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Abstract: Seed treatment refers to the application of certain agents physical, chemical or biological to the seed prior
to sowing in order to suppress, control or repel pathogens, insects and other pests that attack seeds, seedlings or
plants and it ranges from a basic dressing to coating and pelleting. Introduction and ban of arsenic (used from 1740
until 1808) is the key milestones in the history of modern seed treatment till then a continuous research and
advancement in this technology is going on. The technological advancement prepared a roadmap for refining
existing seed treatment technologies and future work on technologies like fluid drilling as a way to sow germinated
seeds where gel can also serve as a delivery system for other materials, seed priming advances the early phase of
germination without redicle emergence. Another advanced technology, solid matrix priming (SMP) has been evalu-
ated as a means to advances the germination of seeds and serve as a carrier for useful material too. Physical and
biological seed treatments alone an alternative to chemicals or in combination with a chemical treatment are being
used worldwide because of their environmental safety and socioeconomic aspects. Biological seed treatments are
expected to be one of the fastest growing seed treatment sectors in the near future, in part because they are easier
to register at Environment Protection Agency (EPA). Lack of awareness to seed treatments at farmer’s level is one
of the limiting factors in disease management and hence, efforts should be made at farmer’s level to adopt the
technology. Keeping the all above facts in mind, selected seed treatment technologies with their improvement and
significance will be discussed in this review.

Keywords: Biopriming, Fluid drilling, Pelleting, Seed coating, Seed treatment

INTRODUCTION cost, selectivity, affect on target organisms, igveent of

. . o . . pest resistance, resurgence of pests, pollutiofoad
Segd is a basic anc_i Y'tal input for su_stamgd g"“!"’t and feed, health hazards, toxicity towards plamd a
agricultural productivity and production since rine animals, environmental pollution etc (Rahmemal,
percent of the food crops are grown from seed2008). The pace of development and durability of
(Schwinn, 1994). The role of seed in agriculturel@e | ogigtant varieties had been slow and unreliabipite

is of prime importance in developing countries like ¢ womendous advancement made in the field oftplan
India where the population and GDP (Gross Domestic

) : enetic engineering (Reddy, 2013).
Product) considerably depend on agriculture Sectorg:onsidering these limitations with a growing world

(Tyagl, 2012)_' The seed-borne and early S_easorbopulation, there has been a growing interest to de
diseases and insects create devastating consequénceve|op such management practices/tools which alone o

not managed timely. Emphasis on present day agrieus i, compination with other practices could bring aba

to produce hmore vl\gth I_esser Iar;(ilc,. V\éal‘te(;. andreasonably good degree of reduction of inoculum
manpower. The age old environmental friendly diseas potential and at the same time ensure the susthinab

management prag:tice like sanitation, crop rotation,o¢ e production, cost effectiveness and healthy
mixed cropping, adjustment of date of sowing, #lltg,  ocogystem and ‘seed treatment’ is one of theses tool

summer ploughing, green manuring composting etC,ganieey Kumar, 2012). Seed treatment like babg car

(Sanjeev Kumar, 2012) to combat plant pathogens,eing with the mother (Heydecker and Coolbear, 1977
have already lost their acceptability and are belngand it ranges from a basic dressing to coating and

reevaluated as a component of integrated pesbelletin K
. _ g (ASF, 2010; Krishna Dubey, 2011). Seed
management (Reddy, 2013). The chemical control Vigeatment refers to the exposure of the seedsrtailce

soil/foliar application has its limitation such &gh agents physical, chemical or biological which ac n
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employed to make the seeds, pest or disease fige on(Mathreet al, 2001).

but treated to provide the possibility of pest and In this way seed treatment will play an importaoier
disease control also, when needed during germmatioin protecting the seeds and seedlings from seedebor
and emergence of young plant and early growth ®f th diseases and insect pests affecting crop emergante
plant (Forsberget al, 2003). Seed treatments have its growth. Commercial seed treatment to deliver
played and are still playing a pivotal role in siisable  pesticides has been extensively used for a widgeran
crop production which is also evidenced from the of crops and use of chemicals seed treatment will u
history of mankind. Seed treatments have helped taloubtedly continue. Physical seed treatment (dry or
improve the yields of many different crops by pobvi aerated heat, hot water, radiation etc.) and method
ing the protection from pre and post-emergent itssec using natural crop protection agents/microbial
and diseases and insurance of a uniform standsaaros inoculants could be an alternative to chemical seed
wide variety of soil types, cultural practices and treatment methods in crop production. Researchtsffo
environmental conditions. Seed treatments provide a in alternatives methods to chemical crop protecimm
economical crop input that is applied directly ¢v@ t currently being addressed worldwide especially with
seed using highly effective technology (Crop Life regards to food safety and environmental sustdihabi
Foundation, 2013). Moreover, other crop protection(Nicholas and Groot, 2013). Moreover, pre-sowing
technigues are now being replaced with seedphysiological treatments (seed priming, fluid dinij
treatments by virtue of their residual systemidceffy etc.) for seed enhancement have a pivotal roleéd s
(Schwinn, 1994). From time to time different treatment technology. Biological seed treatments ar
technigues have been proposed for applying and morenade up of renewable resources and contain naturall
advanced techniques are required which give moreoccurring active ingredients targeting protection
control of plant diseases by affecting seed hdalist  against soil-borne pathogens, alleviate abiotiesstr
(Gaudet and Puxhalski, 1992 and Nameth, 1998). and increase plant growth (Schwinn, 1994). Keeping
Seed treatment has some advantages over other peaatview of the importance of seed treatment to eahi
control or crop enhancement measures such abetter crop stand of major crops, virtue of its IPM

(DPPQS, 2007): compatibility and the fact that many farmers in

» More alternatives available to chemical in effeetiv developing country like India not aware/do not adop
manner. this practice, adoption of this practice by thenfars

+ Protection of seed during storage and after plgntin across the country, requires effective extension
in soil. strategies to make them aware about different aspec

« Reduction in initial inoculum. of seed treatment and using treated seeds to emhanc

« Minimize the environmental side effects viz. reduce Production and attaining food security as well.
risk to non target organism, no problem of drifdan Moreover, the purpose of this review is to describe
reduction in land surface exposed to active ingredi S€lécted seed treatment technologies and their
ents with maximum efficacy reduce the rate of technological advancement that have helped outilor w
application per hectare, thus decrease the cost df the near future, the development of better andem
disease control per ha while achieving exceptionaluniform crop production. _
control of seed borne, soil borne and foliar dissas ~ Present scenario:The high cost of GM seed is a key

« Increase seed vigour which is the key of successfufactor in the high demand for and growth of chernica
field emergence and establishment. seed treatments. With the regl_Jlgtory issues faooth
granular and fumigant nematicides, there has been a

o great deal of focus on seed treatment uses of
nematicidal and nematistatic products. A critical

» Breaking of seed dormancy and improve emergencésucCeSS factor for the seed treatment mar_ket Was th

development of a complete protection solution agjain

and plant stand. various plant stressors in a single product that is
Some of the biggest success stories in plant diseas P ge p

control involve the use of seed treatment fungigide grower-friendly, ~crop-friendly and environmentally

articularly of small grain cereals, e.g., wheatléy responsible (Schwinn, 1994). Seed treatments,
P y 9 €9 ' compared to conventional crop protection products,
and oats. They generally are less toxic to plamt an

animal life, eco friendly as applied at signifidsnt offer competitive costs, reduced application effamd

reduced application rate. Another major impact that>o'< the time. As a result, seed treatment is cllyre

seed treatrggnts have had on the smaIIJ rainFi)r)disstr the fastest growing agricultural chemicals sectod a

their effect on plant breeding. In the eagrl Hrthe has a significant economic impact on markets,
P 9. yP . Iparticularly in the U.S. and Europe (Research and

20th Century, many wheat breeders spent a conside Markets, 2013)

able portion of their effort on breedl_ng for reaiste to Presently, 70% requirement of seed is met from the

common bunt. Today, with this disease controllable

with seed treatment they are able to spend thiirtef farmer’s own stock Wh.'Ch goes for sowing without
. . . . . seed treatment. Even if seed is sourced from the
on breeding for other attributes, i.e. grain qualit

« Even and uniform application of the chemical.
e Combination of treatment can be applied mor
precisely.
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private or public sector agencies, except hybrielse  unhealthy seed lots. For example, treatment of sseed
large percentage of such seed is untreated (Upgdhya with excessive mechanical damage or other damages
2013). The estimates reveal that on an average,d30% or seeds kept in poor storage conditions, or geneti
the seed sown in the country is untreated, as sigain differences in a variety will not increase seechgaa-

the 100% seed treatment practice in developedion. Seed treatment is an important approach bas b
countries. Seed treatment not only protects tieelsse employed since the middle of the M@entury when
from seed and soil borne diseases but also givebrining was used by farmers in the United Kingdam t
protection to the emerged seedlings from suckingcontrol Bunt of wheat (Maude, 1996). Introductidn o
insect pests affecting crop emergence and its earlyjew modern fungicides and insecticides in 1990®gav
growth. However, many farmers in the country are more and wide opportunities for advancement of seed
neither familiar with the practice nor follow it treatment technologies.

