demand in both
local and foreign market. The phytochemicals in W.somnifera contains many medicinal
properties including anti-microbial, anti- inflammatory, anti-tumor, anti-stress,

“Corresponding author: mevuni.jayathilaka@gmail.com
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neuroprotective, cardioprotective, and anti-diabetic properties (Dar et al., 2015). The open field
cultivation results in large year-to-year variability, as both biomass production and synthesis
of secondary metabolites are affected by many factors such as genotype, climatic conditions,
soil type, growing practices and the presence of pests and diseases. Hydroponic technology can
be applied to produce high- standard plant material all year-round in consideration of the
possibility to control growing conditions and to stimulate secondary metabolism by appropriate
manipulation of mineral nutrition (Maggini et al., 2012). Secondary metabolite production of
plants depends on stress conditions, nutrient availability, drought stress, saline stress etc.
(Teklic et al., 2020). Salicylic acid, well known for systemic acquired resistance, induces in
the plant response to many pathogens, can also elicit the production of secondary metabolites
in plants (Singh and Dwivedi, 2018).

LC1 and FR1 are the two local varieties present in Sri Lanka (Siriwardane et al., 2013). The
usage of the local varieties of Ashwagandha in herbal medicine has been limited due to the
lower content of Withanolides and higher fibre content compared to the Indian variety. The
Indian varieties of Ashawagandha cultivated in Sri Lanka, does not show similar growth and
yield performance levels compared to that of grown in India. The Indian variety of
Ashwagandha is imported to Sri Lanka in large scale to fulfil the requirements in herbal
medicine industries. In Sri Lanka, a proper agronomic practices have not been developed to
grow Indian variety of W.somnifera to give maximum Withanolides content. The objective of
the study was to investigate the growth and yield of W.somnifera as affected by different
moisture stress levels and Salicylic acid concentrations.

Materials and Methods

Location of the Study

The experiment was carried out in a 1500ft? protected house in Faculty of Technology,
University of Ruhuna, Sri Lanka. The experimental area is located in the WL2B climate zone,
which is a low-lying wet zone.

Cultivation of Ashwagandha

W. somnifera was grown in an open top coir dust grow bags. The plants were established in
the protected house after a nursery period of one month. Same fertilizer schedule was applied
for all plants. A common fungicide, insecticide and other chemical application schedule were
practiced for both crop species as an initial prevention method of pests and diseases. The
treatments were started to apply one month after transplanting.

Application of Moisture stress

Four moisture stress levels as 100% container capacity (CC) (Mo), 80% of CC (M), 60 % of
CC (M2) and 50 % of CC (Ms) was maintained. The moisture stress was applied one month
after transplanting. The specific moisture stress levels were maintained using XH-M214
humidity controller soil sensor modules. Emitters of drip irrigation line was buried in each
grow bag.

Application of Salicylic acid stress

There were four Salicylic acid stress levels as without Salicylic acid (So) ,10% M (S1),10*M
(S2), 10*M (Ss) under each moisture level. Salicylic acid was applied as foliar spray once in
two weeks.

Experimental design

There were three replicates for each treatment combination and 16 treatment combinations for
whole experiment. One grow bag was considered as one experimental unit and two plants were
grown in each grow bag. The treatments were arranged in a split plot design.
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Data collection

Growth parameters of the plant (plant height, internodal length, number of leaves in main
stem/plant) were measured at two weeks interval after commencement of application of
treatments. Fresh weight of root/plant and dry weight of root/plant were measured as yield
parameters at harvesting.

Data analysis
Collected data was analyzed using one way ANOVA and the means were separated using
Duncan Multiple Range test (DMRT). The test was carried out using SAS software.

Results and Discussion
The Salicylic acid levels and the moisture stress levels had a significant additive effect on the
plant height of W.somnifera as given in Figure 1. The highest plant height (80.33cm) was
recorded under treatment Mo (substrate moisture equals to field capacity). The lowest average
plant height of 62.79cm was recorded in the treatment of M3 (substrate moisture equals 50% of
field capacity). The highest plant height (76.79cm) was shown under the Salicylic acid stress
level of Sz while the lowest plant height (63.42cm) was given under the treatment So.

Effect of Salycilic acid stress on plant

Effect of moisture stress on plant
height
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Figure 1: Plant height

There was a significant effect on number of leaves of W.somnifera from the applied moisture
stress and Salicylic acid stress. The highest number of leaves was shown under the moisture
stress level Mo and the Salicylic acid stress level Sswhich were 117 and 86 leaves per plant
respectively (Figure 2).

Effect of moisture stress on no.ofleaves Effect of Salicylic acid acid
stress on no.ofleaves
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Figure 2: No. of leaves per plant
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Root is the main plant part harvested from W.somnifera cause of its rejuvenative properties.
Highest dry root weight was given under the interaction effect of treatments M4 and Sz as shown
in Figure 3. The metabolic changes mediated by drought stress results in accumulation of higher
natural products in medicinal plants (Kleinwachter and Selmar 2014). This can be the reason
for the increment of dry weight observed in our study.

Similar results of decreased plant height with the application of drought stress have already
been shown in Satureja hortensis L (Baher et al.,2002) and Trachyspermum ammi | (Azhar et
al., 2011). Adequate water supply is one of the key factors which, determines the growth of a
plant. The drought stress conditions created by the restricted water supply causes huge damage
to physiology of the plant. The damages occurred to the plant physiology will be indicated by
the degradation of morphological characteristics of plant including plant height, number of
leaves and number of branches and number of fruits (Pradhan et al.,2017).

Effect of Salicylic acid stress on root
Effect of moisture stress on root dry dry weight
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Figure 3: Dry weight

The Salicylic acid concentration 102M (S1) cannot be recommended for foliar spray since it
was not shown any significant difference with that of control. Similar results were obtained
during the study of “Salicylic acid-induced modulation of growth and metabolism of medicinal
plant; Mentha spicata. That study has recommended 200 pg ml? concentration of Salicylic
acid for the increment of shoot length, branch number per plant, leaf area, leaf number, and
plant biomass, when compared with control plants (Kundu et al., 2018).

Conclusion
Results can be concluded that the W.somnifera plants have to be grown in moisture stress level
-50% of container capacity with a foliar spray of Salicylic acid concentration 10*M. The
recommended Salicylic acid level and the moisture stress level showed a root yield increment
of 24.12% and 46.18% respectively related to the control.
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Abstract

Agriculture plays an important role in eradicating poverty and ensuring food security
throughout the world. This study investigated the impact of different levels of gamma
irradiation on growth of Arachis hypogaea. This experiment was conducted in the Crop farm,
Eastern university of Sri Lanka as field experiment during July 2022 to October 2022.
Groundnut seeds were exposed to Gamma irradiation using "Gamma chamber 1200 Cobalt-
60" research irradiator. In the experiment was conducted as treatments T1 (0 Gy), T2 (100 Gy),
T3 (200 Gy), T4 (300 Gy), T5 (400 Gy) and T6 (500 Gy).Treated seeds were planted in poly
bags with rooting media thereafter seedlings were transplanted in open field. The experiment
was laid out in Randomized Complete Block Design with five replications. Growth parameters
such as number of leaves, leaf area, and shoot dry weight were collected. Collected data were
statistically analyzed by using SAS 9.1 software and the mean comparison within treatments
was performed by Duncan Multiple Range Test (DMRT) at 5 % significant level. The study
revealed that, there was significant difference among the different levels of gamma irradiation
and treatment T3 (200Gy) showed that significantly increased number of leaves (102%), leaf
area (66%), shoot dry weight (118.9%). Therefore, according to this present study, treatment
T3 (200 Gy) is more suitable to create desirable characteristic in Arachis hypogaea especially
in Indi variety.

Keywords: Arachis hypogaea, gamma irradiation, mutation and plant mutation breeding

Introduction

Agriculture plays an important role in eradicating poverty and ensuring food security
throughout the world. In 2050, the human population is expected to attain 9-11 billion (Frona
et al.,, 2019). Due to climate change and limited land crop production is decreasing
continuously therefore, a 60% increase in crop production would be needed to compensate for
the food requirement of the human population (Stagnari et al., 2017). Plant mutation breeding
IS an important approach in crop improvement which produces a large germplasm pool for
selection and crop improvement.

Mutation is the process of genes being altered permanently in the environmental conditions
and altered genes being transferred to the next generation. The mutation is the major source of
genetic variation in any organism including plants (Oladosu et al., 2016). By using chemical
and physical mutagens high amount of genetic variability is induced in plants and which takes
part in modern plant breeding (Beyaz and Yildiz, 2017). Mutation breeding plays an important
role in new crop varieties development in the entire world. Plant breeding by using different
induced mutants have resulted in to production of 3222 plant varieties by using 170 different
species of plants (Oladosu et al., 2016). This induced mutation plant breeding is practiced in
more than 60 countries throughout the world (Raina et al., 2016).

Groundnut (Arachis hypogaea) is an important oil seed crop belonging to the family Fabaceae.
Groundnut has little diversity and self-pollinates. Therefore, standard breeding techniques can
only improve groundnut cultivars to a certain point. As a source of growing diversity that
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complements traditional plant breeding, mutation breeding has the potential to offer specific
improvements without drastically changing a plant's phenotype (Chopra, 2005). Gamma rays
have been successfully used in plant breeding to create genetic diversity in economically
important crops (Oladosu et al., 2016).Numerous studies have shown that genetic diversity for
several desired traits may be successfully created by mutations, and its usefulness in plant
development programs has been well established. The fundamental benefit of mutation
breeding is the ability to enhance one or two traits without altering the genotype as a whole
(Chopra, 2005). Therefore, this present study was undertaken with the following objective: To
evaluate the impacts of gamma irradiation on the growth of Arachis hypogaea cv. Indi.

Materials and Methods

The field experiment was conducted in crop farm of Eastern University, Sri Lanka, in
Vantharumoolai during the period of July to October in 2022. Groundnut seeds of Indi variety
were irradiated with different levels of gamma irradiations (0, 100, 200, 300, 400 and 500 Gy)
with a cobalt 60 source using gamma chamber 1200 research irradiator at Horticultural Crop
Research and Development Institute (HORDI), Gannoruva, Sri Lanka. Treated seeds were
planted in poly bags with rooting media with equal part of top soil, sand and compost. Poly
bags were kept under 40% of shade house to reduce the irradiation shock. Thereafter seedlings
were transplanted with the spacing of 45cmx15cm in open field. The experiment was laid out
in Randomized Complete Block Design with five replications. Agronomic practices such as
irrigation, fertilizer application, weeding and pest and disease control were done according to
the recommendation of Department of Agriculture. In addition, gypsum was applied at the rate
of 400kg/ha, 3 weeks after transplanting along with the earthing up. Growth parameters such
as number of leaves, leaf area, and shoot dry weight were taken at 12 weeks after planting.
Collected data were statistically analyzed by using SAS 9.1 software and the mean comparison
within treatments was performed by Duncan Multiple Range Test (DMRT) at 5 % significant
level.

Results and Discussion

Number of leaves

Table 1 revealed that there were significant differences between the applied gamma irradiation
levels on number of leaves of Arachis hypogaea. Significantly (P<0.05) increased number of
leaves was recorded in treatment T3 (200 Gy) by 102% compared with the control. Followed
by T4 (300 Gy), T5 (400 Gy) and T2 (100 Gy) were shown 34.6%, 32.9% and 5.4% of
increased number of leaves, respectively.

Table 1. Impacts of Gamma irradiation on number of leaves of Arachis hypogaea

Treatments Number of leaves
T1 (0 Gy) 62.0 + 5.88b¢

T2 (100 Gy) 65.4 + 5.19b¢

T3 (200 Gy) 125.8 + 8.43%

T4 (300 Gy) 83.6 + 9.70°

T5 (400 Gy) 82.4 +10.92°

T6 (500 Gy) 48.6 + 3.58°¢

F- Test *

Value represents means + standard error of 5 replicates. ‘*’ represents significant difference at 0.05 level of
probability. Mean value in a column having the dissimilar letter or letters indicates significant difference at 0.05
level of significance by Duncan’s Multiple Range Test.
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It is noticeable that the number Arachis hypogaea leaves were reduced with the high dose of
the gamma radiation seed treatment. Treatment T6 (500 Gy) showed that 21.6% of reduced
number of leaves which is in agreement with Ganesan et al. (2022).

