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Abstract
The bio-security of Agriculture can never be ignored, as is food security. The world has become a global village
due to unprecedented trade in agriculture between countries and people’s ability of travel. India having a diverse
climatic condition and rich biodiversity is vulnerable to the pest vagaries. Introduction, spread and establishment of
invasive insects, diseases, weeds and other organisms is detrimental to the plants. Such invasions have caused havocs
in the past. The plant quarantine is the only way to safeguard future of plant health in general and agriculture in
particular. The present paper throws light on the existing plant quarantine regulations in India and critically analyses
the emerging issues pertaining to pest incursions and also discusses about the way forwards to safeguard Indian
Agriculture.
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In the present era of liberalized global trade, import/
export of plants and plant materials are likely to go up
manifolds, thereby warranting robust plant quarantine
regulations to thwart off the possible pest incursions.
Invasive species threaten the ecological and economic wellbeing of any country (Pimental et al. 2001). No criteria have
yet been agreed for the minimum damage, spread or size of
population needed for an alien species to be considered
invasive. However, it is clear that a very small number of
individuals, representing a small fraction of the species’
genetic variation in its native range, can be enough to
generate, through its reproduction and spread, massive
environmental damage in a new environment (Mack, 2000).
India having a diverse climatic condition and rich
biodiversity has always been vulnerable to the invasive alien
species. Introduction, spread and establishment of invasive
insect pests, diseases, weeds and other organisms
detrimental to the plants can have very significant economic
consequences. Therefore, our country had implemented its
regulations about a century back to deal with such issues.
Plant Quarantine regulatory measures in India are operative
through the ‘Destructive Insects & Pests Act, 1914 (Act 2 of
1914)’ (Govt. of India, 1914). The purpose and intent of this
Act is to prevent the introduction of any insect, disease or
other pests from abroad or from one place to another in India
which is or may be destructive to the crops in the country.
Directorate of Plant Protection, Quarantine & Storage
(DPPQ&S) established in 1946 under Ministry of Agriculture
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& Farmers Welfare (Department of Agriculture, Cooperation
& Farmers Welfare) implements Plant Quarantine
Regulations issued under the Act to prevent introduction of
exotic pests. The import of plants and plant materials are
covered under the Plant Quarantine (Regulation of Import
into India) Order, 2003 (PQ Order, 2003) issued under the
Section 3 (1) of DIP Act, 1914 and amendments issued there
under from time to time.
In seed policy, brought out in 1988, special emphasis
was laid on strengthening of plant quarantine facilities at
five major stations/Regional Plant Quarantine Stations
(RPQS) namely, Amritsar, Chennai, Kolkata, Mumbai and
New Delhi for import of seeds and other plant material to
provide farmers access to best planting material grown
anywhere in the world. Subsequently, Ministry of
Agriculture, Govt. of India issued Plants, Fruits and Seeds
(Regulation of Import into India) Order 1989 replacing earlier
notification under the Act to regulate import of agricultural
commodities through notified points of entry to implement
entry of harmful pests. Further, consequent to World Trade
Organization (WTO)- Agreement on Sanitary and
Phytosanitary (SPS) Measures, several countries have
strengthened plant quarantine facilities and developed
national standards in line with international standards
established by International Plant Protection Convention
(IPPC). WTO-SPS agreement envisages application of
phytosanitary measures based on scientific justification. As
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India is a signatory to IPPC and WTO-SPS agreement, it has
become imperative to strengthen and modernize PQ facilities
for credible inspection and phytosanitary certification to
prevent entry of exotic pests and diseases into India and
also to meet phytosanitary requirements for improved market
access of India’s agricultural commodities in other countries.
Accordingly, Government of India notified Plant Quarantine
(Regulation of Import into India) Order, 2003 under which
Pest Risk Analysis (PRA) of imported agricultural
commodities is mandatory, to safeguard Indian agriculture
(Govt. of India, 2003). In line with the New Policy on Seed
Development, 1988 and the provisions of PQ Order, 2003,
the specified planting material for propagation (viz., cuttings,
saplings, bud woods, etc.) require growing under Post Entry
Quarantine (PEQ) for a specified period. The import permit
for such planting material is granted based on a certificate
from Designated Inspection Authorities of the concerned
jurisdiction stating that the importer possesses the post entry
quarantine facility for the imported planting material. The
Notified Designated Inspection Authorities are the Head of
Plant Pathology Departments of ICAR and State Agricultural
Universities and are mentioned in the Schedule XI of PQ
Order 2003. Such consignments are released by the RPQS
with the intimation to the concerned Inspection Authorities
for conducting further PEQ inspections and the final
clearance is granted based on the PEQ Inspection Report.
The risk of exotic pests and diseases is minimized by
identifying the potential pests which can get into the country
with the specified commodity and seeking export certification
for their freedom/pest free area status, etc. from the exporting
country.
Inspection of agricultural commodities meant for export
as per the requirements of importing countries is conducted
following the provisions made under IPPC and
Phytosanitary Certificates are issued. PQ Order, 2003 effective
from 1.1.2004 replaces the PFS Order, 1989 and Cotton
Regulations, 1972 and other previous orders. Seeds and
Propagative plant material can only be imported through
six regional plant quarantine stations viz., Amritsar,
Bangalore, Chennai, Kolkata and Mumbai & New Delhi,
while regional PQ station Kandla is notified for import of
consumption materials only. Commodities for consumption
can be imported through all the notified ports. In PQ order,
2003, points of entries are notified vide Schedules - I, II & III;
commodities prohibited are notified in Schedule-IV (15 Nos.),
and commodities restricted to enter are notified in ScheduleV (17 Nos.). The commodities regulated to import with
additional declarations and special conditions are covered
in Schedule-VI (700 Nos). Commodities of least risk category
for consumption purpose are specified in Schedule-VII (519
Nos). Phytosanitary certificate (PSC) is must for the
2

commodities covered in Schedule-VI & Schedule-VII. The
Quarantine weeds (57 nos.) are notified in Schedule-VIII.
Import Inspection fee and treatment fee are stipulated in
Schedule-IX. Exim committee clearance is required for import
of agricultural commodities for propagation purpose such
as seeds of coarse cereals, pulses, oil seeds, fodder crops and
seeds/stock material of fruit plant species except the trial
material of the above as specified in PQ Order schedule –
XII, in which certain quantities of seeds are permitted for
trial purpose/ accession to gene bank of NBPGR. A list of
different entry points including different airports, seaports,
land frontier etc. are mentioned in Table 1.
Table 1. List of points of entry for import of plants and plant
products in India
Sl
No.
1.
2.
3.
4.
5.

Points of Entry

Numbers

Seaports
Airports
Land Frontier Stations
Inland Container Depots and Container
Freight Stations
Foreign Post Offices
Total

46
24
24
78
11
183

Indian Plant Biosecurity Umbrella
DPPQ&S is the apex body for implementation of
Destructive Insect Pest Act 1914 (DIP Act 1914) and Plant
Quarantine Order (Regulation of Import into India) Order
2003 and also performs duties and responsibilities of
National Plant Protection Organization (NPPO) as per article
IV of IPPC. The objective of protecting Indian Biosecurity is
achieved through robust networking of Govt. Departments,
Institutes, State Governments and Private agencies. There
are 60 Plant Quarantine Stations and its camp offices of
DPPQS spread across the country and headquarters at
Faridabad. In addition, 28 State Agricultural Universities,
24 Indian Council of Agriculture Research Institutes, One
institute each of Indian Council of Forest Research and
Education, Ministry of Commerce and Industry and ICRISAT,
etc are notified by the Central Government to carry out
different aspects of Plant Quarantine activities and are the
part of plant quarantine system in India. Above all, the
Customs is in forefront in implementing ISPM 15
(International Standards for Phytosanitary Measures No. 15
- Regulation of wood packaging material in international
trade) as per Chapter II Clause 20 (A) of PQ Order 2003.
Section 4 of the DIP Act 1914 empowers the Customs to
operate the notification issued under DIP Act, as it has the
same power issued under Section 11 of Customs Act 1962.
The National Institute of Plant Health Management
(NIPHM), Hyderabad is the nodal agency for capacity
building in Agricultural Biosecurity.
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Table 2. Indian Plant Biosecurity umbrella
Sl. No.
Organization*
01.
Directorate of Plant Protection Quarantine and Storage (DPPQS)

02.

Central Board of Indirect Taxes and Customs, Department of Revenue
under the Ministry of Finance, Government of India.

03.

Indian Council of Agricultural Research (ICAR) and it’s institutions

ICAR-National Bureau of Plant Genetic Resources (NBPGR), New
Delhi.

04.

05.

06.
07.
08.
09.

Activities
Apex body for implementing Destructive Insect Pest Act 1914 (DIP Act 1914) and Plant
Quarantine Order (Regulation of Import into India) Order 2003.
Duties and responsibilities of National Plant Protection Organization (NPPO) as per
article IV of IPPC.
Section 4 of the DIP Act 1914 empowers the Customs to operate the notification issued
under DIP Act, as it has the same power issued under Section 11 of Customs Act 1962.
Implementing ISPM 15 (International Standards for Phytosanitary Measures No. 15 Regulation of wood packaging material in international trade).
Certification of import of Germplasm/ Transgenics/ Genetically Modified Organisms
(GMOs) Recommendation for import and monitoring of commodities listed in Schedule V
of PQ Order 2003. Approval for Post Entry Quarantine facilities for live plant materials
and monitoring and release of plants in PEQ. Pest survey and surveillance. Introduction
and evaluation of exotic insects for biological control of insect pests.
Issuance of Import Permit for germplasm/ transgenics/ Genetically Modified Organisms
(GMOs) for the purpose of agricultural research or experimentation purpose. The permit
issued with the approval of Genetic Engineering Approval Committee (GEAC) or as the
case may be, the Review Committee on Genetic Manipulation (RCGM) set- up by
Department of Biotechnology under the provisions of sub-rule (2) of rule 4 of the Rules
for the manufacture, use, import, export and storage of hazardous micro-organisms,
Genetically engineered organisms or cells made under Sections 6, 8 and 25 of the
Environment (Protection) Act, 1986 (29 of 1986) and subject to such restrictions and
conditions prescribed thereof. Inspection and supervision and release of such
consignments.
Maintenance of accessions/varieties in gene bank as per Schedule XII of PQ Order 2003.
Introduction and evaluation of exotic insects for biological control of insect pests.
Seeds of Rice (Oryza sativa) for sowing
Seeds of Wheat (Triticum spp.) for sowing
Rhizomes of Banana, Plantain and Abaca (Musa spp.) for propagation.

ICAR- National Bureau of Agricultural Insect Resources (NBAIR)
NBPGR, New Delhi/Director, Directorate of Rice Research, Hyderabad.
NBPGR, New Delhi/ Directorate of Wheat Research, Karnal, Haryana.
ICAR- National Research Centre on Banana, Tiruchirappalli, Tamil
Nadu
ICAR-Central Tuber Crops Research Institute, Sreekaryam, Kerala.
Stem cuttings of Cassava or tapioca (Manihot esculenta), Stem (vine) cuttings rooted or unrooted/ tubers of Sweet potato (Ipomoea spp.) and tubers of Yam (Dioscorea spp) for
planting or propagation.
ICAR-National Research Centre on Citrus, Nagpur, Maharashtra.
Grafts/Bud wood/Plants of Citrus spp. (lemon, lime, orange, grape fruit, mandarins etc.)
and other Rutaceous hosts for propagation.
ICAR-Central Plantation Crops Research Institute, Kasaragod, Kerala
Seeds (beans)/ pods/bud wood/ rootstock of Theobroma cacao (Cocoa) and related species
for propagation. Seed nuts/ Seedlings/Pollen of Coconut (Cocos nucifera) & related
species for propagation
ICAR-Central Cotton Research Institute, Nagpur, Maharashtra.
Seeds of Cotton (Gossypium spp.) for sowing
ICAR-National Research Centre on Groundnut, Junagadh, Gujarat and Seeds/ Stem Cuttings/Plants of Groundnut (Arachis spp.) for propagation.
International Crops Research Institute for Semi-Aried Tropics
(ICRISAT), Patancheru, Andhra Pradesh.
ICAR-Central Potato Research Institute, Shimla, Himachal Pradesh.
Tubers and other planting material of Potato (Solanum tuberosum) and other tuber bearing
species of Solanaceae for propagation.
ICAR-Sugarcane Breeding Institute, Coimbatore, Tamil Nadu
Setts of Sugarcane (Saccharum spp.) for planting
ICAR-Central Tobacco Research Institute, Rajahmundry, Andhra Seeds of Tobacco (Nicotiana spp.) for sowing
Pradesh.
Central Coffee Research Institute, Ministry of commerce and Industry, Seeds (beans) & berries (freshly harvested)/ Grafts /
Balehonnur, Chikkamagaluru, Karnataka.
Bud wood/Seedlings/Rooted cuttings Coffee (Coffea spp.) and related species of
Rubiaceae for propagation.
Indian Council of Forestry Research and Education and it’s institutions Seeds/plants/ Fruits/Grafts and other planting material of Chestnut (Castanea spp.), Elm
(Ulmus spp.), Oak (Quercus spp.), Pine (Pinus spp.) Poplar
Populus spp.), Walnut (Juglans spp.) and other coniferous species for propagation.
National Institute of Plant Health Management (NIPHM), Hyderabad. Nodal agency for capacity building in Agricultural Biosecurity.
State Agriculture Universities (SAUs)
Approval Post Entry Quarantine facilities and monitoring and release of plants in PEQ.
Export certification, Survey and Surveillance etc.
State Agricultural/Horticultural Departments
Export certification, Survey and Surveillance etc.
Private agencies/Accredited treatment Providers
Disinfection of Export/Import agriculture commodities through phytosanitary treatments
as per NSPM 9, 12, 15, 18, 20, 21, 22.

*Indicative of inter-ministerial/departmental cooperation. NSPM-National Standard for Phytosanitary Measures.
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An interdisciplinary EXIM Committee is also
constituted in the Seeds Division of Department of
Agriculture & Farmers Welfare, Govt of India to deal with
application for exports/imports of seeds and planting
materials. The committee deals in accordance with the New
Policy on Seed Development and EXIM regulation. The
committee always acts in consonance with the Plant
Quarantine Regulations prior to according permission for
import of any planting materials into India.
Import of live insects and other arthropods/
nematodes/microbial cultures including algae/bio-control
agents covered under Sixth Amendment of 2016, vide
S.O.2453 (E), dated 5th July, 2016 of Plant Quarantine Order
2003. The consignments shall be imported only with the valid
Import Permit issued by the competent authority as specified
under Schedule-X. Further, only through points of entry
specified under Clause 3(14). The consignment of beneficial
insects shall be accompanied by a certificate issued by
National Plant Protection Organisation at the country of
origin with additional declarations for freedom from
specified parasites and parasitoids and the bio-control
agents free from hyper-parasites. The consignment of
beneficial insects/ bio-control agents shall be subjected to

post-entry quarantine as may be prescribed by the Plant
Protection Adviser, Govt. of India.
Pest Incursions in India
Incursions of exotic pests have been a regular feature
in India, despite the fact that a robust regulatory mechanism
is in place. A tentative list of major introduced and
established pests is mentioned in Table 3, 4 & 5. Many pests
have invaded into India and it is quite difficult to pin-point
the pathways of entry since India shares porous borders
with many neighbouring countries. Incursions of pests such
as Fall Army Worm, Rugose Spiralling Whitefly, South
American Tomato Pin Worm, Papaya Mealybug, Coconut
Eriophyid Mite, Eucalyptus Gall Wasp, Erythrina Gall Wasp,
Coffee Berry Borer, Spiralling Whitefly, Serpentine Leaf
Miner, Sunflower Downy Mildew, Anthurium Blight, Crown
Gall, Parthenium, Phalaris, etc., are causing severe economic
losses to various crops in India (Sushil, 2015, 2016 & 2018;
Shashank et al., 2015, Sundararaj and Selvaraj, 2017;
Chakravarthy et al., 2017; Sharanabasappa et al., 2018;
Shylesha et al., 2018; Joshi et al. 2020). Further, whiteflies
have become urban nuisance as they secrete honey dew and
facilitate development sooty mold (Nagaraju, 2020)

Table 3. List of major introduced and established insects/ mites in India
Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
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Common name
Apple woolly aphid
San Jose scale
Lantana bug

Scientific name and Taxonomic Position
Eriosoma lanigerum (Hausmann) (Hemiptera: Aphididae)
Quadraspidiotus perniciosus Comstock (Hemiptera: Diaspididae)
Insignorthezia insignis (Browne)
Syn. Orthezia insignis (Browne) (Hemiptera: Ortheziidae)
Cottony cushion scale
Icerya purchasi (Maskell) (Hemiptera: Monophlebidae)
Potato tuber moth
Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae)
Diamond-back moth
Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae)
Pine woolly aphid
Pineus pini (Macquart) (Hemiptera: Adelgidae)
Subabul psyllid
Heteropsylla cubana Crawford (Hemiptera: Psyllidae)
Serpentine leaf miner
Liriomyza trifolii Burgess (Diptera: Agromyzidae)
Coffee berry borer
Hypothenemus hampei Ferrari (Coleoptera: Curculionidae)
Spiralling whitefly
Aleurodicus disperses Russell (Hemiptera: Aleyrodidae)
The coconut eriophyid mite
Aceria gurrreronis Keifer (Arachnida: Eriophyidae)
Silver leaf whitefly
Bemisia argentifolii Bellows and Perring (Hemiptera: Aleyrodidae)
Erythrina gall wasp
Quadrastichus erythrinae Kim (Hymenotptera: Eulophidae)
Eucalyptus gall wasp or Blue gum chalcid Leptocybe invasa (Fisher and LaSalle) (Hymenotptera: Eulophidae)
Cotton mealybug
Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae)
Papaya mealybug
Paracoccus marginatus Williams & Granara de Willink (Hemiptera:
Pseudococcidae)
Tomato leaf miner
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)
Rugose spiralling whitefly
Aleurodicus rugioperculatus Martin (Hemiptera: Aleyrodidae)
Fall army worm
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae)
The woolly whitefly
Aleurothrixus floccosus (Maskell) (Hemiptera: Aleyrodidae)
Aleurotrachelus atratus
Neotropical whitefly
Hempel (Hemiptera: Aleyrodidae)
Cassava Mealybug
Phenacoccus manihoti Matile-Ferrero (Hemiptera: Pseudococcidae)

Year of first report
1889
1911
1915
1921
1937
1941
1970
1988
1990
1990
1994
1995
1999
2005
2006
2006
2009
2014
2016
2018
2019
2019
2020
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Table 4. List of major introduced and established pathogens in India.
Sl No. Common Name

Scientific Name of pathogen

Introduced from

Pathway

1
2
3
4
5
6

Coffee rust
Late blight of Potato
Flag smut of Wheat
Grape downy mildew
Powdery mildew of Rubber
Black shank of Tobacco

Sri Lanka
Europe
Australia
Europe
Malaysia
Dutch

Planting material
Potato
Grains
Planting material
Planting material
-

7

Bunchy top of Banana

Sri Lanka

Planting material

1940

8
9
10
11
12

Crown gall
Apple canker
Potato wart
Banana mosaic Banana
Golden cyst nematode

Hemileia vastatrix (Pucciniales)
Phytophthora infestans
Urocystis tritici
Plasmopara viticola
Oidium heveae
Phytophthora parasitica
var. nitocianae
Bunchy top of Banana
viriod
Agrobacterium tumefaciens
Sphaeropsis malorum
Synchytrium endobioticum
mosaic virus
Globodera rostochinensis

Year of first
report
1879
1883
1906
1910
1938
1938

UK / Netherlands
Australia
Netherlands
-UK

1940
1943
1953
1961
1961

13

Golden cyst nematode

Globodera pallida

UK

14
15
16
17
18
19
20

Apple scab
Downy mildew of Sunflower
Peanut stripe virus - Groundnut
Banana bract & streak virus
Anthurium blight
Sunflower necrosis virus
Iris yellow spot virus on Onion

Venturia inequalis
Plasmopara halstedii
Peanut stripe virus
Banana bract and streak virus
Xanthomonas dieffenbachiae
Sunflower necrosis ilar virus
Iris yellow spot virus

UK
USA
China
Sri Lanka
Netherlands
-

Planting material
Planting material
Planting material
Planting material
Potato tuber/ planting
material
Potato tuber / planting
material
Planting material
Seeds
Seeds
Planting material
Planting material
-

1961
1978
1984
1987
1995
1996
1997
2002-03

Table 5. List of major introduced and established weeds, nematodes and snail in India.
Sl No. Pest name
Weeds:
1
Kala Bansa, Eupatorium adenophorum
2
Mexican Poppy, Argimone mexicana Linnaeus
3
Opuntia, Opuntia dillenii
4
Acacia, Acacia mearnsii
5
Siam Weed, Chromolaena odorata
6
Lantana camara Linnaeus
7
Water hyacinth, Eichhornia crassipes
8
Mile-a-minute, Mikania micrantha
9
Cytisus, Cytisus scoparius
10
Ulex, Ulex europarius
11
Goat’s head, Acanthospermum hispidum
12
Kariba weed, Salvinia molesta
13
Parthenium weed, Parthenium hysterophorus
14
Gulli danda, Phalaris minor
15
Kikar / Vilayati babul, Prosopis juliflora
16
Cabomba, Cabomba caroliniana
17
Touch-me-not, Mimosa pudica
Nematodes:
1
Golden Nematode, Globodera rostochiensis; Globodera pallida
Snail:
1
Giant African Snail, Achatina fulica
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Introduced from
Central America
Mexico and Central America
USA
Australia
South & Central America/Bangladesh
Central America
Brazil
UK
Western and Central Europe
Europe
South & Central America
South Africa
USA
Mexico
Mexico and Caribbean Islands
Central and South America

Year of first report
1498
17th -18th Century
1891
Mid 19th Century
19th Century
1809
1914
1918
1930
1930
1946
1955
1960
1961
1983
2008
-

Scotland

1961

East Africa

1847
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Plant pathogens such as Groundnut Bud Necrosis
Virus (GBNV), Soybean Bud Blight, Mung bean/Urd Bean
Leaf Curl, Tomato Bud Blight, Potato Stem Necrosis, Bunchy
Top of Banana, and Tobacco Streak Virus (TSV) in sunflower
and other crops, are emerging as serious problems and
continuing to spread over large areas. India faced huge losses
due to Late Blight Disease of Potato caused by Phytophthora
infestans affecting potato field grown in a significant area in
the country. Foliar blight in wheat, Bract Mosaic in Banana,
Sheath Blight in Maize and Paddy are few other serious
pathogens causing considerable losses (Sathyanarayana &
Satyagopal, 2013). There are 173 invasive alien species
documented in India belonging to 117 genera and 44 families,
which represents about 1% of the Indian flora (Reddy, 2008).
Among these species Tropical America region contribute the
maximum number/per cent (with 128 species or 74%)
followed by tropical Africa (11%). The other regions, which
contribute marginally, are Afghanistan, Australia, Brazil,
East Indies, Europe, Madagascar, Mascarene Islands,
Mediterranean, Mexico, Peru, Temperate South America,
Tropical West Asia, West Indies and Western Europe (Raj et
al., 2018).
Strategies for Prevention of Invasive Species
Despite having stringent quarantine regulation, the
invasive alien species often get established in a small or larger
part of the country. States should take steps such as
eradication, containment and control, to mitigate the adverse
effects. Techniques used for eradication, containment or
control should be cost-effective, safe to the environment,
humans and agriculture, as well as socially, culturally and
ethically acceptable. Mitigation measures should take place
in the earliest possible stage of invasion. Hence, early
detection of new introductions of invasive species is
important, and needs to be combined with the capacity to
take rapid follow-up action. Where it is feasible and costeffective, eradication should be given priority over other
measures to deal with established invasive alien species.
The best opportunity for eradicating invasive alien species
is in the early stages of invasion, when populations are small
and localized; hence, early detection systems focused on
high-risk entry points can be critically useful. Community
support, built through comprehensive consultation, should
be an integral part of eradication projects (McNeely, 2000).
In India, agriculture being the state subject, it is imperative
to have a very strong hand holding between central and
concerned state governments in containment and eradication
programme. Pest surveillance at the borders of the country
and other high risk entry points should be a regular feature
for early detection of the invasive pests.

6

The plant quarantine system and a regulatory back is a
prerequisite for any country, which is first line of defence
against introduction of exotic pests. The plant quarantine
organization in India has a very robust set-up and been
intercepting large number of pests in imported consignments
from different countries. During 1986 to 1989, Muthaiyan et
al., (1990) has intercepted 47 species of insects on the imported
logs through major ports in India. During 1997 and 1998,
nineteen exotic weeds have been intercepted and identified
in wheat grain consignments imported through 10 major
ports of India. Out of 19 exotic weeds intercepted, seven were
considered noxious in nature and entry of these weed are
prohibited along with agricultural commodities in most of
the developed countries. To avoid entry of exotic weeds into
wheat growing areas, the entire consignment of 2.5 million
tons was diverted to non-wheat growing areas for
consumption purposes. NBPGR since 1976 to 2019 has
intercepted 78 pests which are not known to occur in India
in the imported germplasm consignments. The interceptions
of 3 years (2017-2019) by the DPPQS are given in Table 6. A
total of 422 species of pests of plants and its products
including insects, fungi, weeds, bacteria, viruses, nematodes
and weeds have been intercepted from about 200
commodities imported from more than 50 countries (Table
6).
Domestic quarantine for prevention of pest movement
Destructive Insects & Pests Act 1914 under Section 4
(a) empowers Central Government to regulate or prohibit
transport of any commodity within country that is likely to
spread insect or disease and cause damage to the crop. So
far 9 pests of different host plants are regulated for their
movement along with host plants from their area of
occurrence to other part of the country. Such provisions have
helped in restraining the pest proliferation from one region
of the country to other region. Such provisions have helped
in restraining the pest proliferation from one region of the
country to other region. There is need to revisit the pests of
regional importance and such pests may find a suitable place
under domestic quarantine regulation. Details of the pests
along with host plants and restricted area under domestic
quarantine are mentioned in Table 7.
International obligations
India is signatory to International Plant Protection
Convention (IPPC), Asia Pacific Plant Protection Convention
(APPPC) and WTO-Sanitary and Phytosanitary Agreement
(WTO-SPS) since their inceptions. This clearly indicates
India’s commitment towards pest free global trade of plants
and plant products. The IPPC is a multilateral treaty
deposited with FAO and in force since 1952. The purpose of
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Table 6. Pests intercepted in imported commodities during 2017-2019
Organism

Number of
species
15
158

Number of
Commodities
13
154

Viruses
Nematodes

7
32

12
45

Insects

98

32

Weeds

112

7

Bacteria
Fungi

Country of origin
USA, France, Netherland, Spain, Italy, Israel, Kenya, Germany, Ireland, Singapore (10)
USA, UK, Australia, New Zealand, Japan, South Korea, Canada, China, France, Germany, Denmark,
Taiwan, Bhutan, Netherland, Singapore, Sri Lanka, Thailand,, Sudan, Costa Rica, Cuba, Fiji, Malaysia,
Papua New Guinea, Solomon Island, Tahiti, Russia, Israel, Kenya, Pakistan, Zimbabwe, Poland, S.
Africa, Mexico, Peru, Hong Kong, Philippines, Turkey, Spain, Italy, Bhutan, Egypt, Venezuela, Burkina
Faso, Kuwait, Indonesia, Hungary, Ivory Coast, French Polynesia, Scotland (49)
USA, France, Netherland, Germany, Israel, Australia, Malaysia, Singapore, Thailand, Costa Rica (10)
USA, UK, Turkey, Singapore, Thailand, Netherland, France, Germany, Malaysia, Sri Lanka, Ireland,
Scotland (12)
USA, UK, China, Japan, Vietnam, Kenya, Malaysia, Singapore, Australia, Austria, Colombia,
Indonesia, Ivory Coast, Myanmar, Nigeria, Panama, Togo, Netherland, Fiji, Costa Rica, Lagos,
Zimbabwe, Turkey, Russia (24)
USA, Australia, Canada, France, Turkey, Myanmar (6)

(Source: http://plantquarantineindia.nic.in/PQISPub/html/pestIntercept-con.htm, Nagaraju et. al., 2020, Raju et al., 2019)

Table 7. List of pests with details under domestic quarantine in India
Sl. No.
Pest/Disease
Fluted Scale
1
(Icerya purchasi)
2
San Jose Scale
(Aspidiotus perniciosus)
3
Banana Bunchy top (virus)
4
Banana mosaic (virus)
5
Potato Wart
(Synchytrium endobioticum)
6
Apple Scab
(Venturia inaequalis)
7
Codling Moth
(Carpocapsa pomonella)
8
Potato
Cyst
Nematodes
(Globodera
rostochiensis & G.
pallida)
9
Coffee Berry Borer
(Hypothenemus hampei)

Host Plant
Citrus and woody plants

From
Mysore, Chennai (T N) & Kerala

To
Any other part of India

Apple and Pome fruits

Any other part of India

Banana planting material
Banana plants& plant material
Potato

Punjab, UP, Madras (TN), WB, Assam,
Orissa, HP, Jammu & Kashmir
Assam, Kerala, Orissa, T N, & West Bengal
Maharashtra & Gujarat
Darjeeling (WB)

Apple planting material

Jammu & Kashmir, Himachal Pradesh

Any other State & UT
Any other State &UT
Any other State or place
in India
Any other State

Apple & walnut plants including fruits Ladakh District (J&K)

Any other area in J&K

Potato

Tamil Nadu, H.P., Uttarakhand, J&K

Any other State & UT

Coffee seeds/plants/powder

Nilagiri Dt (T.N), Kodagu Dt (Karnataka) Any other parts of the
& Wayanad Dt (Kerala)
Indian Union

the convention is to secure common and effective action to
prevent the spread and introduction of pests of plants and
plant products, and to promote appropriate measures for
their control. The implementation of the convention has not
only applied to crops, but it also to the protection of natural
flora. The IPPC Secretariat, housed at FAO, facilitates the
development of internationally agreed standards for the
application of phytosanitary measures in international trade
to prevent and control the spread of plant pests (many of
which are invasive alien species). The standards developed
under IPPC are recognized by the WTO under WTO-SPS
agreement. Thus the scope of the IPPC covers any invasive
alien species that may be considered to be a plant pest.

wild plants. The Commission helps member countries
improve their capacity for pest surveillance, pest risk
analysis, pest risk management through systems approaches,
and implementation of regional and international standards
for phytosanitary measures. It helps with the management
of outbreaks of invasive species to promote safe agricultural
trade. The APPPC facilitates information exchange networks
among member countries, which allows countries to share
import and export requirements, pest reports, updated pest
control programmes, and early warning of risks. The
Commission helps countries develop plant health policy and
regulations, and systems and practices to minimize the
potential risk of the introduction and spread of regulated
pests (FAO, 2021). International trade in goods, services and
intellectual property between the member countries of the
WTO is disciplined by the 1994 Uruguay Round Agreements.

At regional level, APPPC helps member countries
analyse risks to their national plant resources and use
science-based measures to safeguard their cultivated and
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This regime provides a binding rules, enforced by a
compulsory dispute settlement mechanism, designed to
ensure that governments extend free market access to each
other’s products and services. Particularly relevant to alien
species that are characterised as pests or diseases is the 1995
WTO Agreement on the application of SPS Agreement, which
allows member countries to adopt national measures or
standards to: (1) protect human, animal and plant life from
the risks arising from the entry, establishment or spread of
pests, diseases, or disease-carrying organisms or diseasecausing organisms; and (2) prevent or limit other damage
within the territory of the Member from the entry,
establishment or spread of pests (McNeely, 2000).

associated with the plant propagating materials, fresh fruits
and vegetables. Therefore, it is high time to notify/designate
multidisciplinary inspection authorities for inspection and
clearance of plants in PEQ.

Way Forward
India being an agrarian country cannot afford to have
frequent invasion of exotic pests. Varied agro-climatic
conditions and diversity of crops grown in the country
favours the establishment of pests across groups. Modern
fancies like kitchen garden, terrace garden, etc also support
establishment of exotic pests and goes unnoticed by the
regulators, till they migrate to farmers fields and major havocs
are caused on economic crop. These modern fancies coupled
with small land holding and socio-economic conditions of
the farming communities are impediment in the
implementation of major eradication programs.

Weeds are intercepted in the imported bulk shipments
of cereals, pulses, germplasm material, etc. Quarantine weeds
like Thlaspi arvense, Polygonum lapathifolium, Raphanus
raphanistrum are being regularly intercepted in imported
consignments from different countries. There are no
phytosanitary treatments available for disinfestation of such
bulk consignments, if available, are time consuming and
expensive. Therefore, reasonable time has to be given for
proper inspection of these commodities by the well trained
phytosanitary inspectors.

India has a very robust interdisciplinary Plant
Quarantine system in place with required regulatory backup.
The personnel involved in the phytosanitary inspection and
clearance of imported agricultural commodities are highly
qualified and the result of which is seen in the interceptions
in the past. However, the resources have to be motivated and
channelized towards achieving the plant biosecurity of
India, with necessary training and laboratory backup with
state-of-the-art laboratory facilities. All the stakeholders
including researchers, extension functionaries, farmers,
general public, etc should be sensitized towards
implementing plant quarantine regulations. Interception and
salvaging one consignment is a prevention of one potential
invasion of a quarantine pest. Therefore, private accredited
treatment providers in the country should also be sensitized
about importance of salvaging an infested consignment.
A very high risk of pest invasion lies in import of
growing materials. Such consignments after import are being
kept under Post Entry Quarantine Facilities (PEQ) for
reasonably long time under the supervision of Designated
Inspection Authorities (DIA/IA). Such facilities need to be
strictly monitored by the DIA at regular intervals for insect
pests, diseases, nematodes, viruses, weeds, etc. More than
60% of exotic pests established in India in the past are
8

It is high time that, DPPQS can have a strategically
located central state-of-the-art diagnostic laboratory with
multidisciplinary experts, who can also carry out Pest Risk
Analysis (PRA) for commodities intended for import. The
central laboratory can act as a back-up to the field stations
for diagnosis. The laboratory may be located in a state where
maximum of plant and planting materials are imported. The
accessibility of ICAR institutes and State Agriculture and
Horticulture Universities can be added advantage.

A separate unit in the National Plant Protection
Organization can be established to deal with already
introduced pests. The unit can have representatives from
different stakeholders like ICAR Institutes, Central Integrated
Pest Management Centres (CIPMCs), State Agriculture
Universities (SAUs), State Governments, Krishi Vigyan
Kendras (KVKs), Non-Government Organizations (NGOs),
local bodies and communities to carry out emergency
mitigation measures including eradication programme.
India being a vast country having varied climatic zones,
domestic quarantine imposed under Section 4 (a) of DIP Act
1914 on area specific economically important pests of
different crops need to be strictly monitored by the respective
state governments. All the state borders should have a
functional check-post with technically sound manpower for
strict compliance of the domestic quarantine.
Survey and Surveillance is a regular activity of the
SAUs, ICAR Institutes, State Departments, KVKs, CIPMCs,
and other stakeholders. The data generated on pest status
including exotic pests is in bits and pieces. There is
immediate need to develop a common platform to share the
data. Such data shall be analysed and utilized in policy
decision.
Chapter II Clause 2 (21) of PQ Order 2003 permits the
import of cut flowers, garlands, bouquets, dry fruits/nuts
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etc., weighing not more than two kilograms for personal
consumption without a Phytosanitary Certificate or an
import permit. The citizen centric provision in the PQ Order
2003 should not be misinterpreted and misused for unlawful
activities. Such consignments either received at foreign post
offices, airports, seaports, etc. as an accompanied baggage
shall always be subjected for phytosanitary inspection either
by Custom officer or Plant Quarantine officer. The Customs
works round the clock at ports and Section 4 of the DIP Act
1914 empowers the Customs to operate the notification issued
under DIP Act, as it has the same power issued under Section
11 of Customs Act 1962. Officers on duty can refer the plant
and plant materials intercepted from passengers to Plant
Quarantine officers. Periodical awareness programs to the
Customs officials on regular intervals on powers enshrined
to them in DIP Act is need of the hour.
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Abstract
Biochar is a carbon rich product being used in production of many horticultural crops; the production of quality
planting material is the key to enhance the yield and quality of the crops. The study on use of biochar for the
production of quality seedlings of jamun was undertaken with view of minimizing the cost of production of seedlings
in eight treatments with three replication. The application of soil, sand and organic biochar in the ratio of 2:1:1 to a
rooting media was found to enhance the germination percentage (100 %), rate of germination (2.23) and seedling
vigour (3100). The growth attributes such as seedling height (54.83 cm), girth (5.33 mm), number of leaves (35.89),
leaf area (83.40 cm2) at 210 days after germination was found to be maximum in T2. The benefit cost ratio (2.04:1) was
observed maximum in same potting mixture.
Key words: Biochar, germination attributes, FYM, Growth attributes, CHB

Jamun (Syzygium cuminii) is an important indigenous
minor fruit crop which belongs to the family Myrtaceae and
it is grown throughout the tropics and subtropics as an
avenue plantation (Shrikant et al. 2012). It is one of the most
hardy fruit crops and can be easily grown in neglected and
marshy areas (Singh and Srivastava, 2000). Recently it has
gained major importance in pharmaceutical industry
because of its health benefits.
It is used worldwide in the treatment of diabetes by the
traditional practitioners over many centuries. To avoid late
bearing and to maintain the genetic uniformity vegetative
propagation should be preferred over seed propagation. For
better seedling growth, media should provide sufficient
anchorage or support to the plant, serves as a reservoir for
nutrients and water, allows oxygen diffusion to the roots
and permits gaseous exchange between roots and the
atmosphere outside root substrate.
In agri-horti practices, getting healthy seedlings remains
basic instinct. Due to that, the use of manures and fertilizers
stands foremost inputs. However in current scenario there
is a swing towards organic production. In this regard biochar
is most valuable inputs. The optimum nutrient in potting
media is highly essential for the production of quality
planting material, as biochar is known to enhance the
nutrient content when added to soil and makes nutrients
available for the plant growth and development, it can be
used as one of the component in potting media.
Journal
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Biochar is the carbon-rich product obtained when
biomass, such as wood, manure, or leaves are burnt under
controlled container with little or no available air. In more
technical terms, biochar is produced by thermal
decomposition of organic material under limited supply of
oxygen and at relatively low temperature.
Hence the present study is aimed at standardizing the
potting mixture by using enriched biochar as one of the
component to obtain quality planting material reasonably
at the earliest without waiting for long.
MATERIALS AND METHODS
Experimental sites and seasons
The experiment was undertaken during 2018-19. The
experiment was conducted at Regional Horticulture Research
and Extension Centre (RHREC) Bengaluru and the
experimental site was located at a latitude of N1305’25.472"
and longitude of E77033’40.605" with an altitude of 930
meters above mean sea level in the Eastern Dry Zone (Zone5) of college of Horticulture, Bengaluru campus, Karnataka.
Biochar and media preparation
The coconut husk biochar was prepared by using drum
method (Ammu, 2015) and it was enriched with 5 per cent of
cowdung slurry and considered as organic biochar and the
one enriched with 19:19:19 (NPK) + Zn and B as inorganic
biochar.
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Experimental design and treatments
The study was conducted in the polyhouse having
eight treatments with three replications. The treatments were:
T1: 2:1:1 (Soil: Sand: FYM) control, T2: 2:1:1 (Soil: Sand: Biochar
organic), T3: 2:1:1 (Soil: Sand: Biochar inorganic), T4: 2:1:1
(Soil: FYM: Biochar organic), T5: 2:1:1 (Soil: FYM: Biochar
inorganic), T6: 2:1 (Soil: FYM), T7: 2:1(Soil: Biochar organic)
and T8: 2:1 (Soil: Biochar inorganic). Jamun seeds were sown
in the month of August and was studied until the seedlings
attain graftable thickness.

Fig. 1: Effect of enriched biochar on seedling vigour of jamun

Plant growth monitoring
Five plants were selected from each replication for
recording observations in each treatment. The growth
parameters were recorded at 30 days interval from the date
of germination till the attainment of graft able thickness. The
germination attributes viz., rate of germination, days for first
germination, germination percentage and seedling vigour.
Growth attributes such as seedling height, girth, number of
leaves, leaf area were recorded at 30 days interval from days
of germination.

details. The significantly maximum seedling vigour of 3100
g was observed in T2 as shown in Figure 1.
The addition of biochar to soil will improve the soil
fertility by increasing the soil pH, organic carbon, calcium,
potassium, manganese and phosphorous and this might
help to overcome inhibitory effects of higher rates of biochar
application on seed germination (Novak et al., 2009).
Effect of enriched biochar on growth attributes of jamun
The maximum increment of seedling height from 30
(9.89 cm) to 210 (54.83 cm) days after germination was
recorded in potting mixture containing soil: sand: biochar
organic (2:1:1) as shown in Table 1. This could be attributed
to the fact that besides acting as a soil amendment, it also
provides all the essential nutrients in sufficient quantities
for better uptake. The results of enhanced uptake of nutrients
due to the application of biochar were reported by Lehmann
et al. (2003) which ultimately increases the seedling growth
parameters.

Statistical analysis
The experimental data collected relating to different
parameters were statistically analysed by Completely
Randomized Design (CRD) and results were analyzed as
per the standard guidelines.
RESULTS AND DISCUSSION
Effect of enriched biochar on germination attributes of
jamun
There were no significant differences observed among
the treatments with respect to days for first germination,
germination percentage and rate of germination. However,
minimum days for first germination (18.00), maximum
germination percentage (100 %) and rate of germination (2.23)
were recorded maximum in T2 mention in the treatment

The maximum increment of leaf length from 30 (4.13
cm) to 210 days (19.44 cm) and leaf breadth from 30 (1.27 cm)
to 210 days (2.80 cm) after germination respectively was
noticed in T2 as shown in Table 2 and 3. This may be due to
presence of maximum porosity in biochar which has helped
in better root development and nutrient uptake by the plants

Table 1. Effect of enriched biochar on seedling height (cm) of jamun
Treatments
T1: 2:1:1 (Soil: Sand: FYM) control
T2: 2:1:1 (Soil: Sand: Biochar organic)
T3: 2:1:1 (Soil: Sand: Biochar inorganic)
T4: 2:1:1 (Soil: FYM: Biochar organic)
T5: 2:1:1 (Soil: FYM: Biochar inorganic)
T6: 2:1 (Soil: FYM)
T7: 2:1 (Soil: Biochar organic)
T8: 2:1 (Soil: Biochar inorganic)
S.Em ±
CD@ 5%

12

30
9.42
9.89
9.49
8.96
9.22
8.67
8.04
8.55
0.30
0.91

60
10.37
11.30
10.90
10.17
10.20
9.90
9.37
9.73
0.18
0.56

Days after germination
90
120
150
14.60
29.40
44.33
15.67
30.13
46.33
15.27
29.90
46.00
13.20
28.10
40.00
13.50
28.47
44.00
13.11
26.83
33.67
12.25
24.33
28.00
13.07
24.90
30.33
0.25
0.84
0.55
0.78
2.50
1.67

180
46.33
47.00
46.67
41.33
45.00
34.33
31.33
32.00
0.95
2.80

210
53.27
54.83
53.83
50.67
51.00
49.83
49.67
50.00
0.47
1.43
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germination respectively. Significantly maximum leaf area
(8.97, 27.00, 39.55, 45.37 and 83.40 cm2) was recorded in T2
[2:1:1 (Soil: Sand: Biochar organic)] at 90, 120, 150, 180 and
210 days after germination respectively as shown in Table 4
and 5.
Biochar usually have the potential of activating soil
microorganisms and increasing the water retention capacity
of the soil thereby increasing photosynthetic rate and
consequent increase in growth of citrus plants (Changxun et
al., 2016).
From the present study it can be concluded that, the
potting media consisting soil, sand and biochar organic in
the ratio of 2:1:1 recorded maximum seedling vigour, seedling
height, girth, and leaf parameters when compared to other
media used for production of quality seedling production of
jamun under good nursery practices.

Fig. 2: Effect of enriched biochar on seedling girth (mm) of jamun

which has led to the increase in above ground biomass
(Warnock et al., 2007).
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Potting media consisting soil, sand and biochar organic
in the ratio of 2:1:1 showed maximum increment in number
of leaves from 30 (5.71) to 210 days (35.89) days after
Table 2. Effect of enriched biochar on leaf breadth (cm) of jamun
Treatments
T1:
T2:
T3:
T4:
T5:
T6:
T7:
T8:

2:1:1 (Soil: Sand: FYM) control
2:1:1 (Soil: Sand: Biochar organic)
2:1:1 (Soil: Sand: Biochar inorganic)
2:1:1 (Soil: FYM: Biochar organic)
2:1:1 (Soil: FYM: Biochar inorganic)
2:1 (Soil: FYM)
2:1 (Soil: Biochar organic)
2:1 (Soil: Biochar inorganic)
S.Em ±
CD@ 5%

30
1.21
1.27
1.23
1.19
1.20
1.19
1.11
1.11
NS
NS

Days after germination
90
120
150
1.44
1.56
2.01
1.47
1.61
2.29
1.45
1.59
2.10
1.43
1.47
1.90
1.44
1.55
1.98
1.38
1.54
1.92
1.35
1.44
1.82
1.37
1.46
1.94
NS
0.03
0.03
NS
0.09
0.11

60
1.34
1.44
1.35
1.33
1.33
1.32
1.27
1.28
NS
NS

180
2.54
2.80
2.64
2.36
2.39
2.06
2.01
2.02
0.15
0.47

210
3.40
4.00
3.90
3.20
3.30
3.20
3.10
3.30
0.15
0.46

Table 3. Effect of enriched biochar on leaf length (cm) of jamun
Treatments
T1:
T2:
T3:
T4:
T5:
T6:
T7:
T8:

2:1:1 (Soil: Sand: FYM) control
2:1:1 (Soil: Sand: Biochar organic)
2:1:1 (Soil: Sand: Biochar inorganic)
2:1:1 (Soil: FYM: Biochar organic)
2:1:1 (Soil: FYM: Biochar inorganic)
2:1 (Soil: FYM)
2:1 (Soil: Biochar organic)
2:1 (Soil: Biochar inorganic)
S.Em ±
CD@ 5%
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30
4.10
4.13
4.13
4.04
4.07
4.03
3.90
4.00
NS
NS

60
4.30
4.34
4.31
4.25
4.27
4.20
4.07
4.19
NS
NS

90
5.27
5.67
5.27
5.17
5.20
5.10
5.07
5.10
NS
NS

Days after germination
120
150
14.17
15.50
15.33
15.78
14.33
15.67
14.00
14.78
14.00
14.78
13.67
15.33
10.67
14.56
12.47
14.94
NS
0.26
NS
0.80

180
16.89
17.86
17.43
16.17
16.56
16.10
16.00
16.10
0.14
0.43

210
18.74
19.44
18.89
17.39
17.41
16.92
16.89
16.92
0.46
1.36
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Table 4. Effect of enriched biochar on number of leaves of jamun
Treatments
T1:
T2:
T3:
T4:
T5:
T6:
T7:
T8:

2:1:1 (Soil: Sand: FYM) control
2:1:1 (Soil: Sand: Biochar organic)
2:1:1 (Soil: Sand: Biochar inorganic)
2:1:1 (Soil: FYM: Biochar organic)
2:1:1 (Soil: FYM: Biochar inorganic)
2:1 (Soil: FYM)
2:1 (Soil: Biochar organic)
2:1 (Soil: Biochar inorganic)
S.Em ±
CD@ 5%

30
5.29
5.71
5.71
5.64
5.51
5.76
5.51
5.62
NS
NS

60
8.33
8.53
8.33
8.27
8.27
8.23
8.20
8.23
NS
NS

Days after germination
90
120
150
10.60
13.20
23.33
13.37
16.47
31.00
12.87
15.99
29.67
10.50
13.00
21.67
10.53
13.01
23.00
10.33
12.62
19.33
10.07
10.81
18.33
10.23
12.20
19.33
0.10
0.19
1.97
0.32
0.58
5.9

180
27.33
35.00
33.67
26.67
27.00
23.67
23.33
23.36
1.87
5.6

210
31.22
35.89
35.07
29.89
30.00
29.78
29.44
29.50
0.28
0.85

Table 5. Effect of enriched biochar on leaf area (cm2) of jamun
Treatments
T1:
T2:
T3:
T4:
T5:
T6:
T7:
T8:

2:1:1 (Soil: Sand: FYM) control
2:1:1 (Soil: Sand: Biochar organic)
2:1:1 (Soil: Sand: Biochar inorganic)
2:1:1 (Soil: FYM: Biochar organic)
2:1:1 (Soil: FYM: Biochar inorganic)
2:1 (Soil: FYM)
2:1 (Soil: Biochar organic)
2:1 (Soil: Biochar inorganic)
S.Em ±
CD@ 5%

REFERENCES
Ammu, P. 2015. Production, characterisation and quality
assessment of biochar. Ph.D. (Hort.) Thesis, College of
Horticulture, Vellanikkara (India).
Changxun, G., Zhiyong, P., Shu’ang, P. 2016. Effect of biochar on
the growth of Poncirus trifoliata (L.) seedlings in acidic red
soil. J. Soil Sci. Plant Nutr., 62: 194-200.
Laird, D. A., Fleming, P. D., Davis, D. D., Horton, R., Wang, B.
and Karlen, D. L. 2010. Impact of biochar amendments on
the quality of a typical Midwestern agricultural soil.
Geoderma, 158: 443-449.
Lehmann, J., Kern, D. C., German, L., Mccann, J., Martins, G.C.
and Moreira, L. 2003. Soil fertility and production potential,
Chapter 6: Amazonian dark earths: origin, properties,

14

90
8.04
8.97
8.01
7.70
7.98
7.42
7.23
7.43
0.08
0.23

120
23.6
27.0
24.5
21.9
22.3
20.6
16.0
19.0
0.20
0.60

Days after germination
150
190
33.56
37.66
39.55
45.37
35.43
39.94
31.42
35.73
32.06
36.86
30.05
34.81
27.03
34.80
29.15
34.81
0.21
0.22
0.60
0.61

210
68.73
83.40
71.80
55.18
60.30
53.50
52.03
52.69
0.25
0.73

management. Kluwer Academic, Dordrecht, pp: 105–124.
Novak, J. M., Lima, I., Xing, B., Gaskin, J. W., Steiner, C., Das, K.
C., Ahmedna, M., Rehrah, D., Watts, D. W., Busscher, W. J.
and Schomberg, H. 2009. Characterization of designer
biochar produced at different temperatures and their effects
on a loamy sand. Ann. Environ. Sci., 3: 195-206.
Shrikant Baslingappa, S., Nayan Singh, J. T., Meghatai, M.P. and
Parag, M.H. 2012. Jamun (Syzygium cumini (L.)): a review of
its food and medicinal uses. Food and Nutrition Sciences.
Singh, E. S. and Srivastava, A. K. 2000. Genetic diversity in jamun
(Syzygium cumini Skeels). Indian, J. Hort., 45:2.
Warnock, D. D., Lehmann, J., Kuyper, T. W. and Rillig, M. C.
2007. Mycorrhizal responses to biochar in soil – concepts
and mechanisms. Plant Soil, 30: 9-20.