(DPPQS, 2007). Seed treatment chronology IS, 1999

Present and ongoing seed treatment worldwide:
« The seed treatment product VOTiVO™BaCillus Year Event

firmus) from Bayer Crop Science is used in an “Approx. First soaking technique, use of sap of

increasing number of countries to reduce the impact 2000 B.C. onion cypress (Egypt, Greece, Roman
of nematodes and company has recently launched itsyo 100 A.C Empire)

new nematicide based on the active ingredient flu- piggle Soaking in chlorine salt and manure
opyram, marketed under the brand names Ages
Velum™ and Verango™in 2014 (Bayer Crop 1600’s
Science, 2014). Company has submitted a US EPA \siq
registration application for ILeVO, the first seed 1700's
treatment to manage soybean sudden death 7404
syndrome (Crop Protection Monthly, 2014). 1765

Soaking in salt water
Introduction of copper salt

Introduction of arsenic
Soaking in hot water (Germany)

» Baden Aniline and Soda Factory (BASF) company 1808
has developed a triple-action fungicide seed 1915
treatment for corn. Nufarm America is bringing a 1960's
full portfolio of seed treatments to the market d&d

products have been available by the end of 2010. In 197¢’s

Ban of arsenic

Introduction of organo-mercurics
Introduction  of  first  systemic
fungicide

First systemic fungicide against air

2013, BASF has filed a legal action with the Gehera
Court of the European Union challenging the q19g2
Commission’s decision to restrict major seed
treatment uses of the insecticide fipronil (Crop 1990's
Protection Monthly, 2014).

* Syngenta’s ‘Cruiser Maxx Potato Extreme’ seed
treatment has been registered for use on potafgs cro
in Canada and company is to have a new seedPiseases and insect pests commonly associated with
treatment product for controlling soybean cyst seed:When we plant a seed in the ground microorganisms

nematodes in 2014. In 2013, Syngenta has officially(fungi, bacteria, virus etc.) and soil insects tenekploit it as
launched Clariva, a proprietary seed treatment afood source. Some of these microbes/insectsrean i
nematicide based on the Pasteuria technology (Crojire the seed or plant by causing disease and etono
Protection Monthly, 2014). damage to plant stands and the plant in geii@esllor
. Syngenta has introduced the first seed treatmengnd Harman, 1990
(FarMor® F300 cucurbit, FarMofe F1400) Diseases and _assomated pathogensThe ‘most
insecticide for small seeded vegetables. The irsect COMmon organisms usually associated with plant
cide is a component of the FarMBr@echnology ~ diseases arePythium species, Fusarium Diploida,
which delivers broad spectrum insect and diseasd €nicillium  Helminthosporium Ustilago - (smuts),
protection for young vegetable crops against agang Rhlzoctonlaetc.. (Agrios, _2005) and the Q|seases com-
of important pests (Syngenta, Seedcare, 2012). [Anonly —associated ~with ~above microorganisms
total Syngenta invests more than USD 2 million a (T€Krony, Dennis M., 1976) are: o
day to discover and deliver innovative technologies® Seed rot-rotting of seed before germination.
(Syngenta, Research and Development, 2009).  Damping-off and seedling blight-soft rot of stem
« Certis Europe has signed an agreement with tissugs near ground level and water soaking of
Chemtura AgroSolutions that extends its distributio ~ Seedling tissues.
of seed treatment products (Crop Protection® Seedling wilt-gray coloration starting at the Iéigh
Monthly, 2014). and extending rapidly to the whole leaf, causing
However, seed treatments should not be considered a complete collapse of seedlings in 24 to 48 hours.
a cure for all maladies for the selection of poor/* Root rot-water soaking, browning and sloughing of

borne pathogen

Ban of organo-mercurics in Western
Europe

Introduction  of  new
fungicides and insecticides

modern
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Table 1.Chemical compounds currently used as small gramateeed treatments (Matteeal, 2001).

Common name Chemical name Trade name

Captan N-trichloromethylthio-4-cyclohexene-1,2- Agrosol, Agrox, Granox, Orthocide
dicarboximide

Carboxin 5,6-dihydro-2-methyl-N-phenyl-1,4-oxathBar  Vitavax
carboxamide

Difenoconazole cis,trans-3-chloro-4-[4-methyl-2-¢1t2,4- Dividend

triazol-1-ulmethyl)-1,3-dioxolan-2-yl]phenyl  4-
chlorophenyl ether

Imazalil (+)-allyl  1-(2,4-dichlorophenyl)-2-imidakd- FloPro IMZ, Double R, Deccozil, Nu-
ylethyl ether Zone, Fungaflor

Mancozeb Zinc Manganese ethylenebisdithiocarbamate Dithane M-45, Mankocide, Mansul,

Penncozeb

Maneb Manganese ethylenebisdithiocarbamate DB Gf&emol NM, Trinox, Pro-Tex

Metalaxyl methyl N-(2-methoxyacetyl)-N-(2,6-xylyDi- Apron, Allegiance
alaninate

PCNB Pentachloronitrobenzene Terrachlor, ParfloraFéto, Terrazan

Tebuconazole (RS)-1-(4-chlorophenyl)4,4-dimethy(t 8 Raxil, Preventol, Tebuject
1,2,4-triazol-1-ulmethyl) pentan-3-ol

Thiabendazole 2-(4-Thiazolyl)-benzimidazole TBZ,rkéet, Metasol

Thiram Tetramethylthiuramdisulfide Arasan, Vertafjarhiramad

Triadimenol (1RS, 2RS; 1RS, 2SR)-1-(r-chlorophenexg- Baytan

dimethyl-1-(1H-1,2,4-triazol-1-yl) butan-2-ol
Triticonazole (+)-(B-5-(4-chlorobenzylidene)-2-dimethyl-1-  Charter
(1H-1,2,4-triazol-1-ylmethyl) cyclopentanol

rootlets. which are moderately expensive (100 to 500 $/kg) an
 Loose and covered smut of small grains. produced in moderate quantities and this categesd s
Cereal grain insects: The insects commonly associ- treatment is preferred by relatively expensive
ated with cereal grains (TeKrony, Dennis M., 1976) equipment and materials because maximum
are: performance potential is required. Small seeded
+ Rice Weevil-found in all grains, this pest is thesn  vegetable crops are come in this category.

common and most destructive of the stored grainCategory 3: This type of seed treatment is frequently

insects. done for those seeds which are produced in large
« Granary Weevil-this insect is very similar to theer ~ quantities and are relatively low in price valuetgl5

weevil and can only be distinguished from it by $/kg). Most of agronomic seeds are come in thig-cat

microscopic examination. It cannot fly. gory.
. Saw-t(_)othed Gr_ain Beetle-this is a reddish-br_own OMETHODS OF SEED TREATMENT

black insect which has 6 saw-toothed projections on

each side of the front part of the body, visiblelem At our present status of technological progress it

microscope. much more likely new than ever before that economi-
« Indian-meal Moth-this moth has wings that have acally advantageous seed treatment technique can be

reddish-brown, coppery luster on the outer two-found. Seed treatment complexity ranges from acbasi

thirds, with the rest light gray. The larvae mayneo ~ dressing to coating and pelleting (ASF, 2010; Kaesh

pletely web over the surface of the infested grain.  Dubey, 2011). Although, seed treatment like babng ca
There are some chemical compounds enlisted irPegins with the mother (Heydecker and Coolbear,
Table 1 currently used as small grain cereal seed977), the treatment with which we are mainly con-
treatments (Mathret al, 2001) cerned in this article are those applied to thedsee
Category of seed treatment:Seed treatments vary themselves at the stage almost immediately before
depending on type of seeds which are treated and casowing for control of plant diseases transmitted
be categorize@aylor and Harman, 199@s: through seeds. The different seed treatments are as
Category 1: It is done for those seeds which are ex- follows:
tremely expensive (>500 $/kg) and produced in smallPhysical seed treatment-an alternative to chemicals
quantities such as hybrid flower seeds. Theseaaedyr ~ Considering the side effects of chemicals on
treated because the risk to damage the seed excee@éosystem and organism, some alternative methods
expected gain. were evolved and are being used presently foritiggat

Category 2: In this category those seeds are treategseeds (Jindat al, 1991; Elwakil, 2003; Aladjadjiyan,
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Table 2. Hot water treatment for some seed borne pathogéysd, 2005).