Leaf area

According to the results of Figure 1, there were significant differences (P<0.05) among the
different levels of gamma irradiation on leaf area of Arachis hypogaea. It was revealed that,
66.0% of significantly (P<0.05) increased leaf area was recorded in treatment T3 (200 Gy)
compared with the control. Followed by T4 (300 Gy), T5 (400 Gy), T2 (100Gy) were shown
increased leaf area by 21.3%, 18.24% and 13.38%, respectively. Further, it is obvious that the
leaf area was reduced by 32.0% in T6 (500 Gy).
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Figure 1: Impact of Gamma irradiation on leaf area of Arachis hypogaea

Error bar denotes a standard error. Mean value in a bar between the parameters having the dissimilar letter or
letters indicates significant difference at 0.05 level of significance by Duncan’s Multiple Range Test.

This results obtained due to lower levels might enhance antioxidant potentials and improve
growth hormone interactions in exposed cells, which might promote faster growth (Majeed et
al., 2018) These results are in agreement with results obtained on cowpea by Olasupo et al.
(2016) who stated that, leaf area of cowpea continuously decreases with increasing doses of
gamma radiation.

Shoot dry weight

According to the Table 2, there were significant difference among the applied levels of gamma
irradiation. It was found that 118.9% of significantly (P<0.05) increased shoot dry weight was
noted in T3 (200 Gy) when compared with the control. Other treatments such as T4 (300 Gy),
T5 (400 Gy) and T2 (100 Gy) were noted increased shoot dry weight by 27.3%, 11.8% and
15.9% respectively. Furthermore, treatment T6 (500 Gy) was shown reduced shoot dry weight
by 29.4%. These results are in agreement with results obtained on groundnut by Tshilenge
(2012), who stated that, shoot growth was slowed while increasing the gamma radiation doses
in different species of Arachis hypogaea.

Similar reduction in shoot dry weight of groundnut was observed while increasing the doses of
gamma radiation by Gunesekaran and Pavadai (2015). Furthermore, Badr et al. (2014) stated
that increasing the gamma radiation dose to 300 Gy dose, caused the inhibition of shoot growth
and severely reduced the measured vegetative characteristics and yield components.
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Table 2. Impacts of Gamma irradiation on shoot dry weight of Arachis hypogaea

Treatments Shoot dry weight (g)
T1 (0 Gy) 23.8 +3.09%¢
T2 (100 Gy) 27.6 +2.01°
T3 (200 Gy) 52.1 +6.66%
T4 (300 Gy) 30.3 +3.58°
T5 (400 Gy) 26.6 +2.54
T6 (500 Gy) 16.8 £ 2.74¢
F- Test *

Value represents means £ standard error of 5 replicates. ‘*’ represents significant difference at 0.05 level of
probability. Mean value in a column having the dissimilar letter or letters indicates significant difference at 0.05
level of significance by Duncan’s Multiple Range Test.

Conclusion

It could be concluded from this study various levels of gamma irradiation were significantly
influenced the growth characteristics of Arachis hypogaea in Indi variety. Among the various
treatments, treatment T3 (200Gy) showed significantly increased values in growth
characteristics of number of leaves (102%), leaf area (66%), shoot dry weight (118.9%).
Furthermore, higher levels of gamma irradiation showed the reduction in growth of Arachis
hypogaea. Therefore, according to this present study, treatment T3 (200Gy) is more suitable to
create desirable characteristic in Arachis hypogaea especially in Indi variety.
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EFFICACY OF WILD SUNFLOWER (Tithonia diversifolia (Hemsl.) A.Gray) AND
SORGHUM (Sorghum bicolor (L.) Moench) AQUEOUS EXTRACTS ON WEED
CONTROL IN COWPEA CULTIVATION (Vigna unguiculata (L.) Walp)

S. Anula®, T. Geretharan and S. Srikrishnah

Department of Crop Science, Faculty of Agriculture, Eastern University, Sri Lanka

Abstract

Cowpea is an important annual grain legume in Sri Lanka and other countries. Weeds cause
roughly about 53 to 60% of the yield losses in cowpea cultivation. One method for controlling
weeds in cowpea is chemical weed control (herbicide). Herbicide importation has been
restricted since recent past due to the country's economic crises and government policy.
Therefore, the identification of alternate substitutes for herbicides are important. Accordingly,
the study investigated the effect of aqueous extracts of wild sunflower and sorghum on weed
parameters of cowpea cultivation. This experiment was carried out in the Crop farm of Eastern
University, Sri Lanka from September to November 2022. The field experiment was laid out
in a Randomized Complete Block Design (RCBD) with five treatments and four replications.
The treatments were T1(Wild sunflower aqueous extract - 12 L hat), T2 (Sorghum aqueous
extract -12 L hal), T3 (Combined application of wild sunflower and sorghum aqueous extract
with the ratio of 1:1 - 6+6 L hal), T4 (Hand weeding) and T5 (Unweeded check-control).
Cowpea variety Waruni was sown in 1.125 m? size of 20 beds with a spacing of 30cmx15cm.
Aqgueous extracts were applied 2,21 and 35 DAS and hand weeding was done 21 and 42 DAS.
Weed parameters such as weed dry weight at 50 DAS and weed control index at 35 and 50
DAS were collected. Collected data were statistically analyzed by using Mini tab software and
the mean comparison within treatments was performed by Turkey’s test at 0=0.05. The
experiment revealed that weed dry weight and weed control index were significantly (P<0.05)
influenced by different weed control methods. Among the treatments, hand weeding proved to
be more effective than the other treatments when compared with the control (unweeded check).
After hand weeding, a combined application of wild sunflower and sorghum aqueous extracts
was more effective at controlling weeds than the control (an unweeded check). The study
concluded that the combined application of wild sunflower and sorghum aqueous extract could
be substituted for hand weeding in cowpea cultivation to suppress the emergence of weeds in
cowpea which is environmentally friendly for Sustainable Agriculture in Sri Lanka.

Keywords: Allelochemicals, aqueous extract, cowpea, hand weeding, sorghum and wild
sunflower

Introduction
Cowpea (Vigna unguiculata L. Walp) is a major annual grain legume crop belonging to the
family Fabaceae. One of Sri Lanka's most significant crops is cowpea. Weeds are the most
significant biotic constraint to worldwide agricultural production. In Nigeria, weeds reduced
crop yields of legumes like cowpea by 53 to 60% (Madukwe et al., 2012). The primary weeds
in cowpea fields are Dactyloctenium aegyptium, Eleusine indica, Gnaphalium indicum,
Cyperus rotundus, Echinochloa crusgalli and Sorghum halepense (Tripathi and Singh, 2001).
Weed control methods are necessary to manage weeds in cowpea cultivation. The five
categories of weed control are preventive, physical, cultural, biological and chemical. The use
of herbicide proved the most practical, effective and economical means of controlling even
unapproachable or inaccessible weeds or noxious weeds. However, there is ample proof that
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exposure to specific herbicides increases the risk of many chronic diseases and environmental
problems.

Allelopathy, which is the direct or indirect impact of one plant species on another via the release
of chemical substances into the root environment, may offer an alternate method of weed
control (Duke, 2015). Under field conditions, allelopathic potentiality can be used to manage
weeds in a variety of ways, including combination application with reduced herbicide dosages,
incorporation into the soil, mix cropping/intercropping, surface mulching and aqueous extracts
(Cheema et al., 2013). Allelochemicals are substances that have an allelopathic effect.
Alkaloids, benzoxazinones, cinnamic acid derivatives, cyanogenic compounds, ethylene, other
seed germination stimulants and flavonoids are some examples of allelochemicals (Putnam,
1988). Wild sunflower (Tithonia diversifolia A. Gray) is an aggressive weed with high invasive
capacity because it is known to exhibit allelopathy. Methanolic and water extracts of wild
sunflower consist of flavonoids, tannins, glycosides, terpenoids saponins, alkaloids and
phenols. Weed control by using wild sunflower allelochemical Tridax procumbens,
Amaranthus cruentus and Cleome gynandra (Musyimi et al., 2012).

Sorghum (Sorghum bicolor L. Moench) is an allelopathic species that suppresses the growth
of weeds. Allelochemicals found in sorghum bicolor, including benzoic acid, p-hydroxy
benzoic acid, vanillic acid, m-coumaric acid, p-coumaric acid, gallic acid, caffeic acid, ferulic
acid and chlorogenic acid, may be utilized to manage some significant weeds, including
Cyperus rotundus, Phalaris minor Retz, Chenopodium album L, Rumex dentatus L and
Convolvulus arvensis L (Mahmood and Cheema, 2004). Therefore, this present study was
undertaken with the following objective to find the effect of wild sunflower and sorghum
aqueous extract on weed control of cowpea cultivation.

Materials and Methods

The field experiment was carried out in the Crop farm of Eastern University, Sri Lanka from
September to November 2022. Aqueous extracts were prepared by soaking chopped dry wild
sunflower and sorghum herbage separately in water for twenty-four hours at a ratio of one
kilogram of dry herbage to ten liters of water (weight/volume or w/v). Aqueous extracts were
filtered and the volume of the respective filtrate was reduced twenty times by continuously
boiling it (Awan et al., 2012). Cowpea variety Waruni was sown in 1.125 m? size of 20 beds
with a spacing of 30cmx15cm. The experiment was laid out in Randomized Complete Block
Design with five treatments and four replications. Agronomic practices such as irrigation,
fertilizer application and pest and disease control were done according to the recommendation
of the Department of Agriculture. The treatments were as follows.

Table 1: Treatments Code and its Description

Treatment code Description

T1 Wild sunflower aqueous extract @ 12 L ha*at 2, 21, and 35 days after
sowing

T2 Sorghum aqueous extract @ 12 L ha? at 2, 21, and 35 days after
sowing

T3 Wild sunflower + Sorghum aqueous extract (combined) @ 6+6 L ha
at 2, 21 and 35 days after sowing

T4 Hand weeding at 21 and 42 days after sowing

T5 Control (Unweeded check)
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Measurement

Weed dry weight (g) - Weeds were collected by uprooting the weeds from each plot after
harvesting the cowpea pods and packed in separate polybags (50 days after sowing). Weeds
were cut into small pieces and placed in paper trays, where they were dried at 70°C in the oven
until a constant weight was achieved, and their dry weight was measured using an electronic
balance.

Calculation

Weed control index (%) - Weed control index (WCI) was measured by taking the reduction in

weed population in the treated plot over the weed population in an unweeded check (control).

It was expressed in percentage.

WPC — WPT y
WPC

WPC - Weed population in control (unweeded) plot.

Weed control index = 100

WPT- Weed population in the treated plot
Results and Discussion

Weed dry weight (g)

Table 2. shows the effect of an aqueous extract of wild sunflower and sorghum on the dry
weight of weeds at 50 days after sowing. The results revealed that the dry weight of weeds was
significantly (P<0.05) influenced when compared with the control (unweeded check). The
lowest weed dry weight was recorded in hand weeding (4.14 g) when compared with the control
(unweeded check). Sorghum extract (53.77 g) had the highest dry weight among applications
of aqueous extracts, while the combined application of extracts had the lowest dry weight
(31.84 g).

Table 2: The Effect of the Aqueous Extract of Wild Sunflower and Sorghum on the Dry Weight
of Weeds at 50 DAS.

Treatments Weed dry weight (g)
Wild Sunflower extract 52.13+2.61°
Sorghum extract 53.77 +1.41°
Wild Sunflower + Sorghum extract 31.84+1.30°
Hand weeding 414 +0.28 ¢
Control (unweeded check) 92.13+8.82%

Mean values in a column having dissimilar letter/letters indicate significant differences at a 5% level of
significance by Tukey'’s test.

These results were obtained due to hand weeding, which gets rid of weeds before they mature
and produce seeds. Additionally, hand weeding aids in the removal of all weeds, including their
roots, rhizomes, and other underground parts like tubers or stolons. Further aqueous extract
contains allelochemicals. These allelochemicals inhibit weed seed germination and weed
growth by changing the cell membrane's permeability, altering the weeds' photosynthetic
process, respiration, and the concentrations of metabolites needed to build the cellular
machinery (Ghimire et al., 2020). Further, compared to sorghum, wild sunflower's aqueous
extract has more allelochemicals that hinder the growth of weeds (Mubeen et al., 2012). This
finding was also reported by Ajayi et al. (2017). who reported hand weeding had lower weed
dry weight when compared with the unweeded plot in cowpea cultivation.
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Weed control index (%)

Figure 1 depicts the effect of an aqueous extract of wild sunflower and sorghum on the weed
control index. It was measured at 35 and 50 days after sowing. There were significant
differences (P < 0.05) in the weed control index when compared with the control (unweeded
check) at 35 and 50 days after sowing. The highest weed control index was reported in hand
weeding than other treatments when compared with the control (unweeded check). Among the
aqueous extract application, the combined application of wild sunflower and sorghum recorded
more weed control index when compared with control (unweeded check). The treatments of
wild sunflower extract, sorghum extract, combined application of wild sunflower and sorghum
aqueous extract and hand weeding enhanced the weed control index by 39.37%, 37.79%,
54.39% and 82.98% at 50 days after sowing compared with the control (unweeded check).