Journal of Eco-friendly Agriculture 16(2) 2021
doi:

Journal of Eco-friendly Agriculture 16(2): 15-00. 2021
doi:

Alka Kumari and Rabindra Prasad

ISSN : 2229-628X (print)
e-ISSN : 2582-2683 (online)

Review article

Field screening of rice varieties against leaf folder
(Cnaphalocrosis medinalis Guenee) under agro climatic
condition of Ranchi, Jharkhand
Alka Kumari1 and Rabindra Prasad2
Birsa Agricultural University, Kanke, Ranchi, Jharkhand-834006, India
Email: alka.aiims@gmail.com
Abstract
A field experiment was conducted to screen out sixteen rice varieties against rice leaf folder at research farm of
Birsa Agricultural University, Ranchi during Kharif season of 2019 and 2020.Out of sixteen varieties Suraksha, C. R.
Dhan 304, C.R. Dhan 201 and PAC-801 emerged as resistant and promising against the leaf folder, receiving leaf
damage due to leaf folder (LDLF) incidence below 10 percent even when they were grown in unprotected condition in
the present studies as against the significantly and substantially higher pest incidence (i.e. LDLF %) recorded in case
of TN- 1 and Lalat receiving 33.38 (32.45 & 34.32 per cent LDLF) and 23.60 (22.25 & 24.95 per cent LDLF) during
both years respectively. Abhisek, C.R. Dhan 201, C.R. Dhan 304, PAC-801 and Suraksha were found resistant against
the leaf folder incidence receiving incidence below 10 per cent. The genotypes IR-64 (Drt-1), BVD-203, Akshay Dhan,
C.R. Dhan 303, Naveen, Vita-12, US- 362 and US-380 were moderately resistant.
Keywords: Rice, Cnaphalocrosis medinalis, Varieties, Leaf folder, Resistance

Rice is the staple food for over half of the world’s
population. It is grown on over 145 million ha in more than
110 countries, occupies one-fifth of the total world cropland
under cereals. In India, rice is gown in around 43.83 million
ha. Prasad and Prasad (2006) reported that out of 20
prevailing insect pest species of rice, leaf folder (Cnaphalocrosis
medinalis Guenee) is one of the major pest of rice in Jharkhand.
Use of HPR is not only environment friendly but also it is
cost effective. Resource poor farmers cannot afford the
expenses incurred on the insecticidal inputs to protect their
crop. They need pest resistant or tolerant rice varieties to
realize better and higher yield of grains. Without minimum
or no pesticidal application for sustainable rice production.
Use of resistant varieties of rice is highly feasible for ecofriendly management of rice pests. Chitra et al., (1998)
reported that growing resistant cultivars would be able to
reduce the pesticide load and thus can be greater value for
an eco-friendly future. Hence, an attempt has been made to
collect information from the available literatures pertaining
to host plant resistance (HPR) so as to get a feed back in this
context and regard for conducting future course of research
work. Heinrichs et al., (1985) opined the need of development
of resistant varieties to combat this pest in Asia. Thereafter,
identification of sources of resistance against this pest became
the major objectives of workers (Heinrichs, 1986; Khan and
Joshi, 1990; Singh and Dhaliwal, 1985). Prasad and Prasad
Journal
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(2006) reported that Lalat is relatively more prone to attack
of rice leaf folder. Hembrom and Prasad (2014) opined that
Kavya, BG- 380-02 and Suraksha emerged as promising and
resistant against leaf folder. The highest incidence of the
pest was noticed in case TN-1 and followed by Lalat, IR- 64
and MTU- 7029. Kumar (2017) revealed that the minimum
leaf damage caused by the pest (C. medinalis) to the tune of
1.50, 2.40, 3.70 and 4.50 percent LDLF was recorded at 50,
60, 70 and 80 DAT with mean of 3.02% LDLF, Kavya, BG380-2 and IR-36 remained almost at par in this regard. The
highest incidence of the pest was found in case of TN-I
receiving LFDL of 17.50, 19.30, 24.50 and 25.70 percent with
maximum mean leaf damage of 21.75% LDLF. Chatterjee et
al. (2011) conducted a field trial for screening of fifty one rice
genotypes against LF and reported that at 50 DAT genotype
CSR 23, TNAU 831311, ARC 6626, ADT 46, SB 319, AGANNI
and ASD 16 had minimum infestation, while TN-1, Kavya,
Choorapuny, RPP 4621-1842 and LF 293 received maximum
infestation. Observation on 80 DAT revealed that LF
infestation was minimum in rice genotype IC 115737,
AGANNI, IC155876, ARC 5982, LF 293, GEB 24 and ARC
10550 while maximum in rice genotype TNAU 831311, LF
333, LF 88, CRMR-1523, SB 436, SB 55 and TN-1. Katlam
(2008) also screened 532 genotypes against leaf folder and
reported that 7 genotypes scored under resistant category
whereas 54 as moderately resistant.
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Field screening of rice varieties against leaf folder (Cnaphalocrosis medinalis Guenee) under agro climatic condition of Ranchi, Jharkhand

MATERIALS AND METHODS
Field trials were conducted to study the response of
different entries/genotypes of rice against different
lepidopteran insect pests. Seeds of rice entries/genotypes
were received from the Rice Breeder, Department of Genetics
and Plant Breeding, BAU, Kanke Ranchi. Sixteen rice
varieties were selected for this experiment i.e. IR-6 4 (Drt-1)
(V1), BVD-203 (V2), Akshay Dhan (V3), Abhisek (V4 ), Lalat
(V5), Naveen (V6), C.R. Dhan 201 (V7), C.R. Dhan 303 (V8),
C.R. Dhan 304 (V9), Vita-12 (V10), US- 362 (V11), US-380 (V12),
PAC-801 (V13), PAC-807 (V14), Suraksha (RC) (V15) and TN1(SC) (V16). Among them Suraksha is taken as resistant check
and TN-1 as susceptible check (SC). Seeds were sown in
plots of 2.5 m X 4m on 8th July during 2019 and 2020 at Rice
Research Farm of Birsa Agricultural University, RAC (Ranchi
Agriculture College) Kanke, Ranchi. The experiment was laid
out in randomized block design with three replications.
Standard agronomical practices were followed for growing
the crops. Periodical observations on the incidence of rice
leaf folder were taken. In each plot select 10 random plants
and record damaged plants and healthy plants as well as
damaged leaves due to leaf folder (LDLF) and total no. of
leaves due to attack of the leaf folder. By counting, total
number of total leaves, number of damaged leaves by leaf
folder, LDLF per centage can be calculated by using following
formula as suggested by SES of IRRI Philippines:% leaf damage (LDLF%) =

Total no. of damaged leaves/10 hills
x 100
Total no. of leaves (damaged+healthy)/10 hills

Statistical Analysis:
Percentage experimental data i.e. LDLF % was
converted into angular values (i.e. through arc sin tables) for
their statistical analysis for proper interpretation and
documentation. Duncan’s multiple rate testing (DMRT) was
done at 0.05 per cent probability. All the observations on the
incidence of earlier mentioned insect pests were compiled
and calculated in percentage. The resultant information was
tabulated and assessed on the basis of SES (Standard
Evaluation System) scoring scale for rice developed by IRRI,
Philippines to know the status of degree of susceptibility/
resistance of given rice genotypes against the six major insect
pests (Table 1).
RESULTS AND DISCUSSION
The observations on the per cent damage of leaf caused
by leaf folder (LDLF) were recorded at 50 and 70 DAT (days
after transplanting) during both the year of experiment, viz;
Kharif season of 2019 and 2020 and data presented in Table2. Pooled mean of LDLF for these two years at 50 and 70
16

Table 1. SES (Standard Evaluation System) scoring scale for
the degree of resistance of rice genotypes against
leaf folder
Score
0
1
3
5
7
9

Damage %
No damage
1 – 10
11 – 20
21 – 35
36 – 50
51 – 100

Rank
Immune
Resistant
Moderately resistant
Moderately susceptible
Susceptible
Highly susceptible

DAT were calculated separately and overall mean of every
year and their pooled mean were also calculated for
computation of experimental finding of two years
experiment. Extent of attack of leaf damage due to leaf folder
(LDLF), caused by leaf folder, remained relatively some- what
higher during 2020 as compared to that of 2019 in general.
At 50 DAT, the range of LDLF was varied from 3.57 to
28.53 and 8.57 to 30.67 per cent during 2019 and 2020,
respectively. The range of pooled mean of LDLF incidence
among varieties varied from 6.07 to 29.60 per cent LDLF with
minimum incidence of LDLF was in Suraksha which was
remained at par with C.R. Dhan 304 (6.38 per cent LDLF)
and C. R. Dhan 201 (6.77 per cent LDLF), which in their turn
was at par with PAC-801 (8.72 per cent LDLF). Maximum
incidence of LDLF was in TN-1 which was significantly
superior over other varieties and followed by Lalat with 22.03
per cent LDLF remained at par with PAC-807 (18.50 per cent
LDLF) which in its turn was at par with IR-64 (Drt-1) (17.53
per cent LDLF), US-380 (17.12 per cent LDLF) and US- 362
(15.55 per cent LDLF).
The least incidence of LDLF to the tune of 4.97 and 8.93
per cent was registered in case of Suraksha and C.R. Dhan
201 during 2019 and 2020 respectively. In case of pooled
results of both of the experimental year, C.R. Dhan 304 (7.63
per cent LDLF) was recorded significantly superior over other
treatments but remained at par with Suraksha (8.27 per cent
LDLF) and C.R. Dhan 201 (8.52 per cent LDLF). The highest
percentage of incidence of LDLF registered in case of TN-1 to
the extent of 37.17 (% LDLF) followed by Lalat receiving 25.17
and and PAC-807 having 25.10 percent.
The range of overall mean of LDLF incidence was 4.27
to 32.45 and 8.35 to 34.32 per cent with least incidence in
Suraksha and C.R.Dhan 304 during 2019 and 2020,
respectively. In the first year of experiment Suraksha was
significantly superior over other varieties except C.R. Dhan
304 (5.67 per cent LDLF) and C.R. Dhan 201 (6.52 per cent
LDLF) which in their turn were at par with Abhisek (8.28
per cent LDLF) and PAC-801 (9.05 per cent LDLF) but in
Table 2. Relative incidence of leaf folder (Cnaphalocrosis
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Table 2. Relative incidence of leaf folder (Cnaphalocrosis medinalis Guenee) in some rice varieties in terms of leaf damage
(LDLF %)
Var.
V1

IR-64 (Drt-1)

V2

BVD-203

V3

Akshay Dhan

V4

Abhisek

V5

Lalat

V6

Naveen

V7

C.R. Dhan 201

V8

C.R. Dhan 303

V9

C.R. Dhan 304

V10

Vita-12

V11

US- 362

V12

US-380

V13

PAC-801

V14

PAC-807

V15

Suraksha (RC)

V16

TN –1 (SC)

SE m(±)
CD (P=0.05)
CV (%)

LDLF %
70 DAT

50 DAT

Rice Varieties
2019

2020

13.93
(21.84) def
11.67
(19.89) cde
9.13
(17.46) bcd
7.43
(15.61) bc
20.63
(26.95) g
10.47
(18.75) cde
5.37
(13.30) ab
9.87
(18.16) cd
5.00
(12.82) ab
8.17
(16.52) bc
13.77
(21.69) def
15.27
(22.94) efg
7.43
(15.59) bc
17.67
(24.83) fg
3.57
(10.77) a
28.53
(32.27) h
(1.40)
(4.03)
(12.51)

21.13
(27.32) de
13.73
(21.65) bc
12.00
(20.20) ab
11.97
(20.09) ab
23.43
(28.91) e
11.93
(20.15) ab
8.17
(16.53) a
13.83
(21.75) bc
7.77
(16.12) a
10.53
(18.85) ab
17.33
(24.56) cd
18.97
(25.81) cde
10.00
(18.28) ab
19.33
(26.06) de
8.57
(16.93) a
30.67
(33.61) f
(1.35)
(3.91)
(10.51)

Pooled
Mean
17.53
(24.58) g
12.70
(20.77) ef
10.57
(18.83) cde
9.70
(17.85) cd
22.03
(27.93) h
11.20
(19.45) cde
6.77
(14.92) ab
11.85
(19.96) de
6.38
(14.47) ab
9.35
(17.69) cd
15.55
(23.13) fg
17.12
(24.38) g
8.72
(16.94) bc
18.50
(25.44) gh
6.07
(13.85) a
29.60
(32.94) i
(0.99)
(2.78)
(11.60)

2019

2020

17.23
(24.46) fg
12.23
(20.38) de
11.77
(19.97) de
9.13
(17.50) bcd
23.87
(29.22) h
14.83
(22.61) ef
7.67
(15.98) abc
11.50
(19.72) cde
6.33
(14.50) ab
12.47
(20.64) de
18.43
(25.40) fg
21.47
(27.57) gh
10.67
(18.97) cde
24.43
(29.60) h
4.97
(12.77) a
36.37
(37.08) i
(1.17)
(3.39)
(9.14)

23.67
(29.08) de
15.33
(23.02) bc
15.27
(22.99) bc
14.77
(22.55) b
26.47
(30.92) e
15.37
(23.01) bc
9.37
(17.78) a
15.67
(23.28) bc
8.93
(17.31) a
13.83
(21.80) b
19.57
(26.22) cd
20.47
(26.88) d
11.33
(19.61) ab
25.77
(30.49) e
11.57
(19.81) ab
37.97
(38.02) f
(1.16)
(3.36)
(8.22)

Overall Mean
Pooled
Mean
20.45
(26.77) d
13.78
(21.70) bc
13.52
(21.48) bc
11.95
(20.02) b
25.17
(30.07) e
15.10
(22.81) c
8.52
(16.88) a
13.58
(21.50) bc
7.63
(15.91) a
13.15
(21.22) bc
19.00
(25.81) d
20.97
(27.23) d
11.00
(19.29) b
25.10
(30.05) e
8.27
(16.29) a
37.17
(37.55) f
(0.91)
(2.56)
(9.52)

2019

2020

15.58
(23.18) ef
11.95
(20.14) de
10.45
(18.75) cd
8.28
(16.59) bcd
22.25
(28.10) g
12.65
(20.76) de
6.52
(14.70) abc
10.68
(18.96) cd
5.67
(13.69) ab
10.32
(18.68) cd
16.10
(23.61) ef
18.37
(25.34) fg
9.05
(17.37) bcd
21.05
(27.29) fg
4.27
(11.82) a
32.45
(34.71) h
(1.25)
(3.62)
(10.41)

22.40
(28.21) ef
14.53
(22.35) cd
13.63
(21.64) bc
13.37
(21.36) bc
24.95
(29.92) f
13.65
(21.62) bc
8.77
(17.17) a
14.75
(22.53) cd
8.35
(16.73) a
12.18
(20.37) abc
18.45
(25.40) de
19.72
(26.35) ef
10.67
(18.96) abc
22.55
(28.34) ef
10.07
(18.50) ab
34.32
(35.84) g
(1.19)
(3.44)
(8.78)

Pooled
Mean
18.99
(25.70) ef
13.24
(21.24) d
12.04
(20.19) cd
10.83
(18.97) cd
23.60
(29.01) g
13.15
(21.19) d
7.64
(15.93) ab
12.72
(20.74) d
7.01
(15.21) a
11.25
(19.53) cd
17.28
(24.51) e
19.04
(25.84) ef
9.86
(18.17) bc
21.80
(27.81) fg
7.17
(15.16) a
33.38
(35.28) h
(0.92)
(2.59)
(10.16)

Figures under parentheses correspond to angular transformed values, DAT- Days after transplanting,
SC- Susceptible check, RC- Resistant check, LDLF-Leaf Damage due to leaf folder, Means followed by same letters do not differ
significantly by DMRT (P=0.05)

medinalis Guenee)in some rice varieties in terms of leaf
damage (LDLF %) next year C. R. Dhan 304 was at par with
C.R. Dhan 201(8.77 per cent LDLF), Suraksha (10.07 per cent
LDLF), PAC-801 (10.67 per cent LDLF) and Vita-12 (12.18
per cent LDLF) which were not better than Abhisek (13.37
per cent LDLF), Naveen (13.65 per cent LDLF) and Akshay
Dhan (13.63 per cent LDLF). In the second year of experiment
C.R. Dhan 304 (8.35 per cent LDLF) and C. R. Dhan 201 (8.77
per cent LDLF) showed more resistance than Suraksha (10.04
per cent LDLF) i.e. taken as resistant check. Most susceptible
variety was TN-1 followed by Lalat (22.25 & 24.95 per cent
LDLF) during both the year of experiment.
Pooled mean of overall means of two year data revealed
that the range of LDLF incidence among varieties varied from
Journal of Eco-friendly Agriculture 16(2) 2021
doi:

7.17 to 33.38 per cent with least incidence in Suraksha
(resistant check) and maximum incidence was recorded in
TN-1 (susceptible check), whereas Suraksha remained at par
with C. R. Dhan 304 and C.R. Dhan 201 which in its turn
was significantly similar with PAC-801 with 9.86 per cent
LDLF. On the basis of pooled mean of two year data the
descending order of resistance against leaf damage per cent
caused by leaf folder was as follows:
C.R. Dhan 304 (7.01) eH Suraksha (7.17) eH C.R. Dhan
201 (7.64) eH PAC-801 (9.86) eHAbhisek (10.83) eH Vita12 (11.25) eH Akshay Dhan (12.04) > C.R. Dhan 303 (12.72)
eH Naveen (13.15) eH BVD-203 (13.24) > US- 362 (17.28) eH
IR-64 (Drt-1) (18.99) eHUS-380 (19.04) eH PAC-807 (21.80)
eH Lalat (23.60) > TN-1 (33.38).
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This experimental finding is partially supported by the
finding of Prasad et al., (2006) where it was reported that
Lalat was relatively more prone to attack of rice leaf folder.
Hembrom and Prasad (2014) also reported that Kavya, BG380-02 and Suraksha as promising and resistant genotypes
against leaf folder. The highest incidence of the pest was
noticed in case TN-1 and followed by Lalat, IR- 64 and MTU7029.
Susceptibility/resistance status of certain rice genotypes
against leaf folder incidence
Ranks were given to 16 rice genotypes into different
categories on the basis of SES scale as shown in Table 3.
Abhisek, C.R. Dhan 201, C.R. Dhan 304, PAC-801 and
Suraksha were found resistant against the leaf folder
incidence receiving incidence below 10 per cent. The
genotypes IR-64 (Drt-1), BVD-203, Akshay Dhan, C.R. Dhan
303, Naveen, Vita-12, US- 362 and US-380 were moderately
resistant. Lalat and PAC-807 were categorized as moderately
susceptible as the showed LDLF per cent lies in between 2135 % belong to score 5. TN-1 had received the highest
incidence of damaged leaves by leaf folder (33.48 % LDLF)
and categorized as susceptible.
This experimental finding is partially supported by the
finding of Katlam (2008) wherein 532 genotypes against leaf
folder were screened and reported that 7 genotypes were
scored under resistant category whereas 54 as moderate
resistant. Chatterjee et al. (2011) conducted a field trial for
screening of fifty one rice genotypes against LF and reported
that at 50 DAT genotype CSR 23, TNAU 831311, ARC 6626,
ADT 46, SB 319, AGANNI and ASD 16 had minimum
infestation, while TN-1, Kavya, Choorapuny, RPP 4621-1842
and LF 293 received maximum infestation. Observation on
80 DAT revealed that LF infestation was minimum in rice
genotype IC 115737, AGANNI, IC155876, ARC 5982, LF 293,
GEB 24 and ARC 10550 while maximum in rice genotype
TNAU 831311, LF 333, LF 88, CRMR-1523, SB 436, SB 55
and TN-1.
The experimental results on HPR revealed that Out of
sixteen varieties Suraksha, C. R. Dhan 304, C.R. Dhan 201
and PAC-801 emerged as resistant and promising against
the leaf folder, receiving leaf damage due to leaf folder (LDLF)
incidence below 10 percent even when they are grown in
unprotected condition in the present studies as against the
significantly and substantially higher pest incidence (i.e.
LDLF %) recorded in case of TN- 1 and Lalat. Abhisek, C.R.
Dhan 201, C.R. Dhan 304, PAC-801 and Suraksha were found
resistant against the leaf folder incidence receiving incidence
below 10 per cent. The genotypes IR-64 (Drt-1), BVD-203,
Akshay Dhan, C.R. Dhan 303, Naveen, Vita-12, US- 362 and
18

Table 3. Relative susceptibility/resistance status of certain
rice genotypes against incidence of leaf folder
(Cnaphalocrocis medinalis Guenee) in terms of leaf
damage (LDLF%)
Var. Rice Varieties
V1

IR-64 (Drt-1)

V2

BVD-203

V3

Akshay Dhan

V4

Abhisek

V5

Lalat

V6

Naveen

V7

C.R. Dhan 201

V8

C.R. Dhan 303

V9

C.R. Dhan 304

V10

Vita-12

V11

US- 362

V12

US-380

V13

PAC-801

V14

PAC-807

V15

Suraksha (RC)

V16

TN –1 (SC)
SEm (±)
CD (P=0.05)
CV (%)

Overall
mean
(LDLF%)
18.99
(25.70)*
13.24
(21.24)
12.04
(20.19)
10.83
(18.97)
23.60
(29.01)
13.15
(21.19)
7.64
(15.93)
12.72
(20.74)
7.01
(15.21)
11.25
(19.53)
17.28
(24.51)
19.04
(25.84)
9.86
(18.17)
21.80
(27.81)
7.17
(15.16)
33.38
(35.28)

Susceptibility/
resistance status

Scale**

Moderately resistant
(MR)
Moderately resistant
(MR)
Moderately resistant
(MR)
Resistant (R)

3

Moderately
susceptible (MS)
Moderately resistant
(MR)
Resistant (R)

5

Moderately resistant
(MR)
Resistant (R)

3

Moderately resistant
(MR)
Moderately resistant
(MR)
Moderately resistant
(MR)
Resistant (R)

3

Moderately
susceptible (MS)
Resistant (R)

5

Susceptible (S)

6

3
3
1

3
1

1

3
3
1

1

(0.92)
(2.59)
(10.16)

*Figures under the parentheses are angular transformed values,
RC- Resistant check, SC- susceptible check, LDLF-Leaf Damage
due to leaf folder
**Based on the scale of SES of IRRI, Philippines

US-380 were moderately resistant. Lalat, PAC-807 were
categorized as moderately susceptible. And TN-1 was
susceptible.
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Abstract
Cashew (Anacardium occidentale L.) believed to be a native of Brazil, from where it has dispersed to different
parts of the world primarily for soil conservation, afforestation and wasteland development and is mainly cultivated
in the Asian, African and Latin American zones. Major cashew producing states of India are Maharashtra, Andhra
Pradesh, Odisha, Karnataka and Kerala with 29% 14.8%, 12.48%, 11.32% and 11.16% production rates respectively.
Odisha is the third largest state in the country in cashew cultivation, production and processing. Total area under
cashew cultivation in Odisha is 205.38 thousand ha with a production of 92.67 thousand MT and productivity of 503
kg/ha in 2018-19 (DCCD). The growth in area, production and productivity of Cashewnut in India from 2000-01 to
2018-19 was 2.20 per cent, 2.67 per cent and - 0.21 per cent respectively which shows a positive growth rate for area
and production. Whereas Odisha has a positive growth rate in area 3.75 per cent from 2008-09 to 2018-19. The district
wise data of Odisha shows Koraput district produces highest (14.5 thousand MT) raw cashewnut followed by
Dhenkanal (9278 MT), Malkanagiri and Ganjam 9179 MT respectively. The major constraints in cashew production
were labour shortage, followed by high wage rate, cost of plant protection, manure and fertilizer, water scarcity and
lack of quality seed material whereas in cashewnut marketing the constraints includes price fluctuation, improper
market information, weighment problem, high transport charge, lack of grading facility and high commission charge.
Keywords: Cashew; Growth rate; Production; Productivity; Marketing

Cashew is predominantly grown in Asia, Africa and
South America continents. Asiatic zones mainly include
India, Vietnam and Indonesia as the major cashew
producing countries followed by Philippines, Malaysia,
Thailand and Sri- Lanka. African countries producing
cashew are Nigeria, Tanzania, Mozambique, Kenya, Benin,
Guinea- Bissau, Mozambique, Ghana, Senegal and
Madagascar.The major cashew producing countries in Latin
America are Brazil, Columbia, Costa Rica, Honduras and
Salvador. Though cashew is native of Brazil, it gained greater
importance in countries like India, Vietnam, and other
African countries. In 1960’s, India was the major contributor
to world cashew nut production followed by Mozambique
and Tanzania. Later, East African countries like Tanzania,
Mozambique and Kenya introduced cashew. In 1970’s the
other Asian countries such as Indonesia, Malaysia and
Cambodia cashew cultivation became popular. Till 80’s raw
cashew nut production witnessed slow and steady growth
(Hand book of cashew nut 2014). From 1990’s global Raw
Cashew Nut (RCN) production has seen a tremendous
growth. Since 1990, Vietnam cashew industry has seen
massive growth with respect to cashew nut production and
processing. During 1999-2000 world production of raw
cashew nut was 1359 tonnes and it has increased to 3049
20
©2021

thousand tonnes during 2016-17. At present, Vietnam is the
largest raw cashew nut exporting country to India. From
2001-02 to 2015-16, area and production of cashew nut has
increased at a rate of 2.29 percent and 3.02 percent
respectively. India’s production of raw cashew nut compared
to the world production is estimated nearly to 34 per cent.
Production in other countries like Vietnam, Brazil, and Ivory
Coast also illustrated that increased position in the study
period.
Global production of cashew reached 786,266 MT
(kernel basis) in 2019-20, around 3.6 million MT of raw
cashew nuts. With a crop estimated at 176,600 MT (kernel
basis) in 2019-20, India was the top producing origin. Ivory
Coast (Cote d’Ivoire) remains as the biggest producing
country from Western Africa in 2019-20 and its crop
amounted to 136,000 MT, followed by Ghana (65,340 MT)
and Vietnam (62,100 MT). Estimated at 55,000 MT, Tanzania
led the production in Eastern Africa. (International Nut and
Dried Fruit Council)
The Cashew cultivation at present confines to
Maharashtra, Goa, Karnataka and Kerala along the west
coast and Tamil Nadu, Andhra Pradesh, Odisha and West
Bengal along the east coast. It is grown to a limited extent in
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non-traditional areas such as Chhattisgarh, Gujarat,
Jharkhand, Tripura, Meghalaya, Madhya Pradesh,
Nagaland, Manipur, Assam, Andaman & Nicobar Islands.
India occupies an area of 11 lakh ha with a production of
7.42 lakhs MT of rawnut and productivity of 707 kg/ha.
(2018-19). Maharashtra produces about 29 per cent of the
total cashew production in India, Andhra Pradesh, Odisha,
Karnataka and Kerala produce 14.8 per cent, 12.48 per cent,
11.32 per cent and 11.16 per cent respectively.

Compound growth rates (CGR)
Compound growth rates were estimated for areas,
production and productivity of cashew using exponential
method of the following form;

In the initial stage of cashew research in the state, the
area under cashew was only 6,000 ha while it became ten
times during 1993-94 and again 68 per cent increase in the
area occurred during the following year (1995-96). Due to
occurrence of super cyclone in 1999, the cashew plantations
were very much affected particularly in the coastal belt
damaging the entire new plantation and the cashew area
came down to 84,000 ha. However, efforts were taken to start
re-planting of cashew in the cyclone affected area as well as
to take up new plantations of cashew in other areas in the
state as result of which the area of cashew in the succeeding
year increased to 90,000 ha. The production of cashew was
43,000 MT in 1993 and slow increase in the production was
noticed in the succeeding years. The production of cashew
was also affected due to super cyclone in 1999. During
sixties, productivity of cashewnut was 360 kg/ha and it
remained around 700 kg/ha up to the year 2000. Thereafter,
cashewnut productivity was increased to 850 kg/ha during
2005-06.

b = (1+r)

Odisha is the third largest state in the country in
cashew cultivation, production and processing. Total area
under cashew cultivation in Odisha is 205.38 thousand ha
with a production of 92.67 thousand MT and productivity
of 503 kg/ha in 2018-19 (DCCD). Koraput district produces
14.5 thousand MT raw cashewnut, whereas Malkanagiri,
Dhenkanal and Ganjam produce 9179 MT, 9278 MT and
9179 MT respectively. Cashew is also grown in the districts
of Khurda, Nabarangapur, Puri, Cuttack, Jajpur, Nayagarh,
Rayagada, Gajapati, Angul, Sundargarh and Mayurbhanj.
MATERIALS AND METHODS
Ganjam and Gajapati districts were selected
purposively on the basis of cashew cultivation area and
processing unit whereas multistage sampling technique was
adopted for the selection of the blocks, villages, cashew
growers and market intermediaries. 3 blocks (10 villages per
block) from Ganjam and 2 blocks (5 villages per block) from
Gajapati were selected. And total sample size was 200 which
include 5 farmers from each village. Both primary and
secondary data were analyzed in this study.
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Y= abt
log Y = log a + t.log b. Y=Area/production/productivity
a =constant

r = compound growth rate
t = time variable in years (1, 2,

n)

RESULTS AND DISCUSSION
Compound growth rate of area, production and
productivity of cashewnut in India was analysed and
presented in Table 1. The growth rate of area, production
and productivity of Cashewnut in India from 2000-01 to
2018-19 observed from the table 1 that, the growth in area
was 2.20 per cent, Production 2.67 per cent and Productivity
- 0.21 per cent, which shows a positive and significant growth
rate for area and production.

Table 1. Area, Production and Productivity of Cashewnut
in India (2000-01 to 2018-19)
Sl. No.

Year

Area
(000 ha)

Production
(000 MT)

Productivity
(kg/ha)

1
2

2000-01
2001-02

720
750

450
470

710
710

3
4
5
6
7
8
9
10

2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10

770
780
820
837
854
868
893
923

500
535
544
573
620
665
695
613

760
800
810
815
820
860
773
695

11
12
13
14
15
16
17
18
19

2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19
CAGR

945
981
982
1008
1027
1034
1040
1062
1089
2.20***

653
692
728
737
725
670
779
817
743
2.67***

720
749
772
782
706
650
753
769
682
-0.21

***, ** & * indicate significant levels at 1, 5 and 10 per cent
respectively (source: DCCD)
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The growth rate in area, production and productivity
of Cashewnut in major Cashew growing states from 200809 to 2018-19 was estimated using the exponential function
and results are presented in the Table 2. It could be observed
from the table that, the growth in area was found to be highest
in Odisha (3.75 per cent) followed by Kerala (3.51 per cent),
Karnataka (1.93 per cent), Maharashtra (1.49 per cent), Tamil
Nadu (1.33 per cent) and Goa (0.86 per cent), whereas the
production growth was highest in Karnataka (5.70 per cent)
followed by West Bengal (2.60 per cent), Goa (2.40 per cent),
Maharashtra (1.90 per cent) and Kerala (1.80 per cent). The
productivity growth rates during 2008-09 to 2018-19 was
found to be positive and significant in Karnataka (3.71 per
cent) followed by West Bengal (2.62 per cent) and Goa (1.53
per cent).
Table 2. States wise Growth in Area, Production and
Productivity of Cashew nut in India during 200809 to 2018-19
SI. No
1
2
3
4
5
6
7
8
9
10

Major States
Kerala
Karnataka
Goa
Maharashtra
Tamil Nadu
Andhra Pradesh
Odisha
West Bengal
Others States
All India

Area
3.51**
1.93**
0.86*
1.49**
1.33**
0.32*
3.75**
0.12
6.31**
2.14***

Production
1.8**
5.7**
2.4**
1.9**
-0.1
-0.6
-0.7
2.6*
10.5**
1.7**

Productivity
-1.69*
3.71**
1.53
0.44*
-1.4
-0.96
-5.29
2.62*
3.95*
-0.44

Growth in area, production and productivity of cashew nut
in Odisha
It can be observed from the table 3 that the area under
Cashewnut in Odisha recorded 3.75 per cent of Compound
Annual Growth Rate (CAGR) which is highest in India (2.14
per cent). But a negative growth rate was observed in case of
production (-0.23 per cent) where national production growth
rate was 1.7 per cent and productivity growth was (-2.87 per
cent) as against national productivity growth rate was – 0.44
per cent from 2008-09 to 2018-19.
The growth rate of area was positive and significant at
5 per cent level of significance but the production and
productivity registered negative growth rate. From the study
it is found that most of the cashew orchards are old and
damaged due to several cyclonic storms like Fani and
Hudhud. Now new plantations are going on which are in
pre bearing stage.
Total area under cashew cultivation in Odisha is 205.38
thousand ha with a production of 92.67 thousand MT and
productivity of 451 kg/ha in 2018-19. Koraput district
22

Table 3. Area, Production and Productivity of Cashewnut
in Odisha (2008-09 to 2018-19)
Sl. No.
1
2
3
4
5
6
7
8
9
10
11

Year

2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19
CAGR

Area
(000 ha)
137
143
149
158
164
167
180.41
182.91
183.31
193.98
205.37
3.75**

Production
(000 MT)
95
84
91
97
101
85.71
85.5
80.5
93.89
98.58
92.67
-0.23

Productivity
(Kg/ha)
693
641
669
683
685
679
479
430
513
513
503
-2.87

***, ** & * indicate significant levels at 1, 5 and 10 per cent
respectively

produces 14.5 thousand MT raw cashewnut, Dhenkanal
(9278 MT), Malkanagiri and Ganjam produces 9179 MT each.
Area wise Koraput has highest coverage of 31.4 thousand
ha. followed by, Malkanagiri and Ganjam (19 thousand ha.).
Highest productivity (587 kg/ha) is observed in Dhenkanal
as against lowest productivity (201 kg/ha) in Balasore
district.
It was observed from the table 5, that Ganjam and
Gajapati districts have positive growth rate of area 4.65 per
Table 4. District wise Area, Production and Productivity of
Cashewnut in Odisha (2018-19)
Sl. No.

District

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Balasore
Cuttack
Dhenkanal
Ganjam
Gajapati
Kandhamal
Keonjhar
Koraput
Mayurbhanj
Puri
Sambalpur
Sundargarh
Anugul
Khurda
Nayagarh
Malkanagiri
Nabarangpur
Others
Total

Area
(ha)
2800
3050
15800
19050
4267
2550
9555
31400
10140
8600
9350
4450
9350
9704
9450
21950
10200
23712
205378

Production
(MT)
563
1579
9278
9179
1958
701
3356
14509
5182
4452
4787
1530
3257
4835
3356
9179
5231
9738
92670

Productivity
(Kg/ha)
201
518
587
482
459
275
351
462
511
518
512
344
348
498
355
418
513
411
451

Source : DCCD, Cochin
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Table 5. Area, Production and Productivity of Cashewnut in Ganjam and Gajapati districts of Odisha (2010-11 to 2018-19)
Year
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19
CAGR

Area (ha)
12650
12750
12780
9560
9560
9540
9540
9540
19050
4.65*

Ganjam
Production (MT)
8341
8356
8278
6992
6984
6984
6976
6989
9179
1.07*

Productivity (Kg/ha)
659
655
648
731
731
732
731
733
482
-3.43

Area (000 ha)
3520
3620
3620
3630
3620
3644
3644
3644
4267
2.16*

Gajapati
Production (000 MT)
1897
1896
1899
1974
1976
2065
2060
2066
1959
0.36*

Productivity (Kg/ha)
539
524
525
544
546
567
565
567
459
-1.77

***, ** & * indicate significant levels at 1, 5 and 10 per cent respectively

cent and 2.16 per cent (Odisha 3.75 per cent) and production
1.07 per cent, 0.36 per cent respectively and significant at 10
per cent level.

have been identified and ranked using Garrett’s ranking
technique. The results are presented in Table 7.

Constraints in cashew production
The farmers in the study area faced several constraints
in the production of cashew. Hence it was decided to study
the major constraints in cashew production in the study area.
The six constraints identified by the sample cashew farmers
were ranked using Garrett’s ranking technique and the
details are furnished in the Table 6.

Sl. No Constraints

Table 6. Cashew farmers’ production constraints

It was observed from the table that majority of the cashew
farmers (67.63) expressed price fluctuation as major
constraint. The other important constraints experienced in
cashew marketing were improper market information (61.85)
followed by weighment problem (58.51). The fourth
constraint identified by the sample farmers in the marketing
of cashew was the high transport charge (48.10). The fifth
constraint experienced in cashew marketing was lack of
grading facility (45.43) followed by high commission charges
(37.54).

Sl. Constraints
No.
1.
2.
3.
4.
5.
6.

Labour shortage
High wage rate
High cost of plant protection chemical,
fertilizer and manure
Water scarcity
Lack of quality seed material
Lack of technical guidance

Garrett
Score
(Mean)
70.05
69.19
48.54

Rank

45.40
42.70
23.58

IV
V
VI

I
II
III

It was observed from the table that majority of the cashew
farmers (70.05) expressed labour shortage as major
constraint. The other important constraints experienced in
cashew production were high wage rate (69.19) followed by
cost of plant protection, manure and fertilizer (48.54). The
fourth constraint identified by the sample farmers in the
production of cashew was the water scarcity (45.40). The
other constraints experienced in cashew production were
lack of quality seed material (42.40) followed by lack of
technical guidance (23.48) which have a bearing in
production of cashew.
Constraints in cashew marketing
The cashew farmers in the study area faced several
marketing constraints and six major marketing constraints
Journal of Eco-friendly Agriculture 16(2) 2021
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Table 7. Cashew farmers’ marketing constraints

1.
2.
3.
4.
5.
6.

Price fluctuation
Improper market information
Weighment problem
High transport charge
Lack of Grading facility
High Commission charges

Garrett Score
(Mean)
67.63
61.85
58.51
48.10
45.43
37.54

Rank
I
II
III
IV
V
VI

Garretts’s ranking technique was used to analyze the
problems faced by farmers in cashew production and
marketing. This technique was used to rank order the
problems.
The per cent position of each rank, thus obtained was
converted into scores by referring to the tables given by
Garrett’s and Woodworth (1969). Each problem had the
scores of individual farmers and were added together and
divided by the total number of farmers for whom scores were
added. The prime advantage of this technique over simple
frequency distribution is that the problems are arranged,
based on their severity from the point of view of respondents.
Hence, the same number of respondents on two or more
problems may have been given different ranks. The scores
for all problems were ranked by arranging then in order.
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Table 6 revealed that, the major constraints in cashew
production were labour shortage (70.05) followed by high
wage rate (69.19), high cost of plant protection, manure and
fertilizer (48.54), water scarcity (45.40), lack of quality seed
material (42.40) and lack of technical guidance (23.48). It
was observed that labour shortage and high wage rate were
two top ranked constraint in cashew production. This is
due to migrant labour of the study area.
Table 7 revealed the major constraints in marketing of
cashew. The fluctuation of price was given the first rank.
The price during harvesting period was found to the
unremunerative to the growers. So the farmers, who are forced
to sell immediately, were at loss. The second most important
constraint faced by the cashew farmers was improper market
information at farmer’s level. The market for cashewnut in
the study area was not organized one. The market was
mainly controlled by some wholesalers and commission
agents who do not leak the information to the farmers.
Hence the farmers depend upon the market
intermediaries to sell their produce. Lot of the farmers faced
the problem in weighment. Most of market intermediaries
do not use the accurate weighing tools, but the farmers were
unable to protest against them because of the fear of rejection
of produce and it was ranked third. The fourth rank was
given to high transport charge. The fifth rank was given to
absence of grading. Most of the farmers experienced lack of
grading facility at the village level. Market intermediaries
purchased the commodity at low price without grading and
they sold the commodity at distant markets after grading at
high prices. Even the farmers do not have any other
alternatives to dispose their goods hence were not able to
protest against all those activities of market intermediaries
in the study area. The sixth major constraint ranked by the
sample farmers was higher commission charges.
The growth in area, production and productivity of
Cashewnut in India from 2000-01 to 2018-19 was 2.20 per
cent, 2.67 per cent and - 0.21 per cent respectively which
showed a positive growth rate for area and production.
Odisha has a positive growth rate in area of 3.75 per cent
from 2008-09 to 2018-19. But a decreasing growth rate was
observed in case of production (-0.23 per cent) and
productivity (-2.87 per cent). The district wise data of Odisha
shows Koraput district produces highest (14.5 thousand MT)
raw cashewnut followed by Dhenkanal (9278 MT),
Malkanagiri and Ganjam 9179 MT respectively.
Ganjam and Gajapati districts have positive growth
rate of area of 4.65 per cent and 2.16 per cent and production
1.07 per cent, 0.36 per cent respectively and significant at 10
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per cent. The reasons for increasing trend in area under
cashewnut in India and Odisha are due to establishment of
new cashew orchards but decline in production and
productivity in Odisha is due to climatic factors and damage
of plantation by cyclone, indiscriminate felling of trees,
incidence of pest and disease and lack of package of practices
adopted by cashew growers.
The major constraints in cashew production were
labour shortage, followed by high wage rate, high cost of
plant protection, manures and fertilizers, water scarcity, lack
of quality seed material and lack of technical guidance. The
important constraints in cashewnut marketing identified by
the cashew growers were higher price fluctuation, improper
market information, weighment problem, high transport
charges, lack of grading facility and high commission
charges. There is high growth and instability in cashew
production is observed in the result of compound growth
rate. The markets are highly integrated in view of high
demand for cashewnut in world market. The result of
Garrett’s ranking technique revealed that labour shortage,
high wage rate were the major constraints in production
and price fluctuation, improper market information are the
major constraints in the marketing of cashew.
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Abstract
The biological attributes of Tetrastichus howardi (Olliff) (Eulophidae: Hymenoptera) were studied on different
nutrients regimes at 26 ± 20C and 65 ± 5% relative humidity in the laboratory on pupa of pink borer, Sesamia inferens
(Walker) (Lepidoptera: Noctuidae). The development period varied from 18.00 to 20.0 days in different nutrient
regimes and it was at par with each other. The number of progeny emerged from each pink borer pupa was more in
honey-water and crushed pink borer solutions as compared to sugar solution and starved conditions. Female
progeny was significantly more in fed (91.70 to 92.88%) than starved condition (89.43%).The sex-ratio (Male: Female)
in three nutrition regimes varied from 1:11.18 to 1:13.55. It is concluded that the honey water and pink borer solution
could be the optimal food source in providing an adequate amount of nutrition required by T. howardi in its reproduction
activity.
Key words: Sesamia inferens, pupal parasitoid, biology, Adult feeding, sugarcane

Introduction
Tetrastichus howardi (Olliff) (Hymenoptera: Eulophidae)
is an endopupal parasitoid of several agricultural pests
including sugarcane borers and it parasitizes pupae in their
galleries in sugarcane (Cherian and Subramaniam 1940;
Puttarudriah and Sastry, 1958; Sankar and Rao, 2016 and
Kumar, 2020). The knowledge of biological attributes
particularly on host weight, size, nutrition etc. is of vital
importance in the mass rearing of T. howardi on alternate
hosts and developing strategies for their subsequent release
in the field (Kumar et al., 2018).
Adult nutrition is one of the important factors
influencing egg production and female fecundity of
parasitiods and governing the success of mass production
of parasitoids in the laboratory and also their performance
in the field (Kumar, 2020). The sugar rich sources i.e., floral
nectar and honey dew has been found to be a beneficial
alternative food source for parasitoids in the laboratory and
field conditions (Kumar et al., 2016). There is limited
knowledge on host pupa as adult nutrition as well as honey
and sugar solutions on biological attributes of T. howardi.
Therefore, the present study was undertaken to identify
suitable nutrition that can be helpful in developing mass
rearing technique for this potential endopupal parasitoid.
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MATERIALS AND METHODS
The host pupa of pink borer, Sesamia inferens (Walker)
(Lepidoptera: Noctuidae) was collected from rice fields at
Research Farm, Indian Institute of Sugarcane Research,
Lucknow, Uttar Pradesh, India. The pupa of pink borer
appears stout, light to dark brown in colour and bears several
irregular rows of characteristic depressions (pits) on each
abdominal segmental body (Majumder, 2020).
The pupa of pink borer was crushed and diluted with
distilled waters separately as well as, honey and sugar
solution was also diluted in distilled water (1:1 v/v). Newly
emerged mated females of T. howardi (from pink borer pupae)
were kept singly in glass vials (15 x 2.5 cm). The female was
fed on honey-water solution (1:1v/v) (T1); sugar solution (T2);
crushed pupa of pink borer solution (T3) with unfed (T4) by
making a fine streaks on inner wall of glass vials. Each
individual female parasitoid was provided with a uniform
size and weight of pupa of S. inferens and the glass vials
were plugged with muslin cloth for aeration. The weight of
each pupa of pink borer was recorded on electronic balance.
The individual females were allowed for 24h for
parasitisation and then removed. The experiment was
conducted at 26 ± 20C and 65 ± 5% RH with five replications.
The observations were taken (after emergence of parasitoid)
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Table 1. Effect of adult nutrition on the biological attributes of T.howardi on pink borer pupa
Nutrition
Honey-water solution
Sugar- solution
Crushed-pink borer pupa solution
Unfed (starved)

Development period
(days)

No of progeny/
pupa

18.25a
18.00a
18.75a
20.00a

84.50c
61.25b
81.75c
45.25a

Emergence (%)
Female
Male
92.78b
7.23a
91.70b
8.30a
b
92.88
7.13a
89.43a
9.58b

Sex Ratio
(M:F)
1:13.33
1:11.18
1:13.55
1:9.85

Means followed by different letters in the same column are significantly different (P<0.05)

on development period, number of progeny emerged/ pupa,
female emergence and sex ratio. The sex of adult parasitoids
was determined by assessing the morphological
characteristics of their antennae and abdomen (LaSalle,
1994). The data (except sex ratio) were subjected to Duncan’s
Multiple Range Test (DMRT) to assess the difference between
means.
RESULTS AND DISCUSSION
The development period varied from 18.00 to 20.0 days
in different nutrient regimes and it was at par with each
other. The development completed in 14-20 days in different
host pupae (Cherian and Subramaniam 1940; Puttarudriah
and Sastry, 1958 and Alvarez, et al. 2005).
The number of progeny emerged from each pink borer
pupa was more in honey-water and crushed pink borer
solutions fed T. howardi as compared to sugar solution fed
parasitoids and parasitoids kept under starved conditions
(Table 1). The females modify their feeding behaviour in
response to quality of foods (nutrition) in order to balance
the nutritional demand and maximise their fertility and
fecundity (Vinson and Iwantsh, 1980; Beckage and Gelman,
2004; Amalin et al., 2005 and Benelli et al., 2017).
Female progeny was significantly more in fed
parasitoids (91.70 to 92.88%) than starved ones (89.43%) and
the sex-ratio (Male: Female) in three nutrition regimes varied
from 1:11.18 to 1:13.55. It was found low as 1:9.85 in starved
conditions than fed conditions (Table 1). The larger host
yielded a preponderance of females, where as more males
emerged from less weighed pupa (Clausen, 1939 and
Purrington and Uleman, 1972), however, in the present study
uniform size pupa were exposed to nullify the effect of size
of the pupa. It is noteworthy that the female biased sex ratio
in fed condition is very relevant for improving mass rearing
of parasitoids in the laboratory and their performance in the
field. The present study is in connivance with the findings
of Jackson, 1973 and Waage and Ming, 1984.
The honey water and pink borer solution could be the
optimal food source in providing an adequate amount of
nutrition required by T .howardi in its reproduction activity.
Further studies are required to ensure that other nutrients
26

(sugar rich sources i.e., floral nectar and honey dew)
available in natural field conditions that sustain their life
and activity, are taken into consideration in formulating
better conservation technology.
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Abstract
Thiophanate methyl (TM), chlorantraniliprole (CAP) and chlorpyriphos (CP) are three of the most explored and
recommended pesticides used in sugarcane cultivation for insect pest and disease management and they are often
applied as sett and/ or soil treatment. Despite the widespread use of these pesticides, there have been very limited
studies on the toxicological effects of these pesticides on soil-associated microbes, especially under the sugarcane
agro-ecosystem. As such a 30 day microcosm experiment was conducted to study the impact of these pesticides on
population of major soil microbial groups (bacteria, fungi and actinomycetes) and the beneficial fungus Trichoderma,
when applied as sett and soil treatment in sugarcane. The impact of these pesticides on microbial population
dynamics was assessed at intervals of 72 h and 30 days post application following serial dilution method and using
suitable culture medium. The results clearly revealed that all three pesticides exerted a significant impact on soil
microbial population dynamics for a period of at least 30 days post application. All three pesticides significantly
reduced bacterial, fungal and Trichoderma populations; however, TM and CAP application was observed to result in
a significant stimulation of the actinomycetes population. Among the three pesticides, CAP was observed to most
significantly impact the bacterial and fungal populations which showed drastic reduction even at 30 days post
application. Overall, the results of our study clearly established that soil application of these pesticides, especially
CAP, have a significant negative impact on soil microbial dynamics, at least over a short term period. As such further
detailed investigations on the impact of these pesticides on soil microbial population dynamics as well as functional
microbial groups over longer time duration are essential to ascertain the environmental safety of their repeated long
term use.
Keywords: Pesticides, Soil Microbial Dynamics, Sugarcane, Chlorantraniliprole, Chlorpyriphos, Thiophanate methyl

Sugarcane is an important commercial crop cultivated
in almost 5 mha area in India under both the tropical and
subtropical zones of the country. It is the primary source of
sugar accounting for >75% of the world’s sugar production
besides contributing several important by-products like
bagasse, gud, khandsari etc. and also serving as a major
source for the production of ethanol, an important renewable
biofuel (Duttamajumder, 2008). Sugarcane is attacked by a
number of diseases and insect pests which are a major
constraint in the profitable cultivation of this crop. Amongst
the diseases, red rot caused by the pathogen Colletotrichum
falcatum Went is one of the most devastating diseases
affecting sugarcane. This disease results in poor germination
due to disease induced bud mortality, poor sugar recovery
and considerable loss to cane yield due to rotting
(Duttamajumder, 2008). Amongst insect pests, the crop is
attacked by a number of borers like top borer, internode borer,
stalk borer, gurdaspur borer and plassey borer as well as
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various subterranean pests like termites and white grubs
(Duttamajumder, 2020.). The various diseases and insect
pests attacking sugarcane cause major losses at different crop
stages affecting the germination, growth as well as yield of
sugarcane and also have a deleterious impact on sugar
recovery.
Insect pest management in sugarcane, in particular, is
mainly based on use of insecticides. In recent years,
chlorantraniliprole has been recommended as an effective
insecticide for management of various borers and termites
and is being used widely by farmers. Similarly, chlorpyriphos
application has also been extensively recommended and
adopted for termite control in sugarcane. For disease
management, among the various fungicides explored,
Thiophanate methyl has shown promise and sett treatment
with thiophanate methyl @0.25% has been recommended
for management of red rot (Malathi et al., 2004; Shailbala
and Kumar, 2017).
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While the use of chemical pesticides can offer several
advantages like reliability and fast action over other control
measures; the excessive and indiscriminate use of pesticides
has a deleterious impact on environment with almost 90%
of the applied pesticides wasted away as runoff at or after
the time of application. This results in accumulation of
pesticides in soil and water exerting a negative impact on
non-target organisms including the soil micro flora and fauna
(Tilman et al., 2002). At present, use of chemical pesticides
forms an important aspect of sugarcane crop protection
especially in context of insect pest management. Considering
the widespread recommendation and use of chemicals like
chlorpyriphos, chlorantraniliprole and thiophanate methyl
in sugarcane and their frequent application as sett and/ or
soil treatment at planting, studies on the impact these
pesticides on the soil microflora are essential to elucidateany
deleterious impact, if any, of these pesticides under a
sugarcane ecosystem. However, even though there are
several previous studies documenting the impact of various
pesticides including carbendazim, chlorpyriphos and
chlorantraniliprole on soil microflora from other crops
(Pandey and Singh, 2004; Sahu et al., 2019; Wu et al., 2009);
there is scanty information on the impact of application of
these chemical pesticides on the soil microbial dynamics
under the sugarcane agro-ecosystem. As such, the present
study was undertaken with the primary objective to assess
the impact of soil application of these three pesticides viz.
chlorantraniliprole, chlorpyriphos and thiophanate methyl
on soil microbial population dynamics under the sugarcane
agro-ecosystem. The impact of pesticide application on major
soil microbial groups (bacteria, fungi and actinomycetes) as
well as the beneficial soil microbe Trichoderma in sugarcane
rhizosphere soils was assessed over a 30 day period in the
study.
MATERIALS AND METHODS
Experimental site and pesticide application
The experiment was conducted at the farm of ICARIndian Institute of Sugarcane Research Lucknow, Uttar
Pradesh situated in the northern gangetic plain of India,
between 26.50p N and 80.50p E at an elevation of 123 meter
above sea level. One fungicide viz. Thiophanate methyl (T.N.
Roko) and two insecticides viz. Chlorantraniliprole (T.N.
Coragen) and Chlorpyriphos (T.N Arban) were evaluated
for their impact on soil microbial population dynamics over
time. Suspension of the three pesticides was prepared at
recommended rates as under.
1.

Thiophanate methyl 70% WP @0.25%

2.

Chlorpyriphos 20% EC @ 6.25 lit/ hectare
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3.

Chlorantraniliprole 18.5% SC @ 375 ml/1000 litre water

Three bud setts of sugarcane variety Co 1148 were
soaked in the prepared pesticide suspension for 30 minutes
prior to planting. After planting, the remaining suspension
was applied as soil drench over the treated setts.
Soil microbial analysis
The population of culturable soil bacteria, fungi and
actinomycetes was estimated in soils collected from the three
treatments at different time intervals. The soil sample were
taken from a depth of 12-15 cm from the area immediately
adjoining the treated setts at following time intervals:
1.

Zero days (before pesticide application at planting)

2.

72 h (3 days) after pesticide application

3.

30 days after pesticide application

The collected soil samples were air dried overnight and
then stored in the refrigerator at 4°C for further studies. For
microbial estimation, a 10 g sample of air dried soil was
added to100 ml sterile distilled water in a 250 ml flask to
prepare stock sample. The flasks were shaken for 20 min at
200 rpm and serial dilutions of 10-1to 10-8 were prepared.
Bacterial population was estimated on nutrient agar media
(NA), fungal population on Martins Rose Bengal Agar
(MRBA) and actinomycete population on Kenknight and
Munaier (K&M) medium. For bacterial population
estimation, one ml each of dilutions10-7 and 10-8 were added
to sterile Petri dishes followed by pouring with sterilized
NA. Similarly, for fungal estimation one ml each of dilutions
10-3 and 10-4were plated in sterile Petri dishes followed by
pouring sterilized MRBA medium amended with 500 µg ml1
streptomycin sulphate to arrest bacterial growth. For
actinomycetes, one ml of 10-5 and 10-6 were added to Petri
dishes followed by pouring sterilized K&M medium
amended with 100 µg ml-1 cycloheximide to restrict fungal
growth. All the Petri dishes were shaken gently and
incubated at 27±1°C with five replications maintained for
each treatment. The number of bacterial colonies appearing
in the Petri dishes with NA was recorded at 48 h after
incubation. Total fungal population was recorded after five
days on MRBA while actinomycete population was recorded
after 10-12 days of incubation on K&M medium. Based on
colony characters, the number of Trichoderma (TR) colonies
appearing on MRBA was recorded separately. The
population densities of all microbes were recorded as colony
forming units (cfu)/g of dry soil.
Statistical analysis
The population count of total soil bacteria,
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actinomycetes, fungi and Trichoderma in different treatments
was subjected to log10 transformation before statistical
analysis. The statistical analysis was performed using the
online software WASP 1 of ICAR- Central Coastal
Agricultural Research Institute, Goa and the means were
compared at 5% degree of significance.
RESULTS AND DISCUSSION
Effect of Thiophanate methyl application on soil microbial
population dynamics
Application of the fungicide Thiophanate methyl (TM)
was observed to have a significant impact on the population
of all three microbial groups over a 30 day period post
application. In case of bacteria, a significant decrease in total
bacterial population was observed over time with initial zero
days population of 91.4 x 107 cfu/ g soil decreasing to 53.8 x
107 cfu/ g at 72 h (3 days) after fungicide application followed
by a further reduction to 14.8 x 107 cfu/ g at 30 days post
application (Table 1). However, TM application resulted in
an initial stimulation of the actinomycete population which
increased from 8.6 x 105 cfu/ g to 23.2 x 105 cfu/ g at 72 h after
application followed by a slight decline at 30 days (Table
1).In case of soil fungi, there was no immediate initial impact
of the fungicide till 72 h post application on the total fungal
population but a significant decline was observed at 30 days
which was reduced to 4.6x 104 cfu/ g (72 h) from 21.4 x 104
cfu/ g soil (zero days). The population of Trichoderma was
also influenced by the fungicide application. As in case of
fungi, no significant impact on Trichoderma population was
recorded at 72 h post fungicide application followed by a
significant decline in population at 30 days post application
(Table 1).
Thiophanate-methyl is a broad spectrum carbamate
fungicide which on application is metabolized into
benzimidazole compounds, including carbendazim.
Although there is scanty information on direct effect of TM
on soil microflora; various previous studies have assessed

the impact of the chemical carbendazim on soil microbial
dynamics. Wang et al. (2009) had observed that carbendazim
application in strawberry fields had a deleterious impact on
soil bacterial populations and composition and the microbial
community could recover to its previous composition only
after 126 days of cultivation. Repeated carbendazim
applications were also observed to have a harmful effect on
the functional diversity of soil culturable microbial
community (Wang et al. 2012). Niewiadomska (2004) made
similar observations on negative impact of carbendazim on
soil bacterial population under red clover plantations. In
one of the few studies on TM in sugarcane, Thopate et al.
(1990) reported that application of thiophanate methyl @
0.15%, adversely affected the non-target microflora at 15 d
after application with residual effect of the fungicide observed
till 30 days post application. In the present study, TM
application was observed to stimulate actinomycete
population. Similar stimulatory effect of some fungicides like
metalayxl on soil actinomycete population has been observed
previously (Shetty and Magu 2000). Although information
on response of Trichoderma populations in soils to application
of various pesticides is scanty; in vitro studies on compatibility
of different pesticides with Trichoderma had revealed that
TM significantly inhibits growth of Trichoderma (Singh et al.
2014). In accordance with these studies, in the present study
also TM application was observed to significantly reduce
soil bacterial and fungal populations over the 30 days period
post application. Moreover, since recommended rate of TM
in sugarcane for sett treatment is 0.25%, further studies over
longer cultivation time are essential to ascertain the long
term impacts of TM application under sugarcane ecosystem.
Effect of Chlorantraniliprole application on soil microbial
population dynamics
Chlorantraniliprole application was also observed to
significantly influence the soil microbial population
dynamics. Post chlorantraniliprole application, the bacterial
population reduced from 91.4 x 107 cfu/ g soilto 8.2 x 107

Table 1. Effect of soil application of Thiophanate methyl on population of major soil microbial groups.
Days

Zero days
(Before application)
Three days (72 h)
after application
30 days after
application

Bacteria
No. of Colonies X
107/ g soil
91.4

Log10*
8.96 a

Actinomycete
No. of Colonies
Log10
X 105/ g soil
8.6
5.9 c

Fungi
No. of Colonies
X 104/ g soil
21.4

Log10*
5.32 a

Trichoderma
No. of Colonies X
Log10*
103/ g soil
5.2
3.70 a

53.8

8.72 b

23.2

6.36 a

24.2

5.38 a

6.8

3.80 a

14.8

8.12 c

16.4

6.21 b

4.6

4.65 b

3.2

3.45 b

*Population count was subjected to log10 transformation before statistical analysis; Means in the same column followed by different
letters are significantly (P<0.05) different.
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cfu/ g at 72 hours followed by a slight increase (14.4 x 107
cfu/ g) at 30 days post application but this was still
considerably lower than the zero days population recorded.
In case of soil fungi and Trichoderma also, chlorantraniliprole
application resulted in a significant decline in recorded
fungal population which reduced from 21.4x 104 cfu/ g to
6.8 x 104 cfu/ g and 2.6x 104 cfu/ g at 72 h and 30 days post
inoculation respectively. Similar observations were made in
case of Trichoderma population in soils where initial
population of 5.2 x 103 cfu/ g showed a significant decline at
both 72 h and 30 days post application (Table 2). However,
in case of actinomycete population, a significant increase in
population post application was recorded. The zero days
population of 8.6 x 105 cfu/ g soil increased to 14.8 x 105 cfu/
g soil at 72 h post application which further increased to
24.8x 107 cfu/ g soil at 30 days (Table 2).
The effect of chlorantraniliprole on soil microflora has
been studied previously by Wu et al (2017& 2018). They had
observed that its application temporarily altered the
microbial activities and microbial compositions of three
paddy soils with higher doses significantly altering the soil
microbial features for a longer time than lower doses. They
reported that soil microbial functional diversity and bacterial
community composition under low dose application of
chlorantraniliprole recovered to the similar level as no
chlorantraniliprole treatment by 36th day. Sahu et al. (2019)
also observed that at a dose of 40 a.i./ ha, chlorantraniliprole
application had a significant impact mainly on bacterial
population with the microbial activities recovering to original
at 45 days post application. Similar observations were made
in the present study also where we observed a significant
impact of chlorantraniliprole application on all soil
microbial groups with the effect being most severe on
bacterial population which showed a very significant decline
initially at 72 h; but later the population recovered to some
extent by 30 days. However, there is lack of information on
impact of chlorantraniliprole application on population of
soil actinomycetes, fungi and Trichoderma.