Crop/disease Pathogen Treatment

Brassica canker Leptosphaeria maculans 30 min at 56C

Brassica leaf spot Alternaria brassicae 20 min at 56C

Brassica leaf spot Alternaria brassicicola 18 min at 56C

Brassica black rot Xanthomonas campestris pv. campestri 30 min at56C

Cereal loose smut Ustilago segatum var. tritici 5 h at 2f Cpresoak + 1 min at 4¢ + 11
min at 52 C

Millet downy mildew Sclerospora graminicola 10 min at 58C

Rice blast Magnaporte grisea 6-12 h in cool water + 1-2 min at 50

Rice leaf spot Helminthosporium oryzae 7 min at 52C

Moongbean black rot Xanthomonas campestris pv. phaseoli 20 min at 52C

Tomato canker Clavibacter michigansis ssp. michigans 60 min at 53C

Pea blight Pseudomonas syringae pv pisi 15 min at 55-66C

2007). In the case of agrochemicals, they aredags  lettuce, celery, cabbage, turnip, radish, and other
able to be used as it degrades land, environmadt, a crucifers. Hot water treatment can be damagingodr n
therefore the human and animal food (Chapman angractical for seeds of peas, beans, cucumberacéett
Harris, 1981; Vasilevski, 2003). Thus, it is im@oit  sweet corn, beets and some other crops (Nggal

to investigate the use of sustainable methods, asch 2003; Floyd, 2005; Miller and Lewis Ivey, 2005).
physical methods in this century (Ameshal, 2011).  Some hybrid varieties of cauliflower may be damaged
New technologies to apply them have come whichby the recommended treatment. Old seed may be
make them economically viable (Taylor and Harman, severely damaged by this treatment and hence d smal
1990; Rahmanget al, 2008; Nicholas and Steven, sample of any seed lot over one year old should be
2013). treated first followed by tested for germination to
Hot water treatment: Hot water treatment is a very determine amount of injury that may occur. Seeds th
age old practice to control many seed-borne diseasecan be treated by hot water are listed in the T&ble
by using temperatures hot enough to kill the orgiani  (Floyd, 2005).

but not quite hot enough to kill the seed and iti Dry heat treatment: Thermal seed treatment has been
being used as a very effective alternative (FIQa05; practically applied in different ways. A simple waj/
Muniz, 2001). This method of treating seed contitmie thermal treatment is solarization, where the seads

be a standard method of pathogen elimination wisich heated by irradiation from the sun (Luthra, 1958 an
more eco friendly and effective compared to chemica Luthra and Sattar, 1934), which is sometimes agdplie
treatments, however they can cause the loss of seed warm countries, but is of little interest in ustrial
viability (Catalan and Edgardo, 1991; Erdey al, agriculture due to low precision and difficultiestiw
1997; Naret al, 1998; Meah, 2004). Treatment for the large-scale application. Dry hot air has been dged
fungal disease blackleg and the bacterial diselsk b for use against insects in grain stocks (Dermott an
rot of crucifers is a classic example of hot wateat- Evans, 1978; Evanet al., 1983; Thorpeet al., 1983
ment (Walker, 1923; Napolest al, 1991). Before and Thorpe, 1987) and is applied in Australia at ca
giving the hot water treatment pre-warm loose daed pacities up to 150 tons/hour (Banks, 1998), buhast
porous bag, such as cheese cloth for 10 minutes atases it has not shown good potential against funga
20°C water. The amount of seed should be justinfections in seeds (Couture and Sutton, 1980). Dry
sufficient to allow thorough and immediate wetting. heat treatment (DHT), a powerful and agrochemical-
Place pre-warmed seed in water bath that will hioédd  free means of inactivating seed-borne virus an@roth
recommended temperature. Length of treatment muspathogens, has been extensively used for valuedadde
be ‘exact’. It must be carefully and accurately eloA vegetable seeds in Korea, Japan, and some other
few degrees cooler or hotter than recommended maygountries (Seung-Hee Lest al., 2004). Thomas and
not control the disease or may kill the seed. After Adcock (2004) reported dry heat treatment for aguer
treatment, dip bags in cold water to stop heatingof 4-7 days at 65C or up to 4 days atd® C reduce,
action. Once seeds have cooled, spread them thinly possible eradicate anthracnose infection in lupine
a paper towel to allow drying (Jindet al, 1991). seeds.

Recommends applying protective seed treatmentAerated heat treatment: In the late 19th century,
fungicide to hot-water treated seed and thiramastm various hot water and hot humid air treatments were
frequently suggested seed-protectant fungiciden@o found to decontaminate seed from seed-borne
use treated seed for food or feed). Plant the ssed pathogens (Jensen, 1888). The hot water treatment
soon as it is thoroughly dry. Do not store treadedd  method was used by seed companies since the early
(Floyd, 2005; DTTTI-RADA, 2012). Suggested for 20th century (Johnsson, 1990 and Neergaard, 1877).
eggplant, pepper, tomato, cucumber, carrot, spinachhad, however, important disadvantages, such as high
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Table 3.Recommended seed treatment for different crops (ITMX@ritech Portal, 2014).

S. No. Name of Pest/Disease Seed treatment Remarks
Crop
1. Sugarcane Root rot, wilt Carbendazim (0.1%) 2 gm/kg seeHor seed dressing
Trichodermaspp. 4-6 gm/kg. seed metal seed dresser/

earthern pots or poly-
thene bags are used.

2. Rice Root rot disease  Trichoderma 5-10 gm/kg. seed (before trans-
other insects/pests planting) -do-
Bacterial shealth Chloropyriphos3gm/kg seed.
blight Pseudomonas flourescens 0.5% W.P. 10

gm/kg.

3. Chillies Anthracnose spp.Seed treatment with
Damping off Trichoderma viride4g/kg, Carbandazim @-do-

19/100 gm seed.

4. Soil borne infec- Trichoderma viride @ 2 gm/kg. seed and
tion of fungal dis- Pseudomonas flourescens, @10gm/
ease kg. Captan 75 WS @ 1.5 to 2.5 gm a.i./litrelo-

Jassid, aphid, for soll drenching.
thrips Imidacloprid 70 WS @ 10-15 gm a.i./kg seed

5. Pigeon pea Wilt, Trichoderma spp. @ 4 gm/kg. seed For seed dressing
Blight and Root metal seed dresser/
rot earthern pots or poly-

thene bags are used.

6. Pea Root rot Seed treatment with

Bacillussubtilis
Pseudomonadluorescens
White rot Soil application @ 2.5 — 5 kg in 100kg FYM
or -do-
Carbendazimor Captan2 gm/kg. seed
Thiram+Carbendazim 2gm/kg seed
Carbendazinor Captan2gm/kg seed

7. Bhendi Root knot nema- Paecilomyces lilacinus and Pseudomo- -do-
tode nas fluoresceng® 10 gm/kg as seed dresser.

8. Tomato Soil borne infec- T. viride @ 2 gm/100gm seedFor seed dressing
tion of fungal Captan 75 WS @ 1.5 to 2.0 gm a.i./litre fonetal seed dresser/
disease soil drenching. earthern pots or poly-
Early blight Pseudomonas fluorescens andV. clamy- thene bags are used.
Damping offWilt  dosporium@ 10gm/kg as seed dresser.

9. Coriander  Wilt Trichoderma viride @ 4 gm./kg seed. -do-

10. Brinjal Bacterial wilt Pseudomonas fluorescens@® 10gm/kg. -do-

11. Leguminous Soil borne infec- Trichoderma viride @ 2 gm/100gms. seed.

Vegetables tion Nematode Carbofuran/Carbosulfan 3% (w/w) -do-

12. Sunflower  Seed rot Trichoderma viride @ 6 gm/kg seed.

Imidaclorprid 48FS @ 5-9 gm a.i. per kg.
seed -do-
Jassids, Whitefly Imidacloprid 70WS @ 7 gm a.i. per kg. seed

13. Wheat Termite Teat the seed before sowing with any one of

the following insecticides.

i) Chlorpyriphos @ 4 ml/kg seed or Endosul-
fan @ 7ml / kg seeds

Bunt/False smut/ Thiram 75% WP

loose smut/ Carboxin 75 % WP

covered smut Tebuconazole 2 DS @ 1.5 to 1.87 gm a.i. per
kg seed.