Weed control index (%0)
100

a a
80 I
— b
S 60 be c Cc b -
% 40 I I
£ 20
o 0
e wild Sorghum Wwild Hand Control
Sunflower extract  Sunflower weeding (unweeded
extract + Sorghum check)
extract
Treatments

m 35 DAS =50 DAS

DAS- Days After Sowing; Error bar denotes a standard error. Mean values in a bar with dissimilar letter/letters
indicate significant differences at a 5% significance level by Tukey’s test.

Figure 1: The effect of aqueous extract of wild sunflower and sorghum on weed control index
at 35 DAS and 50 DAS

It might be due to that a larger concentration of the allelochemicals interfered with membrane
permeability, photosynthesis, respiration, protein metabolism, and plant/water relationships,
which significantly reduced weed growth (Ghimire et al., 2020).

Conclusion

Different weed control methods significantly controlled the weeds when compared with the
control (unweeded check). Among the various treatments hand weeding showed more effective
in comparison with control (unweeded check). Further Among the aqueous extract application
combined application of wild sunflower and sorghum extract had more ability to control the
weeds in comparison with control (unweeded check). Further Hand weeding and combined
application of extract significantly controlled the weeds population by 82.98%. and 54.39%
respectively at the end of cowpea cultivation compared with control (unweeded check). On the
large-scale hand weeding is a difficult, cost-effective and time-consuming method. In that case,
aqueous extract application is an alternate substitute for weed control. The finding will be
helpful to add knowledge of the aqueous extract of wild sunflower and sorghum could be an
organic alternative to synthetic herbicides on weed control in cowpea cultivation since they are
less labor-intensive and have fewer negative impacts on the environment and human health.
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DRY MATTER YIELD OF Vigna unguiculata AS AFFECTED BY APPLICATION OF
Allium cepa PEEL EXTRACT
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Abstract

This study was carried out to maximize dry matter yield of Vigna unguiculata L. (cowpea) by
application of Allium cepa peel extract. The experiment was conducted at a home garden,
Mailapitiya, Kandy in May to September 2021 in a Randomized Complete Block Design. There
were six treatments in six replications comprised of different percentages of Allium cepa peel
extract expressed as, T1 was control treatment by using normal water and T2 - 20%, T3 - 40%,
T4 - 60%, T5 - 80% and T6 - 100% extract concentrations. The peel extract was prepared by
soaking 100 g of peels in one-liter water for 48 hours at the room temperature then extract was
diluted according to the treatments. The application of Allium cepa peel extract was started at
two weeks after seeding and the plant performance was recorded in vegetative phase and in
harvesting phase. The results were confirmed that application of Allium cepa peel extract had
significant (P<0.05) effects on tested parameters over the control. The application of 40% (v/v)
concentration Allium cepa peel extract increased the number of trifoliate leaves, root length,
dry weights of stem, leaves, root and crop residue after harvesting pods. But the application of
100% (v/v) concentration of Allium cepa peel extract was significantly increased pod weight
per plant among the treatments. The maximum mean value of dry matter yield was recorded in
T6 (782.44 g/m?) and the minimum mean value was recorded in T1 (327.11 g/ m?). According
to the statistically analyzed results, 100% of Allium cepa peel extract gave a higher dry matter
yield of Vigna unguiculata (L) but there was no significant variation on pod weight and dry
matter yield between T5 and T6. Therefore, Allium cepa (onion) peel at 80% could be used for
increasing the pod and dry matter yield of Vigna unguiculata (L).

Keywords: Cowpea, foliar application, onion peel extract, pod weight

Introduction

Vigna unguiculata L. Walp. is one of the most significant grain legumes in developing
countries. It is an essential crop in many impoverished regions of the globe because of its
drought tolerance and fixes atmospheric nitrogen and contributes to soil fertility. Cowpea
supplies food for humans and livestock. In crop cultivation, liquid fertilizer is used directly to
leaves of plants. Basavaraj (2018) stated that the foliar spray technique is suitable for
application of small quantities of fertilizers, particularly micronutrients. On the other hand,
under certain circumstances, foliar fertilization is particularly practiced, more economic and
effective when it is necessary to supply micronutrients to plants (Niewiadomska et al., 2020).
Mallarino (2001) noted that at early growth stages, foliar fertilization could increase P and K
supplies at a time when the root system is not well developed. Onion is one of the important
condiments widely used in all household. Throughout the year, onions are used in curries, as
spices, salads or cooked with other vegetables (Griffiths et al., 2002). Onion peel wastes are
good sources of minerals such as potassium, calcium, magnesium, iron, zinc and manganese
(Benitez et al., 2011). Onion skins are also excellent in flavonoids, including quercetin, a
powerful antioxidant and anti-inflammatory. Onion peel is a source of potassium and other
nutrients. The onion peel can be used as main component for making organic liquid fertilizer.
Therefore, this study was done to perform the Allium cepa (red onion) peel extract as liquid
application on dry matter yield of Vigna unguiculate.

“Corresponding author: nayomidananjanal23@gmail.com

43



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

Materials and Methods

This study was done at home garden in Mailapitiya, in Kandy, Central province, Sri Lanka in
2021. The climate of the experimental site receives a significant amount of rainfall throughout
the year and the reddish brown lateritic soil is the foremost soil of the Kandy district. For the
experiment, Vigna unguiculata (Cowpea) variety Dhawala seeds were used in this experiment
which was designed in Randomized Complete Block Design with six treatments and six
replicates. The treatments were application rates (0%, 20%, 40%, 60%, 80% and 100%) of
Allium cepa (red onion) peel extract to plants. For extract preparation, 100 g of Allium cepa
peels collected from kitchen waste in household level were placed in a plastic container
containing one-liter water. The top lid of plastic container was covered and left at room
temperature for 48 hours and then the extract was filtered (1 mm size mesh sieve) as described
by Chiew et al. (2014), After that, it was kept separately for preparation of extract according
to treatments. In this experiment polybags were filled with soil and compost and then two seeds
of dhawala were planted in each polybag. After two weeks of seeding, one plant was thinned
out from each bag. As basal application of fertilizer, 0.157 g urea and 0.45 g Triple
superphosphate (TSP) were added while 0.135 g urea was applied as a top dressing for each
polybag and other cultural practices were done according to the recommendation of the
Department of Agriculture, Sri Lanka. During the experimental period, the Allium cepa peel
extract (50 ml) was spray on each plant four times at two-week intervals. Data was collected
from 3" weeks after planting at two weeks intervals upto harvesting. Harvesting was done at
64 days after planting then plants were uprooted at 86 days. Number of trifoliate leaves per
plant, length of root (cm), dry weights of leaves, stem, root, crop residue and pods per plant
were taken. The collected data was analyzed using statistical software, SAS 9.1 version.
Tukey’s HSD Test was used to compare the treatments at a 5% significant level were used for
data analyzing.

Results and Discussion

Number of trifoliate leaves per plant

The number of trifoliate leaves per plant was significantly (P<0.05) varied among the treatment
at 9™ week and treatments did not significantly influence (P>0.05) in numbers of trifoliate
leaves in cowpea plants at 3", 5th and 7th weeks after planting. Due to the application of 40%
(v/v) Allium cepa peel extract, the maximum mean number (8.3) of trifoliate leaves was
recorded in T3 and the minimum mean number (6.5) in control (T1) at 9" week after planting
(Figure 1).

Length of root

The different concentrations of Allium cepa peel extract application significantly influenced
(P<0.01) the length of tap root. According to this result, peel extract significantly showed
longest taproot in T3 (24.4 cm) among the treatments except T5 (20.9 cm) while shortest length
of 14.9 cm observed in T1. Hayyawi et al. (2018) noted that the foliar application of tri Nano
mixed fertilizer of N, P and K significantly increased plant height, root length and leaves with
all treatments except the control treatment.

44



3 International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

| m 3rd week
m 5th week
7th week
m 9th week
T3 T4 T5 T6

T1 T2

10

leaves

Number of trifoliate

o N B~ OO
1

Treatments

Figure 1: Effects of different concentrations of Allium cepa peel extract on number of trifoliate
leaves of Vigna unguiculata at different weeks.

Stem weight

The result showed that dry weight of stem was significantly influenced (P<0.05) with the
application of Allium cepa peel extract (Table 1). The maximum dry weight of stems was
recorded in T3 (8.01 g) and the lowest dry weight of cowpea stems was recorded in T1 (4.46
g). Ebrahimian et al., (2011) stated that iron foliar application significantly increased in
sunflower stem dry weight and this increase can be due to increase photosynthesis and growth

Table 1: Effects of different concentrations of Allium cepa peel extract on dry weights of stem,
leaves, roots, crop residue and pod weight of Vigna unguiculata plant after harvesting.

Dry weights (g)

Treatments
Stem Leaves Root Crop residue  Mature pods
T1 4.46P 2.84° 0.96° 8.25°¢ 6.47°
T2 7.032 4.57° 1.96"¢  13.56° 8.68°
T3 8.012 6.452 3.867 18.312 11.58P
T4 6.33%°  4.28¢ 226" 12.87° 14.82°
T5 5992  367°¢ 2798 1244 18.43%
T6 6.922 3.78 251 13.21° 22.00?
F test P<0.05 P<0.001 P<0.01 P<0.001 P<0.001

Mean values in a column having the dissimilar letter/letters indicate significant differences at 5% level of
significance according to Tukey’s HSD Test.

Leaf weight

Effect of Allium cepa peel extract application on dry weight of leaves is presented in Table 1.
It was significantly influenced (P<0.001) the dry weight of leaves among the tested treatments.
The significantly maximum dry weight of leaves was observed in T3 (6.45 g) while minimum
dry weight (2.84 g) of leaves was observed in the control treatment. Increased dry matter
production is due to the foliar fertilization which resulted in better crop growth and
photosynthetic activity which has led to better supply of photosynthates ultimately resulted in
higher dry matter production of leaves per plant.

Root weight
A significant difference (P<0.01) was noted on dry weight of root in cowpea plant (Table 1).
Among the tested treatments, T3 (3.86 g) recorded the maximum dry weight of roots and T1
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(0.96 g) was recorded the minimum dry weight of roots. Sharifi et al. (2018) noted that the
increased dry matter production of soybean plant due to foliar application of water-soluble
fertilizer and that gave significantly difference result of higher dry weight of roots among
treatments than the control. In all cases, the increments in growth parameters were often highly
significant in comparison with untreated ones.

Crop residue weight

There was a significant difference (P<0.001) in dry weight of crop residue per plant (Table 1).
Significantly highest dry weight was observed in T3 (18.31 g) while minimum weight was
observed in T1 (8.25 g). This result suggested that the dry weight of crop residue of the foliar
fed with 40% concentration of Allium cepa peel extract was increased in comparison with the
control treatment.

Pod weight

Table 1 represents the different concentration of Allium cepa peel extract application on dry
weight of mature pods per plant. All treatments significantly influenced (P<0.001) the dry
weight of mature pods of cowpea. Average maximum dry weight of pods was observed in T6
(22 g) followed by T5 while minimum dry weight of pod was observed in T1 (6.47 g). There
was no remarkable variation (P<0.05) on pod weight between T5 and T6. Thus, the application
of Allium cepa peel extract at the rate of 100% concentration at two weeks interval increased
the dry weight per pod per plant. This increase in pod weight is due to the presence of high
level of potassium content in Allium cepa peel extract. Ramezani et al., (2011) reported that
potassium has the ability to improve the fruit quality by improving the formation and
translocation of carbohydrates from the shoot to storage organs (pods) and carbohydrate
enzymes.