Effect of Chlorpyriphos application on soil microbial
population dynamics
Application of chlorpyriphos also significantly
influenced the soil microbial population dynamics especially
in case of soil bacterial and fungal populations. Post
chlorpyriphos application, the soil culturable bacterial
population reduced from 91.4x 107 cfu/ g soil at zero days to
50.2 x 107 cfu/ g at 72 hours post application (Table 3)
followed by a slight increase at 30 days post application
(60.0 x 107 cfu/ g) but this was still significantly lower than
the zero days population. In case of soil fungal population
also, chloropyriphos application had a significantly negative
impact on the fungal population which exhibited a
significant decline from 21.4x 104 cfu/ g to 11.6 x 104 cfu/ g
at 72 h post application and was reduced further to 7.2x 104
cfu/ g at 30 days post application. It also exerted a significant
impact on Trichoderma population which reduced at 72 h
post application followed by a slight increase at 30 days.
However, chlorpyriphos application did not have a
significant impact on actinomycete populations in soils
which remained significantly at par (Table 3).
Similar observations have been made previously by
Pandey and Singh (2004) who had also observed that
chlorpyriphos exerts a short-term inhibitory effect on the total
bacterial population in a groundnut cropping system.
Similarly, Kadyan and Chawla (2020) observed a reduction
in population of soil bacteria, actinomycetes and fungi with
increasing concentration of this pesticide. In case of impact
of insecticides on Trichoderma; a previous in vitro study on
compatibility of various insecticides with Trichoderma had
shown that chlorpyriphos exhibits minimal inhibitory
activity against this fungus (Singh et al. 2014). In this study
also there was initial decline in Trichoderma population
which recovered to original by 30 days indicating minimal
impact of chlorpyriphos on Trichoderma.

Table 2. Effect of soil application of Chlorantraniliprole on population of major soil microbial groups.
Days

Zero days
(Before application)
Three days (72 h)
after application
30 days after
application

Bacteria
No. of Colonies X
Log10*
107/ g soil
91.4
8.96 a

Actinomycete
No. of Colonies
Log10
X 105/ g soil
8.6
5.91 c

Fungi
No. of Colonies
X 104/ g soil
21.4

Log10*
5.3.2 a

Trichoderma
No. of Colonies
Log10*
X 103/ g soil
5.2
3.70 a

8.2

7.81 c

14.8

6.16 b

6.8

4.80 b

1.6

3.21 b

14.4

8.12 b

24.8

6.39 a

2.6

4.38 c

1.2

3.06 b

*Population count was subjected to log10 transformation before statistical analysis; Means in the same column followed by different
letters are significantly (P<0.05) different.
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Table 3: Effect of soil application of Chlorpyriphos on population of major soil microbial groups.
Days

Zero days
(Before application)
Three days (72 h)
after application
30 days after
application

Bacteria
No. of Colonies X
107/ g soil
91.4

Log10*
8.96 a

Actinomycete
No. of Colonies
Log10
X 105
8.6
5.91 a

Fungi
No. of Colonies
X 104/ g soil
21.4

Log10*
5.32 a

Trichoderma
No. of Colonies
Log10*
X 103/ g soil
5.2
3.70 a

50.2

8.69 c

6.2

5.77 a

11.6

5.03 b

2

2.09 b

60

8.77 b

4.4

5.53 a

7.2

4.83 c

3.4

2.23ab

*Population count was subjected to log10 transformation before statistical analysis; Means in the same column followed by different
letters are significantly (P<0.05) different.

Overall, the results of our study have clearly revealed
that all three pesticides exerted a significant impact on soil
microbial population dynamics under a sugarcane agroecosystem, for a period of atleast 30 days post application,
with chlorantraniliprole exerting the most significant effect.
The deleterious effects of these pesticides were most
pronounced against bacterial and fungal population in soils
and further long term studies are needed to further ascertain
their impact at recommended doses. Moreover, since
chlorantraniliprole is currently one of the most widely used
insecticide in sugarcane cultivation and has shown the most
significant impact in this study, it is essential to conduct
further detailed investigations on impact of this insecticide
on soil microbial population dynamics as well as functional
microbial groups over a longer time duration to get a clearer
picture of the environmental safety of this insecticide.
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Abstract
Tetranychus urticae is a disastrous pest of marigold in all seasons over the complete year. Its feeding and web
formation destroys the plant completely within a short period of time. In general, acaricides are used to manage the
two spotted spider mite, T. urticae. But now research is focusing over use of Integrated Pest Management (IPM).
Pesticides formulated with herbal extracts are considered as safe alternative for being biodegradable and specific in
action. Studies are also going on to search resistant cultivars as host plant resistance is considered as most promising
tool for the management of two spotted spider mite. The article focuses on the need to develop an effective control
measure against two spotted spider mite. Various management practices and recent studies have been discussed to
combat Tetranychus urticae on marigold at an early stage.
Keywords: Two spotted spider mite, Resistance, IPM

Tetranychus urticae is a cosmopolitan and polyphagous
pest of marigold. In India, T. urticae is reported as a pest of
marigold in West Bengal (Mahato et al., 2008), Gujarat
(Patiladiti et al., 2016), Jammu (Ganai et al., 2017a) and
Chhattisgarh (Bhagat et al., 2018). Apart from marigold, it
attacks other ornamental crops like rose in Maharashtra
(Sudhirkumar and Shelke, 2008), Gujarat (Desai et al., 2017)
and Jammu (Ganai et al., 2017b); chrysanthemum in Gujarat
(Bhusal, 2011) and carnation in Karnataka (Sandeepa et al.,
2017). T. urticae adult, eggs and developing stages are shown
in Figure 1(a), 1(b) and 1(c) respectively. In marigold, its
infestation leads to leaf curling and a characteristic bronzing
effect [Fig. 1(d)].
It forms three dimensional webbing on a plant to protect
itself from biotic and abiotic factors (Brandenburg and
Kennedy 1987; Saito 1983). Figure 1(e) represents a healthy
plant which on infestation is covered with webbing by T.
urticae not only for protection but to move from one part of
plant to another [Fig. 1 (f)]. Its damage can be accessed from
the fact that in mid-southern United States it has became the
sixth major pest affecting the cotton crop (Adamczyk et al.
2012; Williams 2012). Similarly, once it shows its appearance
on marigold plants, it is difficult to get rid of it. Its small life
cycle, haploid diploid sex determination system, high
fecundity makes it a potential pest (Van Leeuwen et al. 2010).
Management of T. urticae with chemicals sometimes
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leads to resistance development (Van Leeuwen et al., 2005),
outbreak of secondary pests, demolition of natural enemies,
pesticide residues, hazards to human and animal life and
environmental pollution. It has been reported that gene
families of T. urticae are implicated in the xenobiotics
detoxiûcation and hence developing resistance to acaricides
(Grbic et al., 2011).
But some plants are naturally resistant to T. urticae
infestation due to either the morphological, physiological or
biological responses of plant for the two spotted spider mite.
These plants may affect the life table of pest or become
tolerant to it (Stowe et al., 2000; Carmona et al., 2011).
In marigold plants, the concentration of phytochemical,
thiophene varies according to the marigold species,
vegetative organ and the stage of plant development (Margl
et al., 2001). Some genotypes of plants are resistant to T. urticae
because they produce chemicals that provide a defense
mechanism to reduce feeding injury by phytophagous pests.
Cultivation of a resistant crop variety under integrated
pest management technology could be the first line of defense
against this pest. In view of the importance of marigold and
the impact of the damage caused by the two spotted spider
mite our review paper throws light on the host plant
resistance and various management strategies for this
notorious pest.
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to be less resistant with a score of 0.61-0.90. Pusa Narangi
Gainda and Garland Yellow were found to be moderately
resistant against T. urticae with a score of 0.31-0.60. Pusa
Arpita and Pusa Basanti were found to be moderately
susceptible against the two spotted mite with a score of 1.211.50. Varieties namely, Jafri and Crack jack mix were found
to be less susceptible with a score of 0.91-1.20 against the
spider mite.
Fig. 1(a): Adult Tetranychus
urticae

Fig. 1(c): Tetranychus urticae
developing stages and
white patches formed
due to its feeding on
leaf surface

Fig. 1(e): Healthy marigold
plant

Fig. 1(b): Tetranychus urticae
with eggs

Fig. 1(d): Leaf curling and
Bronzing effect on
marigold leaves due to
Tetranychus urticae
infestation

Fig.

1(f): Webbing by
Tetranychus urticae on
infested marigold plant

Screening of marigold germplasm against Tetranychus
urticae
Studies were carried out to identify resistant/tolerance
cultivar against red spider mite, T. urticae in many flower
crops including marigold. Ganai et al. (2018) at Jammu
screened eight varieties/genotypes of marigold for their
resistance/tolerance to T. urticae under natural infestation,
in pesticide free open field and the study revealed that none
of the varieties/genotypes was found to be resistant against
mite. Desi Gutta and Garland Orange varieties were found
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Ramireddy et al. (2004) screened twenty varieties of
chrysanthemum and reported that flowers of two varieties
viz., Heavenly Tech and Frost Whisker remained free from
mites. Also, the incidence of mites on leaves was low (<1/
leaf) in Angel Bell. Bhusal (2011) found that chrysanthemum
varieties like Jaya and IIHR-6 were less susceptible with low
mite incidence while varieties namely, Flirt and Nilima were
found highly susceptible to T. urticae.
In case of rose, Hole and Salunkhe (2005) concluded
that Rajhans cultivar (16.08 mites/ leaf) was most promising
while cultivar, Arjun (40.01 mites/ leaf) was noted as highly
susceptible. Sudhirkumar and Shelke (2008) found that the
varieties Spinx and Temptation were moderately susceptible,
varieties Confity, Noblesse, Grand Gala, Passion, Milwa,
Gold strikes, Aqua and Biyanca were susceptible and the
cultivar First Red was found highly susceptible. Toke (2010)
found minimum mite population on Shakira variety and
maximum mite population was noticed on variety First red.
Varieties namely Naranga, Gold strike, Noblesse was
moderately susceptible to mite.
Shukla and Radadia (2015) screened six varieties of
carnation against T. urticae and the variety Domingo was
highly tolerant to spider mite attack (4.17 mites/leaf), while
the variety Rubisco were highly susceptible (32.43 mites/
leaf). The variety Famosa (10.80 mites/leaf) and Cherry Solar
(11.48 mites/leaf) were moderately tolerant while Gaudina
(6.94 mites/leaf) and Garuda (9.17 mites/leaf) were tolerant
to T. urticae attack.
Host plant resistance
Mainly three major defence mechanisms were
recognised that contribute to resistance against arthropod
pests viz., antibiosis (includes reduced fecundity, survival
or longevity), antixenosis, that affects the behaviour of the
pest, and tolerance, which is the plant recovery following an
attack by the pest (Stowe et al., 2000; Carmona et al., 2011).
Some barriers have been reported to be present in the plant
before the pest attacks and these have been named as
constitutive defences (Schaller and Howe, 2008). It was
reported that plants with glossy surfaces with reduced wax
blooms were resistant to smaller arthropods (Eigenbrode,
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2004) and hence plant cuticles can also act as physical
barrier.
It has been found out that the morphological
characteristics of the host plants, including leaf area,
thickness and hairiness, main stem diameter and plant
height affected the developmental rate, fecundity and
population density of T. urticae. Presence of glandular
trichome in plant that can secrete toxic compounds (for
example, in raspberries, Rubus idaeus), accumulate secondary
metabolites (Wittstock and Gershenzon, 2002; Huchelmann
et al., 2017) and non-glandular trichomes which physically
blocked the establishment and movement of small
arthropods predators on the leaf surface and hence hinder
the access of the pest to the epidermis for feeding have been
one such defences reported (Tian et al., 2012; Karley et al.,
2016).
Sarwara (2014) reported that among the three different
species of bean namely, Phaseolus lunatus L., Lablab purpureus
L. and P. vulgaris L. (Papilionaceae: Leguminosae)., L.
purpureus were found to be a superior host plant for T. urticae
on basis of the morphological characteristics (Sarwara, 2014).
The chemical phytoanticipins was released (VanEtten, 1994)
once the pest wounds the leaf and the cell membrane had
disrupted. It acted as a chemical constitutive defence against
T. urticae by the host plant like mustard oil (Stauber et al,
2012; Miresmailli and Isman, 2014) and glucosinolates of
Arabidopsis (Rioja, 2017).
Hormone Signalling Pathways like abscisic acid (ABA),
oxylipins (jasmonic acid and JA derivatives), salicylic acid
(SA), and ethylene (ET) were found to be activated upon mite
infestation and act as inducible defences against T. urticae.
Plant species vary in their degree of acceptance by T. urticae
population (Van den Boom et al., 2003). Razmjou et al. (2009)
found soybean as the most favourable host for two-spotted
spider mites with r m= 0.296 (offsprings/ female/day),
followed by cowpea (0.242) and bean (0.230) in response to
attack by the pest. T. urticae and T. evansi had been reported
to suppress SA and JA-dependent responses in family
Solanaceae of plants (Alba et al., 2015).
Tinzaara et al. (2006) found that plant produce several
secondary metabolites against T. urticae that have a wide
range of biological activities against pests like repellency
with anti-feedant activities (Viglianco et al., 2008), toxicity,
oviposition deterrence sterility, disruptive growth, fecundity
reduction, molting and respiration inhibition, and cuticle
disruption (Tinzaara et al., 2006). It has been found that Tagetes
minuta L. has several compounds in its tissues such as
thiophene which demonstrates antiviral, antibacterial,
antifungal, nematicidal, and insecticidal properties (Marles
Journal of Eco-friendly Agriculture 16(2) 2021
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et al., 1992, Vasudevan et al., 1997; Margl et al., 2001, Riga et
al., 2005) against a range of organisms. T. minuta was
evaluated for its efficacy and repellent behavior against
spider mite (T. urticae) and aphid (Aphis fabae). It caused
highest mortality in aphids with R2=0.9908 and slightly
lower mortality in mites with R2= 0.9505 (Mmbone et al.,
2014). Treatment using T.minuta at concentration 150 g/L
soaked for 48 hours was found effective as strongly negative
relation was found between spider mite development and
total phenolics (Larson and Berry, 1984; Wermelinger et al.,
1991)
Management of Tetranychus urticae on marigold
The two-spotted spider mite, T. urticae, is a
phytophagous pest that can cause signiûcant yield losses in
many agricultural crops, including fruits, cotton, vegetables,
and ornamentals. The common methods to control this pest
include cultural, chemical, and biological practices (Powell
and Lindquist, 1997; Bethke et al., 2001).
Cultural control of Tetranychus urticae
It was found that overhead misting increased the
relative humidity and hence the crop canopy which
decreased two spotted spider mite movement among the crop
(Lindquist et al., 1987). Overhead irrigation in I. wallerana
has been shown to be effective in reducing two-spotted spider
mite population (Opit et al., 2006). This response may be
associated with the fact that when a plant is moisturestressed, the cooling effects of transpiration are reduced
resulting in an increase in leaf temperature (Chadhuri et al.,
1986; Stiefel et al., 1992). Markkula and Tiittanen (1969)
reported that host plant nutrition can have a positive effect
on the reduction of the mite population by varying the
fertilizer regime applied to the plants.

Fig. 2: Effect of abiotic factors on marigold (Bamel et al, 2021)
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Bamel et al. (2021) studied the effect of abiotic factors
on T. urticae infesting marigold and reported that rainfall is
having a negative correlation while maximum and minimum
temperature along with wind speed were positively
correlated with mite population (Fig. 2).
Chemical control of Tetranychus urticae
Cloyd et al. (2009) tested the efûcacy of translaminar
miticides which was having the active ingredient etoxazole,
chlorfenapyr, abamectin, and spiromesifen against T. urticae
on marigold (T. erecta). It was found that etoxazole at 10 to
12 mm and etoxazole water-dispersible formulations
provided greater than 85 percent mortality of two spotted
spider mite as four or less live T. urticae recovered from treated
plants across the three evaluation times (21, 28, and 42 days).
Spiromesifen, was signiûcantly more effective against both
the nymph (89% to 99.2%) and adult (37.3% to 87.9%) stages
of the spider mite than the other miticides and killed more
nymphs (165 to 227).
Ganai et al. (2017a) evaluated novaluron, carbosulfan,
imidachloprid, bifentrhin, methyl-odemeton, chlorpyriphos
dust, neem oil, propargite and thiamethoxam against the T.
urticae on marigold. Propargite (2.47 mites/plant) and
imidacloprid (3.58 mites/plant) were best treatments found
to check the mite population. Thiamethoxam (4.24 mites/
plant), carbosulfan (5.50mites/ plant), Methyl-o-demton
(6.03 mites/plant), neem oil (6.81 mites/plant),
chlorpyriphos dust (7.70 mite/plant), bifenthrin (8.32 mites/
plant) and novaluron (8.97 mites/plant) were found least
effective against the spider mite.
Efficacy of five insecticides viz., dicofol 18.5 EC (0.04%),
chlorfenapyr 10 SC (0.004%), propargite 57 EC (0.1%), methylodemeton 25 EC (0.05%) and dimethoate 30 EC (0.06%) was
studied by Singh et al. (2006) against eggs and active stages
of T. urticae on rose. It was found that the effectiveness of the
insecticide, propargite 57 EC (0.1%) was highest followed
by dicofol 18.5 EC (0.04%), dimethoate 30 EC (0.06%) and
methyl-o-demeton 25 EC (0.05%), respectively against the
spider mite.
Biological control of Tetranychus urticae
It was shown that essential oils derived from different
plant species including Lavandula angustifolia, Citrus
aurantium, L. angustifolia, Hertia cheirifolia, L. officinalis, L.
stoechas, Melissa officinalis, Rosmarinus officinalis, Mentha
pulegium, Mentha piperita, Majorana hortensis, Deverra scoparia,
Ocimum basilicum, Origanum onites, Thymbra spicata,
Haplophyllum tuberculatum and Santolina africana have been
tested against a number of Tetranychids and gave good
results to check the mite population (Sertkaya et al., 2010).
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Biological control methods have also been found to
depend on the use of entomopathogens and entomophagous
arthropods against T. urticae. Phytoseiidae mite family has
been found as the most effective group of T. urticae natural
enemies. The mites of this family have been reported as very
voracious feeder, with adults able to eat 34 eggs or 4.8 females
and 10 juveniles of T. urticae per day (McMurtry and Croft,
1997). Some other less frequent predators from other mite
families are Anystidae, Cheyletidae, Bdellidae, Erythraeidae,
and Stigmaeidae (Eilenberg et al., 2000). Some Phytoseiids
like Phytoseiulus persimilis are almost specialists on T. urticae
whereas others can feed on other Tetranychidae (Mcmurtry
et al., 2013).
Insect predators Chrysoperla spp., Stethorus punctillum,
Conwentzia spp. and Semidalis spp. (Coniopterygidae),
predatory thrips like Scolothrips longicornis Priesner
(Thysanoptera: Thripidae) and the midge Feltiella acarisuga
(Vallot) (Diptera: Cecidomyiidae) are among the most
important predators of the two spotted spider mite (Agut et
al., 2018).
It has been found out that there is moderate effect of
Bacillus thuringiensis (Bacillales: Bacillaceae) against T. urticae
and its predators (MacIntosh et al., 1990; Chapman and Hoy,
1991). Aksoy et al. (2008) showed that the Biotype B of
Pseudomonas putida has strong efûcacy in causing the
mortality of T. urticae.
Manimegalai et al (2019) and Kanika (2013) studied
the bioefficacy of entomopathogenic fungus (Beauveria
bassiana) and botanicals (crude extracts of Withania somnifera
and Glycyrrhiza glabra) against T. urticae on cucumber. Omite
was found to be highly potent, causing 87.41 percent
reduction in T. urticae population. B. bassiana at 1010
conidiaml-1 caused 67.77 percent and nimbecidine led to
66.89 percent reduction in population.
T. urticae is a polyphagous mite leading to economic
losses in plants. Besides acaricides and biological control,
research has also focused on host plant resistance against T.
urticae. Need of the hour is to implement sustainable
management tools by integrating studies on plant defenses
with present management studies to combat loses caused by
T. urticae.
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ABSTRACT
A field experiment was conducted to study the performance of Mesta genotypes under rainfed conditions for
three rainy seasons. The experiment comprised of 11 genotypes, of which nine genotypes (HS-4288, HS-7910, AS-73CP-560, AMV-1, AMV-2, AMV-3, AMV-4, HS-1 and HS-2) belonged to Hibiscus sabdariffa L. and two genotypes (HC583 and AMC-108) belonged to H. cannabinus L. The results indicated that among the genotypes AS-73-CP-560
recorded significantly higher fibre yield over the rest of the genotypes except HS-2 and HS-4288 which were at par.
HS-2 and AS-73-CP-560 were significantly superior in seed yield over the rest of the genotypes except, HC-583, HS4288 and AMV-4 which were at par. Whereas, AMV-1, AMV-2 and AMC-108 recorded significantly lower seed yield.
A significantly higher fibre equivalent yield was recorded by AS-73-CP-560 and HS-2 over the rest of the genotypes.
At harvest genotypes, AS-73-CP-560 and HS-2 were found superior and recorded significantly higher plant height
over other genotypes except for AMV-3, AMV-4, HS-1, HS-4288 and HS-7910 which were at par. HS-2 and AS-73CP-560 were significantly superior in fresh weight of stem over the rest of the treatments, except AMV-4 and HS-4288
which were at par. The total dry weight of stem was significantly higher with AS-73-CP-560 over the rest of the
genotypes except HS-2, HS-4288, AMV-4, AMV-2, AMV-3 and HS-1 which were at par. The varieties belonging to H.
cannabinus i.e., HC 583 and AMC-108 were found suitable for the vegetable type and showed earliness as compared
to the rest of the genotypes belonging to H. sabdariffa.
Key words: Fibre quality, Fibre yield, Growth, Mesta genotypes

Mesta (Hibiscus spp.) is one of the important fibre crops
next in importance to jute and which has long been
recognized as a source of cordage fibre that can be used in
making rope, twine, carpet backing and burlap (Wilson et
al., 1965). In 1956, when non-woody plant species were
evaluated for use in paper production, Mesta was identified
as a promising source of fibre for paper pulp production
(Adomson et al., 1973). In India, it plays an effective role in
supplementing the short supply of jute in the jute industry.
It is conceived as a total substitute for jute (Kirby, 1963) with
coarser fibre but with greater strength, lighter in colour and
resistance to moisture stress. The two species of Mesta viz.,
Hibiscus sabdariffa L. commonly called ‘Rozelle’ or ‘Red sorrel’
and Hibiscus cannabinus L. commonly called ‘kenaf’ are
extensively grown in India. Mesta is more adaptive than jute
under the diverse condition of climate and soil and also is
very much resistant to drought. Both the species require a
tropical and subtropical climate. Their rainfall requirement
generally varies from 500-700 mm (Wood and Angus, 1974).
The fibre of this crop is admirably suited for making all grades
of papers including newsprint (Krishnmurthy et al., 1992).
In India, Mesta is being grown over an area of 0.27
million hectares with an annual production of 1.28 million
40
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bales (180 kg each). It is an important cash crop of
northeastern states viz., West Bengal, Assam, Bihar and
Tripura, where the crop is grown on hill slopes and submarginal lands. Andhra Pradesh is a leading state in the
country with respect to both area and production. In
Karnataka, Mesta has been grown annually over an area of
5799 hectares and with an annual production of 8742 bales
of fibre. The crop is generally grown as sole and mixed/
sprinkle crop with cotton, pigeon pea, pearl millet,
groundnut, sorghum, foxtail millet and other pulses and
oilseed crops during kharif season for fibre and seed.
Traditionally the fibre is mainly used for rope making and
the seeds are soaked in water, crushed and fed to animals
and after extracting oil, the remaining cake is also fed to
animals. In some parts of northern districts, particularly in
Gulbarga and Bidar, oil is extracted from the seed and is
used for culinary purposes. The average yield of dry fibre of
Mesta in the state is very low (271 kg/ha). Though the crop
is well suited and adapted to the northeastern part of the
country on account of its hardiness and less exacting nature
in the edaphic requirements unlike jute, it is capable of
growing under a much wider range of soil and climatic
conditions. Hence, there is a scope to extend its cultivation
commercially in nontraditional areas. The major constraints
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for the low productivity of Mesta in these areas appear to be
due to the non-availability of improved varieties. Due to the
growing demand for natural fibre and paper industry, it is
contemplated to extend its cultivation in Karnataka. It is,
therefore, essential to identify suitable varieties of the crop,
so that productivity is increased. With this background, to
harness the production potentiality of this fibre crop Mesta
(Hibiscus spp.) the study was undertaken under rainfed
conditions.
MATERIALS AND METHODS
A field experiment was conducted to study the
performance of Mesta genotypes under rainfed conditions
for three rainy seasons at the Main Agricultural Research
Station, University of Agricultural Sciences, Dharwad. The
experiment comprised of 11 Mesta genotypes, of which nine
genotypes (HS-4288, HS-7910, AS-73-CP-560, AMV-1, AMV2, AMV-3, AMV-4, HS-1 and HS-2) belonged to Hibiscus
sabdariffa and two genotypes (HC-583 and AMC-108)
belonged to H. cannabinus. The experiment was laid out in a
randomized complete block design with three replications.
The gross and net plot sizes of the experiment were 5.0 m x
3.0 m and 5.0 m x 2.4 m, respectively. The crop was sown at
a spacing of 30 cm x10 cm and fertilized with 40: 40: 20 kg N:
P2O5: K2O ha-1. All the cultural and plant protection measures
were adopted as per the state recommendations. The soil of
the experimental site was medium-deep black with a pH of
7.8, organic carbon 0.56 per cent and having available
nitrogen, phosphorus and potassium of 219, 22 and 308 kg/
ha, respectively. The soil contained 9.1 % fine sand, 15.0 %
silt and 40.0 % clay with a permanent wilting point of 14.8
%, field capacity of 33.8 % and bulk density of 1.46 g/cc. The
observations on plant height, stem diameter, days to 50 per
cent flowering, green stalk weight and dry stalk weight were

recorded from net plots. Dry stalks were gently threshed by
beating or passing the stone roller, and seeds were separated
and weight was recorded. The stalks were kept in a retting
tank for a week and the fibre was extracted, washed and
dried. Fibre fineness and tenacity was measured by using
Pressley Fibre Strength Tester and Air through flow method,
respectively.
RESULTS AND DISCUSSION
Plant height and stem diameter
Both plant height stem diameter were lower during the
third year compared to the first and second year due to low
rainfall and drought situation. Genotypes differed
significantly with respect to plant height during all the years
of study and pooled data. At harvest (pooled), genotypes
AS-73-CP 560 (162.1 cm) and HS-2 (163 cm) were found
superior and recorded significantly higher plant height over
other genotypes except for AMV-3, AMV-4, HS 1, HS-4288
and HS-7910 which were at par. A similar trend was
observed during the individual years except during second
year wherein the genotypes did not differ significantly in
plant height. Stem diameter did not differ significantly
among the genotypes during all three years of the study as
well as pooled data at harvest (Table 1).
Days to 50 per cent flowering
The varieties belonging to H. cannabinus viz., HC 583
and AMC-108 were found suitable for the vegetable type
and showed earliness significantly by taking the lower
number of days for 50 per cent flowering (94 and 96,
respectively) as compared to the rest of the genotypes
belonging to H. sabdariffa during all the three years of study
and pooled data. Whereas, the genotypes viz., AS-73-CP560, AMV1, AMV2, AMV3 and AMV4 noticed to take more

Table 1. Plant height, stem diameter and days to 50 per cent flowering as influenced by Mesta genotypes
Sl.
No.

Genotypes

1 HS-4288
2 HS-7910
3 AMV-1
4 AMV-2
5 AMV-3
6 AMV-4
7 HC-583
8 AMC-108
9 AS-73-CP-560
10 HS-1
11 HS-2
LSD (0.05)

Plant height (cm) at harvest
First
Second
Third
Pooled
year
year
year
173.1
175.0
114.4
154.2
163.1
171.7
119.5
151.4
163.9
168.7
111.8
148.2
162.1
171.7
111.0
148.3
171.0
175.5
119.5
155.3
173.0
175.1
118.3
155.5
174.3
167.6
88.3
143.4
172.0
168.2
83.1
141.1
174.0
178.7
133.5
162.1
176.8
174.4
118.4
156.4
180.9
178.0
130.1
163.0
9.18
NS
14.4
12.0

Stem diameter (cm) at harvest
First
Second
Third
Pooled
year
year
year
1.53
1.40
0.78
1.24
1.58
1.39
0.78
1.25
1.50
1.38
0.75
1.21
1.55
1.39
0.76
1.23
1.55
1.39
0.78
1.24
1.56
1.40
0.79
1.25
1.47
1.41
0.78
1.10
1.43
1.40
0.78
1.21
1.59
1.40
0.82
1.27
1.64
1.39
0.76
1.26
1.66
1.40
0.80
1.29
NS
NS
NS
NS

Days to 50 per cent flowering
First
Second
Third
Pooled
year
year
year
109
123
126
119
105
122
123
117
117
127
130
125
115
126
128
123
107
123
128
119
107
125
129
120
85
88
108
94
89
90
109
96
120
131
132
128
109
119
125
118
107
121
125
118
1.09
1.04
2.07
1.41

NS: Non-significant
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days (128, 125, 123, 119 and 120, respectively) for 50 per cent
flowering as compared to other genotypes and which differed
significantly from each other (Table 1).
Fresh and dry weight of stem
Genotypes differed significantly (pooled) with respect
to the fresh and dry weight of the stem. Among the genotypes,
HS-2 and AS-73-CP-560 were significantly superior with
respect to fresh weight of stem (23.18 and 23.06 t/ha,
respectively) over the rest of the treatments, except for AMV4 and HS-4288 (20.74 and 20.48 t/ha, respectively) which
were at par. Significantly lower fresh weight of stem was
noticed with AMC-108 (12.51 t/ha) and HC-583 (12.61 t/
ha) genotypes belonging to H. cannabinus over the rest of the
genotypes (Table 2).
The total dry weight of stem (t/ha) was significantly
higher (pooled data) with AS-73-CP-560 (4.95 t/ha) over the
rest of the genotypes except for HS-2, HS-4288, AMV-4, AMV2, AMV-3 and HS-1 which were at par. A similar trend was
observed during the second and third season also. Whereas
during the first year, HS-2 recorded the significantly higher
dry weight of stem which was at par with AS-73-CP-560
(Table 2).
Varieties differed with respect to growth parameters
and total dry matter production under rainfed conditions at
MARS, UAS, Bangaluru. Higher dry matter production and
accumulation in reproductive parts were observed in HS108 variety as compared to AMV 4 (Pushpa et.al., 2013).
Number of capsules per plant and 1000-seed weight
The number of capsules per plant differed due to rainfall
situations in different years. In general, a lower number of
capsules in all the genotypes was noticed during third year
compared to the first and second due to lower rainfall and

drought conditions. However, the test weight did not differ
much with the variation in rainfall situation. Among the
genotypes, HC-583 and HS-2 recorded a significantly higher
number of capsules per plant (19.5 and 19.1, respectively)
over the rest of the genotypes except AS-73-CP-560, HS-4288
and HS-1 which were at par (18.2, 17.9 and 16.8,
respectively). The number of capsules per plant was lower
during the second and third year compared to the first year
which was mainly due to moisture stress situations at the
flowering and capsule development stage (Table 3).
Test weight (1000-seed weight) differed significantly,
with genotypes during all three years of evaluation and
pooled data. Among the genotypes (pooled,) HC 583
vegetable type belonging to H. cannabinus showed
significantly higher test weight (27.35 g) over the rest of the
genotypes except HS-1 (25.88 g) and HS-2 (26.30 g) which
were at par (Table 3).
Seed yield
Seed yields of various genotypes were lower during
the third year compared to the first and second year due to
low rainfall and drought situation. Pooled data showed that
HS-2 and AS-73-CP-560 were significantly superior in seed
yields (1249 and 1246 kg/ha, respectively) over the rest of
the genotypes except, HC-583, HS-4288 and AMV-4 which
were at par with each other. Whereas, AMV-1, AMV-2 and
AMC-108 recoded significantly lower seed yield (969, 989
and 993 kg/ha, respectively). A similar trend was observed
during the second and third years but during the first year
HC-583 recorded significantly higher seed yield over the rest
of the genotypes and the next best genotypes were HS-2, HC4288 and AS-73-CP-560 which did not differ significantly
from each other (Table 3). Similarly, Guggari and
Sheelavantar (2004) recorded significantly higher seed yield

Table 2. Fresh and dry weight of stem as influenced by Mesta genotypes
Sl. No.

Genotypes

1
HS-4288
2
HS-7910
3
AMV-1
4
AMV-2
5
AMV-3
6
AMV-4
7
HC-583
8
AMC-108
9
AS-73-CP-560
10
HS-1
11
HS-2
LSD (0.05)
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Fresh weight of stem (t/ha) at harvest
First year
Second year Third year
Pooled
29.0
27.1
5.36
20.48
26.5
25.9
5.50
19.30
25.2
23.0
4.63
17.60
27.2
25.7
4.70
19.22
27.2
25.8
4.70
19.23
27.9
28.9
5.44
20.74
18.6
16.9
2.28
12.61
17.5
17.8
2.24
12.51
27.7
34.5
6.96
23.06
30.6
23.7
4.41
19.57
31.2
31.7
6.63
23.19
3.27
3.09
0.91
2.53

Dry weight of stem (t/ha) at harvest
First year Second year Third year
Pooled
5.15
5.94
1.74
4.27
4.98
5.30
1.85
4.04
4.30
5.02
1.67
3.66
4.56
5.95
1.85
4.12
4.54
5.94
1.96
4.14
5.05
6.52
1.98
4.51
4.01
5.00
1.18
3.39
3.79
5.11
1.15
3.34
5.55
6.83
2.48
4.95
5.33
5.37
1.85
4.18
6.13
6.44
2.07
4.88
0.98
0.93
0.42
0.78
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Table 3. Number of capsules,1000-seed weight and seed yield as influenced by Mesta genotypes
Sl.
No.

Genotypes

Number of capsules per plant at harvest
1000 seed weight (g)
First year Second year Third year Pooled First year Second year Third year
1 HS-4288
34.9
11.8
7.00
17.9
25.5
21.8
22.6
2 HS-7910
26.3
10.7
7.20
14.7
21.3
21.7
22.1
3 AMV-1
22.5
11.3
4.50
12.7
20.3
21.7
21.0
4 AMV-2
26.8
11.1
5.90
14.5
21.0
20.8
22.0
5 AMV-3
27.6
11.1
5.80
14.8
21.7
21.1
23.3
6 AMV-4
29.4
11.5
6.70
15.8
22.8
20.9
22.8
7 HC-583
41.0
11.7
6.10
19.5
40.4
20.0
21.6
8 AMC-108
27.3
11.6
5.60
14.8
21.6
17.8
21.2
9 AS-73-CP-560
33.8
13.4
7.40
18.2
24.5
21.8
23.5
10 HS-1
35.4
10.1
5.00
16.8
33.8
21.4
22.4
11 HS-2
37.3
12.7
7.20
19.1
33.9
21.7
23.3
LSD (0.05)
5.59
2.11
1.61
3.4
3.65
1.37
1.77

with AS-73-CP-560 compared to local and other varieties
tested. Higher seed yield of AS-73-CP-560 over other varieties
might be due to superior yield contributing characters viz.,
the number of capsules per plant, seed weight per plant and
1000-seed weight.
Fibre yield
Among the genotypes (pooled), AS-73-CP-560 recorded
significantly higher fibre yield (1310 kg/ha) over the rest of
the genotypes except HS-2 (1287 kg/ha) and HS-4288 (1125
kg/ha) which were at par. Further, HS-2 did not differ
significantly with HS-4288 and AMV-4 (1090 kg/ha) which
were at par. A similar trend was observed during the second
and third years. During the first year, AS-73-CP-560, HS-1
and HS-2 were significantly superior over other genotypes
and were at par with each other (Table 4). Similarly, Guggari
and Sheelavantar (2004) and Babalad et al. (2021) noticed
significantly higher fibre yield with AS-73-CP-560 compared
to local and other varieties tested. Naidu et al. (1996) also
reported significantly superior fibre yields with new
improved varieties over local varieties.

Seed yield (kg/ha)
Pooled First year Second year Third year Pooled
23.30
849
1909
528
1095
21.71
779
1697
542
1006
21.02
699
1748
461
969
21.26
781
1720
467
989
22.01
796
1755
469
1006
22.18
799
1835
506
1047
27.35
1104
2117
424
1215
20.20
789
1814
376
993
23.26
828
2338
570
1246
25.88
868
1693
528
1030
26.30
933
2265
550
1249
2.35
128.6
318
79.5
193.5

Similarly, according to Mehadi Hassan (2018), the
Tossa Jute variety BJC-7370 had more efficient on the whole
growth, yield and yield attributing traits. BJC-7370 or Kenaf
variety HC-3 would be the most suitable variety under the
Agroecological Zone-13 or the climatic or soil (regional)
condition of the Southern Part of Bangladesh.
Variation in fibre yield among the varieties is attributed
to their variability in the production of fresh and dry stalk
yields per ha at harvest. In the present study, AS-73-CP-560
recorded significantly higher fresh (23.06 t/ha) and dry stalk
yields (4.95 t/ha) over other genotypes, however, it was at
par with HS-2 (22.84 and 4.88 t/ha), AMV-4 (20.79 and 4.51
t/ha) and HS-4288 (20.48 and 4.27 t/ha). Guggari and
Sheelavantar (2004) also reported a close and linear
relationship between the total fresh weight of stem and fibre
yield (r=+0.99**) and between dry stalk yield and fibre yield
(r=+0.94**). Results corroborate the findings of
Krishnamurthy et al. (1994) and Naidu et al. (1996). The higher
fibre yield of AS-73-CP-560 may also be attributed to the
higher plant height compared to other genotypes. Iruthayaraj

Table 4. Fibre and fibre equivalent yield as influenced by Mesta genotypes
Sl. No.
1
2
3
4
5
6
7
8
9
10
11

Genotypes
HS-4288
HS-7910
AMV-1
AMV-2
AMV-3
AMV-4
HC-583
AMC-108
AS-73-CP-560
HS-1
HS-2
LSD (0.05)

First year
1045
886
811
902
920
965
630
605
1136
1083
1145
100
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Fibre yield (kg/ha)
Second year Third year
2011
320
1778
315
1800
232
1888
253
1911
254
2011
295
1088
216
1011
208
2443
350
1775
246
2389
326
317
77

Pooled
1125
993
948
1015
1029
1090
644
608
1310
1035
1287
189

First year
1844
1619
1469
1667
1669
1717
1669
1348
1916
1899
2023
203

Fibre equivalent yield (kg/ha)
Second year
Third year
3808
760
3375
767
3445
616
3507
643
3563
645
3738
717
3081
569
2719
521
4644
824
3368
686
4521
783
392
100

Pooled
2137
1920
1843
1929
1959
2057
1773
1529
2461
1985
2443
239

43

Performance of Mesta (Hibiscus spp.) genotypes under rainfed conditions in the northern transition zone of Karnataka

et al. (1981) reported that plant height at harvest was found
to be highly correlated with the yield of fibre with a
correlation coefficient of r=0.988.

Babalad, H. B. Guggari, A. K. and Pattanashetty, V. A. 2021.
Response of Mesta (Hibiscus spp.) genotypes to stages of
harvesting under rainfed conditions. Journal of Eco-friendly
Agriculture, 16: 61-66.

Fibre equivalent yield
In general, the fibre equivalent yield during the second
and third year was lower compared to the first year due to
lower rainfall and drought condition. Pooled data showed
that significantly higher fibre equivalent yield was recorded
with AS-73-CP-560 and HS-2 (2461 and 2443 kg/ha,
respectively) over the rest of the genotypes. The next best
was HS-4288 (2137 kg/ha) which did not differ significantly
from AMV-4, HS-1, AMV-2, AMV-3 and HS-7910. Guggari
and Sheelavantar (2004) also noticed higher fibre equivalent
yield with AS-73-CP-560 variety compared to AMV-3 and
local varieties. Higher fibre equivalent yield of AS-73-CP560 and HS-2 may be attributed to their higher fibre and
seed yields compared to other varieties (Table 4).

Guggari, A. K. and Sheelavantar, M. N 2004. Response of Mesta
varieties to plant population and nitrogen levels under
dryland conditions. Karnataka Journal of Agricultural Sciences,
17: 207-214.

The genotypes belonging to H. sabdariffa namely, AS73-CP-560 and HS-2 produced higher fibre yield and seed
yield and found suitable for fibre purpose. They also
produced higher fresh weight and dry weight of stem. The
genotypes belonging to H. cannabinus namely, HC 583 and
AMC-108 showed earliness and found suitable for vegetable
type.
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ABSTRACT
The recent invasion of fall armyworm has created havoc in India. The pest has a wide range of hosts and poses
a serious threat to a tropical country like India with diversified agriculture. The survey revealed that significant
damage was recorded on maize (6.00 to 100.00%). Apart from maize, the incidence of fall armyworm has been first
time observed on 9 other crops. The absence of egg-laying on these crops indicated a possibility of migration from its
preferred hosts viz., maize and sorghum. The percent incidence varied from 6.00 to 100.00, 2.22 to 40.43 per cent,
25.73-42.58 per cent and 30.31 to 38.44 per cent on maize, sorghum, hybrid sorghum and fodder sorghum varieties
respectively. However, the infestation on other 07 unconventional crops was recorded from 0.12 to 10.21 per cent,
while rest other 33 crops recorded were completely free from fall armyworm infestation.
Key words: Cotton, Fall armyworm, Maize, Sorghum, Sugarcane

Fall armyworm, Spodoptera frugiperda (J. E. Smith) (FAW)
is one of the notorious pests which has recently invaded
India and has posed a serious threat to Indian agriculture.
This pest has a wide host range, absence of diapause, high
dispersal ability rendering it as a potential threat to farming.
Three successive generations of fall armyworm travelled a
distance of 1700 km north from Texas and Florida to infest
crops between spring and autumn and the adults have the
capability to migrate several hundred kilometers over the
sea (Westbrook et al., 2016). In different countries, FAW has
been reported to cause 20 -70 per cent yield loss in maize
(Wyckhuys and O’Neil, 2006 and Murua et al., 2006). Though
it prefers maize, it has an ability to feed and survive on more
than 80 additional species of plants including rice, sorghum,
millet, sugarcane, vegetable crops, and cotton (Anonymous,
2017).

Malaysia, Philippines and Thailand, face high threat of FAW
invasions originating from Africa. They also added that
South and Southeast Asia and Australia have a favourable
climate that would permit FAW to invade these regions. The
pest was first time reported from India by Sharanabasappa
et al. (2018) wherein the pest was presumed to be migrated
from African continent after its first confirmed reports from
West Africa in early 2016 (Goergen et al., 2016 and Cock et
al., 2017). In India, the infestation of FAW ranged from 2 to
35 per cent in maize (Naganna et al., 2020). Infestation of
FAW on maize in northern Karnataka ranged from 6.00 to
100 per cent during kharif, 2018 (Mallapur et al., 2018). FAW
poses a serious threat to crops other than maize due to its
capacity to survive on wide range of hosts. In this context
the present study was conducted to monitor the infestation
of FAW on different crops.

Barros et al. (2010) stated that management of S.
frugiperda is challenging because it has a wide host range
which has different phenologies and are grown during
different seasons of the year in the proximity to each other,
which can facilitate movement of the pest between crops.
This availability of different hosts might even result in the
selection of insect populations with new food preferences
due to different exposure of these insects to a variety of crops.
Day et al. (2017) reported 20-50 per cent maize yield loss in
Africa and stated that current trade and transportation routes
particularly through Australia, China, India, Indonesia,

MATERIALS AND METHODS
Under the present study, a roving survey was conducted
from June to December from 2018 to 2020. Different crops
cultivated in northern Karnataka covering Dharwad, Haveri,
Belagavi, Bagalkot, Gadag, Uttar Kannada and Vijayapur
districts were observed in order to investigate the infestation
of FAW. Major maize cultivating areas were given prime
attention during the survey. In each taluk, a minimum of
three villages and in each village different farmer’s maize
fields were observed for the incidence of FAW. During the
study, the different crops grown in the vicinity of maize were
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observed for the infestation of fall armyworm. In each field,
20 plants at 10 randomly selected spots were selected and
observations on the number of plants damaged due to FAW
was recorded. The per cent pest infestation was calculated
by using the following formula. While taking observations
on maize, the surrounding crops were also observed for the
presence/ incidence of FAW. The larvae of S. frugiperda from
different host plants were collected and reared for adult
emergence. Such emerged adults were sent for identification
from experts.
Number of plants damaged
Percent infestation = –––––––––––––––––––––––––––– × 100
Total number of plants observed
RESULTS AND DISCUSSION
During the roving survey, different villages from seven
districts of northern Karnataka were studied for the incidence
of fall armyworm S. frugiperda. From all the locations 43 field
and horticultural crops along with teak were randomly
observed for the incidence of fall armyworm. Out of 44 crops
observed, 11 crops were found to be infested by fall
armyworm with a varying level of incidence (Table 1).
Maize
Incidence of FAW on maize was observed throughout
the study period in all the seven districts of northern
Karnataka. Among various villages surveyed, the infestation
of FAW ranged from 6.00 to 100 per cent. The infestation
was severe during the early stages of crop growth particularly
when the crop was 20-30 days old. During this period peak
egg-laying and high activity of moths was observed. On 2030 days old crop, one to four early instar larvae were observed
on each plant (Fig. 1). However, during later stages of the
crop growth fourth, fifth and sixth instar 1-2 larvae per plant
were noticed. The late instar larvae were found feeding
individually. In order to escape from cannibalism, early
instar larvae were found avoiding the vicinity of late instar
larvae. During later stages, fall armyworm was found to be
feeding on leaf whorls, tassels, silk and cob. On contrary to
cob borers, FAW preferred to feed on tender grains only at
the tip of the cob.
Sorghum variety, hybrid sorghum and fodder sorghum
Incidence of FAW on sorghum couldn’t be observed
up to the first fortnight of October. However, the incidence of
FAW was recorded on the sorghum plants which were sown
during the second fortnight of October. FAW incidence
ranged from 2.22-40.43, 25.73-42.58 and 30.31-38.44 per cent
in Sorghum variety, hybrid sorghum and fodder sorghum,
respectively. Egg-laying on the upper surface of tender leaves
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ranged from 1 to 3 egg masses per 200 plants. As compared
to maize infestation during kharif, the activity of moths was
greatly reduced on rabi sorghum. Incidence of FAW on
sorghum was observed in almost all the taluks surveyed.
Incidence of FAW on hybrid and fodder sorghum was
initially observed at Dharwad location. However, the
severity of FAW incidence was less as compared to that of
maize (Fig 2).
Sugarcane
Survey studies revealed that FAW incidence couldn’t
be observed on sugarcane in major sugarcane growing areas
viz., Belagavi, Bagalkot, Vijayapur, Uttar Kannada, Dharwad
and Haveri districts during kharif, 2018. However, its
incidence on sugarcane was first time observed on 45-65
days old crop at Harapannalli taluk of Davanagere district
during October, 2018, but the extent of leaf damage was
hardly 2.12 per cent. Later, the FAW damage was noticed on
three months old sugarcane as well as on young tillers of
six-month-old crop at Badkundri village of Belagavi district
during December, 2018 and the damage was as high as 10.21
per cent (Fig. 3). Early instars of FAW were found feeding on
leaf whorls of the sugarcane. However, egg masses or moth
activity couldn’t be observed in this crop also.
Cotton
During the survey cotton at different crop growth stages
was observed for the incidence of FAW. The incidence of
FAW was first time observed in Garag village of Dharwad
district wherein the caterpillars were found feeding on cotton
bolls. This crop was grown adjacent to the maize crop where,
severe infestation of FAW was noticed. The incidence of fall
army worm on cotton ranged from 0 to 1.63 per cent based
on number of plants showing damage by FAW. Early instars
were found to be feeding on bracts of cotton bolls while later
instars were found feeding on young bolls (Fig. 4). However,
the incidence of FAW couldn’t be noticed on cotton in the
other districts where survey was carried out.
Bajra
Incidence of FAW on bajra was first time observed at
Mullur village of Ramdurg taluk, Belagavi district. The per
cent incidence of FAW on bajra ranged from 0.00 to 8.33 per
cent (Fig. 5). The activity of moths and egg masses couldn’t
be observed on bajra crop. The bajra field infested with FAW
was adjacent to maize field, which probably would have
served as the source of infestation. All instars were found to
be feeding in the leaf whorls of the crop. However, incidence
of fall armyworm was not observed on the crop at other
locations.
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Table 1. Different host plants observed for the incidence of fall armyworm, Spodoptera frugiperda
Sl.No.

Crops observed

Incidence of Spodoptera
frugiperda

1.
2.
3.
4.
5.
6.