T. viride1.15 % WP @ 4 gm/kg.
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14. Crucifer- Soil / Seed treatment witirichoderma viridi @ 2 g / 100
ous vegetablesSeed borne diseaseg seeds
(Cabbage, Cau-(Damping off) Captan 75% WS @ 1.5 to 2.5 gm a.i/litre for seio-
liflower, Broc- drenching.
coli, Knol-khol, Root knot nematode Pseudomonas fluorescensand Verlicillium clamy-
radish) dosporium@ 10gm/kg seed as seed dresser

15. Gram Wilt and damping off Seed treatment witfirichoderma viridi 1% WP @ 9

gm/kg seeds

Combination of Carbendazim with carbosulfan @ 0.2%
Carbendazim with Thiram with carbosulfan @ 0.2%
Treat the seed witiChlorpyriphos20 EC @ 15-30 ml

a.i./kg seed.

16. Potato Soil and Tuber borneSeed treatment with MEMC 3% WS @ 0.25% or boric
diseases acid 3% for 20 minuts before storage.

17. Barley Loos smut Carboxin 75% WP
Covered smut Thiram 75% WP @ 1.5 to 1.87 gm a.i./kg seed.
Leaf stripe Treat the seed witGhlorpyriphos@ 4 mi/kg seed.
Termite

18. Capsicum Root knot nematode Pseudomonas fluorescens 1% WP, Paecilomyces

lilacirius and Verticillium chlamydosporiumi% WP @
10g/kg as seed dresser.

treatment cost and low precision often resulting inEdison and Ramakrishnan, 1972; Sirghal., 1980;
incomplete treatment effect or reduced germinabilit Viswanathan, 2001).

and it was therefore almost completely abandoned foRadiation treatment: Seed treatment with chemical
cereals after the 1960’'s when cheap and efficientpesticides has different unwanted effects espgciall
chemicals had became accessible. Hot, humid, mir, othe persistence of the toxic principles in tphkant
“aerated steam”, treatment has been proposed ay a wsystem and the environment. Radioactive irraghati

of avoiding the problems inherent in hot water has also in a few cases been reported to be sfidcess
treatment (Tapke, 1926; Miller and McWhorter, 1948; (Cueroet al, 1986; Bagegnet al, 1990), but has not
Baker, 1969; Kobayashi, 1990) and as applied in &een widely used because exposures sufficient to
fluidized bed it has shown potential for large-scal control pathogens often also kill the seeds. Défier
seed sanitization in practice (Forsbegal., 2002). types of electromagnetic radiation such as gamiya ra
Basically, the thermal treatment method used ctssis (Harwalkaret al, 1995), high energy electrons (Sitton
of two phases: The heating phase, where the seeds aet al., 1995), ultrasonic radiation (Nagst al, 1995),
heated for a certain time with air having a certain microwave (Stephensoef al., 1996; Anna Aladjadjiyan,
temperature and relative humidity calculated foodjo 2010) and UV radiation (Gupta and Chaturvedi, 1987;
disinfestation, followed by a cooling phase that Bhaskara Reddgt al, 1995,1998; Therdetskaya and
interrupts the treatment process before seeds arkevashenko, 1996) have been used as alternatize see
injured. The devices were constructed to permit pre treatment agents for management of microbial
cise control of important parameters (temperataie, infestations. Inactivation or control of microorgans and
humidity, treatment time, air flow and treatmendan insect pests by gamma irradiation on various plant
cooling durations). According to Weimer (1952) products have been reported (Rebal., 1994 and
anthracnose seed infection in lupin was reduced bysinhaet al., 1994). Singh and Singh (2005) reported
80% after hot air treatment for 7 h at°70 and gamma irradiation at non-injurious levels (0.1060.
eradicated after a similar period at®T& Successful kiloGray) reduces microbial infestation in seedsabbf
pathogen control achieved by Forsbetgal. (2005)  the four rice cultivar tested and highest rate edéds
aerated heat treatment seed treatment against congermination was recorded among the seeds irradiated
bined infections of. nodorumandFusariumspp, and ~ with 0.10 kiloGray (kGy) while root growth was

for T. carieson wheat, infections db. teres andB. stimulated by low doses of gamma ray. Laser ligigt h
sorokinianaon barleyand infections oD. avenaeand  many applications in agriculture, but there id stilich
U. avenaeon oat. work to provide scientific evidence of its potehtise

Commercial applications using aerated steam haves an alternative for the control of diseases waigng
been developed for treatment of lobelia seeds again in the seed, especially for fungi that are inter&alen
Alternaria infection (Hall and Taylor, 1983 and laser treatment has been reported to be effective
Mebaldset al., 1996), and for treatment of sugarcane (Bel'skii and Mazulenko, 1984), although since tase
stalks against ratoon stunting disease and othebeams are narrow and the whole surface of the seed
sett-borne infections (Cochran, 1976; Srivastatval.,  should be evenly exposed for good effect it is of
1977; Cochranet al., 1975, 1978; Damann, 1983; limited practical interest. Hernandez Aguilar Claud



528 K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015)

et al (2011) recently reported that low intensity laser than they would have been in the dry state.

irradiation could be an alternative method to cointr Reasons of decline the use of techniqueSuch
seed transmitted diseases in maize seed. The mapenetration was necessary if deep seated pathogens
innovation of the developed technology by Dr. Galot were to be eliminated. This approach to seed treattm
Vladimir Ivanovich is the use of ‘ozone technology’ was particularly relevant during the era before the
for pre sowing seed treatment. It allows in the systemic fungicides become available for commercial
environmentally friendly way to carry out the use (Hunget al, 1992).

activation for seed and as consequence the inciease Advantages

the crop capacity up 10-15%. (Ilvanovich, 2011). It is a non selective treatment for controlling any
Chemical and biological seed treatment:Now a seed borne fungi and in addition giving protection
day’s chemical seed treatment is very common and against some soil borne pathogens (Simghal,
worldwide practiced due to its wide spectrum apilit 2000).

control plant diseases and pests taking less timeaa « A patch treatment where upto 50 kg seeds can be
number of automatic treatment machineries with high treated at a time, compare with smaller amounts
level of accuracy are available which makes it less (upto 5 kg) using the hot water treatment.

labor intensive work (Nameth, 1998). Chemical SeedDisadvantages

treatments are fungicides or insecticides, appt®d . |t is not effective against bacteria.

seed, to control diseases of seeds and seedlings;after 24 hrs of soaking seeds need to be dried for
insecticides are used to control insect pests. Swmed 6-12 hrs which is very labor intensive job andrtte of

treatment products are sold as combinations of control is dependent on prevailing temperature rayri
fungicide and insecticide. Typically, chemical seed ireatment.

treatments do not offer benefits associated witht r0 Recent advances

development, drought proofing or crop yield , ore recently a modified form of thiram soak treat-

(EcoChem, 1998). _ o , , ment (0.2% thiram for 12 hrs at%5) has developed
Treatment of seed with beneficial micro-organisms ¢4 the control ofP. betalin monogerm sugar beet

including fungi and bacteria (species Taichoderma and this modification has been incorporated in® th
P_seudom_onasBacHI_us_ Rhlzc_)b|_a etc.) ameho_rates_ a pelleting process for that crop in the UK (Paynd an
wide variety of biotic, abiotic, and physiological  \wjliams, 1990). The aim of thiram soaking was to
stresses to seed and seedlings (Masewal, 2010).  gchieve penetration of seed tissue to eradicate
Inoculation of seeds with such biological agents in jniernal pathogens. Expect for the UK uses spetifie

combination with priming (Biopriming) potentially  gpove, this treatment has been superseded by the
able to promote rapid and more uniform seed germina  gqvent of systemic chemicals which have greater

tion and plants growth (Moeinzadet al, 2010) and inherent mobility of action and when applied to the

in several cases, has been reported to enhance andgrface of seeds can penetrate their tissue t@aehi
stabilize the efficacy of biological agents (Calkral, the same effect (Huret al, 1992).