Dry matter yield

Application of different rates of Allium cepa peel extract significantly influenced (P<0.01) the
dry matter yield (g/m?) per plant which is confirmed with Tukey's HSD Test (Figure 2).
Maximum dry matter yield (782.44 g/ m?) per plant was observed in T6 and minimum was
observed in T1 (327.11 g/ m?). According to the analyzed results, the foliar application of
Allium cepa peel extract at the rate of 100% concentration at two weeks interval increased the
Dry matter yield when compared to control treatment. According to Rouphael et al., (2020),
the application of plant extracts increases the growth of different crops and can be have a
positive impact of yield of plants.
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Figure 2: Effects of different concentrations of Allium cepa peel extract on dry matter yield
Vigna unguiculata plant after harvest

Mean values in a bar having the dissimilar letter/letters indicate significant differences at 5% level of significance
according to Tukey’s HSD Test
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Conclusion

The results revealed that significant variations were noted on the measured paramerets due to
the application of different concentration of Allium cepa peel extract. There was a significant
difference in dry weight of the mature pods. According to statistically analyzed results,
application of Allium cepa peel extract had a significant influence on biological yield of Vigna
unguiculata L. Walp. The maximum mean value of dry matter yield was recorded in T6 and
the minimum mean value of dry matter yield was recorded in T1. There was no remarkable
variation (P<0.05) on dry matter yield between T5 and T6. Therefore, 80% (v/v) of Allium cepa
peel extract could be applied to increase dry matter yield of Vigna unguiculata.
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WATER AND METHANOL BASED EXTRACTION
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Abstract

Several botanical pesticides exhibit extensive activity against grain insects and are considered
as attractive alternative to chemical pesticides toward food and environmental safety. Further
the reference in Sri Lanka evidenced that the botanical pesticides are efficacious in minimizing
these problems, owing to the anti-insecticidal properties. Moreover, the reference studies stated
that the distinct components of secondary metabolites, which are responsible for the
insecticidal activities, confirmed its efficacy individually. Therefore the present study was
undertaken to analyze the secondary metabolites, like alkaloid, flavonoid, phenol, tannin,
steroids, cardiac glycosides, terpenoid, saponine, anthraquinone and reducing sugar present in
water and methanol extract of some indigenous plants, Capsicum annuum (chilli), Citrus
aurantiifolia (lime), Pepper nigrum (pepper), Azadiracta indica (neem), Moringa oleifera
(moringa), Eucalyptus globules (eucalyptus), Justicia adhatoda (adhathodai), Annona
reticulate (annona), Cymbopogan citratus (lemon grass), Vitex trifolia (nochchi), Ocimum
tenuiflorium (thulsi), Lantenna camera (nayunni), Eichhornia crassipes (water hayasinth),
Tagetes erecta (marigold), Piper longum (thipilli) and Achyranthes aspera (nayuruvi) in the
Batticaloa district, Sri Lanka. Ten grams dried leaf powder of each selected plants were used
to get the methanol and water extraction using Electro Thermal Soxhelt apparatus and then the
extracts were individually concentrated by using rotary evaporator. The qualitative analysis for
plant secondary metabolites was performed through standard protocols. The results showed the
presence of flavonoids in all the tested crops except P. longum in the both extracts which
contained only phenol and tannin in the water extract with additionally alkaloid, steroid and
cardiac glycoside in methanol extracts. Leaves extracts of A. indica contained all analyzed
phytochemicals in methanol extract but water extract of A. indica did not show anthraquinone.
Further the presence of alkaloids was not observed in C. annum, P nigrum, A. reticulate, C.
citratus, L. camera E. crassipes in both extracts whereas E. globules, V. trifolia and O.
tenuiflorium contain alkaloids in methanol extract. Methanol extraction projected the presence
of most phytochemicals in all the tested crops than the water extraction. The study evidenced
the presence of various groups of phytochemical in selected crops, which could be used as
botanical pesticide. Therefore, the study is useful in selecting the plants with desired
component of secondary metabolites, which will be extracted individually using standard
methods to be tested against insect pests.

Keywords: Alkaloids, aqueous, extract, grains, methanol and phytochemical

Introduction
Plants naturally contain a variety of biologically active compounds, and most of them are
gaining eco-friendly insecticidal activity, which can significantly reduce the use of synthetic
chemical insecticides (Geraldin et al., 2019). Traditionally, farmers have used selected
botanicals in developing countries like Sri Lanka and other Asian countries in post-harvest pest
management that exhibits varied actions on target pests such as repellence, toxicity and have
growth inhibitory effect of insect development causing reduction of adult survival and rate of
new emergence of next generations. Several studies emphasized in Sri Lanka that the plant leaf
extract or leaf powders could minimize or control insect damage specially focused preservation
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of grains during storage. Gunarathna and Karunaratna (2009), they evaluated thirty seven Sri
Lankan plants for their repellent properties against rice weevil Sitophillus oriezea , considering
twenty plants caused significant repellency of the weevil as well as Karunakaran and
Arulnandhy (2018) and Perera et al carried out the same period in SriLanka that, locally
available selected plants for controlling maiz weevil Sitophillus zeamais on maize seeds during
storage, neem leaf showed 86% adult mortality and 60% repellency respectively and also
projected reduction of new emergency in both findings. Further Niranjana et al (2021) stated
cow urine based indigenous plant leaf extracts of neem and annona significantly  highest
protection against the above weevil on different pulse grains. Another study revealed in Sri
Lanka by Karunaratne (2012) extracts of Mentha viridis strongest and highest repellent against
cowpea weevil Callosobruchid maculatus.

Alkaloids, terpenoids, steroids, tannin, and phenolic compounds are the most significant
phytochemicals that are bioactive in nature and have anti-pathogen, antioxidant, or anti-
insecticidal properties. They are much safer, eco-friendly, and effective at competing with
synthetic chemicals to control target organisms. They are also widely available, inexpensive,
easily biodegradable, and have low toxicity to non-target organisms. Amaninder and Shiva
(2018). Amongst phytochemical constituents, alkaloids, flavonoids, and glycosides are the
most important group of natural substances that play an important role in insecticidal activity,
especially they are effective as fumigants against stored insects. Wachira et al. (2014)
concluded that pyridine alkaloids extracted from castor bean plant against malaria vectors, and
Acheuk et al. (2013) also indicated that flavonoids play an important role in protecting plants
from herbivorous insects.

Therefore, this study reveals the presence of phytochemicals in water and methanol extracts of
Sixteen (16) species of insecticidally active native plants were found in the Batticaloa region
of Sri Lanka for pest control.

Materials and Methods

Collection of samples

Botanically conformed fresh and healthy leaves of Capsicum annuum (chilli), Citrus
aurantiifolia (lime) Pepper nigrum (pepper), Azadiracta indica (neem), Moringa oleifera
(moringa) Eucalyptus globules (eucalyptus), Justicia adhatoda (adhathodai) Annona reticulate
(annona), Cymbopogan citratus (lemon grass) Vitex trifolia (nochchi), Ocimum tenuiflorium
(thulsi), Lantenna camera (nayunni), Eichhornia crassipes (water hayasinth), Tagetes erecta
(marigold) piper longum (thipilli) and Achyranthes aspera (nayuruvi) were collected from their
natural habitats in Batticaloa district, Sri Lanka and brought to the Laboratory of the
Department of Agricultural Biology, Faculty of Agriculture and washed separately. Afterwards
shade dried until attain constant weight at room temperature and ground each dried leave in to
fine powder using domestic electric grinder.

Preparation of extracts

10 g of each leaf powder were extracted separately with 200 ml of the solvents that, water and
methanol at a temperature not exceeding the boiling points of the above solvents using Electro
Thermal Soxhelt for 36 hours approximately 10 cycles and then extracts were individually
concentrated by using rotary evaporator and stored in reagent bottles for further analysis.

Qualitative phytochemical analysis
The tests were performed following standard protocols used by Trease and Evans (1996).
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Alkaloids: 1 ml of 1% HCI mixed with 3 ml of test sample extract in a test tube and added few
drops of Mayer’s reagent along the side of the test tube, appearance of creamy white precipitate
indicated the presence of alkaloids.

Phenols, Flavonoids and Tannins: 5 to 6 drops of 10% lead acetate solution added to 1 ml of
each extract appearance of white colour precipitate indicated the presence of phenols and if
yellow precipitate appeared for 12 to 15 drops of above same solution indicated presence of
flavonoids. As well as if formation of cream gelatinous obtained for 3 drops of the same
solution confirmed the presence of tannins.

Steroids: 2 ml of chloroform and 2 ml of sulphuric acid was carefully added along the side
wall of the test tube which contains 2 ml test extract and gently shaken formation of red colour
in the lower chloroform layer confirmed the presence of steroids.

Cardiac glycosides: 2 ml test sample extracts mixed with 2 ml of glacial acetic acid containing
1-2 drops of 2% FeCls and the mixture poured along the sidewall of another test tube contain
2 ml of con.H2SO4 presence of cardiac glycosides conformed by the appearance of a brown
ring at the interface.

Terpenoid: 5 ml of extract mixed with 2 ml of chloroform and 3 ml of con.H2SOsformation of
reddish —brown coloration at the junction of two liquid indicated presence of terpenoids.

Saponine: confirmed the presence of saposines by shaken 5 ml of extract for 5 to 10 minutes
the formation stable foam.

Anthracquinone: 5 ml of extract taken in a dry test tube and shake with 5 ml of chloroform
for 5 minutes then filtered the extract and filtrate had shaken with an equal volume of 10%
ammonium solution. The appearance of pink, red or violet coloration in the ammonical phase
indicated the presence of anthraquinone.

Reducing sugars: 0.5 ml extract mixed with 1ml of dihydrogen monoxide and 5-8 drops of
Fehling”s solution was integrated at boiling and observed brick red precipitate.

Results and Discussion

Presence of phytochemicals in sixteen plants leaves in Batticaloa district, Sri Lanka is given in
the Table 1. The qualitative results were expressed as (v') for presence and (x) for absence of
phytochemicals. The results indicated the presence of flavonoids in all the tested crops except
thipilli in both extracts which contained only phenol and tannin in the water extract with
additionally alkaloid, steroid and cardiac glycoside in methanol extracts. Apart from that,
leaves extract of neem contained all analyzed phytochemicals in methanol extract but water
extract of neem did not show only anthraquinone. Further the chilli, pepper, annona, lemon
grass, nayunni and water hyasinth abstained the results for the alkaloids in both extracts
whereas eucalyptus, nochchi and thulsi obtained alkaloid in methanol extract as well as steroids
also were observed only seven plants in water extract where the above said phytochemical
presence in ten plants with methanol extract out of sixteen.

Moreover, the study revealed the presence of biologically active components like flavonoids,
phenols, tannin and steroids in many of the tested leaves. Further, it was also clearly noted from
the qualitative analysis that the methanol as a solvent performed well to extract most of the
tested phytochemicals from the selected leaves than the water. Engwa et al., (2013) in Nigeria
stated that among the solvents like, water, methanol, ethyl acetate and hexane, used to extract
phytochemicals, water and methanol did well to extract tannin, flavonoids, cardiac glycosides,
phenolics, steroids, terpenes, saponin, carbohydrate, phlobatannin and alkaloids. In addition,
Prakash et al., (2012) revealed that the presence of secondary metabolites in plants is very
important to protect themselves from the attack of phytophagous insects. The findings of Wafaa
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etal., (2017) and Geraldin et al., (2021) was also par with the findings of Prakash et al., (2012)
and explored that the phytochemical compositions like essential oils, flavonoids, alkaloids,
glycosides, esters and fatty acids having anti insect effects and such mechanisms against pest
is very important in agriculture productions.

Table 1: Presence of Phytochemical in 10 g of dried leaf powder using water and Methanol extraction

Leaf of selected
Plants

Water Extract

Methanol Extract

al fl ph ta st cgl ter sap anq rsg al fl ph ta st Cgl ter sap angq rsg
Capsicum annuum x v x v v v x v x v x v % v v v v v x v
(chilli)
Citrus aurantiifolia v v v v x x x x x x Vv v v v x x x v x x
(lime)
Pepper nigrum x v v x X X X v v x x v v Vv x X X x v x
(pepper)
Azadiracta indica v v v v v v v v x v v v v v v v v v v v
(neem)
Moringa oleifera v v v v x x X X X X v v v v x x X v v X
(moringa)
Eucalyptus x v v v Vv x X X X X v v v v v Vv X X X X
globules
(eucalyptus)
Justicia adhatoda v v o x v o ox Vv X X X X v v o ox v v v v ox X X
(adhathodai)
Annona reticulate x v v v x x x x x v x v Vv v ox v x v v v
(annona)
Cymbopogan x v v v x x x X x X x v v Vv v Vv X x X x
citratus
(lemon grass)
Vitex trifolia x v v v Vv x x v x v v v v v v x v v v x
(nochchi)
Ocimum x v v v v x x v v v Vv v v Vv v v x x v x
tenuiflorium
(thulsi)
Lantenna camera x v x x Vv x x x x x x v x x v Vv v oox v x
(nayunni)
Eichhornia x v v Vv x x x x x x x v v Vv x v X v X x
crassipes
(water hyasinth)
Tagetes erecta v v v v v v X X X v v v v v v x x x X x
(marigold)
piper longum v o ox v v x x x X X X x x v v v Vv X X X X
(thipilli)
Achyranthes v v o ox v x x v ox v X v v oox v oox Vv v oox X X
aspera
(nayuruvi)

al-alkaloid, fl- flavonoid, ph-phenol, ta-tannin, st-steroids, cgl-cardiac glycosides, te-terpenoid, sa-saponine, ang-anthragunone and rsg-

redusing sugar.

pests.