Maize
Sorghum
Hybrid sorghum
Fodder sorghum
Bajra
Sugarcane

✓
✓
✓
✓
✓
✓

Per cent incidence of
Spodoptera frugiperda
6.00-100.00
2.22-40.43
25.73-42.58
30.31-38.44
8.33
2.12-10.21

Location

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Cotton
Napier grass
Emmer wheat
Wheat
Rottboellia sp.
Pigeon pea
Onion
Sunflower
Ground nut
Green gram
Black gram
Chickpea
Soybean
Fox tail millet
Cowpea
Horse gram
Castor
Papaya
Brinjal
Potato
Cabbage
Tomato
Bhendi

✓
✓
✓
✓
✓
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕

1.23
2.78
0.12-5.87
3.14-4.14
6.5-8.9
-

Northern Karnataka
Northern Karnataka
Dharwad
Dharwad
Mullur, Ramdurg
Harapannalli- Dvanagere
Badkundri-Belagavi
Garag, Dharwad
Hukkeri- Belagavi
Gokak, Hukkeri, Chikkodi- Belagavi
Dharwad
Dharwad
-

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Chilli
Cauliflower
Beans
Sweet potato
Mango
Guava
Banana
Sapota
Grape
Pomegranate
Drumstick
Turmeric
Cucurbits
Ginger
Teak

✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕
✕

-

-

 = Present, × = Absent
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Napier grass
Incidence of FAW was on Napier grass was observed
at Hukkeri taluk of Belagavi district. The extent of damage
was 2.78 per cent. The incidence was observed on the plants
grown for fodder purpose all along the borders of maize,
sorghum and sugarcane crops. Infestation of FAW on Napier
grass was probably due to migration of the pest from maize
or sorghum. Scraping and irregular holes along with FAW
larvae and its excreta were observed. However, egg masses
and moths were not observed on the Napier grass. This
appears to be the first report of FAW larvae feeding on Napier
grass from India.
Emmer wheat and Wheat
The emmer wheat is commonly grown in rabi, in and
around Belagavi district of northern Karnataka. During the
survey, scrapping and irregular feeding by early instars of
fall armyworm on leaves and leaf whorls of emmer wheat
was witnessed. However, no egg mass could be traced on
the crop. The damage by FAW varied to an extent of 0.125.87 and 3.14-4.14 per cent on emmer wheat and wheat,
respectively (Fig. 6). Interestingly, the feeding by the larvae
could be observed during early morning and late evening
hours when the sunlight was low, unlike maize where
feeding is seen irrespective of daylight. This may be due to
the non-availability of enough cover, particularly like thick
leaves and whorls as in maize.
Itch grass, Rottboellia sp.
Larvae of FAW have been found to feed on weed viz.,
Rottboellia sp. (commonly called Itch grass) belonging to the
family Poaceae. This feeding was noticed on the weeds
grown among the 70 days old maize plants. The higher
population of FAW larvae and lack of suitable stage of the
maize crop may have prompted the larvae to feed and survive
on younger leaves of the weed. The per cent incidence of the
larvae on this weed ranged from 6.5-8.9 per cent (Fig. 7). This
is the first report of FAW larvae feeding on weed from India.
Other crops
Incidence of FAW couldn’t be observed on other fields
and horticultural crops as well as the forest trees during the
study. Among, all the crops surveyed, the incidence of FAW
was observed on 10 crops at different locations from northern
Karnataka. Severe infestation of FAW was observed on maize
followed by sorghum. However, FAW incidence was lower
and in patches on sugarcane, cotton, Napier grass, emmer
wheat and wheat. Among the 10 crops, where the FAW
incidence was noticed, 9 crops belong to the grass family.
Silva et al. (2016) found that though FAW is considered to be
polyphagous, grasses were better hosts for its development.
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FAW caterpillars have a wide host range and can cause
damage to 186 plant species belonging to 42 families
(Augusto et al., 2010). The present studies corroborate the
observations of Abrahams et al. (2017) and Day et al. (2017)
who reported FAW damage on rice, sugarcane, sorghum,
beet, tomato, potato, cotton and pasture grasses from Africa.
The FAW feeds primarily on corn, cotton (Gossypium hirsutum
L.) and sorghum (Sorghum vulgare Pers.), but occasionally
will feed on other plants (Pashley, 1988). Venkateswarlu et
al. (2018) observed 30 and 70 per cent damage caused by
FAW in bajra and sorghum, respectively. Srikanth et al.
(2018) observed that young crop (2.5-4.0 months old) of the
popular variety Co 86032 was attacked with incidence levels
ranging 1.85-30.86%. Hudson (1995) reported that FAW
caused defoliation of whorl-stage plants in pearl millet.
While Jennings et al. (2017) opined that fall armyworm can
pose a serious threat to pearl millet.
Bhute (2019) reported that at least 50 per cent of the
maize was severely infested by FAW and when the crop was
harvested, the pest had transferred to the cotton crop in
Ahmednagar, Maharashtra. The FAW has the ability to feed
on the cotton plant at all the crop growth stages (Ali et al.,
1989; Santos, 2001 and Gallo et al., 2002). Early instars
preferred to feed on the leaves while the third instar larvae
fed equally on leaves and fruiting structures. However,
fourth, fifth and sixth instars were predominantly found
feeding on fruiting structures than on leaves (Ali et al., 1990).
According to Barros et al. (2010), FAW was a threat to cotton
bolls and the pest can cause significant loss of reproductive
structures. In host plants other than Poaceae, the reproductive
structures are targeted as the plants do not offer a whorl or
the protected feeding sites for FAW. Silva et al. (2016) recorded
that feeding preference was evident in third instar larvae
and did not differ between wheat, oat, maize, and soybean
which were the preferred hosts. They also concluded that
FAW can also damage soybean and cotton and adapt to
them in the absence of preferred hosts. In Uganda, the pest
has been confirmed to be feeding on maize, sorghum,
sugarcane, rice, millet, wild sorghum, cotton, Napier grass,
capsicum and Rhodes grass (Chloris gayana Kunth) by April
2018 (Anonymous, 2018).
Incidence of FAW on crops like sugarcane, pearl millet,
cotton, emmer wheat, wheat, Napier grass and Rottboellia
sp. was probably due to migration of the pest from its
preferred host viz., maize and sorghum. As compared to its
preferred hosts, the incidence was lower in these crops.
However, this study clearly indicates the ability of the pest
to feed and survive on these plants other than its preferred
hosts. In near future, the possibilities of migration of this
pest from its preferred host and higher economic damage to
other crop plants cannot abstain.
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Abstract
A field trial was conducted at Hamelmalo Agricultural College, State of Eritrea to study the occurrence and
management of aphid (Aphis gossypii) on okra. The effect of dimethoate, neem cake, and garlic oil extract were tested
with the objective to compare efficiency of the treatments in controlling the population of aphids. The experiment was
laid out in a Randomized Block Design with four replications. The sprays were done in ten days interval whereas
counting of nymph and adult population on leaves and flower was done three times before and after each spray. The
result of the studies showed that the population of aphids was highly controlled from the beginning of the first spray
of dimethoate while the botanical pesticides showed effective control starting from the second spray. As regard the
effect of the treatment on average yield (Kg/ha) of okra, dimethoate gave increased yield by 4.05 per cent. Higher pod
number per plot was recorded in the dimethoate treated plots compared to both neem and garlic extracts. However,
statistically both dimethoate and neem were on par with respect to yield. Overall, neem was found to be the most
profitable.
Key words: Okra, Aphid, Dimethoate, neem cake and garlic

Okra (Abelmoschus esculentus L), is one of the important
vegetable crops grown throughout the tropical and warm
regions of the world. It was probably domesticated in
Ethiopian region but according Joshi et al., 1974 it was
originated in West African region. Its early history, but it
was apparently introduced in Egypt in 7th century (Peirce,
1987). In Africa, there is great diversification of okra with the
most important production regions in Ghana, Burkina Faso
and Nigeria (Raemaekers, 2001). The ripe seeds of okra are
roasted, grounded and used as substitute of coffee in Turkey
(Mehta, 1959). Okra is also useful against genitor-urinary
disorders, spermatorrhoea and chronic dysentery (Nadkarni,
1972). Okra has moderate levels of vitamin A and C and of
calcium, phosphorous and potassium, and is higher than
any other vegetables in thiamin riboflavin and niacin (Peirce,
1987). Okra is cultivated in 11.48 lakh ha area with the
production of 78.96 lakh tonnes and productivity of 6.9 t/ha
throughout the world (Anonymous, 2011).
An average yield of okra varies from 6.5-7.5t of green
fruits per hectare during dry season and 11.5-12.5t/ha
during the rainy season. Okra is one of the major vegetable
crops in Eritrea, grown in Gash Barka (620ha), Anseba (30ha),
Debub (24ha), Northern Red Sea regions (23ha) and small
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scale in Southern red Sea region (3ha). It is grown for its
green fruit production. The production and productivity of
okra are varies from region to season. Eritrea has a potential
production okra in area of 700ha and the average yield was
5.5t/ha (MOA, 2008). In Eritrea, the low production okra
because of unavailability of good quality of seeds, lack of
fertilizers, poor management of diseases and pests problems.
The incidence of insect pest that affect the successful
production of okra, almost 72 species of insects have been
recorded on crop (Srinivasa Rao and Rajendra, 2003), like
leaf hopper, fruit borer, African bollworm, aphids, white fly,
serpentine life miner, spotted boll worm, Jassid, Spider mite
and some of the diseases are damping off, powdery mildew,
fusarium wilt, verticillum wilt, cotton root rot, root knot
nematode etc. (Peirce, 1987). Among all the above insect pests
attacking okra, aphid (Aphis gossypii) was found to be the
most serious pest in Eritrea. They are gregarious inhabit and
completely cover the shoots, buds and lower surface of tender
leaves. Both nymph and adults suck the cell sap and plants
loss their vitality and curl downwards. They also excrete
honey dew by which black sooty mould fungus develops,
that affects photosynthesis activity. This indirectly affects
the production of okra. Several control measures are
employed against A. gossypii. Natural enemies like
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chilomenous sexmoculatus and syrphids larvae feed on aphid
however, natural predation may not be enough to keep the
pest population below the threshold level. Spraying of neem
extract at 4%, (Krishna Kumar et al, 1989), dimethoate at
0.03% (Uttamasamy et al.,1978) gave good control of the pest.
A. gossypii is one of the major pest which affects the okra
production in Eritrea especially in Anseba region. The
farmers are using different chemical insecticides for the
control of okra pest that are disturbing the eco-friendly
environment and also dangerous for human health.
Therefore, in the present study, efforts have been made to
manage the key pest of okra by using different plant extracts.
MATERIALS AND METHODS
Location
The experiment was conducted in the experimental
field of Hamelmalo Agricultural College (HAC), which is
located 13 km North of Keren on the road Keren-Nakfa. The
altitude of the area is about 1274 m above mean sea level and
latitude of 15.53 and a longitude 38.66. The average annual
rain fall at Hamelmalo is 450 mm and average annual
temperature is 240C
Soil and Land preparation
The soil of the experimental field was sandy loam with
poor organic matter content, which had been under nursery
and sorghum for the last seasons. The field was properly
ploughed one time with disc-plough and then all other
subsequent operation including leveling and sunken beds
of 2.5 m x 2.5m size were prepared with the provision of
channels and sub channels for irrigation.
Plant material and seed sowing
A hybrid variety of pusa sawani developed from a cross
between IC 1542 and pusa Makhmali released from Indian
Agricultural Research Institute was used It takes about two
months from sowing up to marketable maturity (Bose et al.,
2003). The seeding rate was 4.17gm/plot, with 88%
germination rate.
Preparation of neem cake extract
Dried seed plant materials were taken from the
laboratory of plant protection. Seed coat was peeled and 7.8
gm/plot of peeled seed material was macerated in pestle
and mortar and soaked with a small quantity of 15.63 ml
water. The soaked material was stored in clean bottle for one
day in refrigerator. By adding one teaspoon of soap to the
soaked material was squeezed through muslin cloth and
diluted with 500ml/plot of water, sprayed immediately in
the field.
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Preparation of garlic extract
Fresh cloves of garlic were collected and brought to the
laboratory, the cloves were peeled and 14gm/plot of peeled
macerated with pestle and mortar. It was then soaked in
water. Added one teaspoon of soap to the soaked garlic and
was squeezed through muslin cloth and diluted with 500ml/
plot of water and immediately sprayed.
Treatments:
The experiment was conducted under RBD with the
following treatments and four replications.
Control............................................................................C
Garlic oil extract............................................................GE
Neem cake extract.........................................................NCE
Combination neem cake and garlic oil extract..............G&NCE
Dimethoate......................................................................DI
Observations and data collection
Data collection started on 23rd of January 2011, with
the growth characteristics and ended on 15th of May 2011.
Randomly five plants were selected from each plot for
observations on all parameters. Observations of nymph per
flower and leaf as well as adult per flower and leaf were
recorded before and after each spray, and spray was done at
10 days interval with a total of 3 times during the cropping
period. Observations on the number and weight of pods/
plot were recorded at every harvesting.
Statistical analysis
The data obtained from each plot on the parameters
studied above were subjected to statistical analysis using
GENESTAT software at 5% level of significance (95%
confidence limit) for the analysis of variance. The results
were then presented in the form of text, tables and figure.
RESULTS AND DISCUSSION
Nymph population /Leaf
Aphids infestation in the field was observed after 45
days after sowing (DAS). Nymph population of aphids both
before and after spray are presented in table 1. Spraying
against aphid was done at 10 days interval. All the treatments
were significantly effective against aphids. The result of the
first and second sprays showed highly significant difference
among the treatments on nymph mortality (Table 1). At first
spray, dimethoate showed the highest nymph mortality (8.15
nymph/leave) and lowest mortality of nymph scored in
control (33.5 nymph/leave). Treatment of dimethoate and
Garlic extract were on par against nymphs of aphids. Before
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the second spray counting of the nympal population showed
highly significant difference among the treatments. At
second spray dimethoate, neem cake and garlic extract
showed no significant difference among them. After the
second spray dimethoate, neem cake and garlic extract
showed 1.70, 2.95 and 4.00 nymphs per leaf. Numerically,
dimethoate has the highest mortality rate (1.70 nymph/leaf)
and lowest mortality rate was scored in control (20.10
nymph/leaf). In the third spray the pre and post results
showed significant difference among the treatment over
control. Statistically, there is no significant difference
between dimethoate, neem cake, garlic and interaction
treatment (Ge & NCE) extract after third spray.
Table 1. Effect of treatments on the population of nymph /
leaf
Treatment
C
GE
NCE
G & NCE
DI
Grand mean
F.prob 5%)
LSD (5%)
CV%

First spray
Pre
Post
29.5
33.50d
29.6
10.40 a
32.5
13.20b
30.6
17.15 c
34
8.15 a
31.3
16.48
0.781
0.001
9.18
4.607
1.5
2.6

Nymphs/Leaf
Second spray
Pre
Post
29.35
20.10c
15.5
4.00a
14.9
2.95a
19.05
6.70b
10.8
1.70a
17.92
7.09
0.001
0.001
6.301
4.211
1.8
16.8

Third spray
Pre
Post
18.35
24.70b
6.35
1.80a
3.75
1.90a
5
3.40a
5.8
1.30a
7.89
6.62
0.001
0.001
3.827
2.213
15.5
13.7

Nymph population/Flower
The nymph population counted on the flower before
spray of different treatments did not show any significant
difference among the treatments with mean values of C (9.25),
GE (8.9), NCE (6.3), G&NCE (8.1) and DI (7.2 nymphs/
flower). But after spray result showed highly significant
difference among the treatments (Table 2). Dimethoate (1.4)
shows the highest mortality rate and the lowest in control
(7.5 nymph/flower). The three botanical pesticides and
dimethoate did not show any significant difference between
them. However, all four treatments showed significant
difference over control. After second spray, results showed
highly significant difference among the treatments, the
highest mortality was obtained by the application of
dimethoate and the lowest was in control. Dimethoate and
neem cake spray was found to be effective on the mortality
of nymphal stage on flower. Even though the nymphal
population showed highly significant difference among the
treatments before and after of third spray, dimethoate was
found to score the highest mortality rate while control scored
the lowest mortality rate in the post spray.
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Table 2. Effect of treatments on population of nymph/flower
Treatment
C
GE
NCE
G and NCE
DI
Grand Mean
F prob. (5%)
LSD (5%)
CV%

First spray
Pre
Post
9.25 7.50 b
8.90 3.00 a
6.30 2.5 a
8.10 3.05 a
7.20 1.40 a
7.95
3.49
0.289 0.001
3.152 2.364
9.5
28.9

Nymphs/Flower
Second spray
Third spray
Pre
Post
Pre
Post
9.10
10.35 c
9.25
10.40 e
6.55
3.55 a
6.75
3.40 c
5.25
2.40 a
4.55
2.55 b
6.95
4.6 b
7.75
4.00 d
6.15
1.90 b
3.30
1.30 a
6.80
4.56
6.32
4.33
0.047
0.001
0.001
0.001
2.414
2.014
1.550
0.864
9.2
22.5
3.2
0.2

Adult Population/Leaf
The counting of aphids also done on the leaf before
spray of biopesticides and found that the adult population
of aphids did not show any significant difference among the
treatments, but the post spray count showed highly
significant difference among the treatments. Results showed
highest mortality in the treatment of dimethoate (3.1 adult/
leaf) and lowest mortality rate in control (31.15 adult/leaf)
(Table 3). There is highly significant difference among the
treatments in the second pre spray count varying from 15.85
to 27.6 adult/ leaf. Highly significant difference was also
obtained after the second spray while giving highest mortality
rate by dimethoate and the lowest in control. However, both
dimethoate and neem cake showed approximately the same
mortality rate in the population of adults since they did not
have any significant difference between them. In the pre third spray the population of aphids showed highly
significance difference among the treatments. Although there
is highly significant difference among the treatments after
the spray, DI (1.2), NCE (2.6) and GE (3.6 adult/leaf) did not
show any significant difference among them. But in
percentage wise dimethoate had given 5.8% higher mortality
rate than neem cake.
Table 3. Effect of treatment on population of adult/leaf
Treatment
C
GE
NCE
G and NCE
DI
Grand Mean
F prob. (5%)
LSD (5%)
CV%

First spray
Pre
Post
32.7
31.14 e
24.0
9.85 c
24.0
8.90 b
29.6
10.10 d
29.3
3.10 a
27.9
12.62
0.721
0.001
16.42
4.657
37.987
15.4

Adult/Leaf
Second spray
Pre
Post
27.60 27.10 d
18.80 4.45 b
16.85
2.65 a
20.85
6.35 c
15.85
1.55 a
19.99
8.42
0.001
0.001
2.930
1.736
3.7
6.7

Third spray
Pre
Post
22.85 19.25c
12.35 3.60a
9.10
2.60a
15.85 4.80b
7.15
1.25a
13.53
6.30
0.001 0.001
3.626 2.976
2.6
5.7

53

Effect of Dimethoate, Garlic and Neem Cake Extracts on Aphid, Aphis gossypii Glover (Hemiptera: Aphididae) of Okra (Abelmschus esculentus L.)

Adult population/Flower
There was no significant difference among the
treatments before application of spray, but after the first spray
there was highly significant difference among them.
Dimethoate (0.8 adults/flower) scoring the highest and
control (6.35 adults/flower) scoring the lowest mortality rate.
On the other hand dimethoate and neem cake extract (2.2
adults/flower) did not show any significant difference
between them (Table 4). Even though the population of adult
aphids showed high significant difference among them
before the second spray, there was no significant difference
between dimethoate (3.05) and neem cake (3.75) as well as
neem cake and garlic (4.95) between garlic and interacting
treatment (6.25). After spray there was highly significant
difference among the treatments. Except for control, the other
treatments did not show any significant difference. In the
pre-third spray there was highly significant difference among
the treatments. Dimethoate (0.35) and neem cake (0.75)
having the highest mortality rate and control gave the lowest
mortality rate (7.15 adult/flower). The result of the third
spray showed highly significant difference on the treatment
but dimethoate, neem cake as well as garlic treatments did
not show any significant between them.

Table 5. Effect of treatments on pod number/plot

Table 4. Effect of treatment on population of adult/flower

Table 6. Effect of treatment on yields (Kg/hectare)

Treatment
C
GE
NCE
G and NCE
DI
Grand Mean
F prob. (5%)
LSD (5%)
CV%

First spray
Pre
Post
5.30
6.35 c
4.85
1.40 a
5.45
2.20 a
6.55
2.90 b
4.30
0.80 a
5.29
2.73
0.589
0.001
3.011
1.661
20.6
29

Adult/Flower
Second spray
Pre
Post
6.70
6.40 b
4.95
2.40 a
3.75
1.45 a
6.25
2.75 a
3.05
1.05 a
4.94
2.81
0.003
0.001
1.791
1.767
18.5
24

C
GE
NCE
G & NCE
DI
Grand mean
F prob. (5%)
LSD (5%)
CV%

Pod number/plot

% Increase over
control

301 d
490 b
506 b
394 c
616 a
461
0.001***
82.1
17.7

0
30.68
32.28
15.1
51.14

Yield
Average yield (Kg/ha) performance of okra by applying
different treatments showed highly significant difference
among them. The highest yield was scored by applying
dimethoate (12398Kg/ha), and the lowest yield (7074 Kg/
ha) was scored in the control plot. (Table 4.6). However,
dimethoate and neem cake extract application did not show
significant difference between them. Moreover, yield was
improved by 4.05% in dimethoate treated plot compared to
neem cake extract. Depending on the economic situation of
the farmers, the treatment of dimethoate or neem cake extract
can be recommended for enhancing the yield of okra.

Treatment
Third spray
Pre
Post
6.55
7.15 c
4.04
1.55 a
3.00
0.75 a
3.70
2.20 b
2.50
0.35 a
3.96
2.40
0.001
0.001
1.040
1.846
3.5
33.7

Pod number per plot
There was highly significance difference among the
treatments. Dimethoate was found to give the highest pod
number of 616 per plot as compared to control which gave
the lowest pod number of 301 per plot. Statistically, neem
cake and garlic extract did not show any significant
difference. However, percentage wise neem extract showed
higher than garlic extract and dimethoate also showed 17.9%
higher than neem cake application in pod numbers per plot.
Therefore, depending on the economic situation of the users
the treatment of dimethoate can be recommended for highest
pod number per plot (Table 5)
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Treatment

C
GE
NCE
G and NCE
DI
Grand Mean
F prob(5%)
LSD(5%)
CV%

Yield
(Kg/ha)
7074 c
10099 b
11896 a
9052 b
12398 a
10104
0.001***
1315.9
17.9

% Increase over
control
0
24.35
38.9
15.96
42.95

For managing aphis, the key pest of Okra, dimethoate
and neem cake extract were found to be effective in reducing
the population. On economic front, neem requires low
expense while overall profit was obtained in dimethoate
treated plots. This is because yield was improved by (4.05 %)
as compared to neem. Our study is in connivance with the
findings of Krishna Kumar et al, 1989, Uttamasamy et al.,1978,
as they reported spraying of neem extract at 4%, dimethoate
at 0.03% gave good control of the aphids in okra. Although
garlic have good capability of controlling aphid population,
but because of its high cost it was found to be non- profitable.
We concluded that neem is the best control method since it is
an alternative pest control strategy that is socially and
economically compatible with local needs and constraints.
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Neem based pesticides are particularly appropriate for use
in IPM programs.

Mehta, Y. R. 1959. Vegetable Growing in Uttar Pradesh, Bureau
of Agric. Inf., U. P., Lucknow.
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Abstract
A field experiment was conducted at Central Research Station of Agronomy department of the College of
Agriculture, OUAT, Bhubaneswar, during two consecutive kharif and rabi seasons of 2017-18 and 2018-19. Maize
crop was taken as rabi crop after the kharif rice to study the influence of residual nutrient provided to rice and direct
effect of different herbicidal treatments on its growth, yield attributes, yield and economics. Performance of maize
was studied under split plot design. Among the nutrient management practices, 50% soil test based nitrogen + 50%
vermicompost (50% STBN + 50% VC) recorded the highest kernel yield of 6.36 t/ha and among the weed management
practices, combined application of topramezone @ 25g a.i. + atrazine @ 250g a.i./ha as tank mix at 15 DAS resulted
the maximum kernel yield of 7.18 t/ha. Nutrient and weed management practices were found to have interacting
effect on kernel yield as well as on the economics of maize. Treatment combination, comprising 50% STBN + 50% VC
in rice with topramezone @ 25g a.i + atrazine @ 250g a.i/ha as tank mix application in maize at 15 DAS recorded the
highest kernel yield of 7.59t/ha. Maximum gross return (Rs.103318/- per hectare), net return (Rs.54406/- per
hectare) and BC ratio (2.09) were recorded in treatment comprising 50% STBN + 50% VC, among the nutrient
management practices. Among the weed management practices, topramezone @ 25g a.i. + atrazine @ 250g a.i./ha as
tank mix recorded the best gross return and net profit of Rs.116378/- per hectare and Rs.66371/- per hectare,
respectively with a BC ratio of 2.32.
Keywords: STBN- Soil test based nitrogen, VC-vermicompost, Topramezone, Tembotrione, Atrazine

Maize is one of the most versatile emerging crop having
wider adaptability under varied agro-climatic conditions.
India stands fourth in total global maize production with an
area of 9.47 mha with an annual production of 28.8 mt and
productivity of 3032 Kg per hectare during 2017-18 (MoA,
GOI, 2019). In Odisha maize occupies an area 2.8 lakh hectare
with production 7.8 lakh tones and productivity 2785 Kg
per hectare. Being a photo insensitive crop maize can be
grown throughout the year and is suitable to include in rice
based cropping system. Maize is highly responsive to better
management practices. Through supply of well balanced
nutrition and minimum weed competition along with other
agronomic management practices yield potential of maize
can be greatly optimized. Because of higher achievable yield
potential, a positive economics is observed as a consequence.
Which is another factor for its wider acceptability among
the farmers. Keeping this in view, present investigation was
carried out to study the effect of residual nutrients and weed
management practices on growth, yield and nutrient uptake
and economics of rabi maize.
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MATERIALS AND METHODS
A two year field experiment was conducted during
2017-18 and 2018-19 at Central Research Station of the
College of Agriculture, OUAT- Bhubaneswar. The soil of the
experimental plot was loamy sand in texture, low in available
nitrogen (198 kg/ha), high in available phosphorus (51 kg/
ha) and low in available potassium (182 kg/ha), organic
carbon 0.46 % and pH (4.68) and EC (0.46 dsm-1). The field
experiment was laid out in a split-plot design for maize with
three replications. The four nutrient treatments, D1=100%
STBN, D2= 50%STBN + 50%FYM, D3=50%STBN + 50%VC
and D4=50%STBN + 50% PM (poultry manure) were given
to preceding rice crop as the main plot factors and different
weed management practices were given to maize as the subplot factors such as W1= Topramezone @25g a.i/ha,
W2=Tembotrione @105g a.i./ha, W3=Topramezone @25g a.i.
+ Atrazine @ 250g a.i./ha as tank mix, W4=Tembotrione
@105g a.i.+Atrazine @ 250g a.i./ha and W5=Weedy check.
Maize was sown with spacing of 45cm×25cm on opening of
shallow furrows with 5 cm depth. Maize was provided with
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recommended dose of fertilizer viz. (120-60-60 Kg N-P2O5K2O /ha). Nutrient demand of maize was provided through
Urea, Single Super Phosphate and Murate of Potash.
Herbicides were applied with a knapsack sprayer with a
spray volume of 500 lit./ha at 15 DAS. Other recommended
crop management practices were adapted as per the need of
the crop. The yield of maize was recorded after harvest of the
crop for all the treatment and data was analysed statistically
using split plot design tools. After the yield data was
obtained, the economics of maize was analysed with the
prevailing cost of inputs and for output cost, minimum
support price (MSP) of maize of the year 2017 and 2018 were
considered.
RESULTS AND DISCUSSION
Yield and Economics of maize
Nutrient management in rice had significant residual
effect on kernel yield of maize (Table 1). However it did not
influence the stover yield of maize. Among the nutrient
management practices highest kernel yield and stover yield
were recorded in 50% STBN + 50% VC i.e. 6.36 t/ha and 7.80
t/ha respectively. The kernel yield was significantly higher
than the remaining other nutrient treatment. Minimum kernel
yield of 5.57 t/ha and stover yield of 7.58 t/ha were observed
in 100% STBN. This indicated that combined use of organic
and inorganic fertilizers in preceding crop have direct impact
on soil fertility and soil nutritional status and thus
subsequently enhance the yield of succeeding crops.
Among the weed management practices, best weed
management practices in terms of kernel yield (7.18 t/ha)

was found in case of combined application of topramezone
@25g a.i. + atrazine @ 250g a.i./ha as tank mix followed by
tembotrione @105g a.i./ha + atrazine @ 250g a.i./ha as tank
mix at 15 DAS i.e. (6.91 t/ha ). 2.6 times lesser kernel yield
was weedy check (2.77 t/ha) than topramezone @25g a.i. +
atrazine @ 250g a.i./ha as tank mix treatment. Less weed in
the herbicidal treated plot due to higher weed controlling
efficiency make favourable environment in terms of higher
availability of growth factors and ultimately causes higher
economic yield (Lokose, 2017).
Data pertaining in the graph-1 indicates the percentage
increase in maize kernel yield over the lowest yield recorded
in the respective nutrient and weed management practices.
It was observed that there was 8-12% increase in maize kernel
yield when it was grown after rice supplied with nutrients
both from organic and inorganic sources. Weed management
practices caused a higher yield of 57-62% over the weedy
check in maize (Ghosh et al., 2020).
Overall gross return (Rs. 103318/- per hectare), net
profit (Rs. 54406/-per hectare) and BC ratio of 2.09 was
observed in 50% STBN + 50% VC treatments and this was
due to higher yield obtained in that treatment receiving better
residual effects of additional nutrients provided through
vermicompost to the previous rice crop. The least gross return
of Rs. 90848/-, net return of Rs. 41936 and BC ratio of 1.84
were recorded for 100% STBN treatments which implied that
lack of organic nutrients in soil and lower soil fertility resulted
lower yield output and thus directly influence the economics
(Lokose, 2017, Swetha et al., 2015).

Table 1. Yield and economics of maize as influenced by residual nutrients and weed management practices
Treatments
Nutrient management
100% STBN
50% STBN + 50% FYM
50% STBN+ 50% VC
50% STBN+ 50% PM
SEm±
CD (0.05)
Weed management
Topramezone
Tembotrione
Topramezone+Atrazine
Tembotrione+Atrazine
Weedy check
SEm±
CD (0.05)
Interaction
SEm±
CD (0.05)

Kernel yield (t/ha)

Stover yield (t/ha)

Gross return (Rs./ha)

Net profit (Rs./ha)

B:C ratio

2017 2018 pooled
5.56 5.58 5.57
6.05 6.08 6.06
6.32 6.40 6.36
6.15 6.10 6.12
0.12 0.06 0.07
0.41 0.21 0.20

2017
7.03
7.43
7.71
7.47
0.09
NS

2018
8.13
7.60
7.89
7.52
0.07
NS

pooled
7.58
7.52
7.80
7.50
0.06
NS

2017
82727
89872
93960
91389
1710
5918

2018 pooled
98969 90848
107217 98545
112676 103318
107406 99397
1021
996
3533
3068

2017
34647
41792
45880
43309
1710
5918

2018 pooled
49226 41936
57473 49633
62932 54406
57662 50485
1021
996
3533
3068

2017
1.70
1.85
1.93
1.88
0.04
0.12

2018
1.97
2.13
2.24
2.13
0.02
0.07

pooled
1.84
1.99
2.09
2.01
0.02
0.06

6.73
6.49
7.17
6.90
2.80
0.08
0.23

6.76
6.59
7.18
6.92
2.74
0.09
0.26

6.74
6.54
7.18
6.91
2.77
0.06
0.21

8.24
8.20
8.46
8.46
3.69
0.28
0.83

8.34
8.25
8.55
8.50
3.27
0.19
0.56

8.29
8.23
8.50
8.48
4.48
0.17
0.59

100018
96655
106361
102622
41778
1139
3261

119012
116234
126395
121891
49302
1553
4447

109515
106444
116378
112257
45540
963
3252

51084
47435
57199
53174
-1856
1139
3261

68388
65324
75543
70753
4108
1553
4447

59736
56379
66371
61964
1126
963
3252

2.04
1.96
2.16
2.08
0.96
0.02
0.07

2.35
2.28
2.49
2.38
1.09
0.03
0.09

2.20
2.12
2.32
2.23
1.02
0.02
0.07

0.13
NS

0.14
NS

0.04
0.13

0.25
NS

0.16
NS

0.06
NS

2277
6522

3105
8894

786
2596

2277
6522

3105
8894

786
2596

0.05
0.14

0.06
0.18

0.02
0.05
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Among the weed management practices, application
of topramezone @ 25g a.i. + atrazine @ 250g a.i./ha as tank
mix recorded the best gross return and net profit of
Rs.116378/- per hectare and Rs. 66371/- per hectare
respectively with a BC ratio of 2.32. This is followed by
application of tembotrione @105g a.i.+ atrazine @ 250g a.i./
ha as tank mix with a gross return and net return of
Rs.112257/- per hectare and Rs. 61964/- per hectare
respectively. Both these treatments were significantly higher
than that of other weed management practices. In weedy
check minimum net profit of Rs. 1126/- per hectare was
obtained. This was also supported by corroborative findings
of (Ghosh et al., 2020, Rana et al. 2017, Triveni, et al., 2017).
Interaction effect of nutrient and weed management on
economics of maize
Data pertaining to interaction Table-2 revealed that,
irrespective of all the nutrient management practices, weed

management practices comprising topramezone @ 25g a.i. +
atrazine @ 250g a.i./ha as tank mix found to be best in terms
of highest gross return, net return and BC ratio and
irrespective of all the weed management practices, nutrient
management practices comprising 50% STBN + 50% VC
resulted best in terms of highest gross return, net return and
BC ratio. Treatment combination, D3W3 i.e. 50%STBN +
50%VC with topramezone @25g a.i. + atrazine @ 250g a.i./
ha as tank mix application in maize at 15 DAS recorded
highest gross return (Rs.123102/- per hectare), net return
(Rs. 56665 /- per hectare) and BC ratio (2.31) followed by
D3W4 i.e. 50%STBN + 50%VC with tembotrione @25g a.i. +
atrazine @ 250g a.i./ha as tank mix application in maize at
15 DAS with gross return Rs. 120342/- per hectare, net return
Rs. 61859/- per hectare and BC ratio 2.23. This was due to
the higher yield realized with these treatments.
The findings of the present investigation conclusively
inferred that when maize crop was grown in residual

Table 2. Interaction effects of nutrient and weed management practices on economics of maize
Treatments
D1
105383
111395
116311
112822
46812
98545

W1
W2
W3
W4
W5
mean
SEm±
CD (0.05)

Gross return (Rs./ha)
D2
D3
D4
mean
98477
112080
109837
106444
101837
113547
111281
109515
106672
123102
119426
116378
103711
120342
112152
112257
43543
47517
44289
45540
90848
103318
99397
98027
D within W
W within D
2224
786
6853
2596

D1
55318
61616
66304
62529
2398
49633

Net profit (Rs./ha)
D2
D3
D4
mean
48412 62015 59772 56379
52058 63768 61502 59736
56665 73095 69419 66371
53418 70049 61859 61964
-871
3103
-125
1126
41936 54406 50485 49115
D within W
W within D
2224
786
6853
2596

D1
2.10
2.23
2.32
2.24
1.05
1.99

B:C
D2
D3
1.96
2.24
2.04
2.28
2.13
2.46
2.06
2.39
0.98
1.07
1.84
2.09
D within W
0.05
0.15

D4
mean
2.19
2.12
2.23
2.20
2.39
2.32
2.23
2.23
1.00
1.02
2.01
1.98
W within D
0.02
0.05

Fig. 1. Percentage increase in kernel yield of maize over the lowest value recorded
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nutrients of 50%STBN + 50%VC and was applied with post
emergence application of topramezone @25g a.i. + atrazine
@ 250g a.i./ha as tank mix or post emergence application of
tembotrione @110g a.i. + atrazine @ 250g a.i./ha as tank mix
at 15 DAS performed best in terms of gross return, net return
and BC ratio in rabi.
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Abstract
Phytophthora nicotianae causing a polycyclic soil borne disease infects a wide range of host plants belonging to
different families all over the world. The foot and root rot disease of crossandra is a major setback for its cultivation
in the country, wherever the crop is grown, causes huge loss to flower industry. Due to soil borne nature of the disease,
management is challenging process. Therefore, aim of present study is to know the bio-efficacy of the fungicides and
bio-agents against Phytophthora nicotianae causing the root rot disease of crossandra. Ten different novel fungicides
and bio-agents were screened against root rot disease under in-vitro condition. Of these, most of the systemic
fungicides were found to completely inhibit radial growth of the fungal mycelium, whereas in case of bioagents,
Trichoderma harzianum (84.19%) and Streptomyces viridobrunneus (81.44) was found to be most effective in reducing the
mycelial growth inhibition of Phytophthora nicotianae.
Key words: Crossandra, Bio-agents, Phytophthora nicotianae, Fungicides, soil borne

Crossandra is an important ornamental flower in
Southern India. It is extensively grown in Karnataka, Tamil
Nadu and Andhara Pradesh states of India. The flowers are
commonly used for hair adornments alone or in combination
with jasmine. It is an evergreen perennial shrub bearing
flowers with different colours (orange, yellow, red and bluish
flowers) throughout the year, but commercially orange colour
flowers of locally available crossandra was most exploited,
which are highly susceptible to many diseases. Of these
Phytophthora root rot, Fusarium wilt, Sclerotium rot and
Alternaria leaf blight are the major fungal pathogens.
Phytophthora root rot usually occur onset monsoon and
causes 50-80 percent disease incidence. The pathogen mainly
infects the collar region and roots with toppling of seedlings
and plants. In nursery the infection results in damping-off
which is aggravated by soil moisture. In field, the plants are
exhibit symptoms of root rot and collar rot, which is favoured
by high soil moisture in the field leads to black lesions on the
main stem. Soil and infected plants debris serves as primary
source of inoculums for spread of the disease under field
condition. Based on the morphological characteristics, the
pathogen was identified as Phytophthora nicotianae infecting
crossandra in Karnataka (Ramachandran, 1992, 1993) and
disease incidence was recorded to be 42.22 to 96.47% in 19981999 (Ramachandran, et al., 2000). P. nicotianae is a ubiquitous
pathogen causing root rot and collar rot in many
horticultural crops been well documented (Erwin and
Ribeiro, 1996). The pathogen was soil borne in nature and
hence early infection to the root goes undetected till foliar
60
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symptoms (Lamour, et al., 2003) causing huge loss to the
crossandra growers. The literature survey showed that the
management of Phytophthora root rot disease using various
fungicides and bioagents in different crops has been well
documented (Wagner and Kaminski, 2008). Whereas in case
of crossandra, the information regarding root rot
management is very scantly. In this context an experiment
was conducted to know the efficacy of new fungicides and
bioagents for integrated approach and pre-planting
management of Phytophthora root rot in crossandra.
MATERIALS AND METHODS
The fungal pathogen causing foot and root rot disease
of crossandra was isolated from infected stem and root
samples collected from crossandra experimental plot at IIHR,
Bengaluru. The fungus was isolated by standard plant
pathological procedures as described by Erwin and Ribeiro,
(1996) on specific media amended with Pimaricin,
Ampicillin, Rifamficin, Pentachloronitrobenzene (PCNB)
and Hymexazol (RPARH) medium. After isolation the
pathogen was incubated at 25°C. The pure culture of the
fungus was further transferred to PDA plates and maintained
until further use.
Morphological and Molecular characterization
The Species identification was performed with the
support of tabular cues given by Waterhouse et al.,
1963; Martin et al., 2012. Based on the cues, the pathogen
was identified as Phytophthora nicotianae with following
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morphological characteristics that include colony growth,
sporangia, oogonia, antheridia, chlamydospores, hyphal
swellings and aggregations using light microscope (Nikon
Eclipse 50i) at 400× magnification as for species descriptions
literature. The images were imported to ImageJ (National
Institutes of Health, USA) and analyzed by setting the scale
at 3.6 pixels/ìm.
For molecular characterization, the pure culture of the
fungus was grown on potato dextrose broth at 25 ± 2 ºC for 7
days. The fungal mycelium was harvested by filtration
through Whatman No.1 filter paper and washed with sterile
distilled water and dried, Two grams of dried mycelium were
used for total genomic DNA isolation by following modified
protocol of CTAB method (Doyle and Doyle, 1990). The
genomic DNA isolated was subjected to PCR amplification
using
universal
ITS
primers
ITS1
(5’TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’TCCTCCGCTTATTGATATGC-3’) (White et al., 1990). The
PCR amplification was carried out as previously described
by Sonavane and Venkataravanappa (2017). The amplified
ITS region was cloned and sequenced commercially. The
nucleotide sequence (ITS) analysis showed that the fungi
isolated from the foot and root rot disease of crossandra is
closely (> 97% identity) related to Phytophthora nicotianae and
the consensus sequence was submitted in NCBI database
under accession number MW486624.
Collection of Fungal and Bacterial bio-agents
The pure cultures of the bioagents were obtained from
Dept. of microbiology, ICAR-Indian Institute of Horticultural
Research, Bengaluru (Table 1) and were cultured in their
respective media and screened Phytophthora by dual culture
plate method.
Evaluation of Bioagents against P. nicotianae
The antagonistic activity of bioagents was tested
against P. nicotianae by following dual culture technique
(Dennis and Webster, 1971) for fungal bioagents using PDA
as the medium. The culture plugs (7 days old) were placed
in opposite end of the petriplates and each treatment was
replicated four times for each bioagent with suitable control
incubated at 25±2 °C for 7 days. The radial growth of the
pathogen was recorded and the percent inhibition was
calculated by using following formula (Vincent, 1927).
R= T0-T1/T0X100
R= Per cent growth reduction of test pathogen
T0= Radial growth of test pathogen in control (mm)
T1= Radial growth of test pathogen in treatment (mm)
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The antagonistic activity of the six bacterial biocontrol
agents was tested against P. nicotianae. A gentle superficial
streak was made at one side of the sterilized petriplate on
Nutrient Agar. 9 mm mycelial disc of P. nicotianae was placed
on the opposite side of the petridish perpendicular to the
bacterial streak. Three replications were maintained for each
bacterial antagonists and a control was maintained by
inoculating the pathogen alone containing NA medium. The
plates were incubated at 25±2ÚC for seven days. The per
cent reduction over control was calculated by using the
formula mentioned above. In vitro evaluation of
actinomycetes was also carried out by following the same
method described for bacterial bioagents on Kenknight
media.
Evaluation of fungicides against P. nicotianae:
Twelve systemic fungicides were assayed for their
efficacy against P. nicotianae under in vitro condition by
poisoned food technique at 3 concentrations (500 ppm, 1000
ppm and 1500 ppm) (Mortan and Straube, 1955). Three
replications were maintained for each concentration.
Required quantity of fungicides were thoroughly mixed in
PDA before pouring in 90mm sterilized petriplates and
allowed to solidify. The plates were inoculated at centre with
5 mm mycelia disc of 7 days old culture of P. nicotianae. Control
without fungicide in media was also maintained. The
inoculated petriplates were incubated at 25±2°C. The colony
diameters were measured after 10 days when the control
plates were full of fungal growth. Per cent inhibition of
growth was calculated by using formula given by Vincent
(1927).
I = C-T/C X 100
I = Percent inhibition of mycelia growth
C = Colony diameter in control (mm)
T = Colony diameter in treatment (mm)
RESULTS AND DISCUSSION
Evaluation of Bioagents against P. nicotianae:
Ten bioagents belonging to different groups were
evaluated against P. nicotianae by using dual culture
technique (Fig. 1 and Table 1). The results revealed that only
few bioagents exhibited fungistatic/antifungal activity
against P. nicotianae and significantly inhibited its growth,
over untreated control. Of the bioagents/antagonists tested,
Trichoderma harzianum (84.19%), Trichoderma viride (82.85%)
and Streptomyces viridobrunneus (81.44%) was found most
effective in mycelial growth inhibition of Phytophthora.
Whereas none of the bacterial bioagents were found to be
inhibit the mycelial growth of the pathogen. The results are
61

Efficacy of bioagents and fungicides against Phytophthora nicotianae infecting crossandra

in accordance with the findings of Singh and Islam, (2010)
they reported that T. harzianum (0034H) as best treatment in
its efficacy to suppress mycelial growth of P. nicotianae under
in vitro studies infecting tobacco. Similarly T. harzianum and
T. viride were most effective in suppressing mycelial growth
of different species of Phytophthora infecting citrus (Benfradj
et al., 2016,). Further, it was also showed that T. harzianum
and T. viride were most effective in reducing the growth of
the P. nicotianae compared to Pseudomonas flourscens and
Bacillus subtilis (Sharma et al., 2018).

Figure 1. In vitro studies on efficacy of Bioagents against
Phytophthora nicotianae
1. T. harzianum, 2. T. viride, 3. B. subtilis, 4. B. pumilus, 5. B.
amyloliquefaciens, 6. B. aryabhattai, 7. P. taiwanensis, 8. S.
bulli, 9. S. viridobrunneus

Abbasi et al., (2020) demonstrated the antifungal activity
of Streptomyces rochei and S. vinaceusdrappus against
Phytophthora capsici causing pepper blight. Loliam, et al., 2012
reported Streptomyces rubrolavendulae to be most effective in
inhibition mycelial growth of the Phytophthora infestans
causing seedling damping off in tomato and chilli seedlings.
Table 1. In vitro studies on efficacy of Bioagents against
Phytophthora nicotianae
Treatments
Trichoderma harzianum
Trichoderma viride
Bacillus subtillis
Bacillus pumilus
Bacillus amyloliquefaciens
Streptomyces viridobrunneus
B. aryabhattai
P. taiwanensis
Streptomyces bulli
Mean
S.Em.±
CD at 1%

Mycelial growth Inhibition (%)
84.19 (66.61)
82.85 (65.57)
14.42 (22.33)
16.26 (23.79)
17.07 (24.42)
81.44 (64.51)
16.94 (24.32)
17.32 (24.60)
17.42 (24.68)
38.66 (37.87)
0.71
2.89

Figure 2. In vitro studies on efficacy of Fungicides against
Phytophthora nicotianae
1. Fosetyl-Al 80 WP, 2. Cymoxanil 50 WP, 3.
Dimethomorph 50 WP, 4. Metiram 70 WG, 5.
Chlorothalonil 75 WP, 6. Hexconazole 5 EC, 7. Mancozeb
75 WP, 8. Azoxystrobin 23 SC, 9. Captan 50 WP, 10.
Krilaxyl 35 WS, 11. Control

Evaluation of different fungicides against P. nicotianae
A total ten systemic fungicides with three different
concentrations (@ 500 ppm, 1000 ppm and 1500 ppm) were
evaluated in vitro by poisoned food technique (Fig.2 and

Table 2. In vitro studies on efficacy of Fungicides against Phytophthora nicotianae
Fungicides

Sl.
No.
1
2
3
4
5
6
7
8
9
10

0.05
Fosetyl 80 WP
Cymoxanil 50 WP
Dimethomorph 50 WP
Metiram
Chlorothalonil 75 WP
Hexaconazole 5 EC
Mancozeb 75 WP
Azoxystrobin 23 SC
Captan 50 WP
Metalaxyl 35 WS
Mean
SEm±
CD 1 %
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100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
73.09 (58.78)
72.83 (74.51)
100.00 (90.05)
100.00 (90.05)
86.23 (68.25)
100.00 (90.05)
95.81 (77.36)
Fungicides (F)
16.60
2.24

Percent inhibition
Concentration (%)
0.1
0.15
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
75.40 (60.30)
77.14 (80.30)
100.00 (90.05)
100.00 (90.05)
82.81 (65.54)
100.00 (90.05)
95.50 (77.79)
Concentration (C)
4.13
1.37

100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
74.69 (59.82)
73.96 (75.81)
100.00 (90.05)
100.00 (90.05)
85.51 (67.66)
100.00 (90.05)
95.38 (77.63)
FxC
0.47
3.38

Mean
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
100.00 (90.05)
74.39 (59.63)
79.64 (76.87)
100.00 (90.05)
100.00 (90.05)
84.85 (67.15)
100.00 (90.05)
95.35 (77.59)
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Table 2). The result showed that most of the fungicides were
found to be significantly inhibited the radial growth and
sporulation of P. nicotianae. Of these, Fosetyl-Al 80 WP,
Cymoxanil 50 WP, Dimethomorph 50 WP, Metiram 70 WG,
Mancozeb 75 WP, Azoxystrobin 23 SC and Krilaxyl 35 WS
were found to be the effective in completely inhibiting the
radial growth of P.nicotianae followed by Chlorothalonil 75
WP (74.39%), Hexconazole 5 EC (79.64%) and Captan 50
WP (84.85%). Similarly Vawdrey, et al., 2015 showed that
Chlorothanol and Meriram + Pyraclostrobin combination
was significantly reduced the percentage of Phytophthora
fruit rot in papaya. Rende et al., (2012) also showed that
Azoxystrobin and Trifloxystrobin were most effective in
controlling pepper phytophthora blight (80%) caused by
Phytophthora capsici. Further the fungicidal activity of
Dimethomorph on mycelia growth, sporulation, sporangia
and zoospore cyst germination in Phytophthora and
Perenospora has been well documented (Keinath, 2007).
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Abstract
Mushroom is multicellular, heterotrophic and achlorophyllous species that belongs to Basidiomycetes family
and mycota kingdom. The present review paper discusses about bioremediation of heavy metals and biodegradation
with mushroom diversity. The edible mushroom Lactarus deliciosus, Russula delica, Hizopogon roseolus are known to
dissociate Cd, Cr, Cu, Pb and Zn. Agaricus bisporus assimilates heavy metals like Cr, Cu, Cd and Zn whereas
Pulveroboletus amarellus absorbs Zn metal. Agaricus macrospores accumulate Cd metal. Pleurotus ostreatus absorbs more
heavy metals like Cd, Hg, Zn and Cu. Volvariella volvaceace accumulates more Cu and Zn metal. Phanerochaete
chrysosporium and Trametes versicolor can degrade wide variety of dyes like Azo dyes, heterocyclic dyes and other
polymeric dyes. Phanerochaete chrysosporium and Trametes versicolor can degrade wide variety of dyes like Azo dyes,
heterocyclic dyes and other polymeric dyes. Ganoderma lucidum extracted from hardwood stump is reported to
degrade polycylic aromatic hydrocarbons (PAH’s) of penanthrene and pyrene. Phanerochaete chrysosporium degrades
organic molecules polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls dioxins, chlorophenols,
chlorolignins, nitro cranditics and different pesticides like lindane, Atrazine, BTEX. Pleurotus florida, Pleurotus ostreatus
and Pleorotus sajarcaju. The Pleurotus florida and Pleurotus sajorcaju are effective for degradation of bromophenol blue,
brilliant green and methylated dye. Pleurotus pulmonaris BPSM 10 strain which degrades azo and triphenyl methane
dyes like Napthol Blue Black, Orange G, Malachite green, Victoria Blue B, Phenol red, Congo red and comassive
brilliant blue. The technology improves industrial degradation & remediation efficiency, prevents natural pollution
and maintains ecosystems.
Keywords: Mushroom, Bioremediation, Biodegradation, Heavy metals, Dyes

Mushroom is achlorophyllous multicellular species
that belongs to Basidiomycetes family and mycota kingdom.
The morphological development of mushroom is promoted
by sexual spore basidiospore and filamentous septate
nucleated mycelium (Watkinson and Eastwood, 2012). The
mushroom cultivation is believed to be started during 600800 AD. The mushroom species produced worldwide are
Lentinula edodes, Pleurotus spp., Auricularia spp., Agaricus spp.,
Flammulina velutipes (Daniel et al., 2017). The common species
produced in India are white button mushroom, oyster
mushroom and milky mushroom. In addition, the other
species includes Cremini mushroom, Enokitake mushroom,
Morel mushroom, Porcini mushroom, Portobello mushroom,
paddy straw mushroom, maitake mushroom (Sharma et al.,
2017).
Mushrooms species facilitates three effective process
biodegradation, bioremediation and bioconversion.
Bioremediation is a bioprocess in which the microorganisms
are involved in removal and recovery of heavy metals from
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the aqueous solutions. In this process, the accumulation of
heavy metal and radioactive compounds incurs due to the
physical-chemical interactions of metal ions with biological
species (Kapoor & Viraraghvan, 1998). Microorganisms like
algae, fungi and bacteria removes heavy metals or organic
compounds (Costa and Liete, 1991). Sharma et al. (2010)
discussed that metal concentrations in fruiting body are
affected by age of fruiting body. The life span of fruiting body
is only 10-14 days in that time, metals are unevenly
distributed by fruiting bodies of mushroom. Gomes et al.
(2002) suggested that microorganisms bind heavy metals at
the cell wall with lipoprotein & glycoprotein receptors but it
does not enter into the cytoplasm for forbidding apoptosis.
The main objective of this paper is to review the
mushroom species involved in bioremediation and dye
degradation. The known species responsible for heavy metal
accumulation are as follows: Phanerochaete chrysosporium,
Sgaricus bisporus, Trametes versicolor, Pleurotus ostreatus,
Lentinus squarrosulus, Pleurotus pulmonarius, Boletus spp.,
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Agaricus spp., Armillaria spp., Polyporus spp., Russula spp.,
Termitomyces spp. On the other hand, the species such as
Pyncoporus coccineus, Sternum ostrea, Corolus versicolor,
Naematoloma fasiculare, Microporus affinis, Fomes fomentatius,
Pleurotus pulmonaris, Pleurotus eryngii, Ganoderma lucidum,
Flammulina velutipes and Lentinula edodes are involved in the
process of dye degradation.
The mushroom varieties Amallaria mellea, Polysporus
sqmosus, Polyporus suipahureus accumulates heavy metals like
Hg, Pb, Cd and Cu (Demirbas, 2002). The edible mushroom
Lactarus deliciosus, Russula delica, Hizopogon roseolus are
known to dissociate Cd, Cr, Cu, Pb and Zn (Akin et al., 2010).
Agaricus bisporus assimilates heavy metals like Cr, Cu, Cd
and Zn whereas Pulveroboletus amarellus absorbs Zn metal
(Zhang dan et al., 2008). Agaricus macrospores accumulate Cd
metal (Kalac et al., 2006). Boletus edulis accumulates Cu, Cd,
Zn and Mn (Tuzen et al., 2003). Boletus badius collects heavily
Pb metal (Isilkdak et al., 2007). Boletus griesus, R. dellica and L.
hatsudake absorbs Cu and metal whereas Boletus bicolor, R.
crustosa and L. representaneous absorbs more Zn metal, R.
crustosa mushroom absorbs more Cu metal. B. giresus
accumulates more Cu metal (Akin et al., 2009). Lactarius
deliciosus and Russula delica accumulates Pb and Cu metal.
Russula sp. accumulates more content of Cd, Cu, Pb and Zn
(Zhan dhan et al., 2008). Pleurotus ostreatus absorbs more
heavy metals like Cd, Hg, Zn and Cu (Zhu et al., 2010 and
Lasota, 1990). Copinus comatus accumulates more content of
Cd, Cu and Fe metal. Volvariella volvaceace accumulates more
Cu and Zn metal (Zhu et al., 2010). Lepista nudam accumulates
Cu metal (Zhang et al., 2008). Pleurotus sp. accumulates more
Cu, Cd, Zn, Ni, Co and Hg metals. Lepista nuda accumulates

more Fe and Cr metal while Verpa conica absorb more Mn
and Ni (Isildak et al., 2007).
Role of Mushroom in degradation of dyes
Mushroom are well known for degrading dyes in
industries like chemical industry, dyes industry, textile
industry, cosmetic industry and oil industry etc. Various
mushroom species like Pleurotus ostreatus, Pleurotus sajarcaju,
Pleurotus florida, Pleurotus pulmonaris, Trametes versicolor,
Phanerochaete chrysosporium, Ganoderm sp. are effectively
involved in dye degradation (Sachin et al., 2018). Trametes
versicolor degrades different industrial dyes (Adenipekun
and Lawal, 2012). Moreno-Garrido (2008) reported that
Phanerochaete chrysosporium and Trametes versicolor can
degrade wide variety of dyes like Azo dyes, heterocyclic dyes
and other polymeric dyes. Hyeon et al. (2014) studied
degradation of triphenylmethane dyes like crystal violet and
malachite green with wild mushroom like Pyncoporus
coccineus, Coriolus versicolor and Lentinula edode. Coriolus
versicolor is more effective in crystal violet degradation
whereas Pyncoporus coccineus is more effective for malachite
green. Radhika et al. (2014) experimented on degradation of
synthetic dyes with different mushroom species such as
Pleurotus florida, Pleurotus ostreatus and Pleorotus sajarcaju.
The Pleurotus florida and Pleurotus sajorcaju are effective for
degradation of bromophenol blue, brilliant green and
methylated dye. Similarly, Aghizioninbukani et al. (2015)
studied biodegradation ability of Trichloma sp. and found
efficient degradation of azo dye and congo red dye.
Lallawmsanga et al. (2019) found an increase in laccase level
in Pleurotus pulmonaris BPSM 10 strain which degrades azo
and triphenyl methane dyes like Napthol Blue Black, Orange

Table 1. Involvement of various mushroom species in Bioremediation process
Sl. No. Mushroom species
1.
Amallaria mellea, Polysporus sqmosus, Polyporus
suipahureus
2.
Lactarus deliciosus, Russula delica, Hizopogon roseolus
Agaricus bisporus
3.
Pulveroboletus amarellus
4.
Agaricus macrospores
5.
Boletus edulis
6.
Boletus badius
7.
8.
Boletus griesus, R. dellica and L. hatsudake
9.
Boletus bicolor, R. crustosa and L. representaneous
R. crustosa
10.
B. giresus
11.
12.
Lactarius deliciosus and Russula delica
13.
Russula sp.
Pleurotus ostreatus
14.
Copinus comatus
15.
Volvariella volvaceace
16.
Lepista nudam
17.
Verpa conica
18.
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Bioremediation/absorption
Hg2+, Pb2+, Cd2+ and Cu2+
Cd2+, Cr2+, Cu2+, Pb2+ and Zn2+
Cr2+, Cu2+, Cd2+ and Zn2+
Zn2+
Cd2+
Cu2+, Cd2+, Zn2+ and Mn2+
Pb2+
Cu2+
Zn2+
Cu2+
Cu2+
Pb2+ and Cu2+
Cd2+, Cu2+, Pb2+ and Zn2+
Cd2+, Hg2+, Zn2+ and Cu2+
Cd2+, Cu2+ and Fe2+
Cu2+ and Zn2+
Fe2+ and Cr2+
Mn2+ and Ni2+

Available Nutrients References
Demirbas, 2002
-

Akin et al., 2010
Zhang dan et al., 2008
Zhang dan et al., 2008
Kalac et al., 2006
Tuzen et al., 2008
Isilkdak et al., 2007
Akin et al., 2009
Akin et al., 2009
Akin et al., 2009
Akin et al., 2009
Zhan dhan et al., 2008
Zhan dhan et al., 2008
Zhu et al., 2010 and Lasota, 1990
Zhu et al., 2010
Zhu et al., 2010
Isildak et al., 2007
Isildak et al., 2007
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G, Malachite green, Victoria Blue B, Phenol red, Congo red
and comassive brilliant blue. Ganoderma lucidum extracted
from hardwood stump is reported to degrade polycylic
aromatic hydrocarbons (PAH’s) of penanthrene and pyrene
(Nikki et al. 2018). This species contains enzymes such as
laccase, lignin peroxidase, manganese peroxidase, that are
involved in penanthrene and pyrene degradation. Diah et
al. (2017) also studied the degradation of Batik dye effluent
using Ganoderrma lucidum and reported the degradation
ability for Naphtol Black and Batik dye effluent. Njoku et al.
(2016) investigated the degradation of petroleum
hydrocarbon polluted soil with Pulmonaris Pleurotus. The
mushroom species Pulmonaris pleurotus have been reported
to degrade high amount of heptanes, toluene, octane, M-p
xylene, alpha xylene, nonane, propyl benzene, decane,
tridecane, tetra decane, anthracene and penta decane from
petroleum hydrocarbon polluted soil (Njoku et al. 2016). The
species Trametes versicolor contains lignin peroxidase,
manganese peroxidase and laccase which degrades
amaranth mono azo-substituted Naphthalenic dye (Mahaela
et al. 2007).
Phanerochaete chrysosporium degrades organic
molecules polycyclic aromatic hydrocarbons (PAH’s),

polychlorinated biphenyls dioxins, chlorophenols,
chlorolignins, nitro cranditics and different pesticides like
lindane, Atrazine, BTEX (Barr and Aust, 1994). Phanerochaete
flavido-alba degrades Phenolic compound and olive oil mill
waste water. Degradation of lignin, polycyclic aromatic
hydrocarbons, polychlorinated biphenyls mixture and krafts
paper by Trametes versicolor has been reported by Novotny et
al., 2004 and Selvam et al., 2002. Pleurotus ostreatus degrades
polycyclic aromatic hydrocarbons (PAH’s), Anthracene,
Benzo, Pyrene (Sack and Gunthen, 1993). Pleurotus tuberregium augments crude oil polluted soil (Isikhuemhen et al.,
2003). It absorbs heavy metal like Zn, Ni, and Cu. It is also
known for storing organic matter, carbon and available
potassium (Ogbo et al., 2006). Lentinus squrrosulus degrades
engine oil polluted soil by accumulating heavy metals like
Fe, Cu, Zn and Ni which further provides organic matter
and phosphorus to the soil (Adenipekun and Isikheumhen,
2008). Pleurotus pulmonaris degrades organic compound of
cemented and battery polluted soil by absorbing the heavy
metals like Cu, Mn and Ni. This species provides carbon,
organic matter, phosphorus, potassium and agrochemicals
atrazine (Masaphy et al., 1996). Pazarlioglu et al. (2010)
studied biodegradation of Blue 15 with free and immobilized

Table 2. Involvement of various mushroom species in Biodegradation process
Sl. Mushroom species
No.
Phanerochaete chrysosporium
1.

2.
3.

Phanerochaete flavido-alba
Trametes versicolor

4.
5.
6.

Pleurotus ostreatus (Jacq. Fr.) P. Kumm
Pleurotus tuber-regium (fries) singer
Lentinus squrrosulus (Mont.) singer

7.
8.

11.
12.

Trametes versicolor
Phanerochaete
chrysosporium
and
Trametes versicolor
Pyncoporus coccineus, Coriolus versicolor
and Lentinula edode
Pleurotus florida, Pleurotus ostreatus and
Pleorotus sajarcaju
Trichloma sp.
Pleurotus pulmonaris BPSM 10

13.

Ganoderma lucidum

14.

Pulmonaris Pleurotus

15.

