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Soil Solarization: An Eco-friendly
Approach to Management of
Plant-parasitic Nematodes

# Vinod Kumar, Anil Kumar and Sardul Singh Mann
Department of Nematology
CCS Haryana Agricultural University, Hisar

The changes in agricultural situations have
tremendous effects on the emergence of new
nematode problems in India. Nematodes belonging
to the phylum nematoda or nemata are the most
abundant multicellular animal that inhabit in almost
all the environments. Nematodes can parasitize
plants, animals, insects, etc. Plant parasitic
nematodes are capable of causing disease on
many economically important crops grown in India
and attained the status of pests for substantial
reduction of crop yield but root-knot nematodes is
the most damaging one. The most predominant
species of root-knot nematodes are Meloidogyne
incognita, M. javanica and M. graminicola.

There is hardly any crop which is not attacked by
the root-knot nematodes. All the species of root-knot
nematodes produce a characteristic 'root-gall' or
'root-knot symptom' which could be easily
recognized by the naked eye. The expression of
damage in crop plants due to nematodes often goes
unnoticed for want of diagnostic symptoms. Above
ground symptoms are non-specific in nature.
Infected plants exhibit symptoms of general mineral
deficiency, yellowing, stunting, wilting during hotter
part of the day, chlorosis and premature shedding of
leaves resulting in low yield. Besides inflicting direct
losses in crop yields, plant-parasitic nematodes also
play an important role in disease complexes
involving other pathogens. The lack of awareness
among the farmers about the nematode problems
and non-availability of suitable package of practices
to extension workers for managing nematodes are
the major hindrance for protecting the crops.

Effective control of nematodes and soil-borne
plant pathogens is a serious challenge for farmers
and home gardeners. For the management of
nematode problems preventive measures can be
taken up to keep the population of nematodes
below economic threshold level. To manage
nematode menace, use of organic amendments,
crop rotation and cultivation of resistant crop
varieties, application of nematicides, etc. are widely
adopted at present in different crops. Chemical
approach of nematode management is no doubt
effective, but high doses of nematicides required
for managing nematodes are neither economical

nor environmentally safe. As a result, there has
been an increased emphasis on reduced-pesticide
or non-pesticidal control methods. Soil solarization
is a simple, safe, and effective alternative to the
toxic, costly soil pesticides and the lengthy crop
rotations now needed to control many damaging
soil-borne pests including plant parasitic
nematodes.

How to do soil solarization

Soil solarization or “solar heating” is a non-
chemical disinfestation practice thatmay serve as a
component of a sustainable integrated nematode
management programme. Soil solarization is
based on the exploitation the solar energy for
heating wet soil mulched with transparent
polythene sheet to 40-55°C in the upper soil layer.
However, it is consistently effective only where
summers are predictably sunny and warm.
Thermal killing is the major factor involved in the
nematode management process, but chemical and
biological mechanisms are also involved. It is a
method of pasteurization, can effectively suppress
most species of nematode.

Soil solarization by 2-3 deep summer plougings
in the month of May-June at 15 days interval followed
by light irrigation and covering of soil with 25 micron
transparent polythene sheet on the soil surface in
such a way that it should remain air tight. Keep film in
this way for 30 days and protect it from the damage
by dogs, animals and men. By keeping film in this
way, soil gets heated up due to conversion of solar
radiation into thermal radiation. Radiant heat from
the sun is the lethal agent in this process, in which a
clear polyethylene mulch or tarp is used to trap solar
heat in the soil. As a result, water droplet could be
seen on the inner side of film. After 30 days, remove
film carefully and preserve or else use it in a similar
war for another nursery areaffield. If handled with
proper care, same film can be reused 2-3 times.
Principles of soil solarization

Most of the plant parasitic nematodes can't
survive at soil temperature above 40°C. During the
solarization, the temperature will rise beyond 40°C.
The basic principle of soil solarization is to elevate the
temperature in a moist soil to a lethal level that
directly affects the viability of certain organisms. The
heating process also induces other environmental
and biological changes in the soil that indirectly affect
soil-borne pests including plant parasitic nematodes.
Soil solarization under polyhouse conditions

Soil solarization by 2-3 deep summer
ploughings in the month of May-June at 15 days
interval followed by light irrigation and covering of
soil with 25 micron transparent polythene sheet for

30 days during June-July in polyhouses. &
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Green Manuring and their