Conclusion
The study evidenced the presence of various secondary metabolites in the methanol and water
extract of tested plants. The findings will direct to choose proper plants for further studies,
which aiming to test the efficacy of specific component of secondary metabolites against insect
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TREATMENTS

R.S. Madhuwanthi**?, H.M.T.T. Madhurangi? and N.W. Gunasekara®

! Department of Export Agriculture, Uva Wellassa University of Sri Lanka, Badulla
2National Cinnamon Research and Training Centre, Palolpitiya, Thihagoda, Matara

Abstract

Ceylon cinnamon is one of the most popular spices throughout the world. Yet, Sri Lanka has
not been able to create a significant market niche in developed countries mainly due to the
perishing of the product by fungal contaminations. Therefore, a research was conducted to
study the fungal quantity and diversity of processed cinnamon under different post-harvest
treatments. Cinnamon quills kept in the drying room (28 + 2 °C) for 14 days after processing
were selected for the study. Fungal contaminants of cinnamon quills were cultured by
inoculating them in sterile PDA plates with selected samples and incubating for 3-days under
room temperature (28 + 2°C). Emerging fungal colonies were isolated and identified using
microscopic and culture characteristics. To study the fungal quantity and diversity, control
treatment (T1: cinnamon quills stored in a regular storehouse 28 + 2 °C, RH 88% + 4) was
compared with five different treatments as follows;-T2) SOz fumigation (3 ppm) and storing in
storehouse, T3) placing in sealed polythene bags and storing in storehouse, T4) SO2 fumigation,
placing in sealed polythene bag and storing in storehouse, Ts) storing in controlled environment
(25 °C, RH<65%), and Ts) SO fumigation and storing in controlled environment (25 °C and
RH<65%). Data were recorded once in two weeks. Results revealed that Rhizopus
spp., Penicillium spp., and Aspergillus spp. are the common fungal contaminants of processes
cinnamon quills. Further, both T4 and Te showed significantly (p < 0.05) low fungal
contaminations throughout the observation period compared to the control treatment. Highest
fungal diversity was observed in T1 (T1: cinnamon quills stored in a regular storehouse 28 + 2
°C, RH 88% + 4). Thus, SO fumigation followed by controlled environment storage can be
recommended to reduce the fungal contaminants and improve the post-harvest quality of
processed cinnamon.

Keywords: Cinnamon quills, fungal contaminants, fungal diversity, post-harvest quality,
sulphur dioxide fumigation

Introduction

Ceylon cinnamon, (Cinnamomum zeylanicum Blume) is one of the major spice products
exported from Sri Lanka (Jayasinghe et al., 2017). Cinnamon quill is the prime commodity
of Ceylon cinnamon. Higher post-harvest losses can be resulted due to inappropriate storage
conditions. Emergence and the number of fungal colonies are varied under different moisture
levels, relative humidity conditions and locations. Sulphur Dioxide (SO.) fumigation may
improve the hygienic quality of cinnamon quills. Therefore, we aimed to study the fungal
quantity and diversity of processed cinnamon under different post-harvest treatments.

Materials and Methods
C-grade cinnamon quills (7.2 Kg) kept in the drying room (28+2 °C) for 14 days after
processing were obtained from National Cinnamon Research and Training Centre. Samples
were tested in triplicates, 200g of cinnamon quills were used for each treatment. Sterile PDA
plates were inoculated with the cinnamon samples and incubated for 3-days under room
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temperature for culturing fungal contaminants. Sulphur dioxide fumigation (3ppm) was done
using 45 g sulphur/15 Kg cinnamon quills. Cinnamon quills were kept in a regular storehouse
(28+2 °C, 88%+4 RH) for the control treatment (T1). And other five treatments were as
follows T2) fumigation with SO> (3 ppm) and storing in the storehouse; T3) placing in sealed
polythene bags and storing in the storehouse; T4) fumigation with SO> (3 ppm), placing in
sealed polythene bags and storing in the storehouse; Ts) storing in a controlled environment
(25 °C and RH<65%); and Ts) SO> fumigation (3 ppm) and storing in controlled environment
(25 °C and RH<65%). In each treatment Colony Forming Units (CFU) and fungal diversity
were recorded once in two weeks up to 8 weeks. The number of colony forming units (CFU)
of fungi were counted using a colony counter equipment (Julianti, Rajah and Fidrianny,
2017). The Simpson’s diversity index (1949) was used (Gaur et al., 2021) to determine the
fungal diversity of each sample.

Results and Discussion

Rhizopus spp., Penicillium spp., and Aspergillus spp. were found to be most common fungal
contaminants of processed cinnamon. The lowest number of CFUs were observed (Table.1)
in cinnamon quills stored in controlled conditions (25 °C and RH<65%) after SO, fumigation
(Te) and SO> fumigated cinnamon stored in sealed polythene bags (T4) respectively. Number
of CFUs was significantly lower in T than in the control treatment. Cinnamon quills placed
in sealed polythene bags and stored in storehouse (T3) showed a higher number of fungal
contaminations compared to the control (T1). Out of all treatments the lowest number of CFUs
were observed in Te.

Table 1. Mean CFUs under different post-harvest treatments at 0.05 significance level
Treatments CFU/ml 2 weeks CFU/ml 4 weeks CFU/ml 6 weeks ~ CFU/ml 8 weeks

T1 44333%+ 4041 246667% + 2157 49333% + 1528 37000* + 1127
T2 35333% + 1528 31667+ 1528 5566° + 2797 32666 + 1528
T3 440002+ 2000 67000%+ 2000 32866° + 1531 48666° + 6506
T4 31233% + 2116 318332+ 1796 71332 + 3863 6000° + 1000
T5 28533% + 2141 50000°+ 1803 332332+ 2626 47666 + 2286
T6 3333+ 152.8 39333+ 1528 8200° + 2443 6866° + 2303
p- value 0.016 0.075 0.069 0.001

(Note: T1: cinnamon quills stored in a regular storehouse 28 + 2 °C, RH 88% + 4, T,: SO, fumigation
(3 ppm) and storing in storehouse, Ts: placing in sealed polythene bags and storing in storehouse, Ta:
SO, fumigation, placing in a sealed polythene bag and storing in storehouse, Ts: storing in a
controlled environment (25 °C, RH<65%), and Te: SO, fumigation and stored in controlled
environment. The mean of fungal CFUs * Standard deviation)

The lowest fungal diversity (Figure.l) was observed when the cinnamon quills were
fumigated with SO, and stored in a controlled environment (25 °C and RH<65%) (Ts)
followed by cinnamon quills stored in sealed polythene bags (T3). Highest fungal diversity
was recorded in the cinnamon quills stored in the storehouse (T1) and in the cinnamon quills
stored in controlled conditions (Ts).
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Figure 1: Fungal Diversity of cinnamon quills in different storage conditions

Conclusion
Sulphur dioxide fumigation followed by storing under low moisture and RH conditions
(RH<65%) can significantly reduce the fungal contamination in processed cinnamon quills
and increase their shelf life.

References

Gaur, A., Parkash, V., Kumar, V. and Thakur, A. (2021) ‘Endophytic fungal diversity
associated with roots of Angelica glauca: An endangered medicinal plant of Northwest
Himalaya’, 4(December), pp. 144-158. doi: 10.5943/ajom/4/2/10.

Jayasinghe, G. G., Kumara, K.L.W., Wijayawardana, M.W.G.C., Wijesinghe, K.G.G.,
Samaraweera, D.N. and Priyangika, K.M.M. (2017) ‘Rough bark disease on cinnamon
(Cinnamomum zeylanicum): Disease symptoms develpoment and the causal agent with
special reference to ITS morphology’, Proceedings of the symposium on minor export
crops, (March), pp. 63-72.

Julianti, E., Rajah, K. K. and Fidrianny, 1. (2017) ‘Antibacterial activity of ethanolic extract
of Cinnamon bark, honey, and their combination effects against acne-causing bacteria’,
Scientia Pharmaceutica, 85(2). doi: 10.3390/scipharm85020019.

56



3" International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

POTENTIAL OF SWEET FLAG (Acorus calamus) AND LONG PEPPER (Piper
longum) POWDERY FORMULATIONS AGAINST COWPEA BEETLE
(Callosobruchus maculatus) ON STORED GREEN GRAM
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Abstract

The present study was conducted to evaluate the potential of Acorus calamus rhizome powder
and Piper longum fruit powder against Callosobruchus maculatus to protect one of the nutrient
rich sources, green gram, which is vulnerable for the C. maculatus attack, under the laboratory
condition (30+£2°C and 70+£5%). As the green gram is highly consumed by humans, the
insecticides, which are used to protect such grains from the infestation of pests, should be
formulated in a manner easily pick up out from the grains before cooking. Thus, the powdery
formulations were selected for this study, as it is easy for packing in a finely perforated cloths
and picking up out before cooking. For preparing powdery formulations, selected plant parts
were pulverized into fine powder and combined along with an adjuvant based on weight basis.
Green gram seed lots were separately treated with different powdery pesticide formulations,
100, 90 and, 80% of A. calamus and P. longum, and 100% of adjuvant, along with untreated
control were laid out in a Completely Randomized Design (CRD) after the introduction of 5
pairs of unsexed C. maculatus adult beetles in the all tested eight treatments and three
replications. This experiment was setup to evaluate adult mortality, ovipositional ability and
seed weight loss, under the no choice condition for the selection of best green gram seed
protectant. Data were subjected to the analysis of variance aided by the SAS 9.1 version and
means were separated by using DMRT. The statistical analysis revealed the no significant
difference between the treatments treated with 100 and 90% of 4. calamus powdery pesticides,
in giving maximum percent mortality in two days after the treatment with least number of eggs.
Meanwhile the lowest weight loss percentage was observed in 80, 90 and 100% of 4. calamus
treated green grams. By comparing the above results, it was concluded that 90 and 100% of 4.
calamus powdery pesticides had the potency in protecting the green gram from the infestation
of C. maculatus.

Keywords: Acorus calamus, Adjuvant, Callosobruchus maculatus Green gram, Piper longum

Introduction
Green gram (Vigna radiata) is widely farmed in India, Thailand, South China, Malaysia,
Vietnam, Pakistan, Cambodia, Indonesia and Sri Lanka (Yewle ef al., 2020). Green gram is a
seasonal crop but is utilized throughout the year. Therefore, it needs to be stored until the next
consumption, selling and planting. While storing, the larvae of C. maculatus bore into green
gram and feed the entire content of the seed. Though the control of C. maculatus is possible
through cultural, physical, biological, botanical insecticides and chemical techniques. The
botanical insecticides are safe for both people and animals, do not destroy natural enemies,
affordable to local farmers as it has a simple preparation process, and contain multiple active
ingredients that work together to prevent pests from developing resistance (Kareru et al., 2013).
A. calamus and P. longum are the medicinal plants, showed efficacy against various insects
(Kumar et al., 2015; Sharmah et al., 2018). By considering these facts the present study has
been conducted to formulate an organic insecticide using A. calamus and P. longum as the
formulation of insecticide may further enhance the efficiency and easy handling of insecticides.

*Corresponding author: shakthykeerthy@gmail.com
57


mailto:shakthykeerthy@gmail.com

3" International Symposium on Agriculture 2023 Faculty of Agriculture, Eastern University Sri Lanka
09" March 2023

Materials and Methods
The experiment was conducted in the laboratory of the Department of Agricultural Biology,
Eastern University, Sri Lanka, Kaluwankerny, from September to November 2022. Cowpea
beetles collected for mass culturing from the culture at the laboratory of the Department of
Agricultural Biology and Rhizome of 4. calamus and fruit part of P. longum were purchased
from Ayuevedhic shops at Batticaloa.