Trametes versicolor

9.
10.
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Polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls
dioxins. chlorophenols, chlorolignins, nitro cranditics and different
pesticides like lindane, Atrazine, BTEX
Phenolic compound and olive oil mill waste water
Lignin, polycyclic aromatic hydrocarbons, polychlorinated biphenyls
mixture and krafts paper
Polycyclic aromatic hydrocarbons (PAH’s), Anthracene, Benzo, Pyrene
crude oil polluted soil
Engine oil polluted soil

Barr and Aust, 1994

Novotny et al., 2004
Selvam et al., 2002

Industrial dyes
Azo dyes, heterocyclic dyes and another polymeric dyes

Sack and Gunthen, 1993
Isikhuemhen et al., 2003
Adenipekun and Isikheumhen,
2008
Adenipekun and Lawal, 2012
Moreno-Garrido, 2008

Triphenylmethane dyes - crystal violet and malachite green

Hyeon et al., 2014

Bromophenol blue, brilliant green and methylated dye

Radhika et al., 2014

Azo dye- congo red dye
Azo and triphenyl methane dyes like Napthol Blue Black, Orange G,
Malachite green, Victoria Blue B, Phenol red, Congo red and comassive
brilliant blue
Polycylic aromatic hydrocarbons (PAH’s)- penanthrene and pyrene;
Naphtol Black & Batik dye effluent
Petroleum hydrocarbon polluted soil- heptanes, toluene, octane, M-p
xylene, alpha xylene, nonae, propyl benzene, decane, tridecane, tetra
decane, anthracene and penta decane
Mono azo-substituted- Naphthalenic dye

Aghizioninbukani et al. (2015)
Lallawm sanga et al., 2019

Nikki et al., 2018; Diah et al.,
2017
Njoku et al., 2016

Pazarlioglu et al., 2010
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Trametes versicolor. The free and immobilized Trametes
versicolor were treated to different azo dyes like direct black
38, direct blue 15, direct orange 26, direct green 6, direct yellow
12 of which the direct Blue 15 degraded the most.
Mushroom species is advantageous in bioremediation
as well as biodegradation. It absorbs heavy metals from land
and degrade industrial effluents, textile dyes, varnishes,
agrochemicals and xenobiotics compound. It would provide
carbon, phosphorus, potassium and organic matter in the
land. It is not effect to another microbes like algae, bacteria
and fungi. It overcomes lanthanides, actinides and organic
molecules from different sources like soil sources, water
sources, industry sources (textile, paints, food, plastics, drugs
& biotechnology wastes), agrochemicals (fertilizer,
insecticide, fungicide & herbicide). It would prevent the
reduction of higher & lower plants, beneficial microbes and
maintain ecology as well as ecosystem.
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Abstract
To determine the effects of farmyard manure (FYM) and lime on the growth and chromium (Cr) accumulation,
screen house experiment was conducted by taking berseem- spinach rotation. Two soils were selected for the study,
one of the soils received sewage irrigation (SWI) and the other tubewell water irrigation (TWI) and both were
artificially treated with Cr at 0 to 320 mg kg-1 soil. Berseem and spinach were grown for 90 and 50 days, respectively.
The results revealed that there was a linear reduction in dry matter yield (DMY) of berseem with an increasing level of
chromium irrespective of the amendment. No harvestable yields were obtained at higher levels of applied chromium.
About 23.2% increase in yield was found with FYM only. Application of both FYM and lime reduced the magnitude
of reduction with Cr contamination. The application of lime at the same level decreased the berseem yield in both soils
but increased the spinach yield by 3.4% in TWI and 9.6%, in SWI soils over control. The Cr content and uptake in
berseem and spinach increased linearly and significantly at all levels of applied Cr in both the soils. A significant
increase in Cr uptake was observed up to 80mg kg-1 in both the crops but the uptake was more pronounced in berseem
than in spinach. The toxic effect of Cr on crops could be alleviated more effectively with FYM than with lime
application.
Keywords: Amendments, Dry matter yield, Chromium content, Chromium uptake, Berseem, Spinach

Chromium (Cr) is the seventh most abundant metal in
the earth’s crust and an important environmental
contaminant released into the atmosphere due to its huge
industrial use (Zhitkovich 2011). It has been used in alloy
steels and chrome plating for a long. Chromium inputs to
soils and sediments occur directly from anthropogenic
sources such as the production of steel and alloys, ore
refining, plating/metal pigment manufacture, leather
tanning, corrosion inhibition, combustion of coal and oil,
and wood preservation(Adriano 2001). Chromium is present
in the soil, water, and biological material and occurs in the
range from 5 to 1000 mg kg-1 in soils. In nature, Cr exists in
two different stable oxidation states, trivalent (Cr3+) and
hexavalent (Cr6+) cations. Both Cr3+ and Cr6+ differ in terms
of mobility, bioavailability, and toxicity. Cr6+ being mobile is
more toxic than Cr3+. Cr6+ forms chromate and dichromate
and is highly soluble in water. Cr3+ is less soluble in water
and is required in trace amounts as an inorganic nutrient for
animals. Both chromate and dichromate are considered to
be negatively charged and there is a limited chance of them
being adsorbed by organic materials. Both oxidized forms
have the capacity to form complexes with other species. These
two oxidation states are drastically different in
physiochemical properties as well as chemical and

Journal
©2021 of Eco-friendly Agriculture 16(2) 2021
doi:

biological reactivity. Its complex electronic chemistry has
made it difficult to explain its uptake and bio-accumulation
pattern in soils. Due to this reason, chromium has not been
noticed much by plant scientists as compared to other toxic
metals such as cadmium and lead.
Irrigation of agricultural soil with sewagecontaminated water along with heavy metals from industrial
effluents has also been known to affect soil and plants (Brar
et al., 2000). Toxic effects of Cr on plant growth and
development include alterations in the germination process
as well as in the growth of roots, stems, and leaves which
may affect total dry matter production and yield. Chromium
also causes harmful ion effects on plant processes such as
photosynthesis, water relations, and mineral nutrition
(Shanker et al., 2005). Cr can alter chloroplast membrane,
ultrastructure in plants. It can affect growth, water balance,
pigment content and initiate lipid peroxidation causing
oxidative damage to plants retards growth, reduces the
number of palisade and spongy parenchyma cells in leaves,
and increases the number of vacuoles and electron-dense
material along the walls of xylem and phloem (Han et al.,
2004). The problem of Cr toxicity may become more
problematic in the future if these soils are fed continuously
with untreated industrial effluents.
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Various amendments are known for their ability to
reduce Cr uptake by plants. The application of organic
manures and lime has been reported to enhance the
immobilization of metals and reduce their bioavailability in
contaminated soil. Among organic material, farmyard
manure (FYM) is an easily available and cheap source of
organic matter. Liming of contaminated soils is also a
remediation treatment for reducing the mobilization and
bioavailability of heavy metals (Han et al., 2007; Klitzke and
Lang 2009; Hong et al., 2010; Kalsi et al., 2016). The degree of
remediation of soil contaminated with heavy metals depends
upon how strong the chemical bonds are between the various
components of soil and respective heavy metal. Identifying
the structural component of soil to which heavy metals are
bound and evaluating the strength of these bonds are useful
in selecting remediation and chemical enhancement to
remediation. The effect of Cr application on crops has been
studied by many scientists but the ameliorating effect of FYM
and lime amendments on Cr content and plant growth has
not been studied on crops. Keeping this point in mind, the
experiment was planned to study the bioavailability of Cr to
crops as influenced by organic manure and lime application.
MATERIALS AND METHODS
Soil and treatment description
Before the initiation of the experiment, two bulk soils
were collected, one from a field irrigated with sewage water
(SWI) adjoining Buddha Nullah in Ludhiana (Punjab) and
the other from field receiving tubewell irrigation (TWI) from
the Research Farm of PAU, Ludhiana and these soils were
artificially contaminated with Cr levels (0, 40, 80, 160 and
320 mg Cr kg-1 soil. FYM and lime were applied at the rate of
1% each, on a dry weight basis and one treatment was
unamended. Each of the treatment was replicated thrice. The
data generated were analysed using Factorial completely
randomized block design (CRD in factorial) using CPCS 1
statistical program by Cheema and Singh (1991).
Method used
Six kg of the processed soil sample was added to each
pot (10kg capacity) lined inside by a polythene sheet. The
required amount of ground FYM and lime were thoroughly
mixed in the soil, keeping one as a control. The required
quantity of Cr was applied as potassium dichromate in the
solution form. The soils in the pots were subjected to
alternative wetting and drying to maintain equilibrium for
about one month. Direct effects of the treatments were studied
in berseem grown for 90 days and the residual effects were
studied on spinach crop grown for 50 days. After harvest,
plant samples were rinsed successively with 0.1% HCl,
normal water, and distilled water. The plant samples were
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first air-dried in shade and then at a temperature of 60-70oC
in a hot air oven. Dried plant samples were weighed and
ground in a Willey grinding mill. Ground samples were
labeled and analyzed for Cr content. At harvest of both the
crops, soil samples were also taken from each pot with the
help of a steel tube auger. The samples were air-dried, ground,
sieved, and stored in polythene bags for chemical analysis.
Physico-chemical properties were analyzed by methods
given by Jackson (2005). The DTPA Cr analysis was done
using the method described by Lindsay and Norvell (1978)
and total Cr was determined by the method given by (Sposito
et al., 1982). The analyzed properties of soils were given in
Table 1.
Table 1. Physico-chemical properties of soils used for study
Properties

Units

Sewage water irrigated Tubewell irrigated
soil (SWI)
soil (TWI)
pH
7.43
8.03
EC
(dSm-1)
0.55
0.16
OC
1.06
0.52
CaCO3
2.75
3.68
Sand
(%)
72.0
76.2
Silt
11.5
14.0
Clay
16.5
9.8
Texture
Loamy sand
Sandy loam
CEC
(Cmol kg-1)
10.2
8.31
Available N
106.7
98.6
Available P
(Kg ha-1)
33.15
27.8
Available K
207.2
174.0
DTPA Fe
49.94
9.55
DTPA Mn
11.58
14.38
DTPA Zn
44.76
2.89
DTPA Pb
(mg kg-1)
2.77
1.22
DTPA-Ni
7.23
0.30
DTPA-Cr
0.191
0.071
DTPA-Cd
0.124
0.050
Total Cr
189.70
50.15

RESULTS AND DISCUSSION
Dry matter yield
There was a significant reduction in dry matter yield
(DMY) of berseem with increasing levels of Cr (0 to 80 mg kg1
) in both the soils irrigated with either tubewell or sewage
water (Table 2). The decrease in DMY was higher in soil
irrigated with TWI than with SWI. In unamended treatment,
DMY decreased from 15.18g pot-1 at no Cr addition level to
3.40 g pot-1 at 80 mg Crkg-1 in TWI soil and from 14.66 g pot1
under no Cr addition to 2.72 g pot-1 soil at 80 mg kg-1 of
applied chromium in SWI soil.
The application of FYM and lime significantly reduced
the adverse effect of Cr on the DMY in both soils.The percent
increase in dry matter yield in FYM amended pots was 26.5%
in TWI soil compared to 27.4% in SWI soil. Similarly, when
lime was applied, an 11% percent increase in DMY was found
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in TWI soil and no increase was found in SWI soil which
clearly indicated that FYM was more effective than lime for
mitigating the toxic effects of Cr irrespective of the soil .LópezLuna et al. (2009) found that the root and shoot lengths of
wheat, oat, and sorghum decreased as Cr concentrations
increased in tannery sludge treatment. A toxic effect of
tannery sludge Cr on root growth could have directly affected
shoot growth. The higher DMY in SWI soil was because of
higher organic carbon and available nutrients contents. The
adverse effect of Cr on DMY of berseem was also lower on
soil irrigated with sewage water due to greater adsorption of
Cr by the soil organic matter and clay particles, which might
have reduced the Cr toxicity in berseem compared with TWI
soil.
The interaction effect of the addition of Cr and
amendments was also significant. The combined addition
of 40 mg Cr kg-1 soil along with FYM in TWI soil brought the
DMY to a level statistically similar to that observed in
uncontaminated soil. In SWI soil, the combined addition of
80 mg Cr kg-1 along with FYM produced DMY of berseem to
a level statistically similar to 40mg Cr kg-1 in uncontaminated
soil.

Chromium content in berseem
The mean shoot Cr concentration increased
progressively with an increase in levels of applied Cr in both
the soils (Table 3). In TWI soil, it increased from 3.42 mgkg-1,
22.26,and 46.33 mg kg-1 soil and in SWI soil, it increased
from 3.42 mg kg-1, 25.14,and 46.73 mg kg-1. This was due to a
significant increase in available chromium. The application
of amendments significantly reduced the chromium content
in both soils. The decrease in Cr content was 35.3% with
FYM application and 6.47% with lime application in TWI
soil and in SWI soil, decrease in Cr content was 25.2% with
FYM application and 1.86% decrease was found with the
lime application which clearly indicated that FYM was more
effective than lime in reducing the tissue concentration
resulting in more biomass compared with lime and
unamended treatment.
The interaction of Cr levels and amendments was
found to be significant in both soils. The interaction of
chromium, amendments, and soils was also found to be
significant. Bhatti et al. (2016 ) found that maximum amount
of chromium was found in berseem samples from site II (43.43
mg kg-1) and minimum content was observed at site III (25.92

Table 2. Effect of chromium levels and amendments on dry matter yield (g pot-1) of berseem in sewage and tubewell water
irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean

Dry matter yield (g pot-1)
Control
FYM @1%
Lime@ 1%
TWI
SWI
Mean
TWI
SWI
Mean
TWI
SWI
Mean
15.18
14.66
14.92
17.28
16.73
17.01
14.60
14.46
14.53
11.91
9.88
10.90
14.95
13.41
14.18
9.37
9.86
9.62
3.40
2.72
3.06
9.26
7.46
8.36
3.14
2.78
2.96
10.16
9.09
9.62
13.83
12.53
13.18
9.04
9.03
9.03
SWI= 10.22,TWI = 11.01
CD(0.05) Soil= 0.11, Amendments =0.13, Cr levels =0.17, Soil X factor=0.184, Soil X levels=0.24,Factor X level= 0.29, Soil X
factor X levels =0.41

Table 3. Effect of chromium levels and amendments on chromium content (mg kg-1) of Berseem in sewage and tubewell water
irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean

Cr Content (mg kg-1)
FYM @ 1%
TWI
SWI
Mean
2.67
2.94
2.81
18.22
21.63
19.93
25.66
35.56
30.61
15.52
20.04
17.78

Control
Lime@ 1%
Overall
Mean
SWI
Mean
TWI
SWI
Mean
3.42
3.42
3.42
2.86
3.53
3.20
3.14
22.26
25.14
23.70
20.86
25.15
23.01
22.21
46.33
46.73
46.53
43.90
45.24
44.57
40.57
24.00
25.10
24.55
22.54
24.64
23.59
TWI= 20.69, SWI = 23.26
CD(0.05) Soil= 0.25, Amendments =0.30, Cr levels =0.39, Soil X factor=0.43, Soil X levels=0.55,Factor X level= 0.68, Soil X factor X Cr
levels =0.96
TWI
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mg kg-1). They also suggested that Cr contents were
alarmingly higher in TWI soil than the maximum permissible
limits for fodder set by tolerance limit of heavy metals for the
feed of China. Soil to berseem metal bio-accumulation factor
was above 1 for chromium confirming that berseem for this
studied area was unsafe for human consumption. Ahmad et
al. (2013) observed that location and season had a significant
effect on soil and heavy metal concentrations. Soil and forage
Cr concentrations were higher in summer than in winter.
Dheri et al. (2007) found that higher concentration of Cr was
observed in the shoots of berseem grown on sewage irrigated
and partially sewage water irrigated soils as compared to
tubewell irrigated soils. Kumar et al. (2011) found a higher
concentration of Cr (4.97 mg kg-1) in berseem plant grown on
SWI soil. Thus, the concentration of Cr in plants was higher
as compared to the suggested permissible tolerance level.
Chromium uptake by berseem
The chromium uptake by berseem increased
significantly up to 80 mg kg-1 levels of applied chromium in
both the soils. In TWI soil, the chromium uptake was 52.03ìg
pot-1, 265.54ìg pot-1, and 157.59ìg pot-1 (Table 4) and in SWI
soil, it increased from 50.13ìg pot-1to 248.51ìg pot-1 with the
application of applied Cr (40 mg kg-1 ). Compared with unamended soil in TWI soil, there were 5.10 times increase at
40 mg Cr kg-1 and 3.02 times increase was observed at 80 mg
kg-1 soil-applied Cr. In SWI soil, a 4.95 times increase in
chromium uptake was observed at 80 mg kg-1. It can be
concluded that applied Cr was readily absorbed by berseem
and was easily translocated from roots to above-ground
parts. It indicated that due to chromium toxicity, reduction
in yield and increased uptake were observed up to 40 mg kg1
soil. The application of FYM helped to reduce the uptake of
chromium significantly at all levels of applied chromium in
both soils.
With FYM application, about 4.67% reduction and with

lime application, 12.61 % reduction was observed which
indicated the role of amendments in mitigating the toxic effect
of chromium. Interaction of soil, amendments, and chromium
levels was found to be significant. Dheri et al (2007) observed
that different crops showed wide variation in uptake and
accumulation of toxic metals. Spinach accumulated the
highest concentration of chromium than berseem. The crops
grown on SWI soils may be more harmful for human and
animal consumption.
Residual effect of treatments applied to berseem on dry
matter yield of Spinach
A significant reduction in DMY of spinach was
observed in both soils with the increase in levels of applied
Cr with the residual effect emanating from the berseem crop
(Table 5). The maximum DMY was observed in unamended
soil, 2.7% reduction in TWI, and 84.03% reduction was
observed in SWI soil with an increase in the levels of applied
chromium. Application of amendments not only mitigated
the toxic effect of applied Cr but also increased the spinach
yield due to the nourishment of spinach plants. The
application of FYM increased the content to34.7%, and lime
application increased the content to 22.2% in TWI with Cr
application .In SWI soil, about 84.03 % reduction was
observed with an increase in levels of applied chromium.
Irrespective of the soil, in unamended treatment, the
reduction in DMY was 71.8%, 1.10% with FYM, and 1.09%
with lime, with an increase in levels of applied chromium.
This indicated that the application of amendments
significantly increased the spinach yield at any level of
applied Cr by curtailing the toxic effect of Cr. Increased
availability of soil Cr with FYM might be due to chelation of
native and applied Cr by FYM and their degradation with
time.
The total mean DMY decreased from13.38 g pot-1, 11.53
g pot , 8.42 g pot-1, 7.02 g pot-1, and 0 g pot-1 with the residual
-1

Table 4. Effect of chromium levels and amendments on chromium uptake (µg pot-1) by Berseem in sewage and tubewell water
irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean
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Cr uptake (µg pot-1)
FYM @1%
TWI
SWI
Mean
46.21
49.16
47.69
272.52
290.08
281.30
237.67
265.21
251.44
185.47
201.48
143.47

Control
Lime@ 1%
TWI
SWI
Mean
TWI
SWI
Mean
52.03
50.13
51.08
41.90
50.96
46.43
265.54
248.51
257.03
195.58
248.04
221.81
157.59
127.31
142.45
137.80
125.93
131.87
158.39
141.98
150.18
125.09
141.64
133.36
TWI = 156.32, SWI = 161.70
CD(0.05) Soil= 3.08 Amendments = 3.77, Cr levels = 4.87, Soil X factor=5.33, Soil X Cr= 6.88, Amendment X Cr= 8.43, Soil X
Amendments X Cr = 11.92

Overall
Mean
48.40
253.38
175.25
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Table 5. Effect of residual chromium and amendments on dry matter yield (g pot-1) of spinach in sewage and tubewell water
irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean

Dry matter yield (g pot-1)
Control
FYM @1%
Lime@ 1%
Overall
Mean
TWI
SWI
Mean
TWI
SWI
Mean
TWI
SWI
Mean
10.59
12.22
11.41
14.64
16.07
15.36
12.45
14.29
13.37
13.38
9.47
11.37
10.42
11.65
14.49
13.07
9.93
12.25
11.09
11.53
2.86
9.26
6.06
8.72
12.22
10.47
7.08
10.38
8.73
8.42
6.64
6.64
7.62
7.62
6.81
6.81
7.02
7.64
9.87
8.75
11.67
10.37
11.02
9.82
10.93
10.37
TWI = 9.71, SWI = 11.14
CD(0.05) Soil= 0.12, Amendments=0.14, Cr levels =0.18, Soil X factor= 0.21, Soil X levels=0.26, Amendments X level= 0.33, Soil X factor
X levels =0.46

effect of applied amendments and chromium levels. The
spinach yield was higher in amended pots, the higher yield
being in SWI soil than in TWI soil. It was because of higher
organic carbon and available nutrients and higher clay
content that helped in reducing the Cr toxicity due to stronger
retention by colloidal particles. It indicated that the
application of 40 mg Cr kg-1 soil or more to the first crop was
adequate to decrease the dry matter yield of the spinach
crop. In both soils, the maximum adverse effect of added Cr
was observed with 160 and 320 mg kg-1 soil.
Ramprakash et al. (2013) found that dry matter yield of
roots and shoots of Brassica juncea increased due to the
application of nitrile acetic acid, citric acid, and farmyard
manure. The addition of sewage sludge at 3% on a dry weight
basis was found beneficial in improving plant growth.
Chelating agents enhanced the chromium uptake by roots
and shoots and a significantly higher value of chromium
uptake by roots and shoots was observed from amended as
compared to sewage sludge unamended soil.
Choppala et al.(2015) found that in spiked soil, the rate
and extent of reduction of Cr (VI) to trivalent Cr were higher
in the sandy loam than in clay soil. The highest rate of Cr

(VI) reduction was observed in BC-amended sandy loam soil.
The addition of carbon material to tannery soil was also
effective in decreasing the phytotoxicity of Cr (VI) in mustard
(Brassica juncea L.) plants. Thus, the addition of carbon
materials enhanced the reduction of Cr (VI) and hence,
immobilization of Cr (III) in soils. The interaction effect of the
addition of Cr and amendments was also significant.
Residual effect on chromium content and uptake by
Spinach
The mean Cr concentration in spinach shoot increased
significantly with the application of chromium to berseem
and the highest Cr concentration was observed at 80 mg kg1
in TWI soil and at 160 mg kg-1 in SWI soil. In TWI soil, Cr
concentration increased from1.85, 23.85, and 37.05 mg kg-1
(Table 6) and in SWI soil, a significant increase was observed
from 2.04, 24.82, 32.80, and 35.35 mg kg-1 with an increase in
Cr levels. In TWI, the decrease in Cr content was 31.8% with
FYM application and 21.2% with the lime application and
in SWI soil, reduction in Cr content was 18.80% with FYM
application and 6.5% with the lime application. Irrespective
of the soil, a reduction in Cr content was more (24.6% with
FYM and 12.96% with lime application. Residual effects of

Table 6. Effect of residual chromium and amendments on chromium content (mg kg-1) of Spinach in sewage and tubewell
water irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean

Control
TWI
SWI
Mean
1.85
2.04
1.95
23.85
24.82
24.34
37.95
32.80
35.38
35.35
35.35
21.22
23.75
22.48
TWI = 18.27, SWI =23.66
CD(0.05) Soil= 0.25, Amendments =0.30,
levels =0.96
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TWI
0.98
20.01
27.28
16.09

Cr Content (mg kg-1)
FYM @1%
SWI
Mean
1.51
1.25
20.95
20.48
27.85
27.57
29.66
29.66
19.99
18.04

TWI
1.19
22.11
29.23
17.51

Lime@ 1%
SWI
1.86
22.73
29.86
34.75
22.30

Overall Mean
Mean
1.53
22.42
29.55
34.75
19.90

1.57
22.41
30.83
33.25
-

Cr levels =0.39, Soil X factor =0.43, Soil X levels=0.55, Factor X level= 0.68, Soil X factor X Cr
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FYM along with added Cr significantly decreased the overall
mean Cr content in spinach plants. It was due to fact that
chromium forms complexes with FYM, which help in
reduction of Cr (VI) to Cr (III) and Cr (III) get adsorbed on soil
exchange complex and not available to crops. Thus, Cr
content in plant decreases. Interaction of soil, amendments
and Cr levels was found to be significant. Chen et al (2012)
found that effect of liming on Cr (VI) reduction and Cr
phytotoxicity in wheat (Triticum vulgare) was insignificant
on a soil containing a high amount of organic matter. On the
other hand, Cr (VI) contaminated soils that contained a low
amount of organic matter, liming decreased the extent of Cr
(VI) reduction and increased the availability of Cr (VI), thereby
enhancing the phytotoxicity of Cr.
Chromium uptake by spinach
The residual effect of chromium applied to berseem had
a positive and significant effect on chromium uptake by
spinach plants. The Cr uptake in TWI soil increased
significantly from19.59ìg pot -1 in control treatment to
108.77ìg pot-1and the corresponding values for SWI soil were
24.96ìg pot-1 in control treatment to303.73ìg pot-1 with 80 mg
kg-1 level of applied Cr to berseem crop (Table 7). The
application of FYM in TWI soils increased the uptake from
14.40ìg pot- 1 to237.95ìg pot-1 at 80mg Cr kg-1 soil. Similarly,
lime application increased Cr uptake from 14.84ìg pot-1 to
207.32ìg pot-1 at 320 mg Cr kg-1 soil. Similar trend in Cr uptake
was observed in SWI soil. Like FYM, lime application
increased Cr uptake by spinach with increasing rate of Cr
application.
The Cr uptake was more in SWI soil as compared to
TWI soil. More uptake was found in SWI soil, due to higher
Cr content in plant and higher DMY compared to TWI soil.
With lime application, reduction in uptake was not found in
any of the soil. This indicated that lime was not effective in

reducing the Cr toxicity at all levels of applied Cr. Han et al.
(2004) found that Cr uptake significantly increased the
phytotoxic levels in mustard plants at 250 mg Cr kg-1 soil.
Hexavalent Cr (VI) contaminated soils was more phytotoxic
than from Cr (III) contaminated soils in Brassica. Indian
mustard is not a good candidate for phytoremediation of
soils with lower Cr content. It can accumulate significant
amounts of Cr in shoots at higher soil-Cr concentrations
despite severe phytotoxic symptoms. Ramprakash et al.
(2013) found that chelating agents like cyclohexane-diamino
tetraacetic acid, citricacid, diethylenetriamine-pentaacetic
acid, nitrilotriacetic acid (at 3 mmol kg-1soil), and farmyard
manure (at 3%) in Brassica juncea in the sewage sludge
unamended and amended (at 3%) soil enhanced the Cr
uptake by shoots and significantly higher value of chromium
uptake was observed from amended as compared to sewage
sludge unamended soil. Application of nitrilotriacetic acid
was found useful in enhancing phyto-extractability of
chromium by Brassica juncea. Parmar and Patel (2015) found
that rice grain yield decreased due to the direct effect of Cr.
They observed a significant increase in Cr content with an
increase in Cr levels in grain and straw of rice (direct) and
wheat (residual). The results concluded that the application
of FYM and gypsum significantly decreased the Cr content
of rice and wheat grains.
It was concluded that DMY of berseem and spinach
decreased significantly with the increase in the level of
applied Cr. Chromium content and chromium uptake also
increased in both the crops with an increase in the level of
applied chromium but the application of farmyard manure
and lime decreased Cr content. Among the amendments,
FYM was found to be more fruitful than lime in terms of
mitigating chromium toxicity which resulted in improved
dry matter yield and decreased chromium content and
uptake.

Table 7. Effect of residual chromium and amendments on chromium uptake (µg pot-1) by Spinach in sewage and tubewell
water irrigated soils
Cr Levels
(mg kg-1)
0
40
80
160
320
Mean
Total Mean
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Control
TWI
SWI
19.59
24.96
225.89
282.07
108.77
303.73
234.70

Mean
22.28
253.98
206.25
234.70
164.72

Cr uptake (µg pot-1)
FYM @1%
TWI
SWI
Mean
14.40
24.32
19.36
233.11
303.70
268.41
237.95
340.44
289.20
226.00
226.00
65.42
65.42
161.82
191.98
176.90

Lime@ 1%
TWI
SWI
14.84
26.59
219.44
278.23
207.32
310.03
236.68
147.20
212.88

Mean
20.72
248.84
258.68
236.68
180.04

Overall
Mean
20.78
257.07
251.37
232.46
-

118.08
211.37
TWI = 142.37, SWI = 205.41
CD(0.05) Soil= 3.30 Amendments = 4.04, Cr levels = 5.22, Soil X factor=5.72, Soil X Cr= 5.22, Amendment X Cr= 9.04, Soil X
Amendments X Cr = 12.78
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Abstract
The experiment was carried out during rabi season 2017-18 at the Regional Horticultural Research Station,
ASPEE College of Horticulture and Forestry, Navsari Agricultural University, Navsari, Gujarat. The experiment was
conducted with a set of twelve treatments viz., T1 (Control or No spray), T 2 (Water spray at 25 DATP), T 3 (Water
spray at 25 & 50 DATP), T4 (Novel spray 2 % at 25 DATP), T5 (Novel spray 1 % at 25 & 50 DATP), T6 (Vermiwash
3 % at 25 DATP), T7 (Vermiwash 1.5 % at 25 & 50 DATP), T8 (Panchagavya 3 % at 25 DATP), T9 (Panchagavya 1.5 %
at 25 & 50 DATP), T 10 (Moringa extract 3 % at 25 DATP), T 11 (Moringa extract 1.5 % at 25 & 50 DATP) and T 12
(Moringa extract 1 % at 25, 50 & 75 DATP). The results have revealed that among different treatments, panchagavya
@ 3 % at 25 DATP exhibits maximum yield characters of tomato.
Keywords: Panchagavya, Vermiwash, Moringa extract

Tomato (Solanum lycopersicum L.) is one of the most
important vegetable crop grown all over the world. It is selfpollinated and a member of solanaceae family having
chromosome no. 2n = 24. Foliar application of organic spray
has been widely used as supplemental dose of major and
minor nutrients, plant hormones, stimulants and other
beneficial substances. Plant hormones can be used to increase
yield per unit area because they influence every phase of
plant growth and development. There are five groups of
growth regulators among them, cytokinin enhances food
production. Zeatin is one of the most common forms of
naturally occurring cytokinin in plants. Banana Pseudo stem
sap contain huge amount of macro and micro nutrients
which act as growth booster solution. Vermiwash contains
N, P, K, Ca and hormones such as auxins, cytokinins and
many useful microbes like heterotrophic bacteria, fungi etc.
When applied on the crops, it removes the imbalances in
terms of physical, chemical and physiological aspects and
harmonizes the basic element, which revitalizes the growth
process. Plant sprayed with panchagavya invariable produce
bigger leaves with dense canopy (Shakila and Anburani,
2008, Gore and Sreenivasa 2011). It is also increases the sugar
content and aroma of fruits as well as crops to induce early
flowering. Moringa Leaf Extract application improves crops
performance, resulting into vigorous seedling growth,
maintained optimum tissue water status, improve membrane
stability, enhance antioxidant levels, activate plant defense
system, increase levels of plant secondary metabolites and
76
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reduce uptake of undesirable Na+ and Cl-. In view of the
present day emphasis on organic farming, the present study
was therefore undertaken to assess the effect of organic
sprays on yield attributes of tomato.
MATERIALS AND METHODS
The field experiment was conducted during rabi season
of 2017-18 at the Regional Horticultural Research Station,
ASPEE College of Horticulture and Forestry, Navsari
Agricultural University, Navsari, Gujarat. The experiment
was laid out in Randomized Blocked Design with three
replication and twelve treatments viz., T1 (Control or No
spray), T2 (Water spray at 25 DATP), T3 (Water spray at 25 &
50 DATP), T4 (Novel spray 2 % at 25 DATP), T5 (Novel spray
1 % at 25 & 50 DATP), T6 (Vermiwash 3 % at 25 DATP), T7
(Vermiwash 1.5 % at 25 & 50 DATP), T8 (Panchagavya 3 % at
25 DATP), T9 (Panchagavya 1.5 % at 25 & 50 DATP), T10
(Moringa extract 3 % at 25 DATP), T11 (Moringa extract 1.5 %
at 25 & 50 DATP) and T12 (Moringa extract 1 % at 25, 50 & 75
DATP). The gross plot and net plot size of experiment was
4.5 m ´ 3.6 m and 2.7 m ´ 2.7 m, respectively. The spacing of
tomato plants was 90 ´ 45 cm. All solutions were considered
as 100 % concentration and same was used for preparing
the required solution.
The marketable fruits from five tagged plants from each
net plot were harvested separately up to the period of that
treatment gave firm and healthy fruits. The harvested fruits
were weighed at each harvest with the top pan electronic
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balance and recorded as individual picking yield. After the
final harvest, sum of all the pickings from five plants were
done and average value worked out mathematically per
plant. The same average weight was recorded as yield of
marketable fruits per plant of the respective treatments in
kilogram. The tomato fruits were harvested at weekly interval
and summed up for total fruits yield of the respective
treatment by converted numerically in quintal per hectare.
The number of fruits from all the randomly selected and
tagged five plants of each net plot was counted at the time of
each picking up to last harvest. For calculating the average
fruit weight, total marketable fruit yield given by respective
treatments divided by total number of fruits harvest from the
respective treatments. Five fruits were taken from the
randomly selected five plants of net plot at fourth picking to
measure their polar diameter and equatorial diameter as well
as pericarp thickness by using digital Vernier caliper.
RESULT AND DISCUSSION
Various parameters of yield viz; fruits yield per plant,
number of fruits per plant, total fruits yield and average
weight of fruits as well as yield attributed character such as
polar and equatorial diameter as well as pericarp thickness
of fruits play a vital role in increasing the productivity of the
tomato crop. The results of various yield parameters as
influenced by organic sprays are presented in Table-1. In the
present investigation, foliar spray of panchagavya @ 3 % at
25 DATP (T8) accounted for higher marketable fruits yield
per plant (1.37 kg) as compare to no spray. This result is in
agreement with, panchagavya acts as a growth promoters and
immunity booster, the finding of Shakila and Anburani (2008)
in tomato, Boraiah et al. (2017) and Ali et al., (2011) concluded
high yield in capsicum through increase in plant height,

number of branches and number of fruits per plant coupled
with improvement in soil physical condition forced to
increased availability of plant nutrients. While, treatment T8
had significantly maximum total fruits yield (332.38 q ha-1)
as compared to other treatments. This result is in agreement
with production of more number of branches and leaves
which might have triggered the photo synthetic activity,
resulting in higher assimilation of nutrient as per finding of
Anuja and Vijayalakshmi (2014) as well as Patel et al. (2013)
in cowpea along with Jadhav and Kulkarni (2016) in
greengram. Whereas, significantly maximum number of
marketable fruits per plant (31.33) noted into treatment T8
(panchagavya @ 3 % at 25 DATP) as compared to control. The
result of the present study are in close agreement with the
findings of Rakesh et al. (2017) in okra along with Shakila
and Anburani (2008) in tomato, Ali et al. (2011) in capsicum
i.e, milk and ghee are important constitutes of panchagavya,
which provides protein, amino acid, calcium, vitamin A and
B as well as fat., Boraiah et al. (2017) in capsicum noted that
panchagavya supply adequate nutrient at different growth
stages of crop, Kumar et al. (2017) in snake gourd observed
that increased number of fruits due to the high amount of
carbohydrate promoted the growth rate of the crop.
Gunasekar et al. (2018) noticed that increased number of pods
per plant might be due to higher accumulation of cytokinin
and auxin in the auxiliary buds in black gram. While,
significantly maximum average fruit weight (43.64 g) was
recorded in panchagavya 3 % at 25 DATP (T8). This result are
in agreement with the findings of Gore and Sreenivasa (2011)
in tomato, Shakila and Anburani (2008) in tomato and
Rakesh et al. (2017) in okra i.e, liquid manure possess high
amount of nutrient, microbial activity and plant growth
hormones which triggers the reproductive growth of plant.

Table 1. Effect of organic spray on yield parameters of tomato cv. GT 2 under south Gujarat condition
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12

:
:
:
:
:
:
:
:
:
:
:
:

Control (No spray)
Water spray (25 DATP)
Water spray (25 & 50 DATP)
Novel spray (2 % at 25 DATP)
Novel spray (1 % 25 & 50 DATP)
Vermiwash (3 % at 25 DATP)
Vermiwash spray (1.5 % at 25 & 50 DATP)
Panchagavya (3 % at 25 DATP)
Panchagavya (1.5 % at 25 & 50 DATP)
Moringa extract (3% at 25 DATP)
Moringa extract (1.5 % at 25 & 50 DATP)
Moringa extract (1% at 25, 50 & 75 DATP)
S. Em.±
C.D. at 5%
C.V. %
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Marketable fruit yield
(kg plant-1)
0.93
0.97
1.00
1.20
1.19
1.23
1.10
1.37
1.30
1.03
1.08
1.08
0.08
0.22
11.76

Total fruit yield
(q ha-1)
219.92
232.96
243.15
290.34
289.47
297.52
264.48
332.38
316.52
249.76
261.99
260.40
18.64
54.67
11.89

No. of marketable
fruit per plant
26.00
25.67
25.00
29.67
29.00
29.33
27.33
31.33
30.67
25.67
27.00
26.67
1.37
4.01
8.52
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Table 2. Effect of organic spray on fruit characters of tomato cv. GT 2 under south Gujarat condition
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12

:
:
:
:
:
:
:
:
:
:
:
:

Control (No spray)
Water spray (25 DATP)
Water spray (25 & 50 DATP)
Novel spray (2 % at 25 DATP)
Novel spray (1 % 25 & 50 DATP)
Vermiwash (3 % at 25 DATP)
Vermiwash spray (1.5 % at 25 & 50 DATP)
Panchagavya (3 % at 25 DATP)
Panchagavya (1.5 % at 25 & 50 DATP)
Moringa extract (3% at 25 DATP)
Moringa extract (1.5 % at 25 & 50 DATP)
Moringa extract (1% at 25, 50 & 75 DATP)
S. Em.±
C.D. at 5%
C.V. %

Average fruit weight Polar diameter Equatorial diameter
(cm)
(g)
(cm)
36.00
3.89
3.34
37.72
3.91
3.28
40.10
4.03
3.41
40.26
4.38
3.75
40.98
4.32
3.61
41.76
4.37
3.67
40.01
4.28
3.59
43.64
4.46
3.90
42.43
4.45
3.80
40.03
4.07
3.42
39.98
4.26
3.53
40.26
4.19
3.48
1.25
0.13
0.10
3.67
0.38
0.31
5.39
5.28
5.08

Panchagavya @ 3 % at 25 DATP occupy significantly
maximum polar and equatorial diameter (4.46 and 3.90 cm)
as well as pericarp thickness (4.43 mm) of tomato fruit.
Similar result to the present investigation was also obtained
by Gunasekar et al. (2018) they cited that pod length increased
due to the quantities of IAA and GA3 present in panchagavya,
which created stimuli in the plant system and increased the
production of growth regulator in cell system that stimulate
the necessary growth and development in blackgram, Patel
et al. (2013) in cowpea, Ali et al. (2011) in capsicum for polar
diameter. The results of various fruit parameters as
influenced by organic spray are presented in Table-2.
From the forgoing result of the experiment, it can be
concluded that the plant sprayed with panchagavya @ 3 % at
25 DATP enhanced yield and fruit characters of tomato cv.
GT 2 under south Gujarat condition.
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Pericarp
thickness (mm)
3.91
3.94
3.92
4.32
4.28
4.30
4.25
4.43
4.38
4.06
4.28
4.20
0.12
0.36
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Abstract
A field trial was conducted during Rabi season of the year 2017-18 to study the effect of mulching and pinching
on flowering of marigold var. Pusa Basanti Gainda, The trial was conducted in split plot design comprising two levels
of mulching (No mulching and mulching with black polythene as main factor and second factor as different levels of
pinching (Control-No pinching, Pinching after 3 weeks of transplanting, Pinching after 5 weeks of transplanting and
Double pinching -Pinching after 3 and 5 weeks of transplanting). The least number of days for initiation of flowering
and 50% of flowering, at 47.06 and 55.75 DAT days after transplanting, respectively, were recorded in black polythene
mulching practice. In interaction between mulching and pinching, significantly longest flowering span (31.50 days),
highest numbers of flowers (41.38 plant-1) and highest flower yield (217.75 g plant-1 and 10.735 t ha-1) were recorded
in the mulching with double pinching (M2P4).
Keywords: Marigold, mulching, pinching, yield

Among the loose follower, marigold (Tagetes erecta L.)
has its own importance. It has gained popularity among
flower growers because of its easy cultivation and wide
adaptability. It is one of the most commonly flowers garden
for garden decoration and extensively used as loose flower
for making garlands for religious and social functions. It
has medicinal value and also plays important role in
integrated pest and disease management. It is native to
Central and South America especially Mexico. In India, these
were introduced by Portuguese (Gavhane et al., 2004).
Marigold is a popular flower crop in India due to its wide
adaptability and year round flower production with easy
cultivation practices. Its free flowering habit, short duration
to produce marketable flowers, wide spectrum of attractive
colours, shapes, size and good keeping quality has attracted
the attention towards it by many amateur and commercial
flower growers.
There is a great scope for increasing area under
Marigold in Konkan region as soil and climatic conditions
are well suited for its cultivation. Special horticultural
practices like mulching and pinching are important for
optimum growth, high yield and good quality flowers crops
like Marigold, Aster, Gaillardia, etc. The mulching has
beneficial effects as conservation of water, weed control, pest
and disease management while pinching is one suitable
practices for successful cultivation of cut flowers as the plant
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to produce of large number of axillaries shoots. Both the
practices ultimately improves the growth and yield of the
crop.
The hot and humid climate of Konkan region favours
to vegetative growth and marigold is a flower crop where
rising production of loose flowers is a goal. Hence, by
adopting certain cultural practice like mulching and
pinching higher yield can be achieved. With this objective in
view, the present study was undertaken.
MATERIALS AND METHODS
The field experiment was conducted during Rabi season
of the year 2017-18 at Hi tech farm of Department of
Horticulture, College of Agriculture, Dapoli, Dist. Ratnagiri,
(Maharashtra state), India. The experimental location is
under Konkan agro-climatic zone having hot and humid
climate. For the experiment, ‘Pusa Basanti Gainda’ variety
of marigold was selected as it has market demand due to its
colour preference in neighbouring area. The experiment was
laid out in the split plot design with four replications. The
treatments comprised with two levels of mulching (M1 : No
mulching and M2 : Mulching with black polythene) and
four levels of pinching as sub-plot treatments (P1 : No
pinching, P2 : Pinching at three weeks after transplanting, P3
: Pinching at five weeks after transplanting, and P4 : Pinching
after 3 and 5 weeks of transplanting i.e Double pinching).
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The preparatory tillage operations were carried out and the
flat beds of 2.7 m X 1.8m size were prepared. The seedlings
were transplanted at the spacing of 45 X 45 cm. The black
polythene mulch film was laid on the bed (in M2 factor) and
the plants were transplanted by making holes at specified
distance. The recommended cultural practices were followed
for raising the crop. The pinching treatments were given to
each plot as per the sub-plot treatments. The observations
on flowering and flower yield were recorded. The data were
analyzed by standard method of analysis of variance
described by Panse and Sukhatme (1995).
RESULTS AND DISCUSSION
The data on days taken for initiation of flowering, days
to 50% flowering and flowering span are presented in Table
1. From the data it is cleared that the mulching and pinching
practices and their interaction significantly influenced the
flowering initiation and days for 50% flowering. The least
number of days for initiation of flowering (47.06 DAT) were
recorded in Black polythene mulching (M2) whereas delayed
initiation of flowering (50.13 DAT) was noticed in M1 (Control
– No mulching). Among the pinching treatments,
significantly early initiation of flowering (42.50 DAT) was
observed in control (P1) which was significantly in advance
over rest of the pinching treatments and maximum days for
initiation of flowering (54.88) were taken in Pinching after 3
and 5 weeks of transplanting i.e Double pinching treatment
(P4). The interaction between mulching and pinching
indicated that the earliest flowering initiation (41.00 DAT)
was recorded in M2P1 i.e. mulching with no pinching and
delayed initiation of flowering (55.30 DAT) was noticed in
M1P4 i.e. without mulching with pinching after 3 and 5 weeks
of transplanting i.e Double pinching. The maximum number

of days taken for flowering initiation in the treatment control
(M1, No mulching) may be due to the promotion of less
vegetative growth and resulted in delayed flower bud
initiation. Similar results were also reported by Ahamd et al.
(2010) in Marigold. The delayed flowering in pinching
treatments is due to cutting of growing tip and the additional
time may possibly be taken for attaining the physiological
maturity of the plant for induction of flowering.
The least days for 50% of flowering (55.75 DAT) were
taken in black polythene mulching treatment (M2) while,
maximum days for 50% of flowering (60.00) were recorded
in M1 (Control) indicating early flowering in black polythene
mulching treatment by 4.25 days than control. The days
taken for 50% flowering was also significantly differed due
to pinching treatments and shortest period for 50% flowering
(51.00 days) were recorded in control (P1), followed by P2
and P3. The maximum days for 50% flowering (65.25) were
recorded in double pinching treatment (P4). In interaction
between varieties and pinching, significantly least days for
50% flowering (50.00) were registered in M2P1 i.e. control
conditions (no mulching and no pinching) and it was
followed by M1P1 and M 2P2. The highest days for 50%
flowering (67.25) were recorded in M1P4 (Table 1). The
flowering phenomenon could be varied with the
environmental conditions of particular location and season.
The period required for 50% flowering in black polythene
mulch treatment was relatively lower than control might be
due to early attaining the vegetative growth and subsequently
early flower bud development. The similar trend was also
observed in marigold by Ahamd et al. (2010). The possibility
of extended period for 50% flowering in pinched plants might
be due to emerging of new shoots after pinching entered into

Table 1. Effect of mulching and pinching on flowering of marigold cv. Pusa Basanti Gainda.
Treatments
P1
P2
P3
P4
Mean
S.Em.± (M)
C.D. at 5%
S.Em.± (P)
C.D. at 5%
S.E m.± (MXP)
C.D. at 5%

Days for initiation of flowering*
M1
M2
Mean
44.00
41.00
52.00
49.25
44.00
58.50
51.75
49.00
62.25
55.50
54.25
67.25
50.13
47.06
60.00
0.19
0.57
0.26
0.85
0.39
1.19

Days for initiation of flowering*
M1
M2
Mean
50.00
51.00
42.50
53.00
55.75
46.63
56.75
59.50
50.38
63.25
65.25
54.88
55.75
57.88
48.59
0.16
0.50
0.51
1.63
0.32
0.99

M1
17.50
23.75
24.75
28.00
23.50

Flowering span (Days)
M2
Mean
21.50
19.50
25.50
24.63
27.25
26.00
31.50
29.75
26.44
24.97
0.23
0.72
0.25
0.80
0.46
1.43

(*Days after transplanting)
Main plot (Mulching treatments) :M1 : No mulching and M2 : Mulching with black polythene
Sub-plot treatments (Pinching) : P1 : No pinching, P2 : Pinching at three weeks after transplanting, P3 : Pinching at five weeks after
transplanting, and P4 : Pinching after 3 and 5 weeks of transplanting i.e Double pinching
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vegetative phase and eventually acquired more time for
physiologically maturity to flowers. (Sehrawat et al., 2003).
The data regarding flowering span are presented in
Table 1 revealed the significant variation due to mulching
and pinching treatments. Between the mulching treatments,
the longest flowering span (26.44 days) was observed in M2
and the shortest span (23.50 days) was in control (M1). This
indicates the favourable effect of black polythene mulching
as life span of the crop is extended. Among pinching
treatments, the significantly highest flowering span (29.75
days) was recorded in double pinching (P4) and it was
followed by P3 (26.00 days) and P2 (24.63 days). The flowering
span was shortest (19.50 days) in P1 i.e. control no pinching.
In interaction between mulching and pinching, significantly
longest flowering period (31.50 days) were observed in M2P4,
followed by M1P4 (28.00 days) and M2P3 (27.25 days). The
least flowering span (17.50 days) was in M1P1 indicating.
These results showed that the flowering span of marigold
possibly extended upto 14 days by following mulching and
pinching practices. The longer flowering period in mulching
and pinching treatments might be due to the advantageous
effect of mulching on plant vigour and enhanced vegetative
growth by pinching. The maximum flowering period in
marigold due to pinching was also reported by Patade et al.
(2020).
The data on the yield of flowers (Number of flowers per
plant, flower yield per plant and per hectare) are presented
in the Table 2. It is cleared form the yield data that the
mulching and pinching treatments and their interaction
exhibited significant influence on the flower yield. The
significantly maximum flowers (34.95 plant -1) were
harvested from black polythene mulching (M2) treatment
while in control the yield was 34.95 flowers plant-1. Among

the pinching treatments, significantly highest number of
flowers (38.25 plant-1) was recorded in double pinching (P4)
treatment. The lowest number of flowers per plant (25.78)
was obtained in control (P1) whereas the treatments P2 and
P3 (Pinching at three weeks after transplanting and pinching
at five weeks after transplanting, respectively) were at par
with each other. The treatment interactions showed that the
mulching with double pinching (M 2P 4) produced
significantly highest numbers of flowers (41.38 plant-1). The
least number of flowers (23.50 plant-1) were registered with
M1P1 treatment combination (Control). The more number of
flowers were produced due to mulching which might be due
to encouraging effect of mulching in terms of more
conservation of soil moisture, more uptake of nutrient, weed
control and thereby profuse growth of crop. The similar
results were also recorded by Malshe et. al. (2017) in marigold.
Increased number of flowers in pinching treatments may be
due to production of large number of axillaries shoots on
pinched plant induces resulting in more number of flowers.
The findings of Badge et al. (2014) and Meena et al. (2015) in
African marigold helps to confirm the present findings.
Between the mulching treatments, the highest flower
yield (193.03 g plant-1 and 9.516 t ha-1) was recorded in black
polythene mulching treatment (M2) and lowest flower yield
(167.75 g plant-1 and 8.270 t ha-1) was in control (M1). It
indicates that the yield of marigold flowers was improved
by 15.07 per cent due to mulching practice. Among the
pinching treatments, the highest flower yield (201.88 g plant1
and 9.952 t ha-1) was recorded in double pinching (P4) and
lowest yield (164.69 g plant-1 and 8.119 t ha-1) was in P1 (No
pinching treatment). The treatments P3 (179.00 g plant-1 and
8.825 t ha-1) and P2 (176.00 g plant-1 and 8.677 t ha-1) were at
par with each other (Table 2). The interaction between

Table 2. Effect of mulching and pinching on flower yield of marigold cv. Pusa Basanti Gainda.
Treatments
P1
P2
P3
P4
Mean
S.Em.± (M)
C.D. at 5%
S.Em.± (P)
C.D. at 5%
S.E m.± (MXP)
C.D. at 5%

M1
23.50
32.13
32.31
35.13
30.77

No. of flowers plant-1
M2
Mean
28.06
25.78
35.81
33.97
34.56
33.44
41.38
38.25
34.95
32.86
0.29
0.90
0.33
1.07
0.59
1.81

Flower yield (g plant-1)
M1
M2
Mean
147.13
182.25
164.69
166.13
185.88
176.00
171.75
186.25
179.00
186.00
217.75
201.88
167.75
193.03
180.39
1.43
4.42
1.70
5.45
2.87
8.84

M1
7.253
8.190
8.467
9.170
8.270

Flower yield (t ha-1)
M2
8.985
9.164
9.182
10.735
9.516
0.07
0.22
0.08
0.27
0.14
0.44

Mean
8.119
8.677
8.825
9.952
8.893

Main plot (Mulching treatments) :M1 : No mulching and M2 : Mulching with black polythene
Sub-plot treatments (Pinching) : P1 : No pinching, P2 : Pinching at three weeks after transplanting, P3 : Pinching at five weeks after
transplanting, and P4 : Pinching after 3 and 5 weeks of transplanting i.e Double pinching
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mulching and pinching revealed that the significantly
highest flower yield (217.75 g plant-1 and 10.735 t ha-1) was
recorded in M2P4). The treatment combinations M2P3, M1P4,
M2P2, M2P1 and M2P3 were at par among themselves. The
lowest flower yield (147.13 g plant-1 and 7.253 t ha-1) was
recorded in M1P1 i.e. without mulching and no pinching
(Control). The yield improvement in the mulching treatment
is probably due to fact that, mulching practice facilitates more
retention of soil moisture and help in reduction of
temperature fluctuation, physical, chemical and biological
properties of soil and ultimately enhances the growth and
yield of crop. The increase in flower yield per plant under
pinching treatment might be due to checking of the apical
dominance and diversion of extra metabolites into the
flowering and ultimately gain of extra energy in the flower
yield. The present results are in conformity with the findings
of Singh et al. (2015) and Prakash et al., (2016) in marigold.
The increased yield in the mulching and pinching treatments
might also be attributed to the longer flowering span in the
same treatments.
It is evident from the present results that the early
flowering was induced by mulching practices. The mulching
coupled with double pinching (Pinching after 3 and 5 weeks
of transplanting) increased the flowering span as well as
yield of marigold (cv. Pusa Basanti Gainda) in Rabi season
under Konkan agroclimatic conditions.
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Abstract
The field experiment was undertaken to study the effect of paclobutrazol (PBZ) and cycocel (CCC) on yield
attributing characters of okra (Var. Parbhani Kranti) at Mango Research Sub-Centre, Rameshwar, Deogad, Dist.
Sindhudurg (Maharashtra) during the kharif season of the year 2016. The experiment was laid in randomized block
design with three replications and seven treatments viz; T1 : Control, T2 : CCC @ 250 ppm, T3 : CCC @ 500 ppm, T4 :
CCC @ 750 ppm, T 5 : PBZ @ 100 ppm, T 6 : PBZ @ 200 ppm, T 7 : PBZ @ 300 ppm. The sprays of CCC and PBZ at
respective concentration were given on the plants at 30 days after sowing and second spray was given at 15 days after
first foliar spray. The early flowering initiation (43.3 days after sowing) and 50 % flowering (47.3 days after sowing)
were observed in the treatment CCC @ 750 ppm (T 4 ). The maximum number of picking (harvestings) was also
observed in CCC @ 750 ppm (T4) treatment (17.33) and it was at par with rest of the growth retardant treatments. The
highest length of fruit (11.70 cm), breadth of fruit (16.47 mm) and average fruit weight (13.85 g) were recorded in
CCC @ 500 ppm (T3) treatment. The lowest length of fruit (8.70cm) was in PBZ (@ 300 ppm (T 7). The lowest fruit
breadth (14.97 mm) and fruit weight (13.07 g) was in control (T1 ). The highest number of fruit per plant (19.07) and
highest yield per plot (9.59 kg) were in T4 i.e. CCC @ 500 ppm. Amongst all the treatment, CCC @ 500 ppm was found
most appropriate, as it has significantly improved the fruit size and yield of okra during kharif season under Konkan
agro-climatic region.
Keywords: Okra, Cycocel, Paclobutrazol, Flowering, Fruit, Yield