1990, 1991, Harmaret al, 1989 and Warren and , yiore advanced technique is the organic solvent

Eengett, 1999). : : hniquesSeed infusion technique (OSIT) to improve infusion of
eed lreatment using emersion techniquesSee fungicides via organic solvents (O’Nedt al, 1979

emersion methods are those where seeds are steepegj‘nOI Papavizas and Lewis, 1976). Organic solvents
for varying periods of time in aqueous or solveasdd are non-polar, easily penetrate the seed coat,

liquids at ambient or raised temperatures with or carrying non-polar chemicals including many
without the addition of chemicals to eradicate seed fungicides with them which volatilize quickly,
borne organism (Black and Bewley, 2000; Martin and leaving the fungicide deeper inside the seed and

Wogdcgck, 1i8.3; Rajesh KufmmgI:622§2). ional distributed more evenly than that obtained with
(i) Seed soak in aqueous fungicidesConventiona conventional treatments (Meyer and Mayer, 1971).

fung|C|d§ See% tregtmenrt]s, EUCh asd aqueous tha amount of fungicide used by the infusion
suspensions and powders, have been used to IMProve qihqg js less than that required in a conventional

germinat_ion a;]nd Seed"ng vigor.hThg tr?eatment (g;e seed treatment (Persson, 1988; €aal, 1974).
y steeping them in aqueous chemicals to contrstspe (i) Use of antibiotics

and diseases is of ancient origiihe 17" century . The main purpose of immersion seeds in antibiotics
has been to control seed borne bacteria. Antitsiotic
applied to the surface of seed have not been
sufficiently penetrative to be effective againstteaia
mainly located within the seed coat tissue. Assaillte

. . . . Zeeds infected with bacteria have been immersed in
solutions or suspensions of pesticides result migda  ,,,60us solutions/suspensions of antibiotics or in

gr f#” hydration Of.EIOSt an;i pathogen_ t|ssufe hmgkl_n water at high temperatures with or without the addi
oth more susceptible to the penetration of chemicas \arious chemicals to kill or neutralize the pEdln

inorganic and organic fungicides to control seecthbo
pathogens have been mentione(Martin and
Woodcock, 1983). The principle underlying such
technique is that immersion of seeds in aqueou
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(Kannaiyan and Prasad, 1979; Vlakleial, 1974). treatment. Plants were challenged with a range of
Disadvantages pests, caterpillars (of tobacco hornworm), aphits$ a
Phytotoxicity is a major problem of seed soak iti-an spider mite for tomato, aphids for pepper and
biotics particularly withthe use of streptomycin and it  cucumber and Spooptera exempta caterpillars for
commonly results in leaching of cotyledons and  maize and wheat. These pests were allowed to feed

stunting of seedlings. for between 2 and 14 days. In the experiments with
(iii) Seed soak in inorganic chemicals caterpillars the leaf area consumed was reduced by
Pre sowing seed treatment where seeds are soaked inbetween 40 to 60% in the plants grown from treated
water, mineral solutionwiz., CaCh, ZnSQ, cobalt seeds compared with control plants. In the experi-
sulphate/chloride, ¥SO,, KH,O,; CuSQ, sodium ments with the spider mite, feeding was reduced and
molybdate, boric acid, manganous sulphate and other in addition reductions of pest population and in
(Mariappanet al, 2013) or growth regulators viz., reproductive rates were observed.

ascorbic acid, kinetin, benzyl adenine, GA, CCC andSeed dressing:This is the most common method of
other (Agboola, 2003 and Kumarehal, 1993) alone seed treatment and seeds are dressed with modern
or in combination found to speed up germination pesticides in which chemicals may be applied as dry
process, increased germination rate and seedlingowder or in the form of slurry (Upadhyaya, 2013).
vigour, improved resistance to water and salinitgss  Dressings can be applied at both farm and indsstrie
and increased crop yields (Pandey and Sinha, 1999;ow cost earthen pots can be used for mixing
Krishnaveniet al, 2010). pesticides with seed or seed can be spread on a
Limitations polythene sheet and required quantity of chemiaal c
« Many seed borne viruses are embryo located andbe sprinkled on seed lot and mixed mechanically by
treatments which inactivate them in the embryo maythe farmers. In villages, generally shovel is u$ed
be phototoxic. Where, however the pathogenmixing the chemicals. However this often leads to
contaminate or is slightly invasive of seeds atis uneven mixing and is not considered a standard
mato mosaic virus, then remedial treatment are posmethod. The best way mix the chemical with seeds is
sible. to use motor or hand driven seed treatment drum.
« Extraction of seeds in 20% hydrochloric acid for 30 Before mixing seeds and chemicals seed materials
minutes or with 10% or higher concentration of must be weighed for applying the appropriate dose
trisodium orthophosphate for 10 minutes inactivates(Thippenswamy and Lokesh, 1997).
the virus in many instances and these treatments caSeed coating:Seed coating require a special binder is
be used successfully when the virus is wholly used with a formulation to enhance adherence to the
superficial and are less effective when the viras h seed. Coating requires advanced treatment techyiolog
penetrated the seed coat. by the industry (Arias-Rivas, 1994; Upadhyaya, 2013
Immersion techniques in future The earliest methods of treating seed with fungisid
+ Seed immersion method now may have a decreasewere relatively crude. The first method used inedlv
use for the treatment of fungi because of advent ofiling the seed to be treated on a solid surfacetaen
systemic fungicides with less phytotoxicity butyhe dusting the top of the pile with the fungicide (Mt
remain important for the treatment of seed borne€t al, 2001; Tayloret al, 2008). It was then hand-
bacteria and to a lesser extent seed borne viruses. Mixed using a shovel until the grain appeared to be
« The advent of systemic fungicides, immersion €venly coated. Later, a rotating drum was_usedno m
methods loose impacts and the new techno|ogie§he seed with dust formulations of mat.erlals sush a
came in existence for application of pesticidesCopper carbonate. This involved mounting a bartel a
homogeneously. an angle, such that when it was turned by handkecran
« Seeds are soaked in low concentrations of JA,the grain would tumble back and forth thus coating
typically for 24 hours, followed by drying. Other Itself with the fungicide (Tayloet al, 1991; Tayloret
possible treatment options include the applicatibn ~ @l., 2004). _ _
powders, dusting or application of slurries. After The first large seed treating machines were deeelop
treatment the seeds can be stored and sown ara latf® handle the organic mercury fungicides that were
stage. Plants grown from seeds treated with@vailable as liquids (Panogen) or dusts (Ceresamg.
resistance inducing chemicals like salicylic acid, Of these, the Panogen Treater, dripped the liquigif
jasmonic acid etc. demonstrate long lasting effectsCide into a large rotating container and the seed w
on defense across the different developmental stagecoated as it tumbled through the treater. Anothres, o
(Ameinet al, 2011). the Mist-O-Matic Treater, had a system whereby the
« The technology has been successfully demonstrateliduid fungicide was dripped onto a“w_h|r’I,|ng coreat
with seeds from tomato, sweet pepper, wheat andaused the fungicide to become a “mist” which coate

; d as it fell through this mist. Both of thesaters
maize by Borcke (2007). In these tests, seeds wer&®€ g
treated with JA in aqueous solutions for 24 hours.could handle hundreds of bushels of seed per fwur s

Typically seeds were planted eight weeks afterthey were very efficient. Modern day treaters can
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handle even higher volumes of seed and operate by and Harman, 1990 and McQuilkenal, 1990).

mixing the seed with slurry formulations of the e
fungicide (Mathreet al.,2001).

For growers who want to treat smaller lots of serd
their farm, there are a number of End-Gate Treaters
These are treaters that mount on the back of the tr
carrying the seed and drip the liquid slurry foratidn
onto the seed as it is elevated out of the truck an
auger. The tumbling action of the seed in the auger
aids in the distribution of the treatment on thedsas

it moves into the grain drill (Mathret al.,2001).

Now day’s new technologies are being come for
treating seeds with this method which have spsaciall »
designed equipments taking full care about thetgafe
about the person handling the treatment. In lacgées

Polymeric coating has been investigated to retard
imbibition rates when seeds are sown in wet soil.
Imbibitional chilling injury in large seeded legume
and cotton have been attributed to rapid water up-
take when seed of low moisture content are sown in
a cold, wet soil (Herner, 1986) e.g. soybean, ogtto
corn, seeds were coated with lanolin in acetone
applied at 5% C. Water uptake is reduced and
emergence was greater from coated than non coated
seeds (Chachalis and Smith, 2001; Taylor and
Kwiatkowski, 2001; Willenborgt al, 2004).