Significance in Agriculture

# Kuldeep Singh, Manjeet and Vikas Kumar
Department of Nematology

CCS Haryana Agricultural University, Hisar

Green manure crops will offer enormous
benefits to soil and future crops. Itis also known as
“fertility building” cropping. With intensive
cultivation of cereals crops like rice and wheat
leads to declining groundwater table and soil health
degradation. Although the farmers also rely on use
of chemical fertilizers to meet the nutrients’
demands of the crop which in turns causes the
adverse effect on crop productivity, soil health and
off-farm pollution. Green manuring is a cheap
alternative to the use of fertilizer N. This process
also makes a positive contribution to the
maintenance of soil organic matter at a satisfactory
level and meets requirements of succeeding crop.
Atimely application of organic matter is essential to
replenish the loss of humus, which is necessary for
keeping the soil health in good condition by
enhancing the supply of nitrogen and promoting the
growth of micro-organisms. Legume effect has
been successfully utilized in green manuring and
green undecomposed material used as manure is
called green manure. It is obtained in two ways: by
growing green manure crops or by collecting green
leaf (along with twigs) from plants grown in
wastelands, field bunds and forest. Green
manuring is growing in the field plants usually
belonging to leguminous family and incorporating
into the soil after sufficient growth. The plants that
are grown for green manure known as green
manure crops. The most important green manure
crops are sunnhemp, dhaincha, pillipesara,
clusterbeans and Sesbania rostrata.

Green manuring

Green manuring is the practice of planting
crops that will be turn into the soil with the purpose
to increase organic matter, replenish nutrients and
improving soil fertility and productivity. It improves
the soil structure, water holding capacity and
microbial population of soil by the addition of humus
or organic matter. Itis mainly of two types:

In situ green manuring

Any crop or plant that grows are ploughed
within same field is called in situ green manuring.
e.g.. sesbania, sunhemp, cowpea, green gram,
mungbean, black gram, etc.

Green leaf manuring

It consists of gathering green biomass (tender

leaves and twigs) from nearby location (bunds, field

boundaries) and adding it to the soil. Different tree
leaves and twigs can be used as the manuring
material in field. E.g.: neem, glyricidia, karanjl,
Leucaena leucocephala, Cassia auriculata, Cassia
tora, Calotropis, etc.

The best method for more positive response is to
turn plants maximum 15 cm or approximately 6
inches deep. Soil microbes are the most active in this
upper soil layer beneath the surface and will speed
up the process of decomposition. The most
commonly use green manuring is dhaincha
(Sesbania aculeata) though the cultivation of sun-
hemp and guar is also valuable. Leguminous crops
should be preferred as a green manure crop since it
adds a lot of nitrogen into soil by atmospheric
nitrogen fixation. Rhizobium has ability to fix nitrogen
in association with leguminous plants which results in
meeting the nitrogen demand of the plant. The
incorporation leguminous crops producing 8 to 25
tonnes of green matter per ha will add up about 60 to
90 kg of nitrogen/ha and Rhizobium inoculation
ensures adequate N supply for legumes (cowpea,
green gram, black gram, pea, chickpea, groundnut,
soybean, berseem, subabul) in place of N fertilizer
and observed that Rhizobium can fix 50-300 kg N/ha.
Higher dose of inoculums mixed into peat granules
trickled into soil as the seeds are planted is an
alternative technique to encourage nodulation.
Desirable characteristics of green manuring
crops
A It must have deep rooting system, facilitating

nutrient mining from sub-surface soil.

A Should have high capacity to fix atmospheric
nitrogen.

a It should have low water and nutrient
requirement.

3 Short duration, fast growing, high nutrient

accumulation ability.

Tolerance to shade, flood, drought and adverse

temperatures.

Wide ecological adaptability.

Efficiency in use of water.

Photoperiod insensitivity.

High seed production, high seed viability.

Ability to cross inoculate or responsive to

inoculation.

High N sinks in underground plant parts.

The biomass should have low fibrous material

to facilitate quick decomposition.

3 Should be resistant to pest and disease.

Commonly used crops for green manuring in
our country are sunhemp (Crotolaraia juncea),
dhaincha (Sesbania aculeate), senji (Melilotus
parviflora), berseem (Trifolium alexandrinum), etc.
Sunhemp is dominant among green manure crops
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and is well suited in almost all parts of the country; it

also fits in well with the sugarcane, potato, garden

crops and the second season paddy in southern

India and with irrigated wheat in the north.

Dhaincha as a green manure crop does well in the

waterlogged and alkaline soils.

Key facts about green manuring

a Which green manure crop should be grown
(best suited to the soil and climatic condition).

A When should be grown (time of sowing).

3 Whentofertilize (ifany).

0 Atwhat stage it should be buried (time/stage to
turned into soil).

3  What should be the time lag between the burying
of the green manure crop and the sowing of the
next crop (to allow decomposition).

a Do not sow a green manure crop from the same
family as the main crop. The key is to plant
species that are not related, because plants
from the same family tend to use the same
nutrients and are likely to host the same pests
and diseases.

3 Allow soil rest for 20 days after tilling to let the
organic material decompose properly. This will
ensure the best conditions for sowing of the
following crop.