Okra (Abelmoschus esculentus L. Moench) s a herbaceous
plant belongs to the family Malvaceae. It is an important
vegetable crop in view of its medicinal, nutritional value.
Okra crop can successfully be grown in wide range of soils
and environmental conditions. It is specially valued for its
tender and delicious fruits. The immature tender fruits of
okra which are botanically called capsules are used as
vegetable. These green fruits are rich sources of vitamins,
calcium, potassium and other minerals (Matloob et. al., 1989).
In the crop production, the growth, flowering and
fruiting in many crops are governed by several geographic
factors. The regulation of growth and improvement in yield
are achieved by altering agro-techniques. Among such agrotechinques, use of plant growth regulators is regularly
followed especially in vegetable crops. Under Konkan agro
climatic conditions, the early induction of flowering and
fruiting in okra is essential during kharif season and it can
be attained by use of growth retardants. Therefore, the present
investigation was undertaken to study the effect of
paclobutrazol (PBZ) and cycocel (CCC) on yield attributing
characters of okra (Var. Parbhani Kranti).
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MATERIALS AND METHODS
The experiment was conducted at Mango Research SubCentre, Rameshwar, Deogad, Dist. Sindhudurg during the
kharif season of the year 2016. The experimental site is located
in hard lateritic rocky area having shallow soil depth. The
experiment was conducted in randomized block design with
three replications and seven growth retardant treatments
viz; T1 : Control, T2 : CCC @ 250 ppm, T3 : CCC @ 500 ppm, T4
: CCC @ 750 ppm, T5 : PBZ @ 100 ppm, T6 : PBZ @ 200 ppm,
T7 : PBZ @ 300 ppm. The beds of 3.6m X 2.7m were prepared
by following preparatory tillage operations. The sowing was
done in first week of June month. The seeds of the okra (Var.
Parbhani Kranti) were dibbled at a spacing of 45cm X 45cm.
The growth retardants as per the treatments were sprayed
on the plants at 30 days after sowing and second spray was
given at 15 days after first foliar spray. The recommended
cultural practices like manuring, weeding, plant protection,
etc. were timely followed to grow the crop. The observations
on the initiation of flowering, days to 50% flowering, days to
first harvest, number of fruits picked during each harvest
and number of harvests were recorded. The observations of
fruit characters viz; fruit length, fruit breadth and average
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weight were also recorded. The data were statistically
analyzed by the method suggested by Panse and Sukhatme
(1985).
RESULTS AND DISCUSSION
The data on the flowering of okra (Var. Parbhani Kranti)
as influenced by the foliar spray of cycocel and
paclobutrazol, presented in Table 1, revealed that the growth
retardant treatments significantly curtailed the days required
for flowering in okra. The least days for flowering initiation
(43.3 days after sowing) were taken in the treatment CCC @
750 ppm (T4). It was at par with PBZ @ 300 ppm (T7), CCC @
500 ppm (T3) and PBZ @ 200 ppm (T6) treatments. The
flowering initiation was observed late (48.7 DAS) in control
(T1) treatment.
The lowest number of days for 50 % flowering (47.3)
was also observed in CCC @ 750 ppm (T4) treatment and it
was closely followed by PBZ @ 300 ppm (T7), CCC @ 500
ppm (T3), CCC @ 500 ppm (T2) and PBZ @ 200 ppm (T6)
treatments. The maximum days for 50 % flowering (53.7 DAS)
were taken in control (T1). Similarly, the early harvest (49.7
days after sowing) was in CCC @ 750 ppm (T4) and delayed
harvesting was started in control (T1) treatment (Table 1).
The early flowering and harvesting induced in the
cycocel and paclobutrazol treatments which might be due to
suppression of vegetative growth and consequently early
induction of reproductive phase. These findings are in
agreement with those of Parmar et al., (2008), Rajput et al.,
(2011) and Singh (2013).
The maximum number of picking (harvestings) was
observed in CCC @ 750 ppm (T4) treatment (17.33) and it was
at par with rest of the growth retardant treatments. The least
number of harvests (16.00) was in control (T1). This might be
due to growth retardant treatments resulted to produce more
number of fruits. Kumar et al. (2018) also observed the similar
trend.
The data on fruit characters, presented in Table 2,
revealed that the foliar spray of cycocel and paclobutrazol
significantly improved the fruit characters of okra. The
highest length of fruit (11.70 cm) and breadth of fruit (16.47
mm) were recorded in CCC @ 500 ppm (T3) treatment and it
was at par with CCC @ 750 ppm (T4) treatment (11.63 cm
and 16.47 mm, respectively). However, the fruit length was
11. 33 cm in control. The lowest length of fruit (8.70cm) was
in PBZ (@ 300 ppm (T7) and lowest fruit breadth (14.97 mm)
was in control (T1). The noticeably reduced fruit length in
paclobutrazol treatments might be due to reduced cell
division and cell elongation. However, the breadth of fruit
was increased in the growth retardant treatments which
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might be due to effective diversification of photosynthates to
fruits. The findings of Mandal et al. (2012) and Sanganagoud
et al. (2014) are in conformity of the present results as CCC in
okra.
The average fruit weight also significantly increased
due to growth retardant sprays and it was highest (13.85 g)
in CCC @ 500 ppm (T3) treatment and it was at par with T4
treatment. The lowest fruit weight (13.07 g) was recorded in
control (T1). The increase in fruit weight might be due to
more large size of fruit and it may also due to the accumulation
of carbohydrate. The improvement in the fruit size and weight
may be due to production of more photosynthates towards
the economic parts. The yield of fruits in the growth retardant
treatments were Similar findings were also reported in okra
by Mandal et al. (2012), Sanganagoud et al. (2014) and Kumar
et al. (2018).
The number of fruits per plant was significantly varied
among all the growth retardant treatment. The highest
number of fruit per plant (19.07) was recorded in T4 i.e. CCC
@ 500 ppm and was closely followed by T4 (18.60) and T6
Table 1. Effect of cycocel and paclobutrazol application on
flowering and harvesting of okra Var. Parbhani
Kranti
Treatments

T1 : Control
T2 : CCC (@ 250 ppm)
T3 : CCC (@ 500 ppm)
T4 : CCC (@ 750 ppm)
T5 : PBZ (@ 100 ppm)
T6 : PBZ (@ 200 ppm)
T7 : PBZ (@ 300 ppm)
S.Em. ±
CD (p=0.05)

Days to
Days to
initiation of
50%
flowering* flowering
48.7
53.7
46.0
50.7
45.3
50.3
43.3
47.3
47.0
53.0
45.3
50.7
44.7
48.7
0.94
1.1
2.92
3.43

Days to
first
harvest
57.3
52.3
52.3
49.7
54.0
54.7
52.0
0.84
2.59

Number
of
pickings
16.00
16.67
17.00
17.33
16.00
17.00
17.00
0.3
0.9

*DAS – Days after sowing

Table 2. Fruit characters and yield of okra influenced by the
cycocel and paclobutrazol application
Treatments

T1
T2
T3
T4
T5
T6
T7
S.Em. ±
CD (p=0.05)

Fruit
length
(cm)
11.33
11.57
11.70
11.63
10.43
9.73
8.70
0.27
0.83

Fruit
breadth
(cm)
14.97
15.73
16.50
16.47
15.77
15.90
16.17
0.20
0.60

Average
fruit
weight (g)
13.07
13.30
13.85
13.70
13.18
13.37
13.08
0.12
0.36

No. of Yield (kg
fruits
plot-1)
plant-1
16.83
8.32
17.33
8.81
19.07
9.59
18.60
9.45
17.33
8.60
18.50
8.72
18.00
8.61
0.30
0.21
0.91
0.65
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(18.50) treatments. The lowest number of fruit per plant (16.83)
was found in T 1 (control). It is perused from the data
presented in Table 2 that the significantly highest yield per
plot (9.59 kg) was recorded in CCC (@ 500 ppm (T3) and at
par with T4 (9.454 kg). The lowest fruit yield (8.32 kg plot -1)
was in control (T1). Higher fruit yield in CCC treatments might
be the consequence of increased fruit size and more number
of fruits per plant. Pateliya et al. (2008), Rajput et al., (2011),
Sanganagoud et al. (2014) and Kumar et al. (2018) were also
reported similar findings.
It is concluded that the foliar spray of cycocel and
paclobutrazol significantly induced early flowering and
fruiting in okra Var. Parbhani Kranti. The application of CCC
@ 500 ppm improved the fruit size and yield of okra during
kharif season under Konkan agro-climatic region.
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Abstract
An investigation to optimize size of cuttings and best month for propagation of Indian plumeria was conducted
at College of Horticulture, Dapoli, Dist. Ratnagiri during the year 2019-2020. The experiment was laid in factorial
randomized block design with five replications. It consisted of two factors viz. size of cutting and month of planting.
All the parameters recorded were significantly influenced by size of cutting and month of planting. From the present
research on propagation studies of Indian Plumeria, the results revealed that maximum sprouting percentage,
survival percentage, plant height, number of leaves, average leaf area, girth at collar as well as absolute growth rate
and relative growth rate was observed in T3M1 i.e., 40 cm cuttings planted on 15th of February.
Keywords: Plumeria, Frangipani, Cuttings, Sprouting, Survival

Indian plumeria (Plumeria alba Linn.) is a deciduous
perennial flowering plant commonly known as ‘Pandhara
Chafa’ in Marathi and Frangipani in English belonging to
family Apocynaceae and having chromosome number 2n =
36 (Goyal et al., 2012). Its native to Tropical America (Gupta
et al., 2016). The name “Plumeria” is attributed to Charles
Plumeir, a 17th century French botanist who described several
tropical species. (Anon., 2019). Plumeria alba is a small
lactiferous tree or shrub ranging in height from 0.9 m to 6.1
m with widely spaced thick succulent branches. They are
large, 6 cm to 22 cm long, 2 cm to 7 cm wide, and have a
characteristic obovate shape and the tip of the leaf is rounded.
The leaves are dark and leathery with conspicuous parallel
secondary veins that run from the midvein. Flowers of this
species are borne in clusters that form at the ends of the
branches. Each inflorescence contains many white flowers
with a small yellow centre having five petals that are fused
at the base in a short funnel-shaped tube. (Sura et al., 2016).
The tree is grown around temples for its daily supply
of sweet, scented and fresh flowers. Frangipani works well
as a freestanding specimen, a patio tree, or as part of a
shrubbery border. In Hawaii, plumeria is largely used in
flower arrangements and in leis. Different parts of the plant
have been useful to cure variety of diseases like malaria,
leprosy, rheumatism and abdominal tumours. The milky sap
of the stem and leaf is applied to skin diseases such as herpes,
scabies and ulcers (Prajapati et al., 2004; Raju, 2000). The
flower oil mainly consists of primary alcohol such as geraniol,
citronellol, farnesol and phenyl ethyl alcohol and some
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©2021

linalool. The flowers contain quercetin and kaempferol. P.
alba appears to have significant antimicrobial capacity
resembling a broad-spectrum antibiotic against the common
uro-gastro pathogenic E. coli (Zahid et al., 2010).
At present, there is a peak demand for Indian plumeria
in rural, peri-urban and urban areas. Hence considering the
importance of these aspects, it has become necessary to
multiply maximum planting material within short span of
time. Therefore, the present investigation was carried out for
its propagation on Indian plumeria under Konkan agroclimatic conditions.
MATERIALS AND METHODS
The research was conducted at College of Horticulture,
Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli,
Ratnagiri (M.S.). The experiment was carried out in factorial
randomized block design with five replications and two
factors viz. size of cutting (20 cm, 30 cm and 40 cm) and
month of planting (February to July). Semi hardwood cuttings
of 3 to 6 cm diameter were collected on 2nd fortnight of every
month from February to July from healthy trees in the morning
between 8.00 am to 10.00 am. Rooting media was prepared
with soil and FYM in 1:1 proportion and the cuttings were
immediately planted in polybags of different sizes viz. 6" ×
8" for 20 cm cuttings and 10" × 14" for 30 cm and 40 cm
cuttings. Nitrogen, Phosphorus and Potash were applied in
the form of water-soluble complex fertilizers viz. 19:19:19 @
10 g per plant. Statistical analysis of the data was collected
during the course of studies which was carried out by
Journal of Eco-friendly Agriculture 16(2) 2021
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standard method of analysis of variance described by Panse
and Sukhatme (1995).
RESULTS AND DISCUSSION
Sprouting percentage
Maximum sprouting percentage (100 %) was found in
treatment combinations T3M1, T3M2 and T3M3 (40 cm cuttings
planted on 15th of February, March and April, respectively)
whereas minimum sprouting percentage (75 %) was found
in treatment combination T1M1 (20 cm cuttings planted on
15th of February). Similar findings were obtained by
Kahramanoðlu and Umar (2018), where highest sprouting
percentage was obtained from the pomegranate cuttings
collected in February. Mehta et al. (2018) conducted a similar
study with pomegranate cuttings collected in different
periods of the year, which was end of December, mid-January
and end of January. They reported that the sprouting
percentage of the pomegranate cuttings are higher at the end
of January.
Survival Percentage
The data presented in Table No. 1 shows that maximum
survival percentage (80 %) in treatment combination T3M1
(40 cm cuttings planted on 15th of February) was significantly
superior over all treatment combinations and minimum
survival percentage (30 %) was found in T1M1 (20 cm cuttings
planted on 15th of February). These results are similar to those
reported by Kathiravan et al. (2009) where they found that
highest survival percentage in 40 cm size of cuttings in
Jatropha curcas Linn. It is presumed that the small sized
cuttings might not have sufficient food material and
hormones for induction of root and shoot.
Plant height
At 120 days after planting, maximum plant height
(20.02 cm) was observed in T3M1 (40 cm cuttings planted on
15th of February) whereas minimum plant height (6.58 cm)
was found in treatment combination T1M1 (20 cm cuttings
planted on 15th of February). Similar findings were obtained
by Bosila et al. (2010) who recorded maximum plant height
in the cuttings cultured in peat moss medium in month of
February. Prolonged growth period allowed the plants to
perfectly use nutrients, water and radiation which improved
the photosynthesis and the growth of the plants
(Seghatoleslami et al., 2013).
Number of leaves
At 120 days after planting, maximum number of leaves
(15.80) were registered in T3M1 (40 cm cuttings planted on
15th of February) which was significantly superior over all
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the treatment combinations. The minimum number of leaves
(1.00) were found in T1M1 (20 cm cuttings planted on 15th of
February). Haile et al. (2011) reported similar findings where
the cuttings of 0.5 and 1.0 m had the minimum number of
leaves and cuttings of 1.5 m and 2.0 m had the maximum
number of leaves. They also reported that cuttings collected
in February and March performed better than cuttings from
May. This result corroborates with several studies that
indicate time of collection as one of the major factors affecting
macro-propagation in plant species (Klein et al., 2000; Swamy
et al., 2002; Bhardwaj and Mishra, 2005). Season’s effect on
rooting and shooting of cuttings is high in plants that
undergo leafless period for deciduous species in the tropics
(Acquaah, 2004), which is associated with high
carbohydrate accumulation (Acquaah, 2004; Leakey, 2004;
Bhardwaj and Mishra, 2005).
Average Leaf Area
From the data presented in table No. 1, it is clear that
maximum average leaf area (362.01 cm2) was recorded in
T3M1 (40 cm cuttings planted on 15th of February). The
minimum average leaf area (142.88 cm2) was found in T1M1
(20 cm cuttings planted on 15th of February). The increase in
leaf area can be attributed to more uptake of nutrients thereby
improving source and sink relationship and ultimately
leading to maximum leaf area and more photosynthetic area.
Girth at collar
At 120 days after planting, maximum girth at collar
(24.80 mm) was registered in T3M1 (40 cm cuttings planted
on 15th of February). The minimum girth at collar (18.44 mm)
was found in T 1M1 (20 cm cuttings planted on 15 th of
February). The maximum girth at collar of 40 cm cuttings,
may be attributed to the tallest plant height and number of
leaves/plant. As 40 cm cutting produced more number of
leaves and gained more height so greater exposure to the
sun is permitted and hence more food is available for the
plant.
Absolute Growth Rate (g day-1 plant-1) and Relative Growth
Rate (g g-1 day-1)
At 90 days after planting, maximum absolute growth
rate (10.67 g day-1 plant-1) and relative growth rate (1.06 g g1
day-1) was observed in T3M1 (40 cm cuttings planted on 15th
of February) which was significantly superior over all the
treatment combinations. The minimum AGR (2.36 g day-1
plant-1) and RGR (0.56 g g-1 day-1) was found in T1M1 (20 cm
cuttings planted on 15th of February).
Size of cutting and month of planting had significant
effect on cuttings of Indian plumeria (Plumeria alba Linn.).
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The interaction T3M1 i.e., 40 cm cuttings planted in the month
of February was found promising with respect to sprouting
percentage, survival percentage, plant height, number of

leaves, average leaf area, girth at collar, absolute growth rate
as well as relative growth rate under Konkan agroclimatic
conditions.

Plant height

Survival percentage

Sprouting percentage

Table 1: Effect of size of cutting and month of planting on sprouting percentage (%), survival percentage (%), plant height (cm),
number of leaves, leaf area (cm2), girth at collar (mm), absolute growth rate (g day-1 plant-1) and relative growth rate (g
g-1 day-1) of Indian Plumeria (Plumeria alba L.)

T1 (20 cm)
T2 (30 cm)
T3 (40 cm)
Mean

M1
(Feb.)
75.00
95.00
100.00
90.00

M2
(Mar.)
81.00
94.00
100.00
91.67

M3
(Apr.)
79.00
90.00
100.00
89.67

T1 (20 cm)
T2 (30 cm)
T3 (40 cm)
Mean

M1
(Feb.)
30.00
51.00
80.00
53.67

M2
(Mar.)
46.00
50.00
74.00
56.67

M3
(Apr.)
34.00
35.00
59.00
42.67

M1 (Feb.)
6.58
15.58
20.02
14.06

Number of leaves

T1 (20 cm)
T2 (30 cm)
T3 (40 cm)
Mean

M1 (Feb.)
1.00
12.16
15.80
9.65

M
T
(M × T)

M6
(Jul.)
78.00
94.00
96.00
89.33

M4
(May)
33.00
44.00
42.00
39.67

M2 (Mar.)
7.02
15.48
19.90
14.13

M3 (Apr.)
6.74
14.94
19.72
13.80

M5
(Jun.)
33.00
43.00
43.00
39.67

M4 (May)
6.64
15.18
19.48
13.77

M3 (Apr.)
2.56
2.70
12.50
5.92

M4 (May)
1.46
6.76
3.48
3.90
SEm±
0.206
0.146
0.356

77.83
92.83
95.83
88.83

M6
(Jul.)
46.00
49.00
54.00
49.67

M1
(Feb.)
37.00
45.33
58.67
47.00
CD @ 5%
0.987
0.695
1.710

M5 (Jun.)
5.70
15.10
19.56
13.45

SEm±
0.028
0.020
0.049
M2 (Mar.)
8.02
10.70
13.90
10.87

Mean

CD @ 5%
2.474
1.742
4.285

SEm±
0.350
0.247
0.606

M
T
(M × T)
T1 (20 cm)
T2 (30 cm)
T3 (40 cm)
Mean

M5
(Jun.)
77.00
91.00
90.00
86.00
SEm±
0.877
0.620
1.518

M
T
(M × T)

M
T
(M × T)
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M4
(May)
77.00
93.00
89.00
86.33

M6 (Jul.)
6.80
15.40
19.68
13.96

Mean
6.58
15.28
19.73
13.86

CD @ 5%
0.079
0.056
0.137
M5 (Jun.)
1.90
6.83
6.30
5.01

M6 (Jul.)
6.94
10.24
12.40
9.86

Mean
3.65
8.23
10.73
7.54

CD @ 5%
0.581
0.409
1.006
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T1 (20 cm)
T2 (30 cm)
T3 (40 cm)
Mean

Girth at collar
Absolute Growth Rate

M2 (Mar.)
154.21
341.76
359.25
285.07

M3 (Apr.)
150.02
330.81
358.58
279.81

M1 (Feb.)
18.44
21.94
24.80
21.73

M2 (Mar.)
19.04
21.86
24.62
21.84

M3 (Apr.)
18.72
21.30
24.44
21.49

M1 (Feb.)
2.36
7.32
10.67
6.78

M2 (Mar.)
4.19
7.16
9.56
6.97

M3 (Apr.)
3.36
7.03
9.32
6.57

M1 (Feb.)
0.56
0.91
1.06
0.84

M2 (Mar.)
0.72
0.91
1.02
0.88

M
T
(M × T)
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M4 (May)
18.56
21.56
24.18
21.43

M4 (May)
3.18
6.74
8.98
6.30

M3 (Apr.)
0.65
0.90
1.01
0.85
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0.88
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SEm±
0.005
0.003
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339.95
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CD @ 5%
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6.997
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M
T
(M × T)
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Mean
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SEm±
1.432
1.012
2.480

M
T
(M × T)
T1 (20 cm)
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Mean

Relative Growth Rate
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142.88
345.36
362.01
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2.69
6.11
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6.82
9.32
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CD @ 5%
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CD @ 5%
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Abstract
The consistency determination is the critical process in jaggery production which defines the final product
quality. The equipment was developed with resistance temperature detectors (RTD), red blue green (RGB) sensor,
electrical conductivity sensor and aurdino to conclude the consistency of jaggery preparation so that the final product
will be of less deterioration and loss. Three suitable physical parameters were picked by conducting the literature
study and their corresponding sensors were chosen for developing the equipment. The developed equipment was
tested in field over the jaggery prepared from sugarcane varieties, VcF 0517 and Co 8371. The colour, temperature
and electrical conductivity values of finest jaggery produced by manual method were statistically analysed and fed
to the equipment as a set point to conclude the consistency of jaggery. Jaggery produced from VcF 0517 and Co 8371
varieties by using the developed equipment was better in quality with good recovery percentage of 99.10±0.12 % and
99.16±0.13 % respectively as compared to the manual method.
Keywords: Sugarcane, Jaggery, Consistency, RGB sensor, Electrical conductivity, Temperature

Jaggery is a king of sweetener which is called as
medicinal sugar and it possess nutritive properties of high
order. It contains minerals, reducing sugar, fat and protein
what the white sugar did not possess. Jaggery had been
replaced by white sugar from our diet for past few decades
due to various factors. White sugar contains minimum of
99% of sucrose and remaining is reducing sugars like glucose
and fructose. White sugar increases the risk of obesity, heart
disease and diabetes. Nowadays as people are more
concerned about their health, more people are turning their
diet plan based on jaggery instead of white sugar.
In early 1930’s jaggery and khandsari utilized almost
2/3rd of total cane produced in India for their production.
This had been decreased radically as a result of emergence
of sugar industry and increasing usage of white sugar by
people who considered the usage of white sugar as indicator
to high standard of living. The establishment of sugar mills
hinder the production of jaggery and khandsari. Irrespective
of this, 32.5% of sugarcane produced in India was exploited
by these traditional sweeteners. Jaggery and khandsari
involve over 2.5 million people which is a principal cottage
industry in rural India.
The per capita consumption of sweetener in 2007 was
26.7 kg/annum in that jaggery and khandsari occupied 8.72
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kg/annum which were 33% of total sweetener consumption.
It was evaluated that, by 2020, the per capita consumption
of sweeteners would increase to about 40 kg/annum from
26.47 kg/annum (Rao et al., 2007). To meet these requirements
innovation and efficient automation in jaggery making need
to be developed.
The jaggery production involves primary and
secondary processing of cane juice. The primary processing
includes cane crushing, transferring of juice, charging of
dried bagasse, concentrating or boiling of juice and
consistency examination, while secondary processing is
cooling or drying of produced jaggery and moulding of
prepared jaggery.
From the above processing steps, consistency testing,
drying of molten jaggery to granules of jaggery and moulding
of jaggery (solid jaggery) are the major problems the labours
are facing. The checking of jaggery consistency is the critical
step in whole jaggery production as it determines the final
product quality. This checking was done by experienced
labourers who are the controller of whole process. The boiling
pan with jaggery is fired using bagasse and if the jaggery
reaches the required consistency the pan with the
concentrated jaggery should be taken out from the furnace. If
this critical step is not properly carried out the final product
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will be deteriorated. The final product quality will be affected
if the jaggery is heated continuously even for a minute of
after reaching an appropriate consistency. It leads to final
product’s quality loss which will be in the form of darker
colour of jaggery and more lumps of solid. Uniformity is the
foremost factor which is not accomplished on manual testing
of jaggery consistency. Based on amount of unwanted lumps
of jaggery and darker colour jaggery, every batch of jaggery
will be having different percentage loss. Designing the end
point sensor which measures the electrical conductivity,
temperature and colour of jaggery for judging the consistency
of jaggery precisely will help to maintain the end product
quality consistently. The developed end point sensor will
facilitate to attain uniformity in jaggery for every batch.
MATERIALS AND METHODS
Materials
The materials employed in the development of end
point sensor were red green blue (RGB) sensor, resistance
temperature detector (Pt-100- 3-wired type) and electrical
conductivity sensor (2 electrode type) to measure the colour,
temperature and electrical conductivity of jaggery
respectively. The input and output device were controlled
by Aurdino UNO (ATmega 328-8 bits) the interface module.
The alert message about the consistency of jaggery would be
sent to the user through the global system for mobile
communication (GSM - TCS34725). The other components
like voltage divider, voltage regulator, battery, buzzer, liquid
crystal display were used to assist the above mentioned
sensors and components. Fig.1.
The glasswares utilized in the field analysis of

development of end point sensor were volumetric flask,
measuring jar of borosil brand of analytical grade.
Methods
Selection of physical parameters
The parameters considered initially for designing the
end point sensor for jaggery preparation was density,
viscosity, temperature, Úbrix, electrical conductivity and
colour. The study was conducted to select apposite ones in
these above-mentioned parameters for developing the sensor
which determine the end point of jaggery efficiently.
The literature study revealed that the viscosity and
density were having many influential factors (Thangavelu,
2013) and the equipment cost also economically high so both
the parameters were neglected. The parameter Úbrix was
deserted due to cost consideration and the variation in total
soluble solid content within the same variety of sugarcane
(Úbrix measure of total soluble solids) (Reddy et al., 2016).
The temperature, a physical parameter which was
considered as a primary determinant of consistency of jaggery
by many researchers with 120ÚC as the end point of the
jaggery production was selected as one of the parameters
(Rao et al., 2009). The parameter electrical conductivity was
found to have less influential factors with definite range of
variation between the sugarcane varieties (Reddy et al., 2016).
The flavour, colour and shelf life are three parameters
determining the jaggery quality in the market. The jaggery
colour may differ from golden yellow colour to dark brown
colour in which most preferable in market is the light golden
colour jaggery (Hussain et al., 2012).
From the above study the temperature, electrical
conductivity and colour were chosen as the appropriate
physical parameters to determine the end point or
consistency of jaggery.
Selection of sugarcane variety for field analysis
For testing the developed End Point Sensor, sugarcane
varieties like VcF 0517 and Co 8371 were picked for testing
the developed end point sensor. The jaggery plants like Jai
Maruthi Naatu Sarkarai, Sri Krishna Naatu Sarkarai and
Mayil Naatu Sarkarai situated around pollachi region were
selected to conduct field analysis.

Figure 1. End Point Sensor
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Testing of developed End Point Sensor
The temperature (ÚC), electrical conductivity (dS/m –
decisiemens per meter) and colour for jaggery produced from
above selected sugarcane variety were tested by employing
the developed End Point Sensor. The sample size of 30 was
taken for each variety of cane. For all the three variety of
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cane, the recovery percentage (percentage of good quality
jaggery acquired) and loss percentage were calculated for
jaggery produced by both manual method and by end point
sensor.
Statistical Analysis
The IBM SPSS statistics 2.0 software was used for
statistical analysis of the collected values. For analysis 30
samples for each variety were taken. Mean standard error
and statistical significance for temperature, electrical
conductivity, colour, recovery percentage and loss percentage
of manual method and recovery percentage and loss
percentage for developed sensor was declared at P < 0.05
tested by one way analysis of variance (ANOVA). The
finalised statistical values were taken as the set point for the
developed end point sensor.

Table 1. Temperature, electrical conductivity and colour of
two varieties of sugarcane.
PARAMETERS

Electrical conductivity
The mean±SE value of electrical conductivity of jaggery
for VcF 0517 and Co 8371 varieties were shown in table-1
which was 0.22±0.00 dS/m and 0.23±0.00 dS/m respectively.
The sugarcane varieties had electrical conductivity values
in the range of 0.13 dS/m to 0.20 dS/m, where Co varieties
had electrical conductivity of 0.18 dS/m which was
measured at 25ÚC (Reddy et al., 2016). The End Point Sensor
on measuring the above-mentioned varieties of jaggery got
electrical conductivity values in the range of 0.22 to 0.23 dS/
m. The increase in electrical conductivity values was due to
the fact that electrical conductivity of foods increases to
certain point with increase in temperature (Lewicki, 2004).
Colour
The mean±SE value of RGB sensor raw values of
jaggery for VcF 0517 variety were Red - 1.30±0.00, Green –
1.01±0.00 and Blue - 0.74±0.00. The mean±SE of RGB sensor
values of jaggery for Co 8371 variety were Red - 1.19±0.00,
Green – 0.93±0.00 and Blue - 0.89±0.00. On development of
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FVALUE

VcF 0517

Co 8371

STRIKING POINT
TEMPERATURE (˚C)

124.57±0.71

125.54±0.50

8.722**

ELECTRICAL
CONDUCTIVITY
(dS/m)

0.22±0.00

0.23±0.00

32.13**

COLOUR OF
JAGGERY (BY RGB
SENSOR)

1.30±0.00
(RED)

1.19±0.00
(RED)

32.38**

1.01±0.00
(GREEN)

0.93±0.00
(GREEN)

60.11**

0.74±0.00
(BLUE)

0.89±0.00
(BLUE)

75.34**

RESULT AND DISCUSSION
Temperature
The mean±SE values of striking point temperature of
jaggery for VcF 0517 and Co 8371 varieties were shown in
table-1 which were 124.57±0.71ÚC and 125.54±0.50 ÚC
respectively. Rupe and Hilage. (1993) stated that 118 - 123ÚC
was the striking point range of boiled juice. Kumar and
Kumar. (2018) on upgradation of jaggery production and
preservation technology indicated that the striking point of
granular jaggery, solid jaggery and liquid jaggery vary from
each other and it ranges from 120 - 122ÚC, 116 - 120ÚC and
105 - 108ÚC respectively.

SUGARCANE
VARIETIES

@ Mean of 30 observations; NS – Non Significant (Pe”0.05);
** - Highly significant (P<0.01); * - Significant (P<0.05)

Table 2. Recovery and loss (%) of jaggery produced using
manual method.
PARAMETERS

SUGARCANE VARIETIES

FVALUE

VcF 0517

Co 8371

RECOVERY (%)
(good jaggery)

97.59±0.15

97.89±0.24

18.10**

LOSS (%)

2.40±0.15

2.10±0.24

18.10**

† Mean of 30 observations; NS – Non Significant (Pe”0.05)
** - Highly significant (P<0.01); * - Significant (P<0.05)

Table 3. Recovery and loss (%) of jaggery produced using
End Point Sensor.
PARAMETERS

SUGARCANE VARIETIES

FVALUE

VcF 0517

Co 8371

RECOVERY (%)
(good jaggery)

99.10±0.12

99.16±0.13

3.87*

LOSS (%)

0.89±0.12

0.83±0.13

3.87*

† Mean of 30 observations; NS – Non Significant (Pe”0.05)
** - Highly significant (P<0.01); * - Significant (P<0.05)

RGB colour sensor for the detection of hydrogen cyanide gas
by Greenawald et al., (2017) stated that black to white colour
values of RGB sensor ranges from 0 to 255 for respectively.
The value of colour obtained for above varieties of jaggery
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measured by RGB sensor was in the range 0 to 255 which
accompany with the result obtained by above study.
Recovery and loss percentage
Table-3 showed the mean±SE values of recovery and
loss percentage of VcF 0517 and Co 8371 jaggery samples
produced using end point sensor. The recovery and loss
percentage of VcF 0517 was 99.10±0.12% and 0.89± 0.12 %
respectively. Table-2 showed the mean±SE values of recovery
and loss percentage of VcF 0517 jaggery samples produced
by manual method which was 97.59±0.15% and 2.40±0.15%
respectively. On comparing the above results, the jaggery
produced using end point sensor was having better recovery
percentage than manual method. The interpretation of Co
8371 values from table-2 and 3 showed that the end point
sensor helped farmers to produce jaggery efficiently than
the manual method of jaggery production.
Based on the study of physical parameters in relation
with jaggery the appropriate parameters were selected and
the sensor was developed. The developed End Point Sensor
with RTD, electrical conductivity sensor and RGB sensor
has determined the consistency or end point of jaggery
production by analysing the temperature, electrical
conductivity and colour of jaggery respectively. The end
point sensor produced jaggery with improved recovery
percentage in the field study on jaggery obtained from VcF
0517 and Co 8371 varieties of sugarcane. This sensor model
can be employed to measure the consistency of any food
product by varying the appropriate physical parameters and
their corresponding measuring device.
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Abstract
Study on seasonal incidence of Aphis gossypii infecting chilli was carried out at College Farm, UAS Dharwad,
during rabi 2018-19. The crop was grown in a plot size 20x20 m with spacing of 60x60 cm. The aphid population was
recorded on chilli from 6th Week After Transplanting (WAT) (2.37 aphids/leaf) and reached to a peak level of 32.20
aphids/leaf during 10th WAT. Later it followed decreasing trend and attained least incidence of 6.50 aphids/leaf at
14 th WAT. Among the two natural enemies investigated, ladybird beetle showed significant positive correlation
(r=0.560) with aphid incidence whereas, non-significant positive association noticed with green lacewing population
(r= 0.429).
Keywords: Aphis gossypii, Chilli, Natural enemies, Ladybird beetle, Green lacewing

Chilli (Capsicum annuum L.) is one of the most important
spice crop of India. It is a major producer, exporter and
consumer of chilli in the world as well. There are various
biotic and abiotic factors responsible for reducing the yield
of chilli. The crop is infested by more than 21 insects and
non-insect pests. Among them, aphid, Aphis gossyipii Glover
is considered as the important pest (Roopa and Kumar, 2014;
Havanoor and Rafee, 2018). Aphids are small, ovate, soft
greenish brown sluggish nymphs and adults found in large
colonies on the under surface of leaves and growing shoots
of plants, sucking the cell sap. The aphids also secrete honey
dew on which black sooty mould develops covering the
leaves and twigs. This black coating hinders the
photosynthetic activity of the plant causing further
hinderance in growth and fruiting capacity of the plant. The
present investigation was therefore, carried out to know the
seasonal incidence and effect of natural enemies on the
population of Aphis gossypii in chilli.
MATERIALS AND METHODS
The study on seasonal occurrence of Aphis gossypii
infecting chilli was carried out at College Farm, UAS
Dharwad, during rabi 2018-19. The crop was grown in a
plot size 20x20 m with spacing of 60x60 cm. The land was
prepared well as per the requirements of the chilli crop. The
experimental plot was kept free from the pesticide’s
application throughout crop duration.
The observation on population of aphid was recorded
at weekly interval starting from fourth week after
Journal
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transplanting till 14th WAT at five stops each consisting of 5
Plant selected randomly from experiment plot. For this
purpose, three leaves each, one from top, middle and bottom
part of each randomly selected plants were observed for
recording the number of aphids. Similarly, the number of
ladybird beetle, and green lacewing were recorded at weekly
interval from entire plants selected for recording the aphid
incidence. The simple correlation was worked out between
aphid population and biotic factors (natural enemies) to
understand the nature of relation.
RESULTS AND DISCUSSION
The results showed that the population of aphid, Aphis
gossypii was initiated from the 6th WAT i.e 1st week of
November (Table 1). The incidence increased gradually and
reached to the peak level (32.20 aphids/leaf) at 10th WAT
which coincides with first week of December. Thereafter,
population was steadily declined. The results of the present
investigation are in close confirmation with the past report
wherein Biswas et al. (2004) noticed the similar dynamics of
A. gossypii during 3rd week of November in potato. The study
conducted by Roopa and Kumar (2014); Havanoor and Rafee
(2018) also emphasized more or less uniform population
dynamics of aphids on chilli.
From the data, it can be seen that the green lacewing
population was observed from the 6th WAT i.e., the 1st week
of November (0.28/plant) and then it increased and reached
to its peak (0.56/plant) during 9th WAT i.e., 4th week of
November. Population of green lacewing slowly declined
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Table 1. Occurrence of Aphis gossypii and its natural enemies in chilli during rabi, 2018-19.
Month
October
November

December

January

Week
4th
5th
1st
2nd
3rd
4th
1st
2nd
3rd
4th
1st
Mean

Week After Transplanting
(WAT)
4
5
6
7
8
9
10
11
12
13
14

Mean number of Aphis
gossypii (No./leaf)
0
0
2.37
6.48
11.41
24.91
32.20
20.5
17.6
14.93
6.50
12.45

Ladybird beetle
(No./plant)
0
0
0.48
0.48
0.72
0.64
0.52
0.40
0.36
0.16
0.12
0.35

Green lacewing
(No./plant)
0
0
0.28
0.24
0.44
0.56
0.12
0.32
0.20
0.08
0.04
0.21

and reached to the lower level by 14th WAT. The present
finding concord with the findings of Badjena and Mandal
(2005) who recorded the maximum population of Chrysoperla
carnea (0.76/plant) and other predators in cauliflower.
The activity of population of ladybird beetle recorded
from 1st week of November (0.48/plant) and it increased and
reached to its peak (0.72/plant) during 8th WAT i.e., 3rd week
of November. Then it declined slowly and reached to the
lower level by 14th WAT due to less availability of aphid
population (Table 1 and Fig. 1). The observations were
completely on par with Sajjan (2014) who noticed peak
activity of coccinellids during first week of November
whereas, more or less identical to those of Agarwal et al.
(2014) who reported that the population of ladybird beetle
synchronized with aphid incidence and the maximum
population of ladybird beetle observed during March.
Correlation study of natural enemy (ladybird beetle and
green lace wing) population with aphid incidence is
presented in table 2. In this experiment, occurrence of
ladybird beetle showed positive significant correlation with
A. gossypii incidence (r= 0.560) and the relation between
ladybird beetle and aphid incidence was found to be nonsignificant (r= 0.429). Hadiya and Kalariya (2017) noticed
the significant positive correlation between ladybird beetle
and aphid incidence which is in agreement with the present
study. Meanwhile, they also noticed significant positive
association between green lacewing and aphid incidence.
Table 2. Correlation between natural enemies and Aphis
gossypii incidence in chilli during rabi, 2018-19
Predator
Ladybird beetle
Green lacewing

*Correlation is significant at 0.05 level
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Aphid
0.560*
0.429

Figure 1: Dynamics of Aphis gossypii and its natural enemy
population in chilli during rabi, 2018-19.

This variation might be due to difference in time of
investigation, cultivars used for the experiment and may also
influenced by abiotic factors.
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Abstract
A field experiment was conducted during Rabi 2019 in randomized block design (RBD) at Rajasthan Agricultural
Research Institute, Durgapura-Jaipur taking pea as test crop to know the residual effect of imidacloprid 17.8 SL. Two
treatments (including a control) with three replications each of 60.0 m 2 were taken for the study. Two sprays of
pesticide were applied. First spray at pod setting stage and subsequent second spray at 10 days interval. The analysis
of insecticide residues was performed with high performance liquid chromatography system equipped with a diode
array detector. The initial deposit of Imidacloprid (17.8 SL) in pea pods was 1.122 mg kg-1 . The pesticide persisted
upto 5th day after treatment (DAT) and reached below detectable level (BDL) on 7 th DAT in Pea pod. In case of soil
samples, the residues on 15th day was below detectable level (BDL). No any pesticide residue was detected in control
samples of Pea pod and soil.
Keywords: Pesticides, Residue, HPLC, pea and soil

Pulses, including peas, have long been important
components of the human diet due to their content of starch,
protein and other nutrients. Field pea (Pisum sativum L.) is a
temperate crop that is now grown in most of the climatic
zones. It is an important grain legume crop in human and
animal nutrition. The crop is a major source of protein (21%
- 25%) with high levels of amino acids, lysine and tryptophan
that have high nutritional value (Bhat et al. 2013; Gregory et
al. 2016). Pea protein, when hydrolysed, may yield peptides
with bioactivities, including angiotensin I-converting
enzyme inhibitor activity and antioxidant activity. The
vitamin and mineral contents of peas may play important
roles in the prevention of deficiency-related diseases,
specifically those related to deficiencies of Se or folate. Peas
contain a variety of phytochemicals once thought of only as
antinutritive factors. These include polyphenolics, in
coloured seed coat types in particular, which may have
antioxidant and anticarcinogenic activity, saponins which
may exhibit hypocholesterolaemic and anticarcinogenic
activity, and galactose oligosaccharides which may exert
beneficial prebiotic effects in the large intestine.
The application of chemical pesticides have increased
many fold in recent times and has gradually contributed to
increased environmental hazards. After application, these
compounds tend to degrade with their residues remaining
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not only in the plants but also in various environmental
objects, like water, soil or sediments. Pesticides have been
reported to cause toxic effects on humans, ranging from shortterm effects such as headaches and nausea to chronic effects
like cancer, reproductive damage and endocrine disruption.
There is a general belief that these food items are much
harmful if impregnated with pesticides in comparison to
other food stuffs, because they are generally consumed raw
or semi cooked. Many research support the presence of
pesticide residues in vegetables, on an average, this
percentage is 50-70% in India as mentioned by Karanth, 2002;
Charan et al., 2010 and Ranga, et al. 2009. In India, 51% of the
food commodities have been detected with pesticide residues
(Gupta, 2004). Study conducted by Charan et al., 2010,
revealed that 35.62% of total contaminated samples exceeded
the maximum residue limit (MRL) values recommended by
the Food and Agriculture Organization / World Health
Organization (WHO). Information about pesticide behavior
in the soil environment is vital. These chemical pollutant
could cause potential hazard to human health and also effect
the environment quality (Passananti, 2013). Photo
degradation of pesticide in soil are main pathway for their
fate on soil. Photo degradation mechanism on soil surface is
more complex than it is in aqueous or organic solution
(Katagi, 2004).Therefore, information about possible
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degradation mechanisms in the environment is important
in order to simulate the persistence of these compounds and
to identify the factors that influence their behavior.
MATERIALS AND METHODS
Experimental design
The investigation was conducted in Rabi, 2019 at
Rajasthan Agricultural Research Institute, DurgapuraJaipur. Pea variety G-10 was sown in second week of
December in open fields. Two treatments (including a control)
were set up, with three replicates each of 60.0 m2. Two sprays,
first spray at pod setting stage and subsequent second spray
at 10 days interval.
1.
2.

Treatment I-. 25 g. a.i./ha of imidacloprid 17.8 SL at
their recommended normal rates at Pod setting stage.
Treatment II. control treatment (No pesticide was used
during the entire growth period of the pea)

Sample collection
Sampling was done 0, 1, 3, 5, 7,10 and 15 days after the
treatment. Pea pod sampling were taken after second spray
of the imidacloprid 17.8 SL at 0, 1, 3, 5, 7,10 and 15 days after
the treatment. About 250g of green pod of pea from each of
the replicates were obtained using a method of five-plot
sampling. All samples were put into plastic bags and taken
to the laboratory, where they were immediately subjected to
analysis.
Analysis of pesticides residues
Samples were analysed on HPLC, a High volume
homogenizer , Laboratory centrifuge, Turbo Vap- LV, Vortex
mixer and a high-speed blender. Reagents used were
acetonitrile (AR grade), acetone (AR grade), n-hexane,
sodium chloride (AR grade) and anhydrous sodium sulfate
(AR grade). Pea pod samples were extracted using
QuEChERS methodology (acronym for quick easy cheap
effective rugged safe. A homogenized tomato fruit sample
(15 g) was taken into a centrifuge tube (50-mL). Fifteen
milliliters of acetonitrile containing 1.0% acetic acid was
transferred to the centrifuge tube and vigorously shaken for
1 min. Then, 6 g of magnesium sulfate anhydrous (6 g sodium
chloride in the case of spinosad) and 1.5 g sodium acetate
were added, and then the mixture was shaken vigorously
for 5 min. The mixture was centrifuged at 3000 rpm for 5
min. Five milliliters of the supernatant was transferred to a
new tube and evaporated to dryness, then re-dissolved in 1
mL acetonitrile and shaken with 75 mg PSA, 25 mg
graphitized carbon black and 300 mg anhydrous magnesium
sulfate. Thereafter, the tube was centrifuged for 10 min at
6000 rpm. The supernatant was taken for analysis by HPLC
system.
Journal of Eco-friendly Agriculture 16(2) 2021
doi:

Residue analysis of insecticides
The analysis of insecticide residues was performed
with high performance liquid chromatography system
equipped with a diode array detector (HPLC-DAD) and
quaternary pump (HP-1100 Series, Agilent Technologies).
The separation was achieved on a C18 column (250 × 4.6
mm, 5 ìm). The mobile phase and detection wavelength of
each insecticide
Soil Analysis
This method describes multiresidue analysis of
important organophosphate pesticide residues from soil. As
most organochlorine and synthetic pyrethroid pesticide
residues are extracted by Soxhlet extraction. This method
eliminates the possibility of losing the heat labile
organophosphates. In this method soil sample is extracted
with acetonitrile along with magnesium sulphate and
sodium citrate-sodium hydrogen citrate sesquihydrate. After
salting out, the representative aliquot is subjected to
dispersive solid phase extraction and analyzed by HPLC.
Taken 10 g representative soil sample in a 50 ml centrifuge
tube and add 20 ml acetonitrile and shaken vigorously for
one minute then added 4 g of magnesium sulphate and 1 g
of sodium chloride, centrifuge at 3,300 rpm for 5 minutes.
Taken 10 ml of the supernatant into 15 ml centrifuge tube
containing 1.5 g of magnesium sulphate and 250 mg of PSA.
Shaken the contents for few seconds and then sonicated for
1 minute, centrifuged the tube for 10 minutes at 4,400 rpm
and taken 4 ml aliquot of the supernatant in tubes and
evaporated to dryness using rotavapour at 400C. Redissolved
the dry residue in 1 ml hexane for HPLC. In case, aqueous
phase was noticed, added little amount of anhydrous sodium
sulphate and filter through PTFE filters.
Calculation =

Sample Area
Final Volume
×
× Contration of Standard
Standard Area Weight of Sample
Volume of Standard injected
×
Volume of Sample injected

Recovery study
To ensure the reliability of the results, the recovery study
was also conducted for Imidacloprid in pea pod and soil.
The pea pod and soil samples were spiked with Imidacloprid
at 0.05, 0.25 and 0.50 mg kg-1 and analysed as per the
methodology described earlier. The per cent recovery of the
Imidacloprid in pea pod and soil samples found to be
consistent and more than 85.0 per cent (Table 1). The recovery
of Imidacloprid at 0.05, 0.25 and 0.50 mg kg-1 fortification
level was 89.3, 89.7 and 92.5per cent in pea pod and 93.3,
94.7and 93.3 per cent in soil, respectively.
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RESULTS AND DISCUSSION
The supervised field trial was conducted to study the
dissipation and persistence of Imidacloprid 17.8 SL in pea
pod and soil at recommended dose i.e. 25 g a.i. ha-1 with
three replications at Rajasthan Agricultural Research
Institute, Durgapura, Jaipur. The first spray of the pesticide
was done at pod formation stage and the second application
was done at 10 days interval. The residue of the pesticide
was estimated in pea pod at periodic intervals after the
second application of the pesticide and in soil at harvest of
the crop (Table 2). The pea pod and soil samples were
collected from treated plots as well as from untreated control
plots. The initial deposit of Imidacloprid 17.8 SL in pea pods
was 1.122 mg kg-1. The pesticide persisted upto 5rd day after
treatment and reached below detectable level (BDL) on 7th
day DAT in Pea pod. In case of soil samples the residues on
15th day was below detectable level (BDL). No any pesticide
residue was detected in control samples of pea pod and soil.
The present findings are in agreement with the results of
spinosad residue analysis obtained by Kashyap et al. (2015),
who reported that half-life values of spinosad were
determined to be 1.20 and 1.60 d at recommended and double
the recommended dosage, respectively. The safety interval
for spinosad sprayed tomato fruit was determined to be 1.92
and 3.88 d at application rate of 15 and 30 g ai per ha,
respectively. In addition, Sharma et al. (2007) studied the
residues of spinosad in cauliflower and cabbage, and found
that the half-lives values were 2.8 and 1.5 d, respectively, for
the 17.5 g per ha treatment, and as 2.0 and 2.6 d for the 35 g
per ha treatment. Zhao et al. (2007) demonstrated that
spinosyn A and D dissipated rapidly after application in
Table 1. Recovery of Imidacloprid in pea and soil at different
fortification levels.
Level of
Fortification
0.05
R1
R2
R3
Mean±SD
0.25
R1
R2
R3
Mean±SD
0.50
R1
R2
R3
Mean±SD

100

Pea
Soil
μg
Recovery
μg
Recovery
recovered
(%)
recovered
(%)
R10.041
82.0
0.047
94.0
0.047
94.0
0.048
96.0
0.046
92.0
0.045
90.0

0.233
0.237
0.213

89.3±5.249
89.2
94.8
85.2

0.235
0.230
0.245

93.3±2.494
94.0
92.0
98.0

0.454
0.463
0.470

89.7±3.937
90.8
92.6
94.0

0.481
0.425
0.493

94.7±2.494
96.2
85.0
98.6

92.5±1.310

93.3±5.927

Table 2. Dissipation of Imidacloprid (17.8 SL) in Pea and
soil at 25 g. a.i. ha-1 .
No. of Days

Control Pea
0
1
3
5
7
Control soil
Soil on 15th day

Dissipation of Imidacloprid
(mg kg-1)
R1
R2
R3 Average ± S.D.
ND ND ND
ND
ND
1.146 1.130 1.089
1.122
0.024
0.534 0.592 0.601
0.576
0.030
0.103 0.121 0.109
0.111
0.007
0.085 0.076 0.079
0.080
0.004
BDL BDL BDL
BDL
ND ND ND
ND
BDL BDL BDL
BDL

Dissipation
(%)
NA
0.0
48.7
90.1
92.9
100
100

eggplant and the half-life values of spinosyn A and D were
1.81 and 1.61 d, respectively. Singh and Battu (2012) reported
that the initial deposit averages of spinosad in cabbage were
0.33 and 0.56 mg per kg at single and double dosages,
respectively, and the half-life values were 1.4 and 1.5 d at the
same dosages. On the other hand, the half-life value of
abamectin was 4.1 d. This value was higher than that (1.06
d) described by Abd Al-Rahman et al. (2012) on the residue
analysis of abamectin in tomato fruits under field conditions.
However, Ahmed (2011) indicated that the half-life time for
abamectin was calculated to be 3.93, 6.16, and 2.2 d for
orange, strawberry, and cucumber, respectively. Moreover,
Abdellseid and Abdel Rahman (2014) illustrated that
dissipation half-life time of abamectin residues in tomato
was 2.4 d. According to maximum residue limit (MRL) 0.5
mg per kg, the pre harvest interval (PHI) of abamectin on
tomato was 8 d after the treatment. The results are in the
agreement with the investigation of Kaushik et.al.(2019)
persistence and dissipation pattern of a new molecule
tetraniliprole on tomato fruits and soil. Therefore, a dosage
of 72 g a.i. ha”1 was recommended, as it can be considered
safe to human beings and animals. There are many factors
that influence the fate of pesticide in plants, including the
characteristics of the pesticide (including its over-all stability
either as parent compound or metabolites, its volatility,
solubility, formulation), and the method and site of
application ( Brady et al., 2006; Isenring & Madeley, 2006;
Cabras et al., 1989; Malhat et al., 2013) The present finding
are also corroborate with the residue content and pre harvest
interval are closely related to spraying dose and spraying
times (Zhang et al., 2006; Zhao, 2000).
ACKNOWLEDGEMENTS
Authors have great pleasure and privilege in expressing
deep sense of gratitude and sincere regards to All India
Network coordinator, Pesticide Residue for providing
necessary inputs and facilities.

Journal of Eco-friendly Agriculture 16(2) 2021
doi:

B.L. Jakhar, A.R.K. Pathan, S.R. Dhaka, R.G. Dudwal, A.K. Yadav, S.K. Choudhary, M.L. Jakhar and Renu Choudhary

REFERENCES
Abdellseid, A. M., and Abdel Rahman, T. A. 2014. Residue and
dissipation dynamics of abamectin in tomato fruit using
QuEChERS methodology. International Conference on
Food, Biological and Medical Sciences, Bangkok, Thailand.
Ahmed, K. R. A. 2011. Studies on abamectin pesticide residues in
horticultural crops. M.Sc thesis. Department of Economic
Entomology and Pesticides, Faculty of Agriculture, Cairo
University, Cairo, Egypt.
Aydinalp, C. and Porca, M.M. 2004. The effects of pesticides in
water resources. J Cent Eur Agric., 5: 5–12.
Bhat, T. A., Gupta, M., Ganai, M. A., Ahanger, R. A. and Bhat, H.
A. 2013. Yield, soil health and nutrient utilization of field
pea (Pisum sativum L.) as affected by phosphorus and
Biofertilizers under subtropical conditions of Jammu,
International Journal of Modern Plant and Animal Science, 1:18.
Brady, J. A., Wallender, W. W., Werner, I,, Fard, B.M., Zalom,
F.G., Oliver, M.N., Wilson, B.W., Mata, M.M., Henderson,
J.D., Deanovic, L.A. and Upadhaya, S. 2006. Pesticide runoff
from orchard floors in Davis, California, USA: a
comparative analysis of diazinon and fenvalerate. Agric
Ecosyst Environ., 115: 56–68.
Cabras, P., Meloni, M., Cabitza, F. and Cubeddu, M. 1989. Pesticide
residues in lettuce. -influence of formulation. J Agric Food
Chem., 37:1405–7.

Isenring, R. and Madeley, J. 2006. Paraquat: Unacceptable Health
Risks for Users. 3rd ed. London, UK: Pesticide Action
Network UK.
Karanth, N. G. K. 2002. Challenges of limiting pesticide residues
in fresh vegetables: the Indian experience. In: Hanak, E.E.,
P. Boutrif. and M.P. Fabre. (Eds.), Food Safety Management
in Developing Countries. CIRAD-FAO, Montpellier,
France, pp. 11-13.
Katagi, T. 2004. Photodegradation of pesticides on plant and soil
surface. Review of Environmental Contamination and Toxicology,
182: 1-195. https://doi.org/10.1007/978-1-4419-9098-31.
Kaushik, E., Dubey, J. K., Patyal, S. K., Katna, S., Chauhan, A. and
Devi, N. 2019. Persistence of tetraniliprole and reduction
in its residues by various culinary practices in tomato
in India. Environmental Science and Pollution Research,
10.1007/s11356-019-04738-6.
Malhat, F., Fayz, A. E. S., Loutfy, N. M. and Ahmed, M. T. 2013.
Residues and dissipation of the pesticide emamectin
benzoate under Egyptian field conditions: A case study.
Toxicol. Environ. Chem. 95:1099–107.
Passananti, M. 2013. Xenobiotics in the environment: an
investigation on the transformation kinetics, the
environmental metabolites and their formation
mechanisms. Ph.D thesis. University of Naples Federico II.
Page I.

Charan, P. D., Ali, S. F., Kachhawa, Y. and Sharma, K. C. 2010.
Monitoring of pesticide residues in farmgate vegetables
of central Aravalli region of Western India. AmericanEurasian J. Agric. & Environ. Sci., 7: 255-258.

Ranga Rao, G. V., Sahrawat, K. L., Srinivasa, R. C., Binitha, D.,
Reddy, K. K. and Bharath, B. S. 2009. Insecticide residues in
vegetable crops grown in Kothapalli Watershed, Andhra
Pradesh, India: A case Study. Indian J Dryland Agric Res
Dev., 24: 21-27.

Gregory, E., Shana, F., Hans, K., Julie, P., Michael, W., Janet, K.
and Kenneth, H. 2016. Field Pea Production A1166
(Revised). North Dakota State University, Extension
Service.

Sharma, A., Srivastava, A., Ram, B. and Srivastava, P. C. 2007.
Dissipation behaviour of spinosad insecticide in soil,
cabbage and cauliflower under subtropical conditions. Pest
Management in Horticultural Ecosystems, 63:1141-1145.

Gupta, P. K. 2004. Pesticide exposure—Indian scene. Toxicology,
198: 83–90.

Singh, S. and Battu, R.S. 2012. Dissipation kinetics of spinosad in
cabbage (Brassica oleracea L. var. capitata). Environmental
Toxicology and Chemistry, 94: 319-326.

Hassan, S. and Ahmad, G. A. 2014. Factors controlling degradation
of pesticides in the soil environment: A Review. Agriculture
Science Developments, 3: 273-278.
He, M., Song, D., Jia, H.C. and Zheng, Y. 2016. Pesticides, food
contaminants and agricultural wastes. J. Environ. Sci. &
Health,51: 594-601.

Journal of Eco-friendly Agriculture 16(2) 2021
doi:

Zhang, Z. Y., Liu, X. J., Yu, X. Y., Zhang, C. Z. and Hong, X. Y.
2006. Dynamics of pesticide residues in the autumn Chinese
cabbage (Brassica chinensis L.) grown in open fields. Pest
Management Science, 62: 350–355.
Zhao S. 2000. Plant chemical protection. 3rd ed. Beijing: China
Agricultural Press.