Seed coating with peroxide compounds that provide
oxygen to seeds have been studied under anoxic or
near anoxic soil conditions. Beneficial results énav

treatment, automatic seed treatment plants such as been reported on rice seeds coated with Ca@

Gustafson Treaters are used. In this machine thacifi

automatic calibration for both seed and chemical is

available, and the technical person can use itouith

difficulty with the help of guidelines provided by

manufacturer. Adhesive like Carboxy methyl

cellulose, Dextrans, Gum arabic, Vegetable/Paraffin

oil is used (Mathret al.,2001).

Limitations

» Care should be taken in selection of chemicalseto b «
applied e.g. organomercurials are injurious to sged
particularly to cracked seeds. Therefore they are
used when disease incidence in the seed crop
necessities it and in crops where seed is notyeasil
injured e.g. rice, wheat, barley, cotton etc.

« Method is not of much use for treating maize, bean,
peanut and vegetable seeds which may get injury

sown under flooded conditions (Leaver and Roberts,
1984).

Macronutrients have been applied to seed in seed
coating and reported to improve early plant growth.
However, there are limitations to the quantity of
fertilizer that can be applied effectively without
injury to the seeds (Zenkaet al, 2005; Faroocet

al., 2012; Mirajet al, 2013).

Beneficial microorganisms that may fix nitrogen
enhance nutrient uptake can also be applied tosseed
(Praveenret al, 2012; Nyoki and Ndakidem, 2014).
Becker Underwoot company is the world’s leader
in research, development and production of yield
enhancing microbial seed inoculants for legume
which are scientifically proven to make more
nitrogen available to legume crops and improverthei

during process and therefore it reduces seed vigour yield potential e.g. Vault NP, Nodulator Liquid etc

 Higher concentrations of chemicals are required. (Backer Underwood, 2012).

» Doses are changed with seed moisture, seed size arfseed pelleting:The most sophisticated seed treatment
duration of treatments, therefore it is very difficto technology, resulting in changing physical shapa of
make recommendations. seed to enhance pelletibility and handling. Peitgti

« The seed coating did not improve germination andrequires specialized application machinery and -tech
actually had a deleterious effect under dry niques and is the most expensive application (DRPQS
conditions. 2007). Because in seed coating chemical is in tirec

Recent advances contact with seed thus the phytotoxic chemicalsate

+ A more recent development ‘film coating’ (Ester, applied with this method and to overcome this
1994; Jyotiet al, 2003; Kim and Taylor, 2004). is drawback seed pelleting is a good alternative. Many
being used in which active materials are dispecsed Crop seeds are small and irregular in shape wioets d
dissolved in liquid adhesive and applied to seedshot permit the accurate metering by mechanical
either with a Fluidized Bed Treater (Bacenal, Planting equipments. The original purpose of peitet
1988, or pharmaceutical coating drum (Taylor andWas to increase the apparent seed size and weight t
Harman, 1990). Film coating has gained popularityalter seed shape for precision planters. In addito
as a seed-coating method over the last severas yeathis, pelleting also provides the opportunity foeater
because of worker safety considerations. Filmloading of material around the seeds and the dpatia
coating is often used on seed species that do nd@rientation of active ingredient can be varied with
require pelleting Brassica spp.) for precision the pellet (Halmer, 1988; Upadhyaya, 2013).
planting but the seed requires some encapsulatiofhe general procedure is for seed mass, to roll or
due to plant protectant application (Hill, 1999)gh tumble while two components, a binder (adhesive) an
technology permits the application of multiple inert filler are being added. The process is camth
Coatings and the increase in seed We|ght ranges fro until the desired increase in seed volume is obthin
1-10%. Recovery rates have been reported as greateeds are dried after pelleting and can be stored.
as 90% and seed to seed variability is low (TaylorAdvantages
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 Protect the seed against soaking injury in excess s
moisture but at the same time to facilitate theesgc
of soil moisture in conditions when this is sparse.

» Can carry any chemical in reasonably large quantity
with no phytotoxic effect on seeds.

Limitations .

« At progress in the technology of pelleting is not
facilitated because the fact that manufactures keep
their materials and processes a closely guarded
secrets.

Recent advances

« Attempts have been made to incorporate not only

531

duration of treatment.

But if used carefully the permeation techniques to
bring about a major technological advances in the
field of seed treatment.

Successful of seed treatment

Phaseolus lunatuseeds have been protected from
the insect pesHylemia platurabyinfusing them
with a 1 mM solution of Chloropyriphos.

Microflora has been effectively eliminated from
celery seeds by permeating them with ethylene
oxide carried by  Dichlorodifluoromethane
(Andersoret al, 1973).

insecticides and fungicides but also materials suchFluid drilling: The procedure of fluid drilling or gel
as activated charcoal which guard the seeds to someeeding consists of germinating seeds in aeratéer wa
extent against phytotoxic effects of pesticides until redicle emergence. The seeds are then mixed i

applied to soil (Taylor and Warholic, 1987).

viscous gel and sown with an appropriate drill {Gra

The establishment of white clover seeds was1981). The gel facilitates sowing seeds withoutimy
enhanced by inoculation with root nodule bacteriato the emerged redicle and maintains seed moisture.
combined with a lime based pelleting material Limitations

(Lowther, 1974). The main intention of lime *
pelleting is to protect the rhizobia by countenagti
mild soil or fertilizer acidity close to the sedtlalso .
ensures better survival of the rhizobia when delays
between pelleting and sowing are inevitable (NSW
Department of Primary industries, 2005). .
Seed pelleting with nutrients is advancement in

This is an on farm operation and precedes the plant
ing operation.

Specialized planting equipments or modification of
existing equipment was needed to sow germinated
seeds.

Additional cost to growers as well as the extraetim
effort and equipment necessary to prepare the seeds

pelleting technology which enhances initial seed Recent advances to exploit fluid drilling in plant
quality, field emergence, field potential and diseases
storability (Shrimathet al, 2002). » Gels have also been used to deliver pesticides and
« New encapsulation technology has been developed biocontrol agents for the control of soil borne-dis
for the formation of capsules by gelation. Though eases e.g. Metalaxyl and Captan were incorporated
the technology was developed for the delivery of into a magnesium silicate gel to control dampinfy of
somatic embryos, the procedure could be developed caused byPythium aphanidermaturGiammichele
for natural seeds. The procedure for hydro gel and Pill, 1984)
encapsulation consist of mixing propagules with « Activated carbon can be incorporated into fluid
sodium alginate solution and then transferring the drilling to detoxify herbicides in direct seeded
coated propagules to calcium salt that resulthén t  lettuce (Taylor and Warholic, 1987).
formation of soft capsule (Redenbaugthal, 1987;  Future of fluid drilling in pest management:
Domaradzkiet al, 2012). Alginate capsules/pellets Though the fluid drilling technique did not gain
have been used to delivefrichoderma and  economical acceptance, interest continued for
Gliocladium to soil for the control of damping off developing a pre-sowing seed treatment to enhance
caused byRhizoctonia solan{Lewis and Papavizas, seedling establishment that would use existingtisign
1987). equipments (Taylor and Harman, 1990).
Permeation: Because in pelleting drying is must Seed priming: Seed priming describes a broad group
which is time consuming and labour intensive sd tha of hydration techniques employed to enhance seed
permeation is an alternative to this. In this gocact performance in the field or in controlled enviromhe
dissolving of chemicals in organic solvents whi@mc production systems. The term, seed priming, is als
then carry them beneath the covering layers ofsseedused to describe the biological processes and elsang
and which then evaporate so that permeation can behat occur during seed hydration (and drying)
achieved without the need for drying the seedsesinc treatments (Hacisalihoglet al, 1999). Priming is of
no water is used (Meyer and Meyer, 1971; Séiaal, interest to seed researchers as a tool for undéiata
2007). the germination process, and is of considerabrést
Limitations to the seed industry as a vehicle for improved seed
e As far as is known at present, the chemicals do noperformance and quality. Seeds are primed (imbibed)
penetrate the embryo but only into its vicinityfeict to a water content and/or time period less than tha
such penetration can be fatal. required for complete germination, and then (ugdall
» These above and other details await investigationdried. Primed seeds are essentially held in pHasfe
and thus great care is needed, especially abougermination by these restrictions in water poténta
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Phase Il water kpta and Taylor, 1988, 1998; Lewist al, 1987; Khan,

and seed germination is achieved upon subsequeni992: Bennetiet al, 1992; Kubik, 1995; Pill, 1995;

sowing and rehydration (Bennettal 2013).