Sowing and fertilization of green manure crop
The sowing of green manure crop should be

sown in May to June and ploughed down in July.
Wheat fields in the north India can be green
manured with sunhemp, dhaincha, cowpea, green
gram, black gram, etc. Generally a higher seed rate
is recommended for green manuring. Phosphatic
fertilizers should be applied to green manures crop
by broadcast, because itimproves the atmospheric
nitrogen fixation and the availability of phosphorus
to the succeeding crop as compared to phosphorus
applied to succeeding crop.

Incorporation of green manure crops
Green manure crop should be incorporated into

soil at proper age of crop to get more benefit. It should

be turned into soil at 7-8 weeks after sowing at
flowering stage. Dhaincha and sunhemp is fast

growing crop which attain maximum growth after 8

weeks after sowing, while crop flower around 8-10

weeks after sowing. An 8 weeks old green manure

crop is succulent enough to be turned into soil for best

response under rice. Various reports conclude that a

green manure crop should be turned underat 7 to 8

week age, which coincides with flowering and

maximum growth stage for most of the green manure
crops it should be supplements the chemical
fertilizers and restores soil fertility. Therefore, itisan
eco-friendly low cost technology to conserve the
natural resources besides maintaining

environmental quality in a sustainable manner. If the
green manure crop is succulent, then paddy
transplanting can be done immediately after turning
over of the green manure crop. But when dhaincha
becomes woody (12 weeks), it is necessary to bury it
about 6 to 8 weeks first before transplanting paddy
forits proper decomposition.

Advantages of green manuring
The purpose of a green manure crop varies

depending on each situation but some of the

benefits they offer are:

A Theyabsorb nutrient from the deeper soil layers
and leave them in the surface soil.

g Green material on decomposition also
produces certain organic acids which enhances
the availability of certain plant nutrients like
phosphorus, calcium, potassium, magnesium
andiron.

A The green manuring crop absorbs nutrients
from the soil and protects them against leaching
losses.

A It improves the soil structure, moisture holding
capacity and infiltration of water, thus
decreasing the runoff and erosion.

@ Green manuring with leguminous plants, like

sunhemp, dhaincha, barseem, etc fix

atmospheric nitrogen to the soil that becomes
available to the succeeding crop.

Increases organic matter and soil humus.

Increases nitrogen fixation.

Protects the soil surface from soil erosion.

Maintains soil temperature.

Maintains orimproves soil structure.

Reduces susceptibility to leaching.

Access to unavailable nutrients from lower soil

profile.

a Provides readily available nutrients to the next
crop.

Some disadvantages of green manuring
Some disadvantages are also associated with

green manuring mentioned as under:

3 Under rainfed conditions, green manuring does
not provide satisfactory response due to lack of
soil sufficient soil moisture. Proper reduce even
resists decomposition of the green plant material
that causes low germination of the succeeding
crop.

3 A satisfactory stand and growth of the green
manure crops can not be produced, if sufficient
rainfall is not available.

@ Green manure crops may also harbor some of
the insects, pests and nematodes which could

harm the succeeding crop. ¢
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Integrated Disease Management in Cotton

#4 N. K. Yadav, Sandeep Kumar and Navish Kumar Kamboj
Department of Nematology
CCS Haryana Agricultural University, Hisar

Cotton is an important commercial crop grown in India
generating huge economic resources and employment
potential. India is the only cotton growing country in the
world which grows all the four commercially cultivated
Gossypium species, namely, G. arboretum, G. hisutum, G.
herbacium and G. barbadense. The types and relative
importance of diseases vary considerably from one area to
another depending upon the species, the environment,
cultural practices and availability of the alternate hosts of
the pathogens.

Disease control practices were designed to reduce
pathogen inoculums or restrict development of pathogen
in hosttissue. This reduction is best accomplished through
integration of number of approaches. The most
economical means of controlling diseases was often
through modification of cultural practices. Sometimes this
was the only approach needed, but ifinadequate, it may be
supplemented by using resistant cultivars. Chemical
control was normally used only as a last resort when other
controls were inadequate. Chemical control is generally
the most expensive and its use must be weighed against
the cost of disease losses. In general, seed treatment is
comparatively easy, cheap, safe and reliable method of
plant protection.