101

Impact ofAgriculture
degree-day16(2):
summation
infestation of gall insect, Pauropsylla beesoni Laing on soalu, Litsea monopetala
ISSN : 2229-628X
Roxb.,
(print)
Journal of Eco-friendly
102-00. on
2021
the primary host plant of muga silkworm, Antheraea assamensis Westwood
e-ISSN : 2582-2683 (online)
doi:

Review article

Impact of degree-day summation on infestation of gall insect,
Pauropsylla beesoni Laing on soalu, Litsea monopetala Roxb.,
the primary host plant of muga silkworm, Antheraea
assamensis Westwood
Bhupen Kumar Sahu1, Ipsita Samal2 and Debashree Sarkar3
1

Assam Agricultural University, Jorhat - 785 013, Assam, India
ICAR-Indian Agricultural Research Institute, New Delhi - 110 012, India
3
Orissa University of Agriculture and Technology, Bhubaneswar - 751 003, Odisha, India
Email: bhupenkumar797@gmail.com
2

Abstract
To study the seasonal variation and growing degree day, data on gall insect, Pauropsylla beesoni Laing population
were collected from infested soalu plant grown on experimental field of CMER&TI, Lahdoigarh during 2016-18. The
population dynamics of gall insect was calculated by taking year-round population variation from March 2017 to
February 2018 while the growing degree day (GDD) was calculated from 1 st March to 31st July in both the seasons of
the same corresponding years. The linear regression analysis between different weather parameters and gall insect
population were found to be positively significant in case of maximum temperature (75.83%), minimum temperature
(68.44%), minimum relative humidity (68.07%) and total rainfall (82.12%). The further linear regression analysis
between GDD and gall insect population during the single life cycle showed an impact of 76%, inferring an effective
role of GDD on P. beesoni population.
Keywords: Soalu, Pauropsylla beesoni, growing degree days, population dynamics

Muga silkworm, Antheraea assamensis Westwood
(Family: Saturniidae) is a lepidopterous insect that is reared
for golden muga silk. It is a semi-domesticated, polyphagous
and multivoltine in nature having 5-6 broods per year. India
is having monopoly in muga silk production. Muga
silkworm is confined to the north-eastern part of India,
particularly to the Brahmaputra valley. It is distributed
throughout Assam. Soalu, Litsea monopetala Roxb. is one of
the primary host plants of muga silkworm, mainly used as a
host plant for cultivating the insect for producing future
generation. So, it is called as the host plant for seed cocoon
production for muga silkworm. Among the constraints in
sericulture, the insect pest attack on the muga silkworm host
plants is a serious concern and affects adversely on cocoon
crop production. Host plant of muga silkworm are reported
to be infested by more than 24 species of insect pests (Negi
and Sengupta, 1993). Gall insect is a potential pest of soalu
host plant as it directly attacks to leaves which is the
economic part used as a feed for muga silkworm (Thangavelu
et al., 1988). Most of the gall insects are host and organ specific
and they produce galls on only one species or closely related
plant species (Dreger-jauffet and Shorthouse, 1992). The gall
insect, Pauropsylla beesoni Laing (Family- Psyllidae) infests
102
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soalu leaves by forming galls on both surface of the leaves
(Saikia, 2000).
Insects are poikilothermic in nature which are greatly
affected by abiotic factors, are widely acknowledged
(Rahman and Khalequzzaman, 2004). Among abiotic factors,
temperature is interrelated with insects to predict and
forecast certain biological events such as egg laying, egg
hatching, migration behaviour, population dynamics, flight
patterns and period of dormancy (Akotsen-Mensah et al.,
2011; Chapman et al., 2002; Damos & Savopoulou- Soultani,
2010; Karuppaiah and Sujayanad, 2012; Pehlevan and
Kovancý, 2017). Abundance and distribution of insects are
highly determined by temperature (Machekano et al., 2019;
Rahman and Khalequzzaman, 2004). The concept of
Growing Degree Days (GDD) conveniently predicts the
relationship of temperature with different life stages of insect
and there are a number of simple assumptions about the
effects of temperature between the maximum and minimum
limits (Lactin et al., 1995; Pruess, 1983). In other words, the
prediction of insect life stages and activity patterns over time
can be done based on the heat units aggregated over a period
of time above a certain threshold temperature (Potter, 1981).
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The growth and development of all life stages of insect
is viewed as a biological clock which is represented as
thermal time. Although physiological time differs under
different temperature fluctuations, the thermal time unit is
assumed to be the same to complete a particular
developmental event under both field and laboratory
conditions because thermal requirement is the basis for insect
development. This is the basic assumption of the GDD model
(Jian et al., 2018). GDD is a simplified representation of a
potentially complex developmental process without
considering the individual variation from the average
developmental times. (Moore et al. 2012). Phenological
(biological development over time) of insects in relation to
GDD have been extensively observed through insect
development model, deciphering information on key
physiological events. GDD are useful in surveillance and
monitoring events such as placement of traps, decision of
economic threshold and sampling time etc. Insect GDD
studies are helpful in deciding the damaging life stages of
insect and ultimately it is helpful in taking timely chemical
interventions (Murray, 2008). The present study deals with
the seasonal variation of P. beesoni on soalu plant and
application of GDD on its life cycle.
MATERIALS AND METHODS
The present investigation on seasonal variation and
implication of GDD on gall insect population affecting the
soalu plant was carried out during the year 2016-2018 in the
field conditions of CMER&TI, Lahdoigarh (26.7859o N,
94.3240o E) for a period of 2016-18.
Determination of P. beesoni population (No. of galls per
plant)
The P. beesoni population (total number of galls per
plant) were calculated by taking ten randomly selected soalu
plants infested by gall insect. The total number of infested
leaves from each plant were calculated based on 3 different
heights i.e. up to 2m., 2-4m and 4-6m from ground level and
total number of galls per plant were finally calculated. In
this way, total number of galls for a particular month is
calculated by taking an average of the total number of galls
from ten plants. Since, each gall possesses a single insect
inside the gall (Basumatary, 2011), P. beesoni population was
estimated by calculating the number of galls per plant.
However, the population dynamics of P. beesoni was studied
by taking the weather data for one year (March, 2017February, 2018) in order to study the fluctuation in insect
numbers.
Record of weather data
The weather data related to the study was taken from
Journal of Eco-friendly Agriculture 16(2) 2021
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the meteorological department of the locality. Environmental
factors like temperature (maximum and minimum in oC),
relative humidity (maximum and minimum in %) and total
rainfall (in cm.) were recorded simultaneously for analysis
with the total number of galls produced by P. beesoni. The
variation in P. beesoni population with respect to the climatic
fluctuation is represented in Fig. 1.
Statistical analysis
The data on total number of galls per plant in every
month were subject to correlation and linear regression
analysis with weather parameters following Panse and
Sukhatme (1985). For correlation studies, monthly average
values of the environmental factors were taken into
consideration to know their influence on the pest population
and intensity of damage during the present investigation.
The linear regression analysis was done to determine the
level of influence among them which is represented in Table
1.
Procedure of GDD calculation
Daily weather data viz. temperature (maximum and
minimum), relative humidity (maximum and minimum) and
rainfall were recorded in the agro-meteorology observatory
laboratory located within the experimental site. The growing
degree days were calculated as follows:
Growing degree days (GDD) =  (Tmax+ Tmin) /2 - T base
Where Tmax = Maximum daily temperature,
Tmin = Minimum daily temperature
T base = Minimum threshold temperature.
The minimum threshold temperature taken under
study was 100C (Pruess, 1983). Growing degree days were
calculated on daily basis considering 1st March as base or
starting period for each year since soalu plant starts its fresh
growth from mid-February onwards which facilitates the
egg laying by over-wintering adult P. beesoni from March
onwards with the build-up of temperature. However,
monthly mean data were taken into consideration for further
analysis. The details about the GDD data and the population
fluctuation during a single life cycle of P. beesoni is given in
Table 2, whereas the relation between them is shown in Fig.
2.
RESULTS AND DISCUSSION
Population dynamics study of P. beesoni on soalu plant
The correlation and linear regression analysis of
weather data indicated that amongst the different weather
factors affecting the total gall population, maximum and
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minimum temperature, minimum relative humidity and total
rain fall showed positive and significant correlation while
the maximum relative humidity showed non-significant
correlation. This indicated that gall insect population on
soalu plant increased with increase in temperature, relative
humidity and rain fall. Linear regression analysis revealed
that population build-up of P. beesoni on soalu plant were
highly influenced by maximum temperature (75.83%),
minimum temperature (68.44%), minimum relative humidity
(68.07%) and total rain fall (82.12%) whereas maximum
relative humidity had no impact on P. beesoni population.
The infestation of P. beesoni increased with increase in
temperature, moderate level of relative humidity and high
rainfall which is in accordance with the findings of
Coderholm (1963) who observed that the favourable
temperature range of 24oC-34oC, rainfall of 120 mm and
relative humidity of 55-88% seemed to be favourable to
population of gall thrips. Jadhav et al., (2014) also opined
that the infestation of gall fly, Procontarina mettciana on mango
recorded the maximum and minimum leaf infestation during
the month of March and August respectively. Fernandes and
Price (1991,1992) and Cuevas- Reyes et al., (2004 a, b)
independently studied that gall inducing insects are richer
in species and abundance in xeric habitats (high
temperatures, low humidity and nutrient-poor soils) than in
mesic habitats (low temperatures, high humidity and soil
Table 1. Correlation and linear regression analysis of total
P. beesoni population per plant with weather
parameters
Analysis

Max.
temp
Correlation Analysis
Coefficient of
0.871**
correlation (R)
Linear Regression Analysis
100R2
75.83
Regression
13.061Xequation
222.89

Weather parameters
Min.
Max. RH Min. RH
temp

RF

0.827**

0.037NS

0.825**

0.906**

68.44
6.982X+
23.524

0.13
0.758X+
88.707

68.07
5.292X213.33

82.12
0.264X+
115.55

Figure 1. Variation in P. beesoni population with respect to the
climatic condition during March, 2017 to February, 2018

rich in nutrients) which is in accordance with the present
study.
The present population dynamics study indicated that
the peak period of P. beesoni population on soalu plant is
June-July which has decreased thereafter till JanuaryFebruary. The meteorological parameters had significant
influence on infestation levels of P. beesoni.
Study on phenological events of gall insect, P. beesoni on
soalu plant
The gall insect, P. beesoni is observed throughout the
year on soalu leaves. It forms rounded galls on both sides of
the leaves. However, the insect is bivoltine in nature, having
2 life cycles a year. It was observed that both the life cycle
begins with the appearance of fresh foliage on soalu plant;
one before the onset of spring and before the autumn season.
Before the spring season, the adults emerged from the
overwintering nymphal stages. It initiated egg laying on the
under surface of tender leaves and on the soft buds. Soon
after hatching, the first instar nymph started the process of

**- Significant at P=0.01; NS= Non-significant

Table 2. Growing degree days and P. beesoni population
from March to July during the year 2017 and 2018
Meteorological
month
March
April
May
June
July
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Growing degree days
(OC d)
2017
2018
339
331
437
443
514
507
563
591
595
612

Gall insect population
(No. of galls/ Plant)
2017
2018
108
129
129
142
154
172
175
212
257
277

Figure 2. Relationship between growing degree days and P.
beesoni population
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gall formation on the leaves itself. It passes five nymphal
instars inside the gall for a period of 100-105 days. After the
final ecdysis, the adult emerged from the galls in mid- July. It
completed the first cycle of the insect. Soon after the
emergence from the gall, adults started egg laying on the
newly appeared flush on the rainy season. The resulting
nymphs from the second cycle started the gall formation in
the autumn season and overwintered in the winter. Thus,
the second cycle nymphal stage dealt with a long period of
215-220 days and thereby, adults emerged in the following
spring. It was observed that the total life cycle consisted of
egg stage, 5 nymphal stages and adult stage. The similar
results were found by Laing (1930) and Mathur (1935)
independently where they observed that the gall insect, P.
beesoni on soalu plant has two life cycles in a year, where
first and second life cycle was 114-125 days and of 248-263
days respectively, which were at par with our observation.

during hot humid part of the year and minimum during
winter season). This two-year GDD analysis reveals the
critical role of abiotic factors on P. beesoni population
fluctuations, which can serve the suitable purpose of pest
management by simple environmental manipulation(s). The
studies on insect phenology deciphers the critical life stages
and thus alteration of pest management such as changing
the planting time and adopting different pest control strategy
can be carried out on soalu plant. Different tactical and
strategic measures can be adopted to alter the prophylactic/
calendar-based insecticide application against P. beesoni, so
far as muga rearing is concerned. Thus, this study may serve
as an effective tool for integrated pest management.
Ultimately, it will pave the way for quality leaf production
for muga silkworm rearing thereby, increasing the muga silk
production.

Development of GDD for gall insect, P. beesoni
From the phenological study, it was clear that the gall
development is more or less dependent on the environmental
conditions. Lieth (1974) opined that the phenological studies
deal with the recurrent events particular to one or among
several species, with interference of biotic and abiotic factors.
The first life cycle of gall insect, P. beesoni during March to
July was observed to be continuous without any
overwintering period. Hence, the total temperature
requirement can be well accessed in the first life cycle itself,
thereby taking it for GDD analysis. It was observed that the
total cumulative GDD (Degree day * total developmental
period) required by the gall insect, P. beesoni to complete one
life cycle in the spring season were 2448 and 2484 oCd during
the year 2017 and 2018 respectively.

Akotsen-Mensah, C., Boozer, R. T., Appel, A. G. and Fadamiro,
H. Y. 2011. Seasonal occurrence and development of degreeday models for predicting activity of Conotrachelus nenuphar
(Coleoptera: Curculionidae) in Alabama peaches. Annals
of Entomological Society of America, 104: 192–201.

Relationship between growing degree days (GDD) and P.
beesoni population
The relationship between the GDD and P. beesoni
population was established by linear regression analysis
and it was inferred that the GDD had significant variation
in gall insect population. GDD had followed liner
relationship with P. beesoni population across the two years
(gall population = 0.4794x – 60.929; R² = 0.761) and had
explained 76 per cent variation in gall insect population
(Fig. 2). Successful implementation of integrated pest
management strategies for soalu plant requires adequate
information on gall insect life cycle and gall dynamics. In
this regard, our present study has explained considerable
variation in GDD of the gall insect population over the years.
The population dynamics of P. beesoni on soalu plant
reveals its temperature dependent activity (i.e. maximum
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Abstract
Agroforestry refers to sustainable land use system that combines arable crops with tree crops and /or livestock
on the same land management unit, either spatially or temporally and is developing as a major land use activity in the
country after agriculture and forestry. The objective of the present study was to assess the prevalent agroforestry
systems of district Anantnag. Six agroforestry systems were found prevalent in the district by stratified random
sampling procedure viz; Horti-agriculture, Boundary plantation, Home gardens, Horti-silvi-pasture, Horti-pastoral
and Horti-silvi-agriculture system. The district was dominated by 59.8% (115) marginal followed by 28.64% (55)
small, 8.85% (17) medium and 2.60% (5) large farmers. About 91.25 % farmers practicing agroforestry systems
belong to marginal and small category and rest 8.75% fall in medium and large farmer category. Main preference was
given to apple trees in case of horticultural trees and Poplar and Salix in case of forest trees. The pattern of cropping
was paddy, maize, vegetables, and pulses in kharif season and mustard, oats and vegetables in rabi season.
Keywords: Arable, Homegardens, Boundary plantations, Kharif, Rabi, Horti-agriculture, Horti-silvi-pasture

Agroforestry is the new name for an ancient land use
systems and just a compromise between agriculture and
forestry (Raj et al., 2014 and Raj et al., 2016). Area under
agroforestry worldwide is reported 1,023 million ha (Nair et
al., 2009), whereas in India area under agroforestry is
estimated at 25.32 Mha, or 8.2% of total geographical area of
the country, this includes 20.0 Mha in cultivated lands (7.0
M ha in irrigated and 13.0 M ha in rainfed areas) and 5.32
Mha in other areas such as shifting cultivation, (Dhyani et
al., 2013b). At present, agroforestry meets almost half of the
demand for fuel wood, 2/3rd of the small timber, 70-80% of
wood for plywood, 60 per cent of the raw material for paper
& pulp and 9-11% of the requirement for green fodder for
livestock, in addition to meeting the food, fruit, fiber, medicine,
and timber needs of the households (ICAR, 2010).
Agroforestry is practiced in all the world’s continents.
Almost half of the world’s agricultural lands have a
minimum tree cover of 10 per cent, suggesting that
agroforestry, an integrated system of trees, crops and/or
livestock in a managed farm or agricultural landscape
(Zomer et al., 2009). There are more than 2000 tree species
being used in agroforestry (Rao et al., 2000).
Agroforestry biomass production is of the utmost
importance primarily to supplement the farmer’s fuel, fodder,
food and wood needs and to relieve the burden of forest
exploitation on these needs. Biomass and tree species
productivity estimates vary from location to location due to
Journal
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climate, soil temperature and rainfall variations (Lodhiyal
et al., 2003). Therefore, the accumulation of biomass
productivity, carbon stock, carbon sequestration and nutrient
cycling performance of tree species growing in different
ecological zones in the country must be assessed.
India followed the path of extensive agriculture,
surrendering the forests in favour of agriculture to feed the
growing population. This has resulted in large scale
deforestation and related environmental problems (Kumari
et al., 2008). Due to growing demographic pressure,
increasing food, feed and fodder needs, natural resource
degradation and climate change in the country, agriculture
faces various challenges and constraints. So there is a need
to devise a management system that is proficient of making
food from marginal agricultural land and has the capability
of maintaining and improving environment (Dobriyal, 2014).
Thus agroforestry is the single alternative as it has remarkable
potential to offer both economically and ecologically feasible
option to farmers and rural people community for large scale
diversification in agriculture to get extra fuel, fodder, fruits
on one side and alleviating the ecosystem on other side
(Bijalwan, 2013). Storage of carbon in soils and woody
biomass in agroforestry system also helps in reducing
greenhouse gas emissions from soils. Thus it plays important
role in improving resilience of agriculture, lowering
vulnerability and shielding households against climate
extremes (Dhyani, 2014).
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Agroforestry has a great scope as a practical solution
to many of these challenging problems under conditions of
unending heavy pressure of human and livestock
population, decreasing land to man ratio, acute shortage of
food, fuel wood, fodder, timber and other tree-based products,
continued land erosion, depletion of soil fertility and
ecological imbalance (Kumari et al., 2008). India’s long
tradition of agroforestry has been influenced by many
religious, social, and economic aspects and practiced as a
way of life and livelihood since ancient time. Numerous
indigenous agroforestry systems have been developed over
years based on people’s necessities and site specific
characteristics. Agroforestry research commenced about two
decades ago in the country and since then, considerable
progress has been attained. Several technologically advanced
agroforestry skills have been developed and tried on farmer’s
lands after studying the interactions between and among
the trees, crops, and animal components.(Chinnamani, 1993).
Depending on physiographic and climatic conditions,
farmers and land owners in different parts of country
incorporate variety of woody perennials in their cropping
system along with animal unit. Information on such adopted
systems is very limited as they are location specific. Hence
the benefits accumulated from such systems are less
exploited than their potential. Due to change in rainfall
pattern, landslide, runoff, nutrient leaching, drying of
natural springs and lack of irrigation facilities, there is
reduction in agricultural lands which leads to uneconomical
agriculture in the mountainous regions of India in general
and Jammu & Kashmir in particular. Hence this results in
migration on a large scale and productive lands turning into
unproductive ones (Banyal, 2016). So there is a need to restore
these unproductive lands into productive ones through
agroforestry involvements in order to supply our multiple
demands. Efforts were made to identify the current tree based
models in district Anantnag of Jammu & Kashmir and the
paper discusses the prevalent agroforestry systems in above
mentioned district. The agroforestry system can provide a
viable solution for such problems.
MATERIALS AND METHOD
Study Area
District Anantnag is situated on southeast side of
Srinagar, on the Jhelum river north of the Pir Panjal range of
Kashmir valley at an elevation of 1601 m (5253 ft) (1600 m
and 5300 ft) meter above mean sea level at a distance of 53
kms (30 miles) from Srinagar. The district is located between
33-20’ to 34-15’ N latitude and 74-30’ to 75-35’E longitude
bounded by north west by Srinagar and Pulwama districts
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and in the north east by kargil district, in the south east by
district Doda, Kishtiwar and in the south and south west by
Ramban and Kulgam districts. Anantnag district is hilly and
mountainous towards the northeast and southwest with
broad intermountain valley. Soil is poor in hilly areas and
fertile in plain areas so productivity is poor in higher ranges
and fertile in central regions. Soils developed on Karewa
tops and upland areas are medium to fine textured and
known as Hapludalf. Soils found on plains are clay loam in
nature and are dark brown.
District Anantnag covers a total area of 3803 ha, dense
built-up 341 ha, mixed built-up 337 ha, agriculture 2176 ha,
plantation 480 ha, water bodies 118 ha, wastelands 60 ha,
sparse forests 196 ha, dense forests 95 ha. Almost 95%
portion of population are living in rural areas mostly depend
on these crops. The major crops of District Anantnag are
rice, maize, wheat, mustard. But due to changing cropping
pattern the production of some crops increased whereas of
other crops decreased. The decrease of rice and maize has
created chronic and severe problems not only to the people
who in no case are linked with cultivation, but even to the
cultivators themselves, because rice as staple and the only
food for the people of district. Although shift from agricultural
activities to horticultural activities had produced gainful
employment to sizable section of population, this resulted
in decline in production of rice and maize. District Anantnag
comprises of 12 tehsils viz, Anantnag, Anantnag-East,
Bijbehara, Dooru, Kokernag, Larnoo, Pahalgam, Qazigund,
Sallar, Shahabad Bala, Shangus and Srigufwara and 16 CD
blocks viz, Achabal, Anantnag, Bijbehara, Breng, Chittergul,
Dachnipora, Hiller Shahabad, Khoveripora, Larnoo,
Pahalgam, Qazigund, Sagam, Shahabad, Shangus, Verinag
and Vessu.
Climate
Anantnag features a moderate climate (Koppen climate
classification). Its climate is largely defined by its geographic
location, with the towering karokaram to its east and the
Pirpanjal range to the south. Generally described as cool in
the spring and autumn, mild in the summer, and cold in the
winter. The climate is of temperate type with the upper
reaches receiving heavy snowfall during winter. The district
receives an average annual precipitation of about 1103 mm
in the form of rain and snow for about 70 days.
Experimental Details
Survey based identification of prevalent agroforestry
systems of District Anantnag was carried out using
multistage stratified sampling through random selection
procedures, as shown in the table 1. Out of six tehsils, one
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block in each tehsil, four villages in each block and 10 farmers
in each village were selected. The sampling was based on a
well-designed questionnaire and for this purpose 240
farmers were selected to document the land use pattern of
district Anantnag.
RESULTS AND DISCUSSION
Agroforestry is mainly based on natural occurrence of
trees. The farmers or land owners practiced agroforestry
systems to meet their multiple needs from the same piece of
land. Agroforestry systems have been categorised according
to the components present on the same unit of land. The
systems are categorised as - trees with crops are referred to
as silvoarable or agrisilviculture; trees and pasture as
silvopastoral, fruit trees and crops as hortiagriculture, fruit
trees and forest trees with pasture as horti-silvi-pastoral, fruit
trees with pasture as hortipastoral and trees with crops and
animals as agro-silvo-pastoral. The available information
revealed that different systems as per the area and need of
locals are being practiced in district Anantnag (Table 2). A
total of six agroforestry systems, including, hortiagriculture,
boundary plantation, homegardens, horti-silvipasture, hortipastoraland horti-silvi-agriculture were reported from the
study area and main preference was given to apple trees in
case of horticultural trees and Poplar and Salix in case of
forest trees. The agroforestry systems identified have been
presented in table 3.

Horti-agricultural system
The farmers grow agricultural crops along with fruit
trees in the orchards in order to serve both needs like fruits
as well as agricultural crops. The vegetable crops, like Garlic,
Turnip, Radish, carrot, kale, Knol-khol in rabi and Chilli,
Knol-khol, Kale, Maize, Beans, Tomato, Brinjal in kharif
season were cultivated under fruit trees mainly apple trees
in alleys. This system was practiced in areas where irrigation
facility was available round year. About 91.25 % of the total
farmers studied in the area adopted this type of system
Boundary plantation
Boundary plantation includes trees planted along
boundaries or on bunds in such a way to holding the soil
against erosion and improving soil fertility (by fixing nitrogen
or bringing minerals from deep in soil and depositing them
by leaf litter fall). As it is one of the oldest traditional system
that has been practised around the paddy fields and planted
on bunds only in Kashmir. It is also available alongside the
road and canal/irrigation channels and in the vicinity of
agricultural fields to meet the diverse needs like fuel, fodder
and small timber. Salix alba are preferred in and around the
irrigation channel whereas Populus deltoids Bartr, Populus
nigra Bartr. and Salix fragilis L., find place on other existing
lands at different spacings. Farmers being aware about the
shading effect of trees on paddy crop which can lower its
productivity could the reason for planting trees on

Table 1. Sampling details in the study area.
TEHSILS 
Blocks (01) per tehsil
Villages (04 per block)
Farmers (10 per village)

Anantnag
1
(4x1) 4
(10x4)=40

Shangus
1
(4x1) 4
(10x4)=40

Kokernag
1
(4x1) 4
(10x4)=40

Doru
1
(4x1) 4
(10x4)=40

Sallar
1
(4x1) 4
(10x4)=40

Larnu
1
(4x1) 4
(10x4)=40

Large
4
(1.67)
3
(1.25)
8
(3.33)
8
(3.33)
8
(3.33)
3
(1.25)

Total
219
(91.25)
114
(47.5)
65
(27.08)
43
(17.91)
38
(15.81)
23
(9.58)

Table 2. Extent of adoption of various agroforestry systems by surveyed farmers
S.No.
1

System
Horti-agriculture

2

Boundary Plantation

3

Homegarden

4

Horti-silvi-pastoral

5

Horti-pastoral

6

Horti-silvi-agricultural

Marginal
151
(62.9)
62
(25.83)
29
(12.08)
16
(6.66)
10
(4.16)
5
(2.08)

Small
47
(19.58)
38
(15.83)
18
(7.5)
11
(4.58)
11
(4.58)
8
(3.33)

Medium
17
(7.08)
11
(4.58)
10
(4.16)
8
(3.33)
9
(3.75)
7
(2.91)

Figures in the parenthesis represent percentage of the total sample (240)

Journal of Eco-friendly Agriculture 16(2) 2021
doi:

109

Inventory and composition of prevalent agroforestry systems across Anantnag district of Jammu and Kashmir

Table 3: Inventory of agroforestry systems across Anantnag district
S.
No.

Systems

1

Horti-agriculture

2

Boundary plantation

3

Homegardens

4

Horti-silvipastoral

5

Hortipastoral

6

Horti-silvi-agriculture

Tree species

Crops
Fruit tree
Rabi
Kharif
Malus domestica L., Pyrus Garlic, Turnip, Radish, Chilli, Knol-khol, Kale,
communis
L.,
Prunus carrot, kale, Knol-khol,
Maize, Beans, Tomato,
persica L., Juglans regiaL.
Brinjal,
Salix alba L., Salix fragilis L.,
Mustard/Oats
Paddy
Populus
deltoids
Bartr,
Populusnigra Bartr.
Salix alba L., Salix fragils L., Malus domestica L., Pyrus Garlic, Turnip,
Chilli, Knol-khol, Kale,
Populus deltoids Bartr., Ulmus communis
L.,
Prunus radish, carrot, kale, Knol- Maize, Potato, Beans,
villosa, Robinia pseudoacacia L. persica
L.,
Prunus khol
Tomato, Brinjal, Spinach,
domestica L.
pumpkin
Salix alba L., Populus deltoides Malus domestica L., Pyrus Amaranthus caudatus L., Cynodon dactylon L., Capsella
Bartr., Populus nigra Bartr., communis
L.,
Prunus bursa pastoris L., Trifolium repens L, Trifolium pretense L,
Ulmusvillosa,
Robinia persica L.
Sonchus oleraceus L. (Asteraceae) Plantago lanceolata L.,
pseudoacacia L.
Oenotherarosea L. Her. ex Aiton, Taraxacumofficinale
Weber, Medicagopolymorpha L., Cynodondactylon L.,
Capsella bursa pastoris L.
Malusdomestica
L., Cynodondactylon L., Poaannua L., Plantagolanceolata L.,
halelepensis,
Amaranthuscaudatus
L.,
Pyruscommunis
L., Sorghum
Prunuspersica
Trifoliumrepens L., Trifoliumpretense L., Oenotherarosea L.
Her. ex Aiton, Taraxacumofficinale Weber, Medicago
polymorpha L., Stellaria media L. (Vill), Veronica persica
Poiret.
Salix alba L., Populus deltoides Malus domestica L., Pyrus Kale, Knol-khol, Peas, Chilli, Knol-khol, Kale,
Bartr., Populus nigra Bartr. communis, Prunus persica Radish
Tomato, Brinjal, Pumpkin
Salix alba L., Ulmusvillosa,
Robinia
pseudoacacia
L.,
Juglans regia
Forest tree
-

boundaries. Farmers preferred oats and mustard during the
winter season and paddy during summer season.
Home garden
Homegardens can be defined as a mixed cropping
system that comprises vegetables, fruits, herbs, plantation
crops, ornamental, spices, and medicinal plants along with
livestock that can serve a supplementary source of food and
income (Fresco et al., 1988). In general, both cultivated and
naturally growing plants can be present in homegardens,
but most of naturally growing plants are not managed by
homegardens (Vikas and Tiwari, 2017). People grow forest
and fruit trees with agricultural crops of rabi and kharif
seasons. The forest trees commonly found in this system were
Salix alba L., Salix fragilis L.,Populus deltoides Bartr., Ulmu
svillosa and Robinia pseudoacacia L. at a closer spacing in single
or double rows. Commonly found fruit trees were Malus
domestica L., Pyrus communis L., Prunus persica L., Prunus
domestica L. etc in this system. Vegetable crops such as radish,
carrot, kale, Knol-khol in rabi season and Chilli, Knol-khol,
Kale, Maize, Potato, Beans, Tomato, Brinjal, Spinach,
pumpkin in kharif season were cultivated and it depends
on need and requirements of the inhabitants present in the
area.
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Horti-silvi-pastoral system
It is popular land use system because of fodder scarcity
and includes all components of horti-silviculture system
along with some grass species. Farmers preferred grasses
like Amaranthus scaudatus L., Cynodon dactylon L., Capsella
bursa pastoris L.,Trifolium repens L, Trifolium pretense L,
Sonchus oleraceus L.(Asteraceae) Plantago lanceolata L.,
Oenothera rosea L. Her.ex Aiton, Taraxacum officinale Weber,
Medicago polymorpha L., Cynodon dactylon L., Capsella bursa
pastoris Letc. in addition to forest trees. Forest trees includes
Salix alba L.,Populus deltoids Bartr., Populus nigra Bartr., Ulmus
villosa, Robinia pseudoacacia L. Etc. and fruit trees include
Malus domestica L., Pyrus communis L., Prunus persica L.etc but
mainly apple trees are present.
Horti-pastoral system (HP)
Mostly prevalent in uplands of valleys and includes
horticulture alongwith grass species. Malus domestica L.,
Pyrus communis L., Prunus persica, Juglans regia etc were found
as fruit trees and Cynodon dactylon L., Poaannua L., Plantago
lanceolata L., Sorghum halelepensis, Amaranthus caudatus L.,
Trifolium repens L., Trifolium pretense L., Oenothera rosea L.
Her.ex Aiton,Taraxacum officinale Weber, Medicago
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polymorpha L.,Stellaria media L.(Vill), Veronica persica Poiret.
etc were found as grass species. Grass component in the
horti-pastoral system can be made more productive by
introducing high yielding pasture grasses with high forage
content in our traditional agroforestry systems as this system
mostly focus on our tree component and not on the grass
component (Ahmad et al., 2017)
Horti-silvi-agriculture
In this system, vegetable crops are raised under fruit
trees along with forest trees around the orchard in single or
paired rows and farmers utilizes one portion for growing
vegetables for their domestic use and another for grass
species. It was found that vegetable crops during kharif and
rabi seasons were Kale, Knol-khol, Peas, Radish, Chilli, Knolkhol, Kale, Tomato, Brinjal, Pumpkin etc. The forest trees
include Salix alba L., Populus deltoids Bartr., Populus nigra
Bartr. Salix alba L., Ulmus villosa, Robinia pseudoacacia L. and
Juglans regia and fruit trees mainly include Malus domestica
L., Pyrus communis, Prunus persica etc. The grasses namely
Trifolium repens, Trifolium pratense, Plantago lancelata, Cynodon
dactylon, Chenopodium album and Convolvulus arvense were
growing as understorey and are grown only when fruit trees
are in juvenile stage as they fail to grow properly due to
effect of shading, once fruit trees attain maturity.
Agroforestry practices vary from region to region and
mainly depends on edapho-climatic, socio-economic status
and basic needs of local people which results in variation in
structure and composition of recommended technologies. In
our study, seven agroforestry systems were reported to be
practised by the farmers but four of them viz.,
hortiagriculture, boundary plantation, homegardens, hortisilvipasture, were found to be practiced by majority of the
farmers. Apple tree in fruit tree species and poplar and Salix
in forest tree species were being practised more. Nearby 91.24
% farmers practicing agroforestry systems have their place
in marginal and small category and rest 8.75% fall in medium
and large farmer category. Agroforestry can be only option
to increase the country’s forest and tree cover to 33% by
creating more integrated, diverse, productive, profitable,
healthy and sustainable land use systems. With the help of
considerable investments and coordinated efforts in research,
education, extension services and appropriate national
policies, agroforestry offers various opportunities and
benefits to both people and environment.
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Abstract
European red mite (ERM), Panonychus ulmi (Koch) and San Jose scale (SJS), Quadraspidiotus perniciosus are
major insect pests of apple in Kashmir Valley, India. Field evaluation of summer spray oils (Code-461 and MAK All
Season) at different concentrations were conducted at two locations i.e. Lisser Anantnag and Asham Bandipora
during 2019. All the treatments were significantly superior in terms of per cent mortality of ERM and SJS as compared
to untreated control. The cumulative mean mortality of ERM and SJS at recommended dose of 750 ml/100 litres of
water both for Code-461 and Standard check (MAK All Season) were significantly at par with each othe r. No
phytotoxicity symptoms viz., leaf injury, yellowing, wilting, necrosis, hyponasty and epinasty were recorded in case
of Code-461 at 750 and 1500 ml/100 litres of water.
Keywords: Code-461, HMO, apple, San Jose scale, European red mite

In India, apples are grown along the foot hills of
Himalayas, ranging from Shillong (Meghalaya) to Darjeeling
(Bengal), in Kumaon hills of Uttar Pradesh, hills of Punjab,
Kullu Valley and Shimla in Himachal Pradesh and whole of
Jammu and Kashmir. The Union Territory J&K is the largest
apple producing state in India followed by HP and
Uttrakhand. Apple cultivation is fast growing in the state
because of its high market value, occupying 1,66,441 Ha and
producing 18,82,774 MT of apple (Directorate of Horticulture
Kashmir, 2018). Nature has bestowed the Union Territory
Jammu and Kashmir with agro-climatic conditions
conducive for temperate fruit production especially apple,
which is chiefly grown in the Kashmir valley. One of the
major constraints in apple production is insect pests and
among them San Jose scale (SJS), Quadraspidiotus perniciosus
and European Red Mite (ERM), Panonychus ulmi are
considered the major pests infesting apple crop. In Kashmir,
as many as 70 plant species have been recorded as suitable
hosts for the San Jose scale (Pruthi and Rao, 1951; Sofi, 2006;
Anonymous, 2014). SJS attack all the above ground part of
the apple tree. Nymphs and females of San Jose scale suck
the sap from branches, twigs and fruits, weaken the plant
and leaves and render the fruit unmarketable. European Red
mite is another serious pest feeding on foliage and thereby
reducing the yield of apple. Keeping in view the severity of
these pests, the present experiment was carried out to
evaluate Summer spray oil i.e. Code 461 along with Standard
check -MAK All Season against European red mite and San
Jose scale at Anantnag and Bandipora during 2019-20.
Journal
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MATERIALS AND METHODS
Field trials were conducted at Lisser (Anantnag) and
Asham (Bandipora) to evaluate the Code 461 for its bio
efficacy against European red mite (ERM) and San Jose scale
(SJS) on apple in a Randomized Block Design during the
year 2019. The orchards selected for the trial were above 14
years old and in good bearing condition. The selected
orchards had previous history of SJS and ERM infestation.
SJS population was counted on 1 cm2 area/ twig at three
spots (bottom, middle and top). Four twigs (15 cm length)
were taken randomly from all the four quadrants of each
tree, 1 day before spraying as pre treatment count and at
subsequent intervals of 1, 3, 5, 7 and 10 days after spray
(DAS) as post treatment count. Similarly, ERM population
was counted on 20 leaves from all the four sides (one each
from northern, southern, eastern and western side of the tree’s
periphery) of each selected tree, 2-3 hours before treatment
and at subsequent intervals of 1, 3, 5, 7 and 10 days after
spray. Each treatment was replicated four times. Four
treatments dosages of Code 461 each for SJS and ERM were
compared with Standard check (MAK All Season). Water
was taken as control each for SJS and ERM. Similarly, the
observations on natural enemies were also recorded 1 day
before spraying as pretreatment count and 1, 5 and 10 day
after spray as post treatment count.
The two concentrations i.e.750 and 1500 ml/100 litres
of water of the coded pesticide were used for phytotoxicty
studies. The phyto-toxicity symptoms were recorded as leaf
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injury, yellowing, wilting, necrosis, hyponasty and epinasty
after 1, 3, 5, 7 and 10 days after treatment.

Treatment Details
S.No.
1
2
3
4
5

6

(a) Bio-efficacy
Treatment
Dose
(ml/100 lit.)
Code- 461
500
Code- 461
750
Code- 461
1000
Code- 461
1500
MAK All
750
Season
(Std. Chk.)
Control
Water
(Untreated)

(b) Phytotoxicity
Treatment
Dose
(ml/100 lit.)
Code- 461
750
Code- 461
1500
-

RESULTS AND DISCUSSION
The data presented in table 1 & 2 on bio efficacy studies
of Code-461 against European red mite (ERM) at Lisser
Anantnag and Asham Bandipora during 2019 caused
significant mortality of the ERM and significantly different
from the standard check. In Lisser Anantnag the treatment
(Code-461) at 500, 750, 1000 and 1500 ml/100 litres of water
showed cumulative mean mortalities of 63.69, 73.02, 75.90
and 83.34 per cent of ERM, respectively. MAK All Season
(Standard Check) at recommended dose of 750 ml/100 litres
of water recorded cumulative mean mortality of ERM as 74.37
per cent. Similarly at Asham Bandipora highest cumulative

Table 1. Bio-efficacy of Agrochemical Code-461 against European red mite Panonychus ulmi) on apple at Lisser Anantnag
during 2019.
Treatment

Dose
(ml/100 lit)
500

Code-461

750
1000
1500

MAK All Season (Sd.ch)

750

Water Spray (Control)

-

C.D (P≤0.05)

-

*Per cent mortality of European red mite (DAS)

Cumulative Mean

1
59.18
(50.32)
72.27
(58.50)
74.36
(59.95)

3
64.48
(53.52)
75.41
(60.69)
76.91
(61.78)

5
71.38
(57.91)
77.77
(62.44)
77.83
(62.48)

7
61.70
(51.83)
69.84
(56.90)
75.21
(60.55)

10
61.00
(51.83)
69.84
(56.90)
75.21
(60.55)

84.67
(68.78)
69.25
(56.51)
5.75
(13.85)
6.61

86.84
(71.54)
75.64
(60.86)
9.23
(17.65)
7.40

87.93
(71.72)
77.55
(62.27)
13.01
(21.10)
5.84

83.58
(67.52)
76.70
(61.63)
9.30
(17.71)
5.99

73.69
(59.48)
76.70
(61.63)
9.23
(17.65)
4.65

63.69
73.02
75.90
83.34
75.17
9.30
-

*Mean of four replications; The values in parenthesis are arc sine transformed values; DAS= days after spray

Table 2. Bio-efficacy of Agrochemical Code-461 against European red mite (Panonychus ulmi) on apple at Asham Bandipora
during 2019.
Treatment

Dose
(ml/100 lit)
500

Code-461

750
1000
1500

MAK All Season (Sd.ch)

750

Water Spray (Control)

-

C.D (P≤0.05)

-

*Per cent mortality of European red mite (DAS)

Cumulative Mean

1

3

5

7

10

42.55
(40.67)
70.19
(57.13)
80.21
(64.38)

63.43
(52.87)
71.22
(57.80)
81.10
(65.15)

57.45
(49.31)
76.32
(61.35)
82.97
(66.89)

54.50
(47.59)
74.28
(59.89)
77.53
(62.26)

53.35
(46.91)
71.22
(57.80)
74.86
(60.30)

54.26

91.82
(75.40)
72.48
(58.65)
3.43
(10.65)
6.32

90.92
(74.86)
75.60
(60.83)
13.31
(21.35)
5.79

86.83
(71.50)
77.23
(62.03)
12.35
(20.53)
7.84

90.10
(74.07)
74.82
(60.27)
12.35
(20.53)
5.98

89.29
(73.11)
67.73
(55.55)
4.38
(12.05)
6.54

89.79

72.65
79.33

73.57
9.16
-

*Mean of four replications; The values in parenthesis are arc sine transformed values; DAS= days after spray
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mean mortality of ERM was observed in Code-461 (1500ml/
100 litres of water) 89.79 per cent followed by Code-461
(1000ml/100 litres of water), MAK All Season (750ml/100
litres of water), Code-461 (750ml/100 litres of water), Code461 (500ml/100 litres of water) and water spray (control) to
the extent of 79.33, 73.57, 72.65, 54.26 and 9.16 per cent
respectively.

67.91, 58.64, 58.10, 47.64 and 4.81 per cent respectively.
Similarly at Asham Bandipora Code-461 resulted in
cumulative mean mortalities of 47.77, 61.22, 67.43 and 77.13
per cent of SJS at 500, 750, 1000 and 1500 ml/100 litres of
water, respectively. MAK All Season (Standard Check) at
recommended dose of 750 ml/100 litres of water recorded
cumulative mean mortality of SJS as 61.68 per cent. Mir et al.,
(2015); Sherwani et al., (2017) and Sherwani et al., (2018) also
reported that Horticulture Mineral Oil (HMO) is most effective
against ERM and SJS.

The data presented in table 3 & 4 revealed that at Lisser
Anantnag highest cumulative mean mortality of San Jose
Scale (SJS) was observed in Code-461 (1500ml/100 litres of
water) 76.61 per cent followed by Code-461 (1000ml/100
litre of water), Code-461 (750ml/100 litres of water), MAK
All Season (750ml/100 litre of water), Code-461 (500ml/100
litres of water) and water spray (control) to the extent of

The data presented in Table 5 on toxicity of Code-461
against natural enemies at Lisser Anantnag and Asham
Bandipora during 2019 revealed that all the doses of the
Code-461 caused significant mortality of the natural enemies

Table 3. Bio-efficacy of Agrochemical Code-461 against San Jose Scale (Quadraspidiotus perniciosus) on apple at Lisser Anantnag
during 2019.
Treatment

Dose
(ml/100 lit)
500

Code-461

750
1000
1500

MAK All Season (Sd.ch)

750

Water Spray (Control)

-

C.D (P≤0.05)

-

*Per cent mortality of San Jose Scale (DAS)

Cumulative Mean

1

3

5

7

10

19.66
(26.27)
21.28
(27.41)
32.84
(34.91)

32.70
(34.83)
53.97
(47.28)
59.67
(50.62)

56.53
(48.77)
60.03
(50.83)
72.21
(58.47)

63.53
(52.94)
75.72
(60.92)
84.72
(68.85)

65.80
(54.34)
82.21
(66.16)
90.15
(73.79)

47.64

51.75
(45.99)
23.27
(28.79)
2.13
(8.37)
2.27

69.75
(56.84)
54.69
(47.70)
3.81
(11.23)
3.69

78.04
(62.65)
58.24
(49.79)
4.12
(11.69)
4.76

90.18
(73.86)
76.30
(61.34)
7.60
(15.97)
7.29

93.32
(76.25)
78.00
(62.62)
6.37
(14.59)
6.74

76.61

58.64
67.91

58.10
4.81
-

*Mean of four replications; The values in parenthesis are arc sine transformed values; DAS= days after spray

Table 4. Bio-efficacy of Agrochemical Code-461 against San Jose Scale (Quadraspidiotus perniciosus) on apple at Asham Bandipora
during 2019.
Treatment

Dose
(ml/100 lit)
500

Code-461

750
1000
1500

MAK All Season (Sd.ch)

750

Water Spray (Control)

-

C.D (P≤0.05)

-

*Per cent mortality of San Jose Scale (DAS)

Cumulative Mean

1

3

5

7

10

20.14
(26.62)
27.00
(31.25)
39.15
(38.69)

27.10
(31.32)
50.91
(45.51)
57.54
(49.37)

57.73
(49.47)
63.23
(52.76)
68.52
(56.05)

62.22
(52.15)
78.17
(62.75)
82.34
(66.28)

71.64
(58.09)
86.27
(70.42)
89.60
(74.05)

47.77

43.32
(41.13)
25.25
(30.11)
2.25
(8.61)
1.99

74.54
(60.08)
53.62
(47.08)
5.11
(13.04)
4.13

86.87
(71.62)
65.14
(53.93)
9.27
(17.69)
7.56

91.71
(74.89)
80.11
(64.31)
6.19
(14.38)
6.49

89.20
(72.93)
84.27
(68.29)
7.41
(15.77)
8.41

77.13

61.12
67.43

61.68
6.05
-

*Mean of four replications; The values in parenthesis are arc sine transformed values; DAS= days after spray
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Table 5. Pooled cumulative mean mortality of agrochemical Code-461 against Natural enemies on Apple at Lisser, Anantnag
and Asham, Bandipora during 2019.
Treatment

Code-461

MAK All Season (Sd.ch)
Water Spray (Control)

Dose (ml/100 lit)
500
750
1000
1500
750
-

C.D (P≤0.05)

Per cent mortality of natural enemies (Coccinellid predator)

Pooled Cumulative Mean

Location-1

Location-2

13.28
19.07
27.83
39.37
20.41
4.37

16.11
18.53
21.18
36.21
14.14
2.67

14.69
18.80
24.51
37.79
17.28
3.52

3.26

2.96

3.08

Location 1: Lisser, Anantnag: Location 2: Asham, bandipora
Table 6. Pooled cumulative mean yield of (A grade) apple boxes /tree at Lisser, Anantnag and Asham, Bandipora during 2019
Treatment

Code-461
MAK All Season (Sd.ch)
Water Spray (Control)

Dose (ml/100 lit)

Yield of (A grade) apple boxes per tree

Pooled Cumulative Mean

Anantnag

Bandipora

7.25
8.50
8.50
9.00
8.75
6.25

5.50
6.50
7.25
8.25
7.00
4.25

6.38
7.50
7.88
8.63
7.88
5.25

0.29

0.38

0.33

500
750
1000
1500
750
-

C.D (P≤0.05)

and significantly different from the standard check used in
the experiment. The results based on pooled data of both the
districts revealed that Code-461 (1500ml/100 litres of water)
resulted in highest (37.79 per cent) pooled cumulative mean
mortalities of natural enemies. However, pooled cumulative
mean mortality of natural enemies at recommended dose of
750 ml/100 litres of water both for Code-461 and Standard
check (MAK All Season) were more or less in close proximity
with each other at 18.80 and 17.28 per cent, respectively.
No phytotoxicity symptoms viz., leaf injury, Yellowing,
wilting, necrosis, hyponasty and epinasty were recorded in
case of Code-461 at 750 and 1500 ml/100 litres of water at
Lisser Anantnag and Asham Bandiopoa.
The data presented in Table 6 revealed that Code-461
recorded the pooled cumulative mean of 6.38, 7.50, 7.88 and
8.66 ‘A’ grade boxes per tree at doses of 500, 750, 1000 and
1500 ml/100 litres of water respectively. However, pooled
cumulative mean of ‘A’ grade apple boxes per tree at
recommended dose of 750 ml/100 litres of water both for
Code-461 and Standard check (MAK All Season) were more
or less in close proximity with each other as 7.50 and 7.88
boxes, respectively.

Directorate of Horticulture, Kashmir. 2018. District-Wise/Kindwise Area under major Horticulture Crops in J&K State for
the Year 2017-18.
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Impact of staggering in dates of transplanting on the
incidence of yellow stem borer (Scirpophaga incertulas
Walker) in aromatic rice
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Abstract
A field experiment was conducted to study the effect of different dates of transplanting on the incidence of
yellow stem borer on aromatic rice variety Birsa Vikash Sugandh-1. Pooled mean of two-year data indicated that early
planted crop had least incidence of dead heart and white ear head (2.30 & 1.86 %) followed by normal planted crop
(5.14 & 6.38 %) and late planted crop (10.83 & 13.61 %). Incidence of dead heart and white ear head had bearing in
terms of grain yield, which was maximum in early (43.89 q / ha) followed by normal (38.44 q / ha) and late (34.00
q / ha) transplanted rice.
Keywords: Yellow stem borer, Scirpophaga incertulas, dead heart, white ear head, aromatic rice

Rice is grown in warm and humid environment which
is favourable for growth and development of insect pests of
rice. The rice plant is subjected to attack of more than 100
insect pests, among them only 20-25 species may cause
economic damage in the country including Jharkhand
(Prasad and Prasad, 2006). Among them, yellow stem borer,
rice hispa, leaf folder, green leaf hopper, case worm and
gundhi bug could be considered as major insect pests and
responsible for 20-35 per cent yield loss Jharkhand (Prasad
et al., 2006). In a particular area insect pest fauna attacking
aromatic rice are the same as those prevalent on non-aromatic
rice (Singh et al., 2010).
In the Indian subcontinent, yellow stem borer,
Scirpophaga incertulas Walker (Pyralidae: Lepidoptera) is a
one of the major insect pests of rice (Lal, 2006) causing
damage in nursery as well as in transplanted crop. The newly
emerged young larva primarily enters in the leaf sheath and
feeds on green tissues for 2-3 days, after which the larva
enters in to the basal part usually 5 to 10 cm above ground /
water level and feeds inside the stem and cut out the food
supply to the upper part of the affected stem resulting into
drying of central shoot known as ‘dead heart’ (DH) in young
plants, boring at heading stage usually occurs at the
peduncle node and ‘white ear head’ (WEH) formed (Gupta
et al., 2006). In India the yellow stem borer solely causes up
to 20 per cent damage (Satpathi et al., 2012). The caterpillar
of stem borers mostly remain concealed inside the stem and
Journal
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it is difficult to control (Abro et al., 2013). On account of
shifting duration in rain fall patterns and other weather
factors resulting in staggering in time of sowing and
plantings of rice, farming communities are compelled to raise
rice seedling at the different staggered dates for the purpose
of their proper transplanting work, at their optimized age,
which normally extend for longer span of time right from
middle of June to the end of August. Alternation in dates of
planting to minimize the pest incidence is of the valuable
cultural methods for raising the crop with no use or minimum
use of chemical insecticides/pesticides, especially for
farmers of state of Jharkhand who have poor socio-economic
background.
MATERIALS AND METHODS
A field experiment was conducted at Rice Research
Farm of Birsa Agricultural University, Kanke, Ranchi for the
two consecutive year 2018 and 2019. Twenty-one days old
seedling transplanted to main field at three different dates
(Table-1) with eight replication and arranged in Randomized
Block Design. All the locally recommended package of
practices free from insecticide application were adopted to
allow natural population buildup of yellow stem borer.
Incidence of dead heart (30 and 45 DAT) and white ear head
(70 and 90 DAT) was recorded. After winnowing weight of
grain yield was calculated and converted into quintal per
hectare.
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Table 1. Details of different dates of transplanting
Treatment (Dates of
transplanting)
D1-Early
D2- Normal
D3-Late

DH (%) =
WEH (%) =

Sowing
2018
2019
12th June 12th June
02nd July 03rd July
23rd July 23rd July

Transplanting
2018
2019
03rd July
03rd July
23rd July
24th July
th
13 Aug. 13th Aug.

Total no. of dead heart (DH)in 10 hills
× 100
Total no. of tillers (DH + healthy tillers)in 10 hills
Total no. of WEH in 10 hills
× 100
Total no. of panicles (WEH + healthy panicles)in 10 hills

RESULTS AND DISCUSSION
Impact of different dates of transplanting on the incidence
dead heart (DH)
Data on the per cent dead heart incidence recorded
during both the years of experiment viz; Kharif season of
2018 and 2019 are presented in Table- 2. There was significant
difference at 30 and 45 DAT among different dates of
planting with lowest per cent of DH in early planted crop
followed by normal and late transplanted crop in both the
years of experiments and their pooled mean also followed
the same trends. At 30 DAT incidence of DH was minimum
in early (1.64 & 1.04 %) followed by normal (5.03 & 3.39 %)
and late (10.13 & 9.06 %) transplanted rice, respectively. At
45 DAT incidence of DH was minimum in early (3.55 & 2.98
%) followed by normal (6.72 & 5.43 %) and late (13.68 &
10.44 %) transplanted rice, respectively. Overall mean of
incidence of DH was (2.60 & 2.00 %), (5.88 & 4.41 %) and
(11.90 & 9.75 %) in early, normal and late transplanted rice,
during the year 2018 and 2019, respectively. Pooled mean of
these two-year data followed similar pattern during both
the years with 2.30, 5.14 and 10.83 per cent DH in early,
normal and late transplanted rice, respectively. Suharto and
Usyati (2005) found that the late planted rice received the

highest damage caused by the pest followed by normal
planted crop and the early planted crop received the least
injuries caused by the stem borer. Hugar et al., (2014) also
found similar trend among different date of sowing during
Kharif (30th May, 15th June, 30th July and 15 August) and Rabi
(30th September, 30th October, 15 th November and 15 th
December) season against DH caused by yellow stem borer
(YSB). As such the experimental findings obtained by
Suharto and Usyati (2005) and that of Hugar et al., (2014) are
in agreement with results of the present studies.
Impact of different dates of transplanting on the incidence
of white ear head (WEH)
The observations on the damage caused by yellow stem
borer in terms of white ear head (WEH) were recorded at 70
and 90 DAT during both the years of experiment, viz; Kharif
season of 2018 and 2019 and the experimental data are
presented in Table-3. The data presented in Table-3 revealed
that incidence of WEH was found to be increased from 70 to
90 DAT. During both the years (2018 & 2019) at 70 DAT
incidence of WEH was minimum in early (1.92 & 1.29 %)
followed by normal (6.36 & 5.05 %) and late (14.02 & 10.76
%) transplanted rice, respectively. At 90 DAT incidence of
WEH was (2.18 & 2.05 %) in early followed by normal (7.19
& 6.90 %) and late (15.61 & 14.03 %) transplanted rice,
respectively.
In the years 2018 and 2019, overall mean of incidence
of WEH was (2.05 &1.67 %), (6.78 & 5.98 %) and (14.82 &
12.40 %) in early, normal and late transplanted rice,
respectively. Pooled mean of these two-year data followed
similar trend with 1.86, 6.38 and 13.61 per cent WEH in
early, normal and late transplanted rice, respectively. Sarwar
(2012) also found almost similar results to that of the present
studies according to which the incidence of YSB on aromatic
(Basmati 370 (P) and Mehak) and non-aromatic rice varieties

Table 2. Impact of different dates of transplanting on the incidence of dead heart (DH)
Date of transplanting
D1 : Early transplanting
(03.07. 2018 & 03.07.2019)
D2 : Normal transplanting
(23.07.2018 & 24.07.2019)
D3 : Delayed transplanting
(13.08.2018 & 13.08.2019)
SE m(±)
CD (P=0.05)
CV (%)

DH %
45 DAT

30 DAT
2018

2019

1.64
(7.03)
5.03
(12.92)
10.13
(18.51)
(0.51)
(1.57)
(11.34)

1.04
(5.7)
3.39
(10.54)
9.06
(17.48)
(0.38)
(1.18)
(9.60)

Pooled
mean
1.34
(6.5)
4.21
(11.8)
9.59
(18.02)
(0.38)
(1.18)
(8.73)

2018

2019

3.55
(10.78)
6.72
(14.97)
13.68
(21.66)
(0.49)
(1.49)
(8.69)

2.98
(9.82)
5.43
(13.4)
10.44
(18.83)
(0.52)
(1.60)
(10.57)

Overall mean
Pooled
mean
3.26
(10.33)
6.08
(14.23)
12.06
(20.29)
(0.42)
(1.29)
(7.96)

2018

2019

2.60
(9.2)
5.88
(13.99)
11.90
(20.15)
(0.33)
(1.00)
(6.40)

2.00
(8.08)
4.41
(12.09)
9.75
(18.18)
(0.34)
(1.04)
(7.53)

Pooled
mean
2.30
(8.69)
5.14
(13.02)
10.83
(19.2)
(0.23)
(0.72)
(4.85)

Figures in parentheses are angular transformed valueDH: Dead heart, DAT: Days after transplanting, YSB: yellow stem borer
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Table 3. Impact of different dates of transplanting on the incidence of white ear head (WEH)
Date of transplanting
D1 : Early transplanting
(03.07. 2018 & 03.07.2019)
D2 : Normal transplanting
(23.07.2018 & 24.07.2019)
D3 : Delayed transplanting
(13.08.2018 & 13.08.2019)
SE m(±)
CD (P=0.05)
CV (%)

WEH %
90 DAT

70 DAT
2018

2019

1.92
(7.6)
6.36
14.57
14.02
(21.96)
(0.44)
(1.35)
(8.42)

1.29
(6.42)
5.05
(12.95)
10.76
(19.12)
(0.40)
(1.21)
(8.73)

Pooled
mean
1.61
(7.22)
5.71
(13.8)
12.39
(20.59)
(0.27)
(0.84)
(5.56)

2018

2019

2.18
(8.42)
7.19
(15.53)
15.61
(23.26)
(0.39)
(1.18)
(6.94)

2.05
(8.10)
6.90
(15.2)
14.03
(21.98)
(0.40)
(1.22)
(7.46)

Overall mean
Pooled
mean
2.11
(8.28)
7.04
(15.37)
14.82
(22.63)
(0.32)
(0.98)
(5.88)

2018

2019

2.05
(8.14)
6.78
(15.07)
14.82
(22.62)
(0.34)
(1.05)
(6.33)

1.67
(7.37)
5.98
(14.12)
12.40
(20.60)
(0.30)
(0.91)
(6.00)

Pooled
mean
1.86
(7.80)
6.38
(14.61)
13.61)
(21.63)
(0.24)
(0.72)
(4.54)

Figures in parentheses are angular transformed valueWEH: White ear head, DAT: days after transplanting, YSB: yellow stem borer

were found to be least on early sown crop (last week of June)
than medium (mid July) and late sown (end of July) crop.
Experimental findings of Yadav (2018), Kumar et al., (2017)
were also in agreement with the experimental finding of the
present investigation.

of Entomology, Director Research and Dean Agriculture of
Birsa Agricultural University, Kanke, Ranchi for providing
facilities and moral encouragement for conducting the
experiment.