Warren and Bennett, 1997). Solid matrix priming; os

Seed priming is most extensively commercialized inmopriming, and hydropriming methods have all been
the field seeding or plug transplant production ofemployed to increase beneficial microbial populzgio

tomato, pepper, onion, carrots, leek and the pristuc
of ornamental plants

on the seed.
including begonia, Viola, chemical seed treatments, inoculants, and othei add

Compatibility of these microbes with

cyclamen, primrose and many herbs. Priming is alsaives can vary. Microbial formulations, quality d¢ooi,
commonly used with seeds of sugar beet, some turflelivery systems and costs of registration havevestb
species, and has been used for decades to circumvetommercial use of biopriming to dat€allanet al,
seed thermodormancy in lettuce and other specidls (H 1997; Milus and Rothrock, 1997; Moeinzadehal.,
et al, 2008). Several methods have been proposed t8010; Rhodes and Powell, 1994Biological control

regulate water availability (as a liquid or in thapor

organisms continue to present,

however, a unique

phase) to seeds. Three basic systems used t@melivapproach for alternative control of soil pathogens
and restrict HO, and supply adequate amounts ¢f O managing soil borne diseases.

to seeds are (i) osmopriming, (ii) matrix primirand
(iif) hydropriming. All three systems can be maoelif
for research use or for commercial use as batcb- pro

Application methods (vary from agent to agent)

Regardless of organism used one of the important
criteria for successful biological seed treatment i

esses. Commercial priming systems can handle seedthe method for their application.

guantities from tens of grams up to several tona at «
time (Ebrahimiet al, 2014; Golezani, 2013; Gorgj

al., 2013).

Advantage over fluid drilling: Seeds can be handled
in manner similar to the conventional seed and the
process can be performed by a seed company.

Recent advances:

Biologically active bacteria are applied as cetis t
seeds, fungi as mycelial fragments, sexual or adexu
spores to the seeds.

Application methods are varied extend from bacteri-
ally inoculated peats for the introduction of Rhiia
onto seeds to simple slurry application containing
biocontrol inoculum.

* More advanced form of seed priming is Solid Matrix |mproved technologies

Priming (SMP) in which seeds are mixed with a.
solid material and water in known proportion
(Harman and Nelson, 1994 and Rogfisl, 2004).
 Bioprotectants and/or chemical pesticides may be
used in conjugation with solid matrix priming. Thes
materials may be added first to seeds as slurry
followed by the addition of solid particulate and .
water (Taylor and Harman, 1990).
Seed treatment with beneficial microorganisms:
Seed treatment with beneficial microbes is becoming
increasingly important (Howell et al., 1997).
Treatment of leguminous seeds wWRhizobium sppis
well known for many years for nitrogen fixation. ,
Azospirullumand other nitrogen fixing bacteria are
being investigated for the same purpose. In prlacip
the potential for control of seed-borne diseases by
microbiological products is also good, and the
potential of a number of products has been testag (
Clonostachys rosea, Gliocladium catenulatum, Tricho
derma harzianum Chaetomium Enterobacter spp
Bacillus and Pseudomonas chloraphigenseret al.,
2001; Jenseret al.,, 2004). Biopriming techniques
involve the addition of beneficial rhizosphere
microorganisms in the priming process, either as a
method for efficient delivery to the crop or to toh
pathogen proliferation during priming itself. Agmaltion
methods influence the density and uniformity of BEAn
a seed. Biopriming, bio-osmopriming, drum priming,
solid-matrix priming (SMP), and specialized pellets

coatings have been suggested as promising tectsique

for uniformly applying BCA'’s to crop seeds (Harman

Another area of investigation is the application of
fluid drilling or gel seeding technology with bigia

cal control seed treatment. Fluid drilling offens a
ideal system for delivery of a biocontrol agenthsuc
as Trichoderma for control of soilborne disease
problems (Fisher and Conway, 1984)

A method where an aqueous binder containing
fungal spores is sprayed on seeds followed by the
deposition of solid particulate material to give a
double layer, allowing a slower rate of release of
bioprotectant (Taylor and Harman, 1990; Taydbr
al., 1991).

Australian company, Seed Distributors (2008) uses
an advanced multiple polymer for coating seeds
(Gold Striké) that protects the nitrogen fixing
Rhizobia from less than ideal conditions such as
sunlight, acid soil or fertilizers assuring theiopen
viability in the field (Seed Distributors, Science
Based Pasture, 2008).

» Bacterial and fungal bioagents also have been

applied to seeds using a film coating technique and
fungi have been pelleted onto seeds by commercial
method (McQuilkenet al, 1990; Rhodes and
Powell, 1994).

e System such as SMP have been developed to

increase the biocontrol organisms per seed and to
enhance seed performance (Carkts al., 1993;
Harman and Nelson, 1994; Tayla@t al, 1988;
Rogiset al, 2004).

Zhanget al (1996) have shown that treating cotton
seeds with G4 and G6 strains@liocladium virens
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and the GB03 and GBO7 strainsBécillus subtilis

suppress the incidence of Fusarium wilt of cotton i

soil infested with Fusarium oxysporumf. sp.

vasinfectumand Meloidogyne incognitainder green

house conditions. .
Future bioprotectants for seed treatment: The
efficient use of microorganisms to combat plant and led to a significant reduction in the use afhsu
diseases by their application in seed treatmentires) products (Scheel, 1997).

the development of biological control system that a « These types of rules and recommendations should
effective, reliable and economical (Harman, 1991). also be formulated and implemented in India to

a certain extent these requirements have beenvachie  reduce the cost of production and pesticide hazards
for some biocontrol agents who are in the finafjstaf ]
large scale production, field testing and regigirat Conclusion

(Taylor and Harman, 1990) and others are beginting This review covers briefly about seed treatment,

be used commercially (Harman and Nelson, 1994). athqds and technologies starts from basic dressing
Growers can raise healthy crops and increase 88 Cr .yating with simplest crude methods and a contisuou
yield by treating seeds with recommended chemicalg,ogress in technological advancement is achieved

results in minimize the use of pesticides. Although ity time. Moreover, advanced technologies of seed
seed treatment pesticides (Table 3) have DbeeReatment viz. film coating, pelleting, priming etc

extensively used at commercial level for a widegean -3me in existence to refine and overcome some
of crops (TNU Agritech Portal, 2013) and the use of initation or drawback of previous technologieseGe
chemical seed treatments will undoubtedly continue. reatments increase precision and effectivenessopf
Future prospects: Research into new _seed treatment yorection product by reducing the applicatione ratt
technologies is one of the fastest growing sedtotise pesticides applied to the land area and hencss, it i

global crop protection market with all the major |gading technology in precision agriculture in rets
agrochemlcal_ companies investing heavny in thfsaar_ days. After knowing about seed treatment we can say
As pressure increases to make agrlcyltural prodrm_:tl that it will become practical, inexpensive and asye
safer and more environmentally sustainable theeis method of micronutrient delivery (seed enhancement)
increasing focus today on introducing plant pro@tt . advanced technologies of seed priming or seed
technologies that can be introduced into the siil v coating especially by small landholders in deveigpi
seed. There has always been a lot of research angyntries. Future development and commercial use of

development undertaken for products in the hugeseeq treatment technologies is dependent on importa
global grain market, increasingly new seed treatmeny,ciors such as economic, social, environmentaitgaf

products will be developed for the pastoral marketyng practical utility for that particular crop. Fdrat
particularly as this market grows internationally. reason, future research may be more focused on

In recent years, a lot of studies have been done oRgyanced physical (microwave, ultrasound, ozone
invigoration _of seeds to improve the germinatiotera treatment) and biological (biopriming, SMP) methods
and uniformity of growth and reduce the emergencest (reating seeds alternative to chemical seed
time of and also manage pest/diseases (soil angeatment. Advances in seed treatment technolodly wi
seed-borne) in many vegetables and some field Cropgefine existing treatment strategies and futureaesh
Scientists have developed a number of methods tQnqoyld be focused on biological seed treatments in
reduce the use of pesticides, often driven byaqgition to chemical treatment using microbial

environmental reasons (Baseaal, 2003). Fungicide jnocylants as diseases and pests suppressing and/or
treatment of seeds is an area where it may belpessi geqq enhancing materials which will be applied to

to reduce the quantity of chemicals used by lingitin  geeqs either alone or in combinations. The seed
treatment according to the need. By relatively $emp eatment then becomes a system rather than merely
tests for seed borne diseases, treatment may bedim component added to seeds. At last, it can be baid t
to the infected lots only e.g. cereal seeds arduymed  geeq treatment must be an initial step of raisimgp ¢

in relatively large quantities and therefore, ifiyom  gnq has a pivotal role in sustainable crop producti
small proportion of seed lot require treatment the®  \\hich cannot be ignored.

quantity of fungicides used could be reduced. Furth

ments for cereals introduced in 1965. Today seed
health testing of cereal seeds is compulsory in-Swe
den, but the use of fungicide treatment is based on
recommendations.