Separation and purification of an adjuvant used for the formulation of botanical insecticide
As the neem gum has the binding capacity and is secreted for the purpose to protect the plants
from the abiotic and biotic stresses, it was chosen to use as the adjuvant for this study. Neem
plant (4zadirachta indica A.) gum were dissolved by deionized water at room temperature (25—
30°C) and filtrated through muslin cloth. Then, it was centrifuged at 4500 rpm for 15 minutes
at 10°C temperature. Afterward, a clear polysaccharide solution was obtained. Thereafter 100
ml of methanol was added to 50 ml of polysaccharide solution and allowed 72 hours get gum
precipitation. Consequently, precipitation was washed with deionized water, dried under
sunlight and ground to acquire pure powder of gum (Figure 1) (Hamdani et a/., 2019).

el

Figure 1: Purification of an Adjuvant used for the formulation of botanical insecticide;
(A)- Centrifugation, (B)- Polysaccharide solution, (C)- Precipitation, (D)- Washing,
(E)- Drying, (F)- Grinding

Pesticide formulation

Ten gram of purified neem gum powder were weighed and mixed thoroughly with 90 g of 4.
calamus rthizome powder to formulate 90% A. calamus. Likewise, 90% P. longum pesticide
was also formulated. A sufficient amount of water was added to each mixture and mixed well
until a well-formed mixture was obtained. The mixtures were kept under shade dry for 48 hours
to remove the moisture content, sequentially ground and sieved through a 500 um mesh to get
a homogenous formulated pesticide. Similarly, 80% A. calamus and P. longum pesticides were
formulated by the addition of 20 g of purified adjuvant powder into each of 80 g of 4. calamus
and P. longum. Further 100% of A. calamus and P. longum were also prepared without the
addition of any adjuvants.

Experimental setup to find the efficacy of botanical pesticides

Eight hundred grams of oven dried green gram was taken and put it into 8 sterilized gunny bags
as 100 g in each. Thereafter 5 g from each of the formulated pesticides, 100, 90 and 80% A.
calamus, and 100, 90 and 80% P. longum, were taken and put each slot into 5 minutely
perforated 5 x 5 cm? sized bags as 1 g of botanical pesticide in each. In addition, 5 g of adjuvant
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powder was also taken and put it into 5 minutely perforated 5 x 5 cm? sized bags as 1 g of
adjuvant in each. The perforated 5 x 5 cm? sized bags consisting botanical pesticides and
adjuvants were tied by thread to make small packets. Five packets each containing similar
botanical pesticide formulations and adjuvant were introduced into each of the gunny bags
containing 100 g of green gram separately and shaken well to ensure the even distribution. The
unsexed five pairs of newly emerged, matured and aggressive C. maculatus were collected
from mass culture and introduced to each bag containing 100 g of green gram and 5 g of
botanical pesticides and adjuvants, and tied with rubber band. Similarly, the procedure was
repeated thrice for all the treatments. All the treatments and replicates were kept in an
undisturbed place in the laboratory by following Completely Randomized Design (CRD) to
monitor the development of C. maculatus daily.

Parameters measured
The mortality percentage of cowpea beetle, cumulative number of eggs laid and percentage of
seed weight loss were analyzed.

Statistical analysis
Data were subjected to the analysis of variance aided by SAS 9.1 version and means were
separated by using Duncan Multiple Range Test (DMRT) at 5% significance level

Results and Discussion
Table 1 illustrates the mortality percentage of C. maculatus concerning different treatments at
1 day and 2 days after treatment. It was found that there were significant (p<0.05) differences
between treatments. According to these data, green gram treated with 90% and 100% A.
calamus had the highest mortality percentage against C. maculatus at 2 days after treatment,
which was statistically equivalent at 5% significant level with the mean values of 96.67 and
100.00 % of mortality respectively.

Table 1: Mortality percentage of C. Maculatus in different treatments

Mortality Percentage

Treatments *1 DAT *2 DAT

Green gram treated with 90% Acorus calamus 56.67£5.77° 96.67+5.77*
Green gram treated with 80% Acorus calamus 16.67 £ 5.77% 26.67+5.77°
Green gram treated with 90% Piper longum 26.67 +5.77% 53.33+5.77°
Green gram treated with 80% Piper longum 16.67 +5.77% 26.67 £5.77°
Green gram treated with 100% adjuvant 10.00 £ 0.00¢ 20.00 £0.00¢
Green gram treated with 100% Acorus calamus 63.33 £5.77% 100.00 = 0.0?
Green gram treated with 100% Piper longum 36.67 £5.77° 56.67+5.77°
Untreated green gram (control) 0.00 + 0.00¢ 20.00 £ 0.00°

*Each value represents the mean of three replicates + standard deviation.

Means followed by the same letter in each column do not differ statistically at p<0.05 based on DMRT at a 5%
significant level.

Duncan grouping was done for arcsine square root transformed data. 1 DAT- One day after treatment

2 DAT- Two days after treatment.

A possible explanation for these results might be that 4. calamus rhizome powder has insect-
killing properties and it is capable as a pesticide. This finding was also supported by Saranya
et al., (2019) who stated that A. calamus extract showed an insecticidal effect against C.
maculatus.
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Table 2: The efficacy of formulated pesticides against ovipositional ability of C. Maculatus and
weight loss percentage in green gram due to C. Maculatus infestation

Treatments *Cumulative *Weight loss
number of eggs percentage
Green gram treated with 90% Acorus calamus 11.00+ 4.00¢ 0.63+ 0.85°¢
Green gram treated with 80% Acorus calamus 15.00+ 3.00¢ 0.87+ 0.90°
Green gram treated with 90% Piper longum 24.00+ 1.00° 9.93+1.63°
Green gram treated with 80% Piper longum 36.67 +£4.73? 17.67+291a
Green gram treated with 100% adjuvant 44.67+ 5.69* 24.83+ 3.56%
Green gram treated with 100% Acorus calamus ~ 9.67+ 2.082¢ 0.43+ 0.45°¢
Green gram treated with 100% Piper longum 18.33 + 3.52%¢ 7.73 £2.35°
Untreated green gram (control) 37.00 £+ 2.65° 2493 +4.10*

*Each value represents the mean of three replicates + standard deviation.

Means followed by the same letter in each column do not differ statistically at p<0.05 based on DMRT at a 5%
significant level. Duncan grouping was performed on arcsine square root transformed and logl0 transformed values
of weight loss percentage and cumulative number of eggs laid.

The cumulative number of eggs laid on seeds in each treatment and the percentage of weight
loss due to C. maculatus in each treatment are shown in Table 2. The cumulative number of
eggs laid on seeds was measured on the 6" day of experiment when all the introduced C.
maculatus died in all treatments. A significant variance (p<0.05) between treatments was
observed. The maximum number of eggs was observed in green gram treated with 100%
adjuvant, control and green gram treated with 80% P. longum. Interestingly the minimum
number of eggs was seen on green gram treated with 90% and 100% A. calamus. The result of
this study indicated that 4. calamus has the oviposition deterrent ability thus; minimize the egg
laying of C. maculatus. Referring to the views of Hafez e al. (2014), it was noted that 4.
calamus has a considerable influence on the ovipositional period of adult females of C.
maculatus through quickly caused mortality thus limiting the number of egg-laying. The results
of the current study seem to be consistent with other research, which stated 4. calamus
extremely effective in reducing egg laying of C. maculatus (Govindan et al., 2020; Anvesh et
al., 2022). The percentage of weight loss due to C. maculatus was shown to be significantly
different (p<0.05) between treatments. The results of the study showed that the minimum seed
weight loss percentage was observed in green gram treated with 80%, 90% and 100% of A.
calamus. It 1s due to the potential of 4. calamus in reducing the infestation of C. maculatus
and thus reduced weight loss. Manju et al. (2019) declared maximum seed viability in 4.
calamus-treated green gram seeds, which was because of the zero-weight loss in green gram

seed.

Conclusion
The study evidenced the efficacy of powdery pesticides, 90% Acorus calamus and 100%
A. calamus against C. maculatus along with maximum mortality percentage, minimum number
of eggs laid and least weight loss percentage on green gram. However, the study confirmed that
no pesticidal effect was imposed by the adjuvant used for the formulation of pesticide as the
records on mortality percentage, numbers of eggs laid and seed weight loss were equivalent to
untreated control when the adjuvant was applied alone as the seed protectant.
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EFFICACY OF GRAS COMPOUNDS IN CONTROLLING FOLIAR DISEASES IN
EGGPLANT (Solanum melongena L.)
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Abstract

Foliar diseases are prominent in eggplant (Solanum melongena L.) that cause enormous
economic losses to eggplant cultivation. Non-fungicidal approaches are increasingly being
employed to control foliar diseases due to the environmental and human health risks caused by
the use of synthetic fungicides. The present study evaluated the efficacy of Generally
Recognized as Safe (GRAS) compounds in controlling foliar diseases of eggplant. The selected
GRAS compounds such as sodium bicarbonate (0.1%), salicylic acid (400 uM) and three plant
extracts, namely neem leaf extract (200 ppm), eucalyptus leaf extract (200 ppm) and garlic
clove extract (200 ppm) were evaluated for their efficacy in this study. The experiment was laid
out in completely randomized design with six treatments and four replicates. Natural infection
of foliar diseases was considered in this study. Data on disease incidence and disease severity
were recorded seven weeks after transplanting (WAT). The significance of treatment effects on
the measured variables was determined by analysis of variance and the treatment means were
compared using Tukey’s test at a=0.05. The findings showed that the disease incidence and
severity were significantly (P<0.05) reduced by the foliar application of salicylic acid and
garlic clove extract, and the effectiveness of both compounds was statistically similar. Foliar
application of salicylic acid and garlic clove extract reduced the disease incidence by 88.7%
and 63.8%, respectively and the disease severity by 92.4% and 77.7%, respectively, over the
control treatment. Hence, salicylic acid and garlic clove extract could be ecologically feasible
options for controlling foliar diseases of eggplant during its vegetative growth period.

Keywords: Disease incidence, disease severity, foliar diseases, garlic clove extract, salicylic
acid

Introduction
Eggplant (Solanum melongena L.) is an important vegetable in tropical and subtropical regions
in the world (Giirbiiz et al., 2018). Several diseases occur in eggplant cultivation, of which
fungal foliar diseases are more severe in tropical countries like Sri Lanka, where congenial
humidity and uniform warm temperatures are the norms (DOA, 2022). Systemic foliar diseases
such as leaf spots and leaf blight are the primary causes of crop losses and yield reductions
(Igbal et al., 2018). They affect the crop photosynthetic and transpiration rates, which therefore
have an indirect impact on the production of pod quality (Ponmurugan et al., 2007). Usually,
agrochemicals are primarily used to combat those foliar diseases. However, synthetic
fungicides use on plant materials, especially on food crops, has been brought into question, as
the usage of these substances may result in residual toxicity posing risk to human health, as
well as they are a source of environmental contamination and have long degradation period
(Kalupahana et al., 2020). Therefore, it is crucial to develop alternatives to chemical fungicides.
In recent years, synthetic fungicide replacement with Generally Recognized as Safe (GRAS)
compounds has drawn increased attention. These natural antimicrobial compounds are
renewable, toxic-free and non-persisting additives. The antimicrobial properties of GRAS and
natural aromatic compounds are efficient and elicit plant defenses against many plant diseases
without causing any threat to the environment or to human health (Elsalam et al., 2017).
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Therefore, the objective of this study was to investigate the efficacy of different GRAS
compounds to control the foliar diseases of eggplant under in vivo condition.

Materials and Methods
The experiment was conducted at the crop farm, Faculty of Agriculture, Palachcholai, Eastern
University, Sri Lanka during the period of August to November, 2022. Healthy seedlings of
eggplant variety ‘Thinnaveli purple’ were used for the study. The seedlings were grown in the
media of topsoil and cow dung mixture at the ratio of 1:1 (DOA, 2022) in polybags under in
vivo condition. The experiment was laid out in completely randomized design with six
treatments and four replicates. The seedlings were allowed for natural leaf disease infections.

Treatment structure

T1 — Sodium bicarbonate (0.1%)

T> — Salicylic acid (400 uM)

T3 — Neem (A4zadirachta indica) leaf extract (200 ppm)

T4 — Eucalyptus (Eucalyptus globulus) leaf extract (200 ppm)
Ts — Garlic (Allium sativum) clove extract (200 ppm)

Ts — Control (No application)

Preparation of methanolic plant extracts and their stock solutions

The required amount of respective healthy parts of each plant was taken for the preparation of
plant extracts. Plant parts were sun-dried, cut and ground to make dry powders. A quantity of
25 g of dry powder of each plant material was taken and extracted with 300 ml of methanol
(99.8%) using a Soxhlet extractor for 6 hours. The methanolic plant extracts were subjected to
rotary evaporation and subsequently concentrated under reduced pressure (in a vacuum at
40°C). The extracts were further evaporated to dryness by shade dry and stored at room
temperature in airtight bottles (Gopalasatheeskumar, 2018). Dried solid portions of plant
extracts were weighed and diluted to appropriate volumes according to their amounts by adding
distilled water. For spraying, 200 ppm of each plant extract was used, and it was obtained by
adding the appropriate amount of stock solution with distilled water.