Impact of different dates of transplanting on grain yield of
aromatic rice
There was significant impact of three different dates of
transplanting on yield grain of rice. In the year 2018 and
2019, yield of grains (q / ha) was (43.71 & 44.06), (37.56 &
39.33) and (32.73 & 35.28) in early, normal and late
transplanted rice, respectively. The yield of grain rice was
maximum in early (43.89 q / ha) followed by normal (38.44
q / ha) and late (34.00 q / ha) transplanted rice (Var. BVS-1)
in the present investigation. Similar results was also found
by Hugar et al., (2014) who reported that during Kharif season
rice sown on 30th May (48.55 q / ha) and 15th June (46.48 q /
ha) had higher yield of grains than 30th July (18.92 q / ha)
and 15th July (15.93 q / ha). Kumar et al., (2017) also reported
similar results. They found that grain yield of rice decreased
with delay in planting. But experimental findings of Bashir
et al. (2010) revealed that normal sown (20 June) crop had
higher grain yield than both early (31st May and 10th June)
and late sown (30th June, 10th July and 20th July) and varied
from this experimental finding. This might have happened
due to certain changes in the agro-climatic conditions.

Abro, G.S., Shah, A. H., Syed, T. S. and Cui, J. 2013. Efficacy and
economics of different insecticides against stem borer
Scirpophaga incertulas (Walker) in rice crop. Pakistan Journal
of Zoology, 45: 929-933.

As such, it may be concluded that earlier was the date
of planting, lesser was the incidence of YSB both in terms of
DH and WEH caused by the pest in vegetative and
reproductive stage of rice crop.
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Abstract
Field experiment was carried out at Regional Coconut Research Station, Bhatye (DBSKKV, Dapoli), Maharashtra
(India) during 2013-2018 to study the assessment of economic potentiality and employment generation through
integrated nutrient management (INM) in coconut-based cropping system. INM practices viz., T1-75 % of RDF+25 %
of N through organic recycling with vermicompost, T 2-50 % of RDF+50 % of N through organic recycling with
vermicompost + vermiwash application + bio-fertilizer application + in situ green mannuring (cowpea), T 3 -fully
organic:100 % N through organic recycling with vermicompost + vermiwash application + bio-fertilizer application +
in situ green mannuring (cowpea) and green leaf mannuring + composted coir pith, husk incorporation and mulching
with coconut leaves were imposed in coconut based cropping system involving nutmeg, cinnamon, banana and
pineapple. For comparison, T 4- control: monocrop of coconut with recommended NPK and organic manure was
maintained. Four treatments were laid out in a block of 0.45 ha area each. Among the different INM practices,
treatment T1 recorded highest net returns Rs.131605/- with highest B:C ratio 2.69 followed by T2 recorded Rs.122868/
- and 2.29 as net returns and B:C ratio respectively. In contrast, the treatment T 4 - coconut monocrop alone had
recorded Rs.38735 and 1.60 as net returns and B:C ratio respectively. Employment generation due to cropping system
was one of the objectives under the study and it was observed to be very high in the treatment T1 (297 man days/ha/
year) followed by the treatment T2 (284 man days/ha/year), whereas, it was the lowest in coconut monocrop (T4).
Productivity of the system was higher in the intercropping garden. The coconut nut yield (5-year average) was higher
under T1 (147.2 nuts/palm/year), followed by T2 (138.4 nuts/palm/year) and T3 (123.6 nuts/palm/year), whereas,
monocrop had recorded a significantly lower number of nut yield (97.2 nuts/palm/year). INM practice involving T1 75 % of RDF+25 % of N through organic recycling with vermicompost is most sustainable, productive and economically
viable treatment with highest employment generation compared to other treatments.
Keywords: Coconut, INM, nutrient status, nut yield, employment generation

Coconut (Cocus nucifera L.) is widely grown in coastal
sandy soils which occur all along the coastal tract of West
and East coast of Peninsular India. India is one of the leading
coconut growing nation with a production of about 21.38
billion nuts from an area of 2.15 M ha with an average
productivity of 9815 nuts/ha (CDB, 2020), grown in 19 States
and union territory, mostly contiguous the coastal region.
Maharashtra is a coconut growing state in the country having
27.18 thousand ha area with a production of 209 million
nuts with a productivity of 7687 nuts/ha (CDB, 2020).
Konkan region of Maharashtra is a long narrow strip of 720
kms, running North to South along the West coast of
Maharashtra. The coastal districts namely Sindhudurg,
Ratnagiri, Raigad and Palghar cover the major coconut
growing areas in the state. Within the state, these four
districts occupy 94 per cent of the area under coconut
plantation. However, coconut productivity is very low in
Journal
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the coastal sandy soils due to an array of facts like poor
water holding capacity, excessive infiltration, rapid leaching
loss of nutrients resulting in low nutrient retentive capacity
and low availability of major and micro nutrients, small
specific surface area on account of low clay and organic
matter content, low CEC and low organic carbon content
(Ollangnier and Ochs, 1978). Moreover, the sole crop of
coconut planted at a wider spacing of 7.5 m x 7.5 m is not
able to fully utilize the available basic resources of crop
production, viz. soil, solar energy, water and nutrients.
Introduction of component crops, especially, adoption of
multi-storeyed cropping system with compatible crops
favours better utilization of resources for augmenting returns
besides alleviating inherent soil limitations. Adoption of
such systems can provide food security through food
sufficiency, nutritional foods rich in vitamins and minerals,
employment generation through farm diversification and
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ecological stability (Ramadasan and Lal, 1966). The soil
resource base of the coastal sandy coconut zone is poor which
needs to be upgraded to ensure timely and adequate
availability of nutrients especially when multi-storeyed
cropping system is adopted for various reasons. There is a
need to consider the system as a unit especially with respect
to supply of inputs like organic manures, fertilizers,
herbicides, water and plant protection chemicals
(Nampoothiri, 2001). Generally, lesser quantities of inputs
are sufficient in cropping systems compared to sole cropping.
The fertilizer doze for coconut is 2.25:3.0:2.0 kg urea, single
super phosphate and muriate of potash per palm per year
and continuous application of large quantities of fertilizers
over a considerable period of time will definitely affect the
physico-chemical and biological properties of soils turning
the system unsustainable in all aspects. Sustainability can
be in built in the system by introducing compatible crops as
component crops and promoting positive interferences by
judicious application of inputs especially fertilizers. In this
context, the present study was carried out to develop
appropriate cost effective practices for enhancing nutrient
use efficiency, productivity, profitability and employment
generation through coconut based integrated nutrient
management systems in combination of coconut, nutmeg,
cinnamon banana and pineapple in a typical coastal sandy
zone.
MATERIALS AND METHOD
Field experiment on the assessment of economic
potentiality and employment generation through integrated
nutrient management (INM) in coconut-based cropping
system was initiated at ICAR-AICRP on palms, Regional
Coconut Research Station, Bhatye, Ratnagiri, (DBSKKV,
Dapoli), (M.S) during the year 2013-14 to 2017-18.
Experimental site is situated on the coast of Arabian Sea on
western outskirts of village Bhatye and linked with the
southern-borders of Ratnagiri city by the Bhatye Creek-Bridge
on the mouth of river Kajali. Its height from mean sea level is
3.2 M and located at 16 o 58’N Latitude and 73 o17’ E
Longitude. Climate of experimental site is warm and humid
tropical with mean annual rainfall of 3,500 mm and 120
rainy days. Mean temperature ranges from 21°C to 36°C.
Average relative humidity varies between 60 to 95%. Soil of
experimental plot was sandy loam, well drained with
medium fertility status. Experiment was laid out in 30-yearold coconut garden (cv. D x T – ‘COD x West Coast Tall’)
which was planted at a distance of 7.5 m × 7.5 m in a square
system. Each treatment consisted of 20 palms/plot,
replicated 5 times in randomized block design. Treatments
were T1:75% of recommended NPK +25% of N through
organic recycling with vermicompost, T2:50 % of RDF+50 %
122

of N through organic recycling with vermicompost
+vermiwash application +bio-fertilizer application +in situ
green manuring, T3:fully organic:100 % of N through organic
recycling with vermicompost +vermiwash application +biofertilizer application +in situ green manuring and green leaf
manuring (glyricidia leaves) +composted coir pith, husk
incorporation (once in 3 years) and mulching with coconut
leaves and T 4 :control: mono-crop of coconut with
recommended NPK and organic manure were imposed. The
coconut palms along with component crops like nutmeg,
cinnamon, banana and pineapple as a farming model.
Experiment was conducted on 0.45 ha coconut garden that
where inter planted with released varieties of the
Maharashtra State (Table 1).
Table 1. Plant population in coconut based integrated
nutrient management system
Sr.No.
Crops
Varieties/Hybrids
1.
Coconut D x T
2.
Nutmeg Konkan Swad
3.
Cinnamon Konkan Tej
4.
Banana Konkan Safed Velchi
5.
Pineapple Kew

Plants/block Plants/acre
20
70
12
54
62
246
72
246
960
4320

Quantity of NPK and vermicompost applied under
different treatments has been described by Maheswarappa
et al. (2011). As per the treatments, vermicompost was applied
during September–October and inorganic fertilizers in the
form of urea, SSP and muriate of potash were applied in 2
equal splits during June-July and September–October.
Vermicompost was obtained by decomposing coconut leaves
as per the procedure explained by Prabhu et al. (1998).
Biomass was recycled back into system after making
vermicompost and recommended dose of fertilizers applied
both for coconut and component crops as per treatment and
farm waste utilization done effectively to meet nutrient
requirement. Vermicompost was prepared and applied to
meet requirement of nutrients. Vermiwash collected was
drenched in basin of each crop by diluting it in ratio of 1:10
with water and applied twice in year for coconut @5 lits/
basin, nutmeg@3 lits/tree, banana @2 lits/plant, pineapple
4 lits in a bed of 40 plants and cinnamon @2 lits/plant. In
addition, glyricidia plants were grown as green manuring
crop at a border of plot and green leaf manuring was done
for coconut and intercrops in month of June, while
application of fertilizer. Palms were irrigated with drip system
while sprinkler irrigation was followed for irrigating different
crops in system. During December to January, 27 litres water
and 32 litres water during February to May per palm/day
was applied. Husk burial was followed before planting
perennial crops and husk burial in the trenches was followed
in each set of four coconut palms (once in 3 year). Dried
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coconut leaves were used for mulching in summer months
(February-May) in order to reduce the evaporation of moisture
from soil.
RESULTS AND DISCUSSION
Pre-experimental yield
The pre-experimental nut yield data was recorded and
presented in Table 2. The data revealed that initially nut,
copra and oil yield didn’t differ in the coconut plants under
the study.
Table 2. Pre-experimental yield of coconut (Average of 201112 to 2012-13)
Treatments
T1
T2
T3
T4
Mean
SEm. ±
CD
(P=0.05)
CV%

Nut yield
(nuts/palm)
104.60
103.96
102.72
103.80
103.77
0.65

Copra yield
(kg/palm)
17.78
17.67
17.46
17.64
17.63
0.11

Oil yield
(kg/palm)
12.09
12.01
11.87
12.00
11.99
0.07

Oil yield
(tonnes/ha.)
30.91
30.92
30.54
30.88
30.81
0.23

NS

NS

NS

NS

11.4

13.7

1.4

1.74

In general, there was an increase in the yield of coconut
and the yield obtained in different treatments was higher
over the years than the pre-experiment yields, which was
mainly owing to the effect of nutrients supplied through
treatments and irrigation provided to coconut palms.
Application of 75% of recommended NPK+25 % of N through
organic recycling with vermicompost treatment recorded
significantly highest nut yield (147.2 nuts) followed by 50%
of RDF+50 % of N throug h organic recycling with
vermicompost+vermiwash application + bio-fertilizer
application + in situ green manuring treatment and was
differed compared to the other treatments (Table 3).
Increase in yield under these treatments might be owing
to better availability of required nutrients which resulted in
improvement in yield. Additional increase in yield of coconut
with farming system component could be due to synergistic

effect of crop combination and nutrient status maintained in
the system. Application of vermicompost alone could not
result in increase in yield of coconut, as it could not provide
the required P and K and application of inorganic fertilizer
alone could not provide the suitable soil environment for the
growth and development of coconut. Increase in yield under
these treatments might be owing to better availability of
required nutrients which resulted in improvement in yield.
Srinivasa Reddy and Upadhyay (2002), Talashilkar et al.
(2008) and Nath et al. (2012) reported increase in yield of
coconut with the application of inorganic fertilizer (50%)
and 50% through vermicompost and the positive effect of
integration of organic and inorganic fertilizer combination
on coconut yield in different soil types. Similar results were
also reported by Maheswarappa et al., (2013 and 2014) in
coconut based farming system.
Copra and oil yield
The coconut copra and oil yield recorded among the
treatments over the years and the data are presented in Table
3. In general, there was an increase in the copra and oil yield
of coconut and the yield obtained in different treatments was
higher over the years than the pre-treatment yields, which
was mainly owing to the effect of treatments and irrigation
provided to coconut palms. During 2014-2018, application
of 75% of recommended NPK+25 % of N through organic
recycling with vermicompost (T1) recorded higher copra and
oil yield and was at par with 50% of RDF+50% of N through
organic recycling with vermicompost+vermiwash
application + bio-fertilizer application + in situ green
manuring (T2) and was differed as compared to the other
treatments. The copra and oil yield obtained under 75% of
recommended NPK+25% of N through organic recycling with
vermicompost (T1) and 50% of RDF+ 50 % of N through
organic recycling with vermicompost + vermiwash
application + bio-fertilizer application + in situ green
mannuring (T2) was at par i.e. 25.73 and 23.06 kg/palm/
year and 17.11 and 15.72 kg/palm/year respectively. Also,
the oil yield (tonnes/ha) obtained under 75% of
recommended NPK + 25 % of N through organic recycling

Table 3. Effect of coconut based INM system on nut yield, copra and oil yield of coconut (pooled data 2014-15 to 2018-19)
Treatment
T1
T2
T3
T4
SEm. ±
CD (P=0.05)
C.V. (%)

Nut yield
(nuts/palm)
147.2
138.4
123.6
97.2
5.14
16.48
6.87
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Nut yield
(nuts/ha)
26054.4
24496.8
21877.2
17204.4
1133.7
3402.1
11.14

Copra yield
(kg/palm)
25.73
23.06
20.37
16.78
1.29
3.88
7.87

Copra yield
(tonnes/ha)
4.55
4.08
3.60
2.97
0.38
1.15
3.21

Oil yield
(kg/palm)
17.11
15.72
13.60
11.40
1.06
3.18
6.46

Oil yield
(tonnes/ha)
3.03
2.79
2.41
2.01
0.07
0.21
5.67
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with vermicompost (T1) and 50% of RDF+50 % of N through
organic recycling with vermicompost + vermiwash
application + bio-fertilizer application + in situ green
manuring (T2) was at par i.e., 3.03 and 2.79 tonnes/hectare
respectively. Increase in copra and oil yield under these
treatments might be owing to better availability of required
nutrients which resulted in improvement in yield.
Application of any single manure could not result in increase
in copra and oil yield of coconut, as it could not provide the
required P and K and application of inorganic fertilizer alone
could not provide the suitable soil environment for the growth
and development of coconut. Results analogous to these
finding were recorded by Kalpana et al. (2008) in the coconut

based INM system on nut yield and quality of coconut under
coastal ecosystem.

Table 4. Output from different component crops under
coconut based cropping system model at Regional
Coconut Research Station, Bhatye, Ratnagiri

Economics and employment generation under coconutbased cropping system

Treatment/crops
Cinnamon bark (g/plant)
T1
T2
T3
SEm. ±
CD (P=0.05)
C.V. (%)
Cinnamon leaves (g/plant)
T1
T2
T3
SEm. ±
CD (P=0.05)
C.V. (%)
Nutmeg (no. of fruits/plant)
T1
T2
T3
SEm. ±
CD (P=0.05)
C.V. (%)
Banana (kg/bunch)
T1
T2
T3
SEm. ±
CD (P=0.05)
C.V. (%)
Pineapple(kg/fruit)
T1
T2
T3
SEm. ±
CD (P=0.05)
C.V. (%)
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2016-17 2017-18 2018-19

Mean

269.10
234.14
232.52
9.19
27.60
11.58

277.23
238.61
234.55
8.78
26.36
13.86

285.36
240.65
236.59
10.26
30.80
9.31

277.23
237.81
234.56
5.91
17.74
6.37

843.90
770.7
762.6
19.91
59.72
17.43

864.22
782.9
770.7
17.43
52.29
19.33

872.35
762.3
735.12
21.32
63.96
18.54

860.15
771.96
756.14
15.82
47.48
17.22

334.2
302.3
263.6
13.34
40.02
6.12

361.4
310.0
283.3
12.48
37.44
11.23

356.8
308.3
278.5
14.71
42.24
14.67

350.8
306.8
275.1
0.32
1.02
9.32

10.7
9.13
8.55
0.03
NS
5.18

7.12
6.14
5.46
0.03
NS
9.34

12.70
11.6
10.4
0.49
1.47
11.26

10.17
8.95
8.13
0.51
1.53
6.48

1.933
1.814
1.795
0.043
0.138
9.12

1.404
1.373
1.278
0.037
0.112
7.54

2.476
2.416
2.057
0.02
NS
11.78

1.937
1.867
1.710
0.058
0.174
10.27

Output from component crops
The yield of component crops as influenced by coconut
based integrated nutrient management system in coconut
was recorded and presented for last three years as of nutmeg
and cinnamon yield consistently recorded in last three years
after plantation and presented in Table 4. Highest mean yield
of component crops namely pineapple and banana were in
the treatment T3 such as 52.7 kg/block and 411 kg/block
respectively whereas highest mean yield of component crops
cinnamon bark and cinnamon leaves were in treatment T1
such as 21 kg/block and 54.8 kg/block respectively.

Economics
The economics of coconut based integrated nutrient
management system was worked out and presented in Table
5. The total cost involved in maintaining the system under
various integrated nutrient management was ranged from
Rs. 123769.6/- (T3) to Rs. 63639.0/- (T4). The economics of
the integrated nutrient management system revealed that
the highest net return (Rs. 131605.8/-) and benefit:cost ratio
(2.69) were recorded with the application of 75% of
recommended NPK+25 % of N through organic recycling
with vermicompost (T1) followed by (2.29 B:C) with the
application of 50 % of RDF+ 50 % of N through organic
recycling with vermicompost+vermiwash application + biofertilizer application + in situ green manuring (T2) as
compared to the other two treatments. The economic analysis
of mixed farming system maintained at CPCRI, Kasargod
for the period of 1989-90 to 1997-98, realized net return
between Rs. 49700 and 1,26900 (Maheswarappa et al. 2000).
Table 5. Economics (per ha) of coconut based INM system
(Average of five years data from 2013-14 to 2017-18)
Treatment

Cost of
cultivation
(Rs.)

Gross
returns
(Rs.)

T1
T2
T3
T4

105185.2
113026.8
123769.6
63639.0

283456
259871
238529
102374

Net
Returns
(Rs.)
131605.8
122868.2
114759.4
38735

B:C

2.69
2.29
1.92
1.60

Employment generation
The employment potential of the coconut-based
cropping system is observed to be very high. The labour input
utilization of irrigated monocrop of coconut (at its stabilized
yield stage) is 157 man-days/ha/year (Table 6). The labour
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utilization in the coconut cropping system with banana,
pineapple, cinnamon and nutmeg was 297 days/ha/year.
In percentage term, the increase was about 189 per cent over
the sole crop system. Since, it is expected that the bulk of the
labour force is available from the family source of the farmer,
family labour income could therefore be considerably raised
when coconut based cropping system was adopted. Similar
results were also reported by Talathi and Kshirsagar (2016)
in coconut-based farming system.

Maheswarappa, H. P., George, V. Thomas, Bhat, R., Palaniswami,
C. and Jayasekhar, S. 2011. Impact of inorganic fertilizer
substitutions by vermicomposted coconut leaves on
productivity and economics of coconut. Journal of Plantation
Crops, 39: 30–34.

Table 6. Employment generation through different INM
practices in coconut based cropping system.

Maheswarappa H. P., Sairam, C. V., Dhanapal, R., Vidhan Singh,
T. and Hegde, M. R. 2000. Economic analysis of coconut
based mixed farming systems. CORD 16: 37-46.

Treatment

Maheswararappa, H. P., Dhanapal, R., Subramanian, P. and
Palaniswami, C. 2013. Evaluation of coconut based high
density multi-species cropping system under organic and
integrated nutrient management. J. Plant. Crops, 41:130-135.

T1
T2
T3
T4

Man days
required
(days/ha/year)
297
289
263
157

Employment
generation over
monocrop
140
132
106
0

% increment in
Employment
generation
189
184
168
100

It can be concluded from present study that, application
of organic manures in combination with inorganic fertilizer
either in 75 % of recommended NPK + 25 % of N through
organic recycling with vermicompost or 50 % of RDF+ 50 %
of N through organic recycling with vermicompost +
vermiwash application + bio-fertilizer application + in situ
green manuring found to be beneficial with regards to
maintaining the sustainability, productivity, economic
viability and employment generation through the coconut
based cropping system.
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Abstract
Grain discoloration complex disease of rice is an emerging threat to rice crop all over the world and it acquires
particular importance as it results in qualitative loss of harvested crop. So the present study was carried out to study
the epidemiology of grain discolouration disease. Disease development in relation to weather parameters were
studied like maximum and minimum temperature, morning and evening relative humidity, rainy day and rainfall
with the development of the grain discolouration in paddy. The severity recorded at different stages of crop growth
was correlated with weather parameters during the respective stage. The severity of paddy grain discolouration
during kharif 2017 correlated positively with maximum temperature (r=0.73) and minimum relative humidity (r=0.29).
Keywords: Paddy, Weather factors, Severity, Discolouration, Epidemiology

Rice (Oryza sativa L.) is one of the most important crops
of the world both in terms of area and production. About 90
per cent of the world rice is grown and consumed in Asian
countries and 60 per cent of world population also depends
on rice for their half of the calorie intake from this crop. After
China, India is the second largest producer of rice in the
world.
In rice, some of the diseases which were less significant
earlier, are now gradually gaining importance and posing
serious threat to the crop production (Gupta et al., 2015).
Grain discolouration is prevalent in almost all parts of the
world where paddy is grown. It was earlier considered to be
a minor disease and it is now gaining more importance due
to its severity in tropical rice growing areas. In many regions
of India particularly during wet seasons due to high humidity
and warm environmental condition during flowering and
post flowering stages which significantly induce the disease.
Rice grains may be infected by various organisms before or
after harvest or during storage, causing discolouration and
the extent of discolouration varies according to season and
locality (Ou, 1985). Infection may be internal and external
causing discolouration of the glumes or kernels.
MATERIALS AND METHODS
Studies on epidemiology of the disease
The crop was raised with recommended agronomic
practices except disease management. To know the congenial
condition for the disease development, the per cent disease
126
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index was regularly examined. Ten random plants in the
field were selected. Observations on the per cent disease index
were taken twice in a week right from onset of disease to the
harvesting of the crop. Correspondingly, prevailing weather
parameters during standard meteorological weeks such as
temperature, rainfall and relative humidity were recorded.
The meteorological observations at Agricultural Research
Station, Mugad were used for this experiment. Data was
analyzed statistically and weather factors were correlated.
RESULTS AND DISCUSSION
Disease development in relation to weather parameters
In the present investigation, disease development in
relation to weather parameters were studied. This study
clearly depicts the relationship between the weather factors
like maximum and minimum temperature, morning and
evening relative humidity, rainy day and rainfall with the
development of the grain discolouration in paddy.
Observations were taken twice in a week from 41st to 46th
standard meteorological weeks (SMW). The data were
presented in the Table 1.
During cropping period, maximum temperature
ranged from 29.1°C (41st standard meteorological week) to
30.4 °C (46th SMW), minimum temperature ranged from
14.9°C (41st SMW) to 21.3°C (46th SMW), morning relative
humidity ranged from 70.0 per cent (41st SMW) to 97.00 per
cent (46th SMW), evening relative humidity ranged from 63.0
per cent (41st SMW) to 78.0 per cent (46th SMW), weekly
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rainfall ranged from 0 mm to 39.0 mm and number of rainy
days ranged from 0 (41st SMW) to 4 (46th SMW).
The maximum disease pressure (17.8 %) was noticed
during 46th standard meteorological week with weather
parameters such as maximum temperature, minimum
relative humidity and rainfall were favourable for
development of grain discolouration.
Disease progress in relation to weather parameters
revealed that, initially in the 41st standard week, disease
severity was low (5.5 %) which increased gradually to 17.8
per cent at the 46 th standard week. Disease severity
progressively increased from 41st standard week to 46th
standard week which coincided with grain formation stage
to the physiological maturity stage of the crop. During these
standard weeks, maximum temperature ranged from 29.5°C
to 30.4°C, minimum temperature ranged from 14.90°C to
21.3°C, morning relative humidity increased from 70.0 per
cent to 97.0 per cent, evening relative humidity increased
from 63 per cent to 78 per cent.
Correlation of disease index with weather parameters
The severity was recorded at different stages of crop
growth was correlated with weather parameters recorded
during the respective stage. The correlation coefficients were
presented in Tables 2. The severity of paddy grain
discolouration during kharif 2017 correlated positively and

was non-significant with maximum temperature (r=0.73).
Further, the severity of paddy grain discolouration correlated
positively and non significantly with minimum relative
humidity (r=0.29). Here, it could be inferred that among the
weather parameters selected for correlation on development
of grain discolouration in paddy, maximum temperature and
minimum relative humidity showed non significantly
positive correlation whereas rainfall showed significantly
negative correlation (r= -0.84) on disease development. The
minimum temperature showed significantly negative
correlation (r= -0.89), morning relative humidity (r= -0.19)
and rainy days (r= -0.83) showed negatively correlation on
development of discolouration (Table 2).
With respect to weather studies, the disease severity
was calculated at weekly twice interval. The discoloured
symptoms were first observed on 41st meteorological week
(MW). Disease severity was progressed with the age of the
plant. Initially at the 41st standard week, severity was low
(5.5 PDI) which increased gradually to 17.8 per cent during
46th standard week. Grain formation stage (55-65 days) was
the most susceptible stage, where the disease severity
initiated and increased till physiological maturity stage. The
severity of paddy grain discolouration during kharif 2017
correlated positively and was non-significant with maximum
temperature (r=0.73). Further, the severity of paddy grain
discolouration correlated positively with minimum relative

Table 1. Influence of weather parameters on the development of grain discolouration of paddy
Std.
meteorological
week
41
42
43
44
45
46

Weekly observation
date
Oct-8-Oct 14
Oct 15-Oct 21
Oct 22-Oct 28
Oct 29-Nov 4
Nov 5-Nov 11
Nov 12- Nov18

PDI

Maximum
5.5
9.5
12
12.4
15.6
17.8

Weather parameter data
Rainy
Rain fall
days
(mm)
Minimum
(days)
21.3
39.00
4
20.0
10.80
1
18.6
1.40
0
16.0
0.00
0
14.9
0.00
0
16.0
0.00
0

Temperature (0C)

29.1
29.7
30.0
29.9
29.5
30.4

Relative humidity (%)
Morning

Evening

97
97
94
92
80
70

76
68
73
78
66
63

Table 2. Correlation between per cent disease index of grain discolouration of paddy in relation to weather parameters
Parameters
Y - PDI
X1 - Maximum temperature ( oC)
X2 - Minimum temperature ( oC)
X3 - Rainfall (mm)
X6 - No. of rainy days (days)
X4 - Relative humidity (morning) (%)
X5 - Relative humidity (evening) (%)

Y
1.000
0.733
-0.890**
-0.849*
-0.834
-0.191
0.293

X1
1.000
-0.470
-0.744
-0.747
0.184
0.370

Correlation Coefficient (r)
X2
X3

1.000
0.811
0.788
0.258
-0.033

1.000
0.999
-0.301
-0.487

X4

X5

X6

1.000
-0.336
-0.517

1.000
0.674

1.000

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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humidity (r=0.29). The present results are in accordance with
Vikas and Amitava (2017) who studied the environmental
conditions prevailed during monitoring and surveillance
based on blast of rice reveals that the incidence favours milk
to mature grain stage of rice with temperature ranged from
23.88°C to 25.51°C and relative humidity from 71.71per cent
to 83.98 per cent. Castejon (2008) reported that a relative
humidity of 95 per cent and an average temperature of 2627°C were optimum for infection and substantially favoured
spore release.
Uma and Wesely (2014) reported that relative humidity
and temperature have effect on seed infection. Severe paddy
infection was observed during Nov 15th to April 15th when
low temperature and high humidity prevailed. The influence
of minimum temperature 21.60 0C and high humidity (70 %
and above) are the outbreak of seed infection. Based on the
finding of this study it is suggested to avoid of raising
susceptible paddy cultivars during the period of Nov 15th to
April 15th. These results are in conformity with the findings
of Ramakrishnan (1975).
While, significantly negative correlation was obtained
with minimum temperature (r=-0.89) and non-significantly
negative correlation was obtained with morning relative
humidity (r=-0.19) and number of rainy days (r=-0.83) but
rainfall showed significantly negative correlation (r=-0.84)
because during cropping period, there was no rainfall for
development of disease so, disease severity was only 17.8
per cent the disease was not much severe during cropping
period.
The present results are in accordance with Kimura
(1937), wherein the maximum incidence of Nigrospora oryzae
was recorded during heading to milk stage when, prevailing
temperature was from 23.51°C to 32.63°C and relative
humidity from 73.28 per cent to 91.93 per cent and the
inoculation of Nigrospora oryzae before flowering stage
consequences more grain discolouration. Correlation
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analysis suggested that warm weather condition with high
solar radiation and without excessive rainfall during grain
filling stage gave the best rice seed yield with high quality
and no grain discolouration (Krishnan and Rao, 2005).
Paddy grain discolouration disease development in
relation to weather parameters was studied. The severity of
paddy grain discolouration during kharif 2017 showed that
maximum temperature (r= 0.733) and minimum evening
relative humidity (r=0.293) were non significantly positively
correlated whereas minimum temperature (r=-0.89) and
rainfall (r=-0.84) showed significant negative correlation.
While, morning relative humidity (r=-0.19) and rainy days
(r=-0.83) showed negative correlation on development of
grain discolouration.
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Abstract
Annual monitoring of seasonal incidence of the oriental fruit fly, Bactrocera spp, Hendle (Diptera6" Tephritidae)
in Saharanpur region of Uttar Pradesh, India was conducted by bottle trap and wooden block trap in 2004 and 2005
and factors including temperatureÏ rainfall and host species with respect to the population fluctuation were analyzed
systematically. The results showed that the fruit fly was present all year round in Saharanpur region of Uttar Pradesh.
In bottle traps, catches started from 4th standard week in 2004 (5.6 flies / trap / week) and in 9 th standard week in
2005 (1.75 flies / trap / week). Trap catches in wooden block trap started from 3 rd standard week in 2004 (3.67 flies
/ trap / week) and from 4th standard week 2005 (2.0 flies / trap / week). The peak average population was 362.0 and
1042.0 flies /trap/week in 29th standard week in bottle trap and wooden block trap, respectively in the year 2004. The
peak average population was attained in 28 th standard week during 2005. It was observed that trap catches were
higher in wooden block traps as compared to bottle traps in both the years of study. The fruit fly trap catch during
2004 and 2005 was found to be dependent upon abiotic factors. Significant positive correlations were recorded
between average temperature and rainfall with the population of fruit flies during both the years of study. Analyses
of relationship between average relative humidity and population of fruit flies revealed the presence of statistically
insignificant negative correlations. Considering the correlation of abiotic factors with seasonal incidence in view, the
present study holds promise for advance planning of management programme against fruit flies of mango.
Keywords: Bactrocera spp., Seasonal incidence, Mango, Fruitfly

Fruit flies are the major pest of mango in Uttar Pradesh,
India. Batra (1953) observed the activity of fruit fly throughout
the year on mango and guava with peak periods in July–
October and stated that the population build up of any insect
is very intimately associated with the weather parameters
prevailing during preceding and corresponding periods. The
pest status does not remain static throughout the year but
changes according to abiotic conditions, like temperature,
relative humidity (RH), rainfall and light, etc. Bess and
Haramoto (1961) recorded that little variation in temperature
between winter and summer affects the peak abundance of
Bactrocera dorsalis. Mann (1980) studied population dynamics
of B. dorsalis in various seasons and found its highest
population in September-October. Bagle and Prasad (1983)
recorded that fruit fly population was high during March,
April, May and June in Karnataka during 1975 to 1978. They
studied the population dynamics by weekly counts of males
caught in traps with 100 ml of an emulsion containing 0.1%
methyl eugenol (4-allyl-1, 2- dimethoxybenzene-carboxylate)
and 0.25% malathion. Vargas et al. (1983) reported B. dorsalis
as most abundant and widely distributed fruit fly on Kauai,
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at low and high elevations. Drew et al., (1984) recorded the
peak trap catches of Bactrocera spp. at the peak fruiting time
of major hosts. Shukla and Prasad (1985) studied the
population fluctuation of B. dorsalis in two guava orchards
in Bangalore during 1980-1981 using methyl eugenol traps.
Two distinct population peaks during March to June and
September to October each year were recorded. Su (1986)
recorded the peak population of fruit fly during August to
November in Chiu-jun area of Taiwan and identified
temperature as the major regulating factor, followed by
rainfall, humidity and sunshine hours. Abbas and Srivastava
(1989) reported that the population of fruit fly was nil from
January to March in north Indian conditions. The emergence
started from April and maximum population was recorded
in May, June and July. The population again declined slowly
in August to September and remained nil in October,
November and December. Gupta and Verma (1990) recorded
seasonal incidence of B. zonata and B. dorsalis in semi isolated
peach, plum and apricot orchards located in the mid hill
regions of Himachal Pradesh during 1986–87 and found
that the traps baited with methyl eugenol and malathion
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captured maximum males of both the species from the second
week of April to second week of November during both the
years. Gupta et al., (1990) recorded peak adult activity of B.
zonata in the 3rd week of June on apricot, 4th week of June on
plum and 2nd week of July on peach. Chaudhry and Jamal
(2000) noticed that the activity of adult males of B. dorsalis
and B. zonata reached a peak from August to October (1995)
in Rawalpindi, which coincided with the maturity of guava
crop. Sarada et al., (2001) recorded a seasonal abundance of
Bactrocera spp. in Andhra Pradesh, and found peak fly
population in mango orchards from May to July. Khan and
Naveed (2017 ) reported that occurrence and Seasonal
abundance of fruit fly, B. zonata Saunders (Diptera:
Tephritidae) in relation to Meteorological factor. Shukla and
Kumar (2006) found that the fruit flies (Bactrocera spp.) were
earlier not so active during winter months, but during the
period of study they were observed throughout the year in
Lucknow and Saharanpur regions of U.P. The numbers of
adult fruit flies caught in methyl eugenol traps kept in mango
and guava orchards maintained organically since 2000 were
monitored at Lucknow, U.P during 2004-2006. Among the
fruit fly species observed in the traps, the maximum
population was that of B. zonata (98 %), while only less than
2 % was of B. dorsalis. Mohammed et al., (2000) evaluated
soaked-wooden blocks to replace the plastic traps use in for
Male Annihilation Technique (MAT) control of fruit flies in
mango orchards in Pakistan. Each block killed nearly twice
as many flies as a trap and lasted nearly twice as long and
was preferred to traps for on-farm fly control in all cases.
Oblong plywood traps caught slightly more flies than other
shapes, and catch size appeared positively associated with
the block edge. Shukla et al., (2005) made catches of Bactrocera
spp. by un-replenished soaked wooden block containing
approximately 2 ml of lure and weekly replenished water
traps containing 0.1 ml of lure in mango orchards near
Lucknow, and found widely differing performance during
two different years period. Stonehouse et al., (2007) used MAT
at village and farm levels and reported that a guild of fly
pests largely responsive to methyl eugenol lures, with
reference to a mean infestation rate in unprotected orchards
of 13%, farm-level control obtained improvements of 71%,
village-level control of 96% and both together of 99%. Kumar
and Shukla (2020) noticed that the peak average population
(399 and 1398 flies trap-1 week-1) was attained in 26 standard
week in bottle trap and wooden block traps respectively in
Lucknow region of UP, India.
MATERIALS AND METHODS
The experiments were conducted at two locations
villages Khera afgan and Tetro in Saharanpur districts of
UP. The study was conducted during the years 2004 and
130

2005. Seasonal incidence studies were conducted from
January 2004 to December 2005, while the studies on seasonal
distribution were conducted during the fruiting season.
Geographically, the Saharanpur district is situated at
an elevation of about 270.50 metres above sea level between
29’58º north latitude and 77’33º east longitude and falls in
semi arid zone. The observations on various meteorological
parameters, viz. temperature, relative humidity (%) and
rainfall (mm) were recorded at weekly intervals in the
meteorological observatories situated at Experimental
Garden and training centre, Saharanpur ( Table -2& 3)
Bottle trap
Fruit fly traps were made using a 250 ml wide mouth
bottle (9.5 x 4.5 cm; Plate-1). An aluminum canopy was
attached to the bottle neck and a thread hooked through the
canopy to enable these to be hung from the trees. The bottle
was filled with a solution of methyl eugenol (0.2 ml),
dichlorovos 76% (0.26 ml) and 200 ml water. The solution
was changed every week. Weekly observations on the number
of fruit fly trapped were made from January 2004 to December
2005. The corresponding mean weekly data of weather
factors such as, temperature, relative humidity and rainfall
were also recorded. The data obtained were subjected to
simple correlation analysis.
Wooden block trap
Wooden block trap of size 5 x 5 x 1 cm were made from
poplar wood because of its high absorption capacity. These
blocks were soaked in solution of ethanol, methyl eugenol
and malathion (EC) in the ratio of 6:4:1 for 48 hrs. Wooden
blocks were kept in used plastic mineral water bottles
provided with four holes on top of bottle for entry of flies.
These traps were hung on mango trees at a density of 10
traps per hectare. Fly population was recorded at weekly
intervals from traps throughout the year and traps were
replaced after every two months.
RESULTS AND DISCUSSION
The data show no catches in bottle trap up to 3rd
standard week in 2004 and up to 8th standard week in 2005.
In bottle traps, catches started from 4th standard week in
2004 (5.6 flies / trap / week) and in 9th standard week in
2005 (1.75 flies / trap / week). Trap catches in wooden block
trap started from 3rd standard week in 2004 (3.67 flies / trap
/ week) and from 4th standard week 2005 (2.0 flies / trap /
week (Table-1). The peak average population was 362.0 and
1042.0 flies /trap/week in 29th standard week in bottle trap
and wooden block trap, respectively in the year 2004 (Table1). The weather parameters during 29th standard week
showed that the average maximum and minimum
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Table 1. Population of fruit flies, Bactrocera spp. during 2004 and 2005 in Saharanpur district.
Std.
week
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Average
Temp
12.5
9.45
13.6
13.6
16.3
16.2
18.3
18.5
18.4
16.8
20.5
22.4
23.7
24.6
27.9
27.7
28.6
28.2
28.2
29.9
30
32.7
30.6
33.5
29.6
30.1
30.1
27.9
29.5
30.7
28.5
30.3
29
28.9
29.3
27.3
27.9
28.3
26.6
25.2
24.1
23.6
22.8
21.9
21
18.2
16.9
15.6
16.2
17.9
17.2
14.8

Average
Humidity
81
83
77.5
71.5
77
67
65.5
64
66
60.5
64
57
54.5
48
46
36.5
39
38
38.5
34.5
43
26.5
43
44
72.5
70.5
77
80
80.5
78
82.5
75
83.5
79
81
85.5
84.5
81.5
73.5
63
63.5
63
67.5
66.5
66
73
64
65
70.5
74
86.5
77.4

2004
Total
rainfall
7
0
0
0
3.6
24.9
0
1.6
31.3
3.1
0
0
9.8
0
0
2.4
0
6
0
7
0
0
0
22.8
11.6
65.8
65.8
40.5
30.1
30
17.8
0
32
60.8
8
160
5.8
38.2
0
0
0
0
0
0
0
2.2
0
0
0
13.4
0
0
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Bottle Trap Wooden block
trap
0
0
0
0
0
3.67
5.6
9.67
7.3
11.3
8
13.2
5.3
22.2
9
25.2
12
28.3
12.6
35.7
14.6
43.8
15.6
53.3
54.3
67.2
55.6
173
92
236
111
347
152
591
158
753
178
914
215
1043
252
1162
301
1167
293
1324
354
1279
536
1342
520
1398
427
1371
857
1172
362
1042
293
882
227
737
209
636
215
566
192
403
112
288
56
191
56.3
173
44.6
120
44
108
13.3
125
22.3
75.2
25
43.7
19.6
42.5
18.3
31.8
18
28.5
13
25.5
32
15.8
33
11.7
22
9
14.3
8.17
3
12
8.55
7

Average
Temp
13.8
12.5
12.1
10.8
14.7
15.6
16.4
15.6
19.7
20.5
22.5
21.8
22.5
25.4
23.7
27.3
28.4
28.1
26.3
30.7
32.2
32.3
32.1
33.3
34.7
29.8
28.7
29.9
28.7
29.1
29.9
29.3
26.9
28
29.1
26.7
26.5
26
24.7
24.1
23.3
21.3
19.2
16.4
17.1
17.9
12.7
9.7
10.4
9.65
10.1
9.65

Average
Humidity
73.5
73
79.5
82.5
70.5
75
75
66
65
66.5
67
63.5
47.5
45.5
34.5
34
40.5
52
36.5
29
26.5
25
33.5
32
42
71
82.5
83
79
78
76
69.5
81
80
72.3
77
61.1
61.4
61.6
63.9
61
65.4
58
65.4
68.3
55.2
86.8
87.7
72.5
85
81.1
83.6

2005
Total
rainfall
8
1.2
0
0
24.7
0
0
24.3
0
19.3
0
0
0
14.9
0
0
3.6
0
0
4
6
0
0
22.8
10.8
9.4
62.8
46.3
58.2
30.1
19.2
7.6
0
30.1
19
17
110
19.6
40.1
0
0
0
2.1
0
0
0
0
0
0
0
0
4.6

Bottle
Trap
0
0
0
0
0
0
0
0
1.75
4.17
4.95
6.17
7.67
11.7
30.5
50.2
113
135
127
138
128
112
186
101
142
203
244
295
268
249
192
136
127
58
41
33
26.5
18.3
20.5
21
11.5
12.2
9.5
10.2
8
7
7
4.5
3.5
3.33
4.66
3.67

Wooden block
trap
0
0
0
2
3
6
4
9.8
11.8
12.8
12.8
14
52
53.3
89.5
111
150
154
169
112
248
298
288
399
510
495
452
538
535
444
214
247
218
187
61.8
55
50.3
41
38.8
13
22
14.8
14.3
11.5
17
12
24.5
32
24
15.7
8
4.75
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temperature was 33.1 and 25.8ºC, relative humidity was 89
% and 72%, respectively, and the total rain fall was 87.0 mm
during 2004 (Table-1). The peak average population was
attained in 28th standard week during 2005. Maximum and
minimum temperature was 33.6 and 26.1ºC, respectively,
maximum and minimum relative humidity was 90 and 76%,
respectively, and the total rain fall was 46.3 mm (Table-1).
The maximum number of fruit flies was recorded during the
month of July (29th & 28th standard week) in both the years
2004 and 2005. Trap catches were also higher in wooden
block traps in Saharanpur district as compared to bottle traps
in both the years of study (Table-1). The fruit fly trap catch
during 2004 and 2005 in Saharanpur was found to be
dependent upon abiotic factors.
Significant positive correlations were recorded between
average temperature and population of fruit flies in bottle
(r= 0.657; P<0.001) and wooden block traps (r= 0.653;
P<0.001) in the year 2004 in Sahranpur. Similarly statistically
significant positive correlations were also noticed in the year
2005 in both bottle (r= 0.705; P<0.001) and wooden block (r=
0.707; P<0.001) traps between temperature and fruit fly
population (Table-2).
Analyses of relationship between average relative
humidity and population of fruit flies revealed the presence
of statistically insignificant negative correlations during the
years 2004 and 2005 in both bottle (r= - 0.121; P>0.05 and r=
-0.116; P>0.05, respectively) and wooden block (r= - 0.045;
P>0.05 and r= -0.150; P>0.05, respectively) traps (Table-2).
Statistically significant positive correlations were found
between total rainfall and fruit fly populations in the years
2004 and 2004 in both bottle (r= 0.347; P<0.01 and r= 0.333;
P<0.01) and wooden block (r= 0.368; P<0.005 and r= 0.377;
P<0.005) traps, respectively (Table-2).
Significant positive correlations were recorded between
Table 2. Correlation coefficients (r) between trap catches of
fruit flies (Bactocera spp.) in mango crop and abiotic
factors at Saharanpur.
Meteorological Parameters
Average temperature
Average RH
Total rainfall

Traps
Year Bottle trap Wooden block trap
2004 0.657***
0.653***
2005 0.705***
0.707***
2004 -0.121 NS
-0.045 NS
2005 -0.116NS
-0.150 NS
2004
0.347*
0.333*
2005
0.368**
0.377**

*, ** and *** denote correlation coefficients to be significant at
P<0.01, 0.005 and 0.001, respectively.
NS is for non-significant.
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average temperature and rainfall with the population of fruit
flies during both the years of study. Analyses of relationship
between average relative humidity and population of fruit
flies revealed the presence of statistically insignificant
negative correlations. Considering the correlation of abiotic
factors with seasonal incidence, the present study holds
promise for advance planning of management programme
against fruit flies of mango.
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Declare that your manuscript is not published
elsewhere in some another journal


Cite content from other sources appropriately to avoid
plagiarism.



Infringe any copyright or other intellectual property
rights or any other rights of any third party.



All authors should be aware of the submission of their
paper to the journal and agree to the main author
signing an agreement form on their behalf.



Declare any conflicts of interest



Check all co-authors meet criteria for authorship and
ensure appropriate acknowledgements made in the
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Include appropriate funding statements in the
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Show informed consent and provide assurances that
participants’ rights are protected



Register field trials where appropriate



Be alert to bias and follow guidelines for accurate and
complete reporting of research



Authors have the right to appeal editorial decisions



Authors should obtain permission to reproduce any
content from third-party sources (text and images).



The source of funding for a research project should be
listed on all funded research paper.



Authors should inform the editor or publisher if there
is a significant error in their published work with the
editor to publish an erratum, addendum or retraction
where necessary.



Inform the journal if you subsequently find errors in
your research



Authors must ensure their contribution does not
contain any libellous matter



Sign a copyright agreement
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Normally Journal of Eco-friendly Agriculture follows
rapid publication strategy, however, depending upon the
manuscript and editorial board availability, manuscripts
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vetting may take significantly longer time. In a case where a
manuscript has taken more than six months’ time for reviewer
assignment then Journal of Eco-friendly Agriculture allows
the author to withdraw manuscript without paying any
charges.
Please Note: Any manuscript once in editing/
reviewing stage is not allowed to be withdrawn without
paying Withdrawal Penalty. Journal of Eco-friendly
Agriculture holds ALL RIGHTS to publish the manuscript
without further approval from the author, and can’t be held
responsible for publishing of manuscript in any other
Journal.
When to submit your paper in other Journals
Publication is a difficult process, and the author must
be prepared to defend his/her submission against rejection
from both editors and peer reviewers. It is important to be
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not to choose another journal until at least one of the
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The editors decide that your manuscript is not relevant
subject match for the journal.



The editor rejects your manuscript without review for
a second time after you write a response to their first
rejection.
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reviewer comments, and it has received a negative
review feedback from the reviewers.



For any queries, suggestions and for making
“withdrawal penalty” payments do right to us
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Process of Review

This is a privileged area for Journal of Eco-friendly
Agriculture(s)’ editors.


Editors log-in and get full control over the selection
and review process & peer review.



Editor’s management module facilitates management
of manuscripts, from their Section of Unassigned,
selection for review, detailed review (Editing), assigning
them to referees/ seeking their comments, providing
comments, to the final decision making on acceptance,
revision and rejection.
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Editors share their views with the referees and the
Journal of Eco-friendly Agriculture(s)’ publication
management team.



The announcement of decision on acceptance/
rejection may rest on the Journal of Eco-friendly
Agriculture publication management team.



Journal of Eco-friendly Agriculture’s Editorial board
comprises of experts/ professionals who, on formal
invitation from Journal of Eco-friendly Agriculture’s
have kindly consented to represent the Journal of Ecofriendly Agriculture’s for providing their valued
editing/ review services, and guide/ support the
Publication management team of the Journal of Ecofriendly Agriculture’s.



Journal of Eco-friendly Agriculture publication
management team expects the editor/ reviewer to
monitor the status of manuscripts and specially watch
for the comments on revision, rejection and acceptance
to avoid any duplication of efforts at their ends. Onward
actions/ decisions by the journal publication
management team will be based on the information/
comments made available by the editor/ reviewer
online on the web/ offline through an email.



Critical appraisal should be presented dispassionately
in the comments intended for the Authors and fowl
remarks to be avoided.



Suggested modifications should not imply as
conditions of acceptance. It is important to make
distinction between revisions considered essential and
those judged merely desirable.



In cases, we do not accept a manuscript; we should
convey our constructive comments that might help the
author to improve it. This requires providing elaborate
comments (with citations, if possible);it will help the
editors/ reviewers to make a decision on the manuscript
and the authors to improve it.



The documentation on criticism, arguments, and
suggestions concerning the manuscript is to be
preserved carefully. It will be quite useful for decision
makers.



Editors/ reviewers are not expecting correct mistake/s
in grammar, but any assistance in this regard will be
highly appreciated.



The editors/ publication management team gratefully
receive a reviewer’s/ referee’s recommendation (s), but
since the decisions are based on evaluations derived
from several sources, a reviewer/ referee should not
expect decision makers to honor his or her every
recommendation.



In preparation of these norms, support from the
information provided in the guidelines of Council of
Science Editors has been taken

Editorial Policy
The manuscript is a privileged document. It needs to
be protected from any form of exploitation. Editors/
reviewers are expected not to cite, refer and to refrain from
using the information it embodies for the advancement of
their own research.


An editor/ reviewer should consciously adopt a
positive, impartial attitude towards the manuscript
under review.



An editor/ reviewer should aim at promoting a precise
and effective scientific communication.



An editor/ reviewer who thinks that he/she is not in
position to judge a particular manuscript impartially,
should not select or accept it for review/ refereeing.



Review/ refereeing should be carried out as per the
stipulated time lines. In case it appears, the deadlines
are hard to meet in some specific case, Journal of Ecofriendly Agriculture publication management team
should be informed accordingly which will enable
them to take alternative measures to avoid delay.



An editor/ reviewer should not discuss a manuscript
with its Author(s)’. Journal of Eco-friendly
Agriculture(s)’ Online Peer-Review Journal system
updates Author about every action being taken on their
manuscript.



The identity of editors/ reviewers is kept confidential
as per the policies of the Journal of Eco-friendly
Agriculture.



It is appropriate, not to make any statement about
acceptance/ rejection or revision (subject to receipt of
two similar opinions on revision) on a manuscript to
the author, till a final verdict is arrived at, as per the
Journal of Eco-friendly Agriculture norms.
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Manuscript Withdrawal
Journal of Eco-friendly Agriculture is a peer-reviewed journal.
We adhere to the highest standards of ethics and integrity in
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journals publication; we request our authors to sincerely
adhere to the global publication norms for quality
publications.



Manuscript is properly withdrawn from any previous
publisher.



The manuscript submitted by author has consent of all
the authors in the group.



In some cases, students/researchers do not take prior
permission from their guides and professors before
sending/submitting their manuscripts in Journal of Ecofriendly Agriculture.

If the author authors/’s requests a withdrawal of
manuscript, within a week period (w.e.f. the date of our
acknowledgement email of the receipt of a manuscript at our
end). The author is allowed to withdraw the manuscript
without paying any withdrawal penalty. However, If the
authors/’s withdraw manuscripts any time after final
manuscript has already been submitted to Journal of Ecofriendly Agriculture for processing, the request will not be
entertained without a withdrawal penalty, which is basically
to cover cost incurred and also to check such practices. If the
author still wants to withdraw manuscript, the author needs
to submit a written letter to Journal of Eco-friendly Agriculture
office stating the reasons for manuscript withdrawal along
with (Rs 1500 + 18% GST or USD 50) as Manuscript
Withdrawal Charges.



The manuscript is free from copyright infringement.





The manuscript is not published either partially or
completely in any form, in any other Journal.



Manuscript is not submitted to other journal at the time
of submission to Journal of Eco-friendly Agriculture

Journal of Eco-friendly Agriculture will provide the author
a formal letter of Manuscript Withdrawal of
manuscripts & that is only allowed after withdrawal
penalty has been fully paid to the Journal of Eco-friendly
Agriculture by the authors’





Manuscript is not a redundant publication i.e,
publishing many similar manuscripts based on the
same experiment.

Author can still continue to publish other manuscripts
with Journal of Eco-friendly Agriculture provided they
follow the journal submission guidelines & authors’
guidelines.



Manuscript withdrawal charges

We believe that all authors undertake following
precautions before submitting the manuscript to any journal:
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