A. Stage: Pre-sowing

Disease : Soil borne pathogen, Root rot, CLCuD

IDM practices: Deep ploughing to expose the soil borne
pathogens for 7-10 days, removable of alternate hosts of
CLCuD during Jan. to April, adopt crop rotation for soil
borne diseases, avoid mono-cropping, avoid cultivation
of cotton in severely affected root rot/Fusarium
wilt/seedling diseases, after deep ploughing, add trash
orbhusain severely affected patches of root rot and burn
it slowly to have long lasting steam affected to kill the
sclerotia of the fungus, remove and destroy crop
residues, stubbles and ratoon cotton, add FYM, BGS,
SD amendments, avoid sowing of bhindi from
February—April be avoided to check the built up of
CLCuD and white fly, avoid preparation of field for
sowing in severely affected root rot fields, avoid irrigation
from soil borne infected (root rot) fields to healthy fields,
proper level of the field should be maintained to avoid
water logging, ornamental plants like gulKhera, chin-
rose, hollyhock should be avoided.

B. Stage: Sowing

Disease : Soil and seed borne diseases, root rot
CLCuD, Fusarium wilt, bacterial blight, boll rot

IDM practices : Select tolerant/resistant cultivars, use
certified seeds, avoid sowing of undescript cultivars,
sowing dates should be adjusted, inter-cropping with
moth, Avoid staggered sowing, Adopt judicious use of
fertilizers and water management, synchronized and
timely sowing of short duration varieties, sow the seed at
proper depth and moisture, avoid cultivation of American
cotton varieties in and around citrus orchards for CLCuD,
avoid cultivation of susceptible cotton varieties in hot spot
areas of CLCuD, acid delinting of seed to remove external
seed borne pathogens, use 10 kg/acre seed rated in hot
spot areas of CLCuD, Clean cultivation, cultivation of
American cotton varieties in severely affected fusarium
wilt areas, seed treatment with Streptocycline+Emisan,
dry seed treatment with Carbendazim in root rot affected

fields, soil application of antagonistic agents like
Trichoderma in root rot affected area, Cultivation of desi
cotton (G. arboretum) in hot spot areas of CLCuD, seed
coating with antagonistic agents.

C. Stage: Vegetative growth stage (20-40 DAS)
Diseases : Soil and seed borne diseases, CLCuD,
bacterial blight.

IDM practices: Removal and destruction of diseased
plants (CLCuD), adopt proper spacing by thinning,
maintain weed free crop, monitor the disease incidence
every week, Making bandh around the infected patches of
root rot before rains/irrigation, spot applications (soil
drenching) with carbedazim at initial stage of root rot
appearance.

D. Stage: Early fruiting stage (40-60DAS)

Diseases: Root rot/Fusarium wilt, CLCuD, foliar disease
IDM practices: Removal and destruction of affected
plants, monitor the disease incidence every week,
maintain weed free crop, avoid excessive use of
nitrogenous fertilizers, adopt judicious use of irrigation to
check root rot spread along with water, spot application
with Carbendazim in root rot affected patches, spray the
crop with a mixture of strptocycline and copper oxy-
chloride to check the spread of foliar diseases, spray the
crop with systemic insecticides/neem for the control of
CLCuD vector, do not use the same pesticide every time,
spot application with bio-agents.

EAgt)age: Peak flowering and fruiting stage (60-80
Disease : Root rot, Fusarium wilt, CLCuD, foliar
diseases, boll rot.

IDM practices: Remove and destroy the diseased plants,
spot application of carbendazim/bio-agents of check
root rot, maintain weed free crop, monitor the crop for
incidence every week, Avoid excessive use of
nitrogenous fertilizers, supplement the nitrogen with
foliar application of urea in sandy area, spray the crop
with a mixture of streptocycline+ copper oxy-chloride to
check the foliar diseases, spray the crop with neem
products to check whitefly.

F. Stage: Boll development stage (80-100DAS)
Disease : Foliar diseases, CLCuD, boll rot.

IDM practices: Spray the crop with a mixture of
streptocycline + copper oxy-chloride to check foliar
diseases, monitor the crop, add the recommended
insecticides for bollworm control, streptocycline/ copper
oxy-chloride/ carbendazim to check boll rot complex,
spray the crop with triazophos/acephate to control
whitefly, avoid use of synthetic pyrethroids, clipping of
the CLCuD affected parts.

G. Stage: Boll opening stage (100-150 DAS)
Disease : Foliar diseases, CLCuD, boll rot.

IDM practices: Spray the crop with a mixture of
streptocycline + copper oxy-chloride to check foliar
diseases, clipping of the CLCuD affected parts, add the
recommended insecticides for bollworm control-
streptocycline/copper oxy-chloride/carbendazim to check
boll rot complex, spray for the control of CLCuD vector,
avoid picking of rotten bolls, open bolls should be picked
immediately to avoid seed borne infection.

H. Stage: After last picking

IDM practices: Destroy crop residues completely dry the
lint before storage to avoid the attack of micro-
organisms, terminate the crop at maturity as early as
possible to prevent the re-infestation of diseases, seed
should be stored in well aerated dry atmosphere, acid
delinting in combination with gravity grading of seeds

prior to storage. &
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