Preparation of sodium bicarbonate solution
For spraying, 0.1% of 240 ml of sodium bicarbonate solution was prepared. Around 0.24 g of
sodium bicarbonate was weighed and brought into a volume of 240 ml with distilled water.

Preparation of salicylic acid

For spraying, 400 uM of 240 ml of salicylic acid was prepared. A quantity of 13.259 mg of
salicylic acid powder was taken and dissolved in 240 ml of distilled water. Prior to the addition
of distilled water, the salicylic acid powder was dissolved in a few drops of absolute ethanol
for better dissolving.

Data collection
Data on the disease incidence and disease severity were collected from the eggplant leaves with
foliar disease symptoms from each replicate of each treatment. Based on the characteristic
symptoms, the spots and blights observed were confirmed to be fungal diseases. Data were
recorded seven weeks after transplanting. Number of leaves of each plant showing typical foliar
disease symptoms was recorded as percentage disease incidence of foliar diseases in eggplant.
The disease incidence was calculated using the following formula.

(Number of infected leaves)

D; Incid _ X 1009
isease Incidence (Total number of leaves) &
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For the disease severity, percentage of leaf area affected was determined by using the mobile
application called Leaf Doctor (Pethybridge and Nelson, 2015). Disease severity was evaluated
using the following disease rating scale (Table 1) (Tipu ef al., 2021).

Table 1. Disease rating scale for assessment of disease severity

Rating scale Disease percentage (leaf area affected)
0 No infection (healthy leaves)

1 1-5

2 6—-25

3 26-50

4 51-175

5 76 — 100

Disease severity was determined as disease severity index (DSI) using the following formula.

. . [Sum (class frequency x score rating)]
Disease Severity Index = - - —x100%
(Total number of leaves x maximum disease rating)

Statistical analysis

Data on percentage disease incidence and disease severity were arcsine square root transformed
in order to stabilize variance. Significance of treatment effects on the measured variables was
determined by analysis of variance (ANOVA) using Minitab 19 statistical software. Treatment
means were compared with control using Tukey’s test at a=0.05.

Results and Discussion

Evaluation of different treatments against foliar disease incidence of eggplant

The effects of different treatments on foliar disease incidence and disease severity of naturally
infected eggplant leaves at seven weeks after transplanting (WAT) were summarized in Table
2. As per the results on disease incidence and disease severity, there was a significant difference
(P<0.05) observed among the treatments. The finding on disease incidence revealed that
applying salicylic acid and garlic clove extract significantly (P<0.05) reduced the incidence of
foliar diseases compared to the control. Besides, there was no significant (P>0.05) difference
observed between these two treatments. Compared with the control, salicylic acid and garlic
clove extract reduced the disease incidence in leaves by 88.7% and 63.8%, respectively. On the
other hand, sodium bicarbonate, neem leaf extract and eucalyptus leaf extract showed
statistically similar disease incidence in comparison to the control. The results on disease
severity presented that sodium bicarbonate, salicylic acid and garlic clove extract applications
significantly (P<0.05) reduced the disease severity compared to the control and those
applications brought down the disease severity by 92.4%, 62.1% and 77.7% than the control,
respectively. It was found that neem leaf extract and eucalyptus leaf extract did not significantly
(P>0.05) reduce the disease severity as they both exhibited similar results as control.
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Table 2. Effect of treatments against foliar disease incidence and disease severity of Eggplant
at 7" WAT

Treatments Disease incidence + SE  Disease severity = SE
(%) (%)
T — Sodium bicarbonate (0.1%) 16.97 + 1.85% 3.15+0.31%
T, — Salicylic acid (400uM) 3.33+£2.04° 0.63 + 0.38¢
Ts — Neem leaf extract (200 ppm) 21.42 +3.84% 6.19 +0.53%
T4 — Eucalyptus leaf extract (200 ppm) 20.42 + 4.89%° 6.53 + 1.18%°
Ts — Garlic clove extract (200 ppm) 10.56 + 3.44%° 1.85 +0.26%
Ts — Control 29.14 + 4.03% 8.30 £ 0.98"

Values with the same letter within a column are not significant (p>0.05) according to Tukey s test at 5% significant
level. Values represent means + standard error of four replications.

Based on the current investigation, both salicylic acid and garlic clove extract showed a
significant effect in reducing the foliar disease incidence and disease severity when compared
to the control. Hence, it was evident that salicylic acid treatment effectively decreased the
disease incidence and disease severity in foliage of eggplant and these findings were supported
by Spletzer and Enyedi (1999) in tomato against Alternaria leaf spot. They found that salicylic
acid application decreased the susceptibility to 4. solani, perhaps in part. Salicylic acid is
capable of inducing pathogenesis-related (PR) protein synthesis and systemic acquired
resistance (SAR) when it is injected into or sprayed onto the leaves (Van-Loon and Antoniw,
1982).

The findings on garlic clove extract are concordant with those of Nashwa and Elyousr (2012)
in tomato against early blight, and Asaduzzaman et al. (2008) in chilli against Cercospora leaf
spot as garlic extract contains the organosulfur compounds such as allicin, diallyl disulfide,
diallyl trisulfide, etc. Many studies have proven that garlic clove extract has excellent
antifungal properties (Yousuf ef al., 2010; Martins et al., 2016). Sodium bicarbonate was also
found to express effectiveness against the disease severity, and it was supported by El-Mougy
and Abdel-Kader (2009) in potato against early blight disease. However, a significant effect of
foliar application of sodium bicarbonate on disease incidence was not found in this study.
Meanwhile, neem extract and eucalyptus extract failed to control the foliar diseases in contrast
to the findings of Nashwa and Elyousr (2012). Possible reasons for this contrary may be the
less effectiveness of these leaf extracts to control the diseases and variations in the host plant
factors.
Conclusions

The overall results revealed that the foliar applications of salicylic acid and garlic clove extract
were effective for minimizing the foliar disease incidence and severity in eggplant. Meanwhile,
these two treatments were equally capable of reducing the foliar disease incidence and disease
severity. However, their efficacy should be further tested in extensive field trials and farmers
level adaption trials.
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Abstract

Banana is one of the highest marketing fruits in the global market. It is a nutrient-rich and
widely grown tropical fruit crop. Fusarium wilt is considered one of the most important
diseases of bananas caused by Fusarium oxysporum. To date, no effective chemical control
method has been found to control Panama disease in bananas. In most studies, it was proposed
to use new resistant cultivars. Therefore, this research aimed to use twelve different plant
extracts [cinnamon (Cinnamomum verum), clove (Syzygium aromaticum), nutmeg (Myristica
fragrans Houtt.), neem (Azadirachta indica), gliricidia (Gliricidia sepium), moringa (Moringa
oleifera), malabar nut (Justicia adhatoda), castor plant (Ricinus communis), tithonia (Tithonia
diversifolia), bitter vine (Mikania micrantha), teppaddi (Aleurites laccifer), and soursop
(Annona muricata)] to control banana Panama disease by organic suppression of F. oxysporum.
This experiment was laid out on a Completely Randomized Design with twelve treatments and
three replicates. The effects of these extracts were compared with the control. In this in vitro
experiment, the mycelial growth diameter of the F. oxysporum in the culture plate was
measured. According to the results, clove and cinnamon were the best inhibitors and completely
inhibited mycelia growth. Gliricidia and nutmeg extracts slightly inhibited (30%) the mycelia
growth followed by the neem extract (10%). Following the results, the effective treatments
could be used against Panama-infected banana plants. In the future, more efforts should be
taken to validate the results to improve their efficacy by setting up effective formulations,
application protocols, and integrated strategies.

Keywords: Banana, Fusarium oxysporum, plant extract, panama wilt

Introduction

One of the most severe diseases of bananas, Fusarium wilt produced by F. oxysporum, is
thought to be reducing banana production globally (Ploetz and Pegg, 2000; Dita et al., 2018).
The disease's heterocyclic nature ensures that over time, the repeated cycles of infection it
produces in bananas are leading to significant losses. Fusarium produces a variety of toxins
that have a role in the pathogenesis and progression of disease (Buddenhagen, 2009). After 5—
6 months from planting, the symptoms begin to appear and exhibit both within and outwardly.
The disease results in considerable yield losses later on by causing splitting of the pseudo-stem,
hanging down of leaves surrounding the pseudo-stem, and yellowing of the leaf margins on the
oldest leaves. Generally, plants with the wilt pathogen produce unprofitable bunch, and the
disease eventually destroys the entire plant (Akila ez al., 2011). Fungicide use to combat wilt
disease is not practicable and harmful to both humans and animals and the environment. The
goal of the current study was to decrease the use of pesticides while promoting organic banana
growing through eco-friendly management.

Materials and Methods

Isolation and morphological confirmation of pathogen

Banana leaf and pseudo stem samples that had been affected by the wilt were used to isolate F.
oxysporum. Small portions of brown, discoloured vascular tissue were removed, and
contaminated tissue was surface sterilized with sodium hypochlorite (0.1%). The tissues were
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sterilized before being placed on Potato Dextrose Agar (PDA) medium and allowed to develop
at a temperature of 25+2 °C. For further investigation, the pathogen's pure culture was kept on
a PDA medium. Using microscopic observations, the morphological confirmation of F.
oxysporum was characterized. The pathogen was identified under microscopic examination by
the detection of macroconidia and microconidia.

Preparation of plant extracts

From the Fruit Research and Development Institute in Kananwila, Horana, the plant leaves of
cinnamon, clove, nutmeg, neem, gliricidia, moringa, malabar nut, castor plant, tithonia, bitter
vine, teppaddi, and soursop were collected. They were washed with running water and left to
dry in the shade. Finally, 25 g of each sample was made into aqueous crude extracts in 100 ml
of sterilized distilled water, which were then sealed in containers and kept in the refrigerator
for further investigation.

In vitro screening of plant extracts against F. oxysporum

The flask was filled with the previously stored 100 ml aqueous plant extracts, 4 g of agar, and
2 g of glucose before being well mixed. The samples were heated thoroughly by shaking them
on a hot plate. The medium was then sterilized in an autoclave for 20 minutes at 121 °C and 15
psi. The isolated fungus was then maintained on a plant extract culture medium at a temperature
of 25 °C. All of the samples were kept in the culture room, and the untreated control cultures
were retained without the addition of plant extract.

The formula shown below was used to determine the percentage of fungal growth inhibition
(Wonglom et al., 2019).

Reduction in growth (%) = [(Diameter C — Diameter F) / Diameter C] x 100

Where, Diameter C = Growth zone diameter mean of the control plate
Diameter F = Growth zone diameter mean of the sample plate

Data analysis

The data were analyzed to determine whether there were significant differences using SAS
computer software. Means were separated using Duncan’s Multiple Range Test and all the
significances were tested at P<0.05.

Results and Discussion
According to the results, among the examined plant extracts, cinnamon and clove extracts
completely (100%) inhibited mycelial development (Figure 1). The mycelial growth was
modestly reduced by extracts from the gliricidia and nutmeg plants. Among the significant
effects observed, neem plant extract showed the lower percentage of mycelial growth inhibition
after the eighth day of inoculation.
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Figure 1: Percentage growth inhibition of Fusarium oxysporum after eight days of inoculation
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The presence of antifungal chemicals in these plant extracts may be the cause of the inhibitory
impact of the extracts. One of the key areas of research worldwide is natural chemicals and
their application for integrated protection. The findings of this study revealed a definite
indication of the ability of plant extracts to suppress fungi infections, and these substances can
be exploited.

Conclusion
The results revealed that the extracts prepared from clove and cinnamon were the most effective
inhibitors for F. oxysporum. An affordable, risk-free management strategy for reducing the
Panama wilt of bananas would be to employ these widely available plant extracts.
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Abstract

The extension and production of yardlong beans have been decreasing over the past few years
in Sri Lanka, owing to the extreme pest infestation. This experiment was conducted to examine
the efficacy of different vermiwash sprays against phytophagous insect pests and the yield of
yardlong bean. The investigation was carried out during the period of June to November 2022
at the laboratory and farm of the Department of Agricultural Biology, Faculty of Agriculture,
Eastern University, Sri Lanka. The study was initiated with the mass-culturing of exotic
(Eudrilus euginea) and indigenous varieties of earthworms using cow dung. Ten different types
of vermiwash were prepared by feeding each earthworm species with each of the selected
botanicals like onion and, garlic peel, marigold and neem leaves, and without feeding any
botanical. The field experiment was laid out in the Randomized Complete Block Design with
eleven treatments and three blocks. Vermiwashes were applied at weekly intervals to the
respective plots since the third week of planting. The total number of insects in each treated
and untreated plot were counted manually before each of treatment application. The statistically
lowest number of epilachna beetles was observed in plots treated with vermiwash prepared
using indigenous variety of earthworm with garlic peel, exotic variety with onion peel, and
indigenous variety with onion peel. However, significantly less population of epilachna beetles
was recorded in the plots treated with vermiwash of indigenous variety with neem leaves,
where highest yield of yardlong bean was also found. Further, the statistical analysis stated
that almost all the treatments except the vermiwash of exotic species with onion peel were safer
to ladybird beetle. Therefore, by comparing these measured parameters, the vermiwash
prepared from the combination of an indigenous variety of earthworm with neem leaves could
be recommended for yardlong bean cultivation among the applied different types of
vermiwash, as it was economically and environmentally sound.

Keywords: Earthworm, exotic, garlic, indigenous, neem, vermiwash

Introduction

The vegetable crop known as the yardlong bean (Vigna unguiculata), is a key vegetable in Sri
Lankan cooking. The extreme infestation of several insect pests is a significant issue for the
production of yardlong beans cultivation (Benchasri and Bairaman, 2010). Apart from that, the
increased use of chemical pesticides and fertilizers in Sri Lanka over the past few decades has
resulted in extremely high concentrations of heavy metals and hazardous chemicals in the
environment, which ultimately has a negative influence on cultivated crops and watershed. In
light of all of these issues, it is necessary to boost yardlong bean production while
implementing an effective organic pest control strategy. This study was conducted to examine
the efficacy of different vermiwash spray against phytophagous pests on yardlong bean.

Materials and Methods

Collection and mass culture of earthworms

Two types of earthworms were used for the preparation of vermiwash. According to that the
exotic type of earthworm known as Eudrilus eugeniae was bought from Ottusuttan District
Agriculture Training Center. Locally available earthworms (indigenous) were gathered from
the premises of Eastern University, Sri Lanka. Both exotic and local varieties were mass
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cultured in the laboratory using the standard method (Hitinayake ef al., 2018).

Vermiwash preparation

Table 1: Method of vermiwash preparation

Earthworm variety Plant material leferen‘F types of
vermiwash
Onion peel T1
Garlic peel T2
Exotic variety Marigold leaves T3
Eudrilus eugeniae Neem leaves T4
Control (No any T5
plant materials)
Onion peel T6
Garlic peel T7
Indigenous earthworm  Marigold leaves T8
variety Neem leaves T9
Control (No any T10

plant materials)

Ten plastic buckets of 20 L capacity along with tap at the bottom were used to prepare and
collect the liquid worm extract. Among them, five plastic buckets were used to get the
vermiwash from each of the earthworm species. The buckets were layered in succession with
various materials as recommended by Harsita et al. (2019). Medium-sized clay bricks
were loaded to a height of 15 cm at the bottom of each bucket. Up to 15 cm of gritty sand were
sprinkled over the foundation layer. Then, 75 of earthworms from each earthworm species were
collected from mass culture and introduced 15 into each of the container in accordance with
the treatments. Among the five buckets used for the indigenous species, each of the buckets
separately added with chopped onion peel, garlic peel, marigold leaves, and neem leaves for
the height of 10 cm and one of the buckets was used as control. Likewise, the buckets allocated
for exotic species also individually filled with selected above-mentioned plant materials (Table
1). After that, an organic residual and a layer of partially decomposed cow dung for the height
of 20 cm were added to induce the growth of earthworms. Approximately half a litre of water
was sprayed daily into each bucket to moisturise whole structure. Vermiwash collection from
each set-up was started after 30 days of initiation. It is essential to assess the viability of
earthworms for plant materials before introducing them to a compost bin. In order to examine
their behaviour, plant materials were gradually introduced to an earthworm colony and their
behaviour was observed closely. The botanicals such as marigold leaves, neem leaves, onion
peel, and garlic peel were utilized to produce vermiwash in the absence of any anomalous
behaviour of earthworms. Prior to the collection of vermiwash, 2 L of water were added in to
each bucket and permitted for overnight. The vermiwash gathered on the following day was
kept at room temperature in airtight containers for future use. After the collection of vermiwash,
the plant materials were frequently added in to the respective buckets to ensure the next
collection.

Yardlong bean cultivation

The cultivation of yardlong bean variety, bushita (Local) was carried out at the field of the
Department of Agriculture Biology, Faculty of Agriculture, Eastern University Sri Lanka,
Palacholai, located in the Batticaloa district during the period from June to September 2022.
All the agronomic practices except nutrient and pest management recommended by the
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Department of Agriculture, Sri Lanka were followed to cultivate the bushita. Randomized
Complete Block Design (RCBD) was used to setup 11 treatments in 03 blocks.

Efficacy of vermiwash

Three weeks after the planting, the vermiwash was sprayed to the respective plots. The
collected and preserved vermiwash was diluted with water to a ratio of 1:10. A separate hand
sprayer was used to each vermiwash for the application of diluted solution at a rate of 300 ml
per experimental plot. The vermiwash was applied in a weekly interval during the late evening
until the harvesting.

Data collection and analysis

Number of pests per plot, number of natural enemies per plot and total yield per plot were
calculated. By eliminating the border effect the effectiveness of data was maintained. The log
1o(n+1) data transformation was done for number of pest, and number of natural enemy.
Treatment effects were determined by Analysis of variance (ANOVA) and mean separation
values were compared by using Duncan's Multiple Range Test (DMRT) at 5% significant level
by using SAS software.

Results and Discussion

Number of Epilachna beetle on yardlong bean

It was discovered that the effects of 10 different varieties of vermiwash on the pest population
were varied significantly (p<<0.05). The lowest pest number was observed on plots treated with
the vermiwash of indigenous variety of earthworm with garlic peel with a mean value of 1.33.
It has been demonstrated that garlic peel is remarkably efficient in pest control. According to
Andersen (1997) phenolic chemicals found in garlic make it effective against pests. However
statistically, the same results were observed among the treatments like indigenous variety of
earthworm with garlic peel, exotic variety of earthworm with onion peel, and indigenous
variety of earthworm with onion peel, followed by indigenous variety of earthworm with neem
leaves and exotic variety of earthworm with garlic peel. Onion peel and neem leaves also
showed considerable effectiveness in pest control, which also stated by Podder et al. (2013)
through previous studies. According to the Table 2, plants treated without any vermiwash, had
the highest pest number. It may be due to the absence of any repellent or pesticidal properties.
However, treatments like an exotic variety of earthworm and an indigenous variety of
earthworm were not significantly different with control revealed that the pest population was
high in these treatments due to the absence of botanicals. Furthermore, the usage of
different earthworm varieties (exotic and indigenous) revealed that there were no
remarkable differences between them in decomposing the plant materials and that indigenous
variety of earthworm could also be employed to produce effective vermiwash.

Effectiveness of vermiwash on ladybird beetle

It was observed that the numbers of ladybird beetles significantly (P<0.05) differed between
treatments (Table 2). The maximum numbers of ladybird beetles were observed in treatments
like indigenous variety of earthworm with neem leaves and indigenous variety of earthworm
without botanicals treated plants. It showed that indigenous variety of earthworm with neem
leaves treatment highly encouraged the occurrence of ladybird beetle. Hwang-In-Cheon ef al.
(2007) stated that the neem based pesticide expressed a negligible range of toxicity against
natural enemies. However, statistically equal result was found in all other treatments except
exotic variety of earthworm with onion peel, which stated the least toxicity of the selected plant
materials against ladybird beetle. Generally, the use of synthetic chemical pesticides
significantly affected the prevalence of diseases, pests, and especially natural enemies.
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Table 2: Cumulative Pest Number, Ladybird Beetle, and Yield
Pestnumber/  Numberof ol Yield (g)/
Treatment ot ladybird ot
P beetles / plot P
Exotic variety of earthworm + ) 13, 530 50040000 1131.67 « 35.47 °
onion peel
Exoic variety of earthworm + ) 33 5 51be 5004 1.73% 98333 4 115.47
garlic peel
Exotic variety of earthworm + 43 5500 6004£1.00®  866.67 + 137.68 ™
marigold leaves
Exotic variety of earthworm + 00 1 g0b  §00+£7.00®  970.00 + 18.00 ¢
neem leaves
Exotic variety of earthworm 2566+3.78°  7.66+152* 841.67+38.18¢
Indigenous variety of earthworm 3 ) | 73c0  g00+£435%  1008.33 = 87.79%¢
+ onion peel
Indigenous variety of earthworm ) 33, 1 57 a 5664008®  925.00+90.13 %
+ garlic peel
Indigenous variety of earthworm ;' 7 09b 6004173  §91.67+101.03 "¢
+ marigold leaves
Indigenous variety of earthworm 5 ) 5 gobe 93340572 1041.67 = 7637 ®
+ neem leaves
Indigenous variety of earthworm 32.33 +8.62 9.33+£6.02%  883.33+142.15°
Control 3533+550%  7.66+3.51°  725.00+156.129

Each value represents the mean value of three replicates + standard deviation. Means followed by same
alphabet don’t vary significantly at p<0.05 based on DMRT.

Even though the exotic variety of earthworm with onion peel demonstrated excellent pesticide
effectiveness, it could not be recommended as a suitable pesticide as it was harmful to ladybird
beetles. According to the present findings, it was observed that the indigenous variety of
earthworm with neem leaves treatment, promotes ladybird beetles while also being effective
against pests. As a result, indigenous variety of earthworm with neem leaves can be
recommended as a safe and effective insecticide against the pests of yardlong bean.

Yield

The average yield of exotic variety of earthworm with onion peel treated plants was higher,
with a mean value of 1131.67 g based on Table 2. However, the study revealed that there was
no significant difference among the treatments like exotic variety of earthworm with onion
peel, indigenous variety of earthworm with neem leaves, indigenous variety of earthworm with
onion peel, exotic variety of earthworm with garlic peel, and exotic variety of earthworm with
neem leaves. It clearly showed that the statistically equal amount of yield in these treatments
except for the exotic variety of earthworm with neem leaves due to the minimum number of
pests. Baba et al. (2019) who found that onion extract increases cowpea yield by reducing pest
infestation in their investigation on the effectiveness of onion extract against cowpea pests,
which finding is par with the results of present study. It was also confirmed through the
correlation analysis, where a negative correlation (r = -0.55) was observed between pest
infestation and yield.

Conclusion
The study confirmed the efficacy of vermiwashes prepared using indigenous variety of
earthworm with garlic peel, exotic variety with onion peel, and indigenous variety with onion
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peel in lowering the number of epilachna beetles followed by indigenous earthworm variety

with neem leaves and exotic variety with garlic peel. Though the vermiwash of indigenous

earthworm variety with neem leaves was statistically categorized into second group in lowering
the number of epilachna beetle, the higher yield in yard long bean cultivation with maximum
numbers of ladybird beetles were recorded in such treatment treated plots. Therefore, the
vermiwash prepared using indigenous earthworm variety with neem leaves could be
recommended to the yardlong bean cultivation. Further, the study evidenced the comparable
effectiveness of native earthworm species with indigenous earthworm variety in producing
vermiwash, which enables farmers to create biopesticides at comparatively lower cost using
domestic waste.
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Abstract

Cluster onion is popular among the growers of northern province and preferred by consumers
throughout the state for its size, storability and palatability. This research presents an overview
of the study of floral biology associated with cluster onion germplasms to improve cluster
onion seed setting for hybridization. This was conducted at Regional Agricultural Research
and Development Centre, Killinochchi using a Factorial Randomized Complete Block Design
with three replicates. One standard variety (MICLO 1) with four selected cultivars (TVM 1,
TVM 6, MH 4 & Kundu vallarai) of red onion were used. Five cultivars of onion with different
methods taken as treatments viz, vernalization and non — vernalization. The research period
from March 2022 to May 2022 to evaluate the floral behavior and hybridization of different
onion germplasms under rainfed and irrigation conditions in Dry zone. Observations were
analyzed in ANOVA using SAS software. This study shows that the vernalization process had
a substantial impact on floral behavior and was helpful for the developing hybridization
program. Significant differences were found between the vernalization and non-vernalizati