In 1990, a voluntary scheme for the reduction ef th
use of seed treatments was introduced in Norway

research on the relationship between seed infestati
levels and disease development under
conditions is required. To minimize the risk ofalise
threshold levels must be developed for

environmental conditions in which seed is sown.

Some examples of successful use of these prospects
 In Sweden, regulations limiting the use of seedttre

the

REFERENCES

naturaJAgbooIa, D.A. (2003). Effect of plant growth hornesnand

thiourea on seed germination Gkiba pentandraand
Terminalia suparbal. Tree Scig 22(1&2): 76-78.

Agrios, G.N. (2005). Plant Pathology. Fifth Editidelsevier
Academic Press, California, London-U.K. Publisher:
Dana Dreibelbis, pp.922.



534 K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015)

Aladjadjiyan, A. (2007). The use of physical methddr seedborne Diaporthe phaseolorumin soybean by
plant growing stimulation in Bulgarial. Cent. Eur. microwave treatmentlournal of Microwave Power and
Agric., 8(3): 369-380. Electromagnetic Energyd0(4): 199-204.

Amein, T., Wright, S.A.l., Wikstrom, M., Koch, ESchmitt, Bhaskara Reddy, M.V., Raghavan, G.S.V., Kushalappga, A.
A., Stephan, D., Jahn, M., Tinivella, F., Gullind,L., and Paulitz, T.C. (1998). Effect of microwave
Forsberg, G., Werner, S., Jan-van-der Wolf and Groo treatment on quality of wheat seeds infected itlsa-
S.P.C. (2011). Evaluation of non-chemical seed rium graminearum Journal of Agric. Engin. Res71
treatment methods for control Afternaria brassicicola (2): 113-117.
on cabbage seeds. Plant Dis. Protect 118 (6): 214—  Black, M. and Bewley, J.D. (2000). Seed technology iés
221. biological basis, published by Sheffield Academied?

Anderson, J.D., Triplett, L.L., Haber, A.H., Meyé, and Ltd. - England and CRC Press LLC, USA and Canada,
Mayer, A.M. (1973). Dichloromethane and lettucedsee edited by Michael Black, J. Derek Bewley. pp-404
germination Science179(4068): 94-96. Borcke, L.V. (2007). Insect pest protection throjagmonic

Anna Aladjadjiyan (2010). Effect of microwave iriation acid seed treatment. Lancaster University, Tec.dete
on seeds of lentilslgns culinaris med.)Romanian J. September 2007.

Biophys, 20(3): 213-221. Callan, N.W., Mathre, D.E., Miller, J.B. and Vavring,S.

Arias-Rivas, B. (1994). Evaluation of seed coatimgtment (1997). Biological seed treatments: Fectors involired
on maize Zea mayp stand establishment and seed rot efficiency,Horticulture Science32: 179-183.
caused byPythiumspp. at early planting season. PhD. Callan, N.W., Mathre, D.E. and Miller, J.B. (1990).
Diss. lowa State University, Ames, IA, U.S.A. Bio-priming seed treatment for biological control of

ASF (2010). National code of practice for the ofeseed Pythium ultimumpre-emergence damping-off in sh2
treatments. Australian Seed Federation Limited]{ip. sweet cornPlant Dis, 74: 368-372.

Retrieved: September 4, 2014 from http:// Callan, N.W., Mathre, D.E. and Miller, J.B. (1991)ieM
www.asf.asn.au/userfiles performance of sweet corn seed bioprimed and coated

Backer Underwood (2012). Inoculant Guide. pp.-10. Re- with PseudomonadluorescensAB254. Hort. Science
trieved: 2 September, 2014 from http:// 26:1163-1165.
www.beckerunderwood.com/media/cms/becke runder-Carlos A.P., Ping-Qiao and Cantliffe, D.J. (1993)h&mced
woodinoculantproductguid_0a75c¢3542fb75.pdf celery germination at stress temperature via sohttix

Bacon, J.R., Brocklehurst, P.A., Gould, A., Mahon, R., priming. Hort. Scienceg28(1): 20-22.

Martin, N.C.J. and Wraith, M.J. (1988). Evaluatidrao  Catalan, L.A. and Edgardo, M.R. (1991). Improving
small scale fluidized bed seed treatment apparatus.  germination inProsopis flexuosaD.C. and P. alba

Application to Seeds and Soil, Mono. 39, BCPC, Griseb with hot water treatments and scarificat®eed
Thornton Health, UK. pp. 237-243. Science & Technql19: 253-262.

Bagegni, A.M., Sleper, D.A.., Kerr, H.D. and MorriS. Chachalis, D. and Smith, M.L. (2001). Hydrophobidypaer
(1990). Viability of Acremonium coenophialuim tall application reduces imbibition rate and partially
fescue seed after ionising radiation treatmefiop improves germination or emergence of soybean
Science30: 1272-1275. seedlingsSeed Sci. TechnpR9: 91-98.

Baker, K. F. (1969). Aerated-steam treatment of sieed Chapman, R.A. and Harris, C.R. (1981). Persistendeusf
disease controlHorticult. Res9: 59-73. pyrethroid insecticides in a mineral and an orgaoic

Banks, H.J. (1998). Prospects for seed disinfeststio J. Environ. Sci. Health16: 605-615.

Proceedings of the Australian Postharvest TechnicalCochran, B.J. (1976). Development of an aerated steam
Conference Canberra, 26-29 May 1998. system for the control of ratoon stunting disease i

Basra, S.M.A., Zia, M.N., Mehmood, T., Afzal, |. aKtaliqg, sugar cane. ASSCT Proceedings 5.

A. (2003). Comparision of different invigoratiorcteiques ~ Cochran, B.J., Mayeux, M.M. and Steib, R.J. (1978)- Ae
in wheatTriticum aestivuni. seedsPak. J. Arid Agr, ated steam: A system for heat treating sugarcane to
5:11-17. control ratoon stunting disease. Bulletin, Louisiana

Bayer CropScience (2014)M6International Congress of State University, 709, pp-16.

Nematology: Bayer CropScience aspires to further Cochran, B.J., Mayeux, M.M., Steib, R.J. and Cifuentes,
invest in innovative nematode control tools, hetd a O.M. (1975). Development and use of an aeratedrstea
Cape Town, South Africa on 16 May, 2014. Retrieved: system for the control of ratoon stunting disease i

September 5, 2014 from http://www.press.bayer.com/ sugarcaneSugar Y Azucar70: 19-23.
baynews/baynews.nsf/id/Bayer-CropScience-aspires-to-Couture, L. and Sutton, J.C. (1980). Effect of drathecat-

further-invest-in-innovative-nematode-control-tools ments on survival of seed borBépolaris sorokiniana
Bel'skii, A.l. and Mazulenko, N.N. (1984). Effectsf o and germination of barley seed€anadian Plant
presowing treatment of barley seeds on the incielefic Disease Survey0 (4): 59-61.
fungal diseases on the plahtiikologiya Fitopatologiyal8: Crop Life Foundation, (2013). The role of modern dsee
312-316. treatment in U.S. crop production: A review of bigise
Bennett, M.A., Grassbaugh, E.M. and Evans, A.E. 3201 pp.-72. Retrieved: September, 2014 from http:/
Vegetable crop seed vigor and seedling performance. www.croplifeamerica.org/sites/default/files/
Acta Horticulturag 975: 172-179. SeedTreatment.pdf
Bennett, M.A,, Fritz, V.A. and Callan, N.W. (1992mpact Crop Protection Monthly (2014). International newsm-
of seed treatments on crop stand establishnidort. ment, features and conference reports, Headlines of
Technology?2: 345-349. 2013 and 2014. Retrieved: 4 September, 2014 from

Bhaskara Reddy, M.V., Kushalappa, A.C., Raghavan, G.S.V http://www.crop-protection-monthly.co.uk/latest.htm
and Stevenson, M.M.P. (1995). Eradication of Cuero, R.G., Smith, J.E. and Lacey, J. (1986). mfigence of



K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015) 535

gamma irradiation and sodium hypochlorite stefifisaon Australia, Retrieved: September 5, 2014 from http://
maize seed microflora and germinatibnod Microbiology archive.agric.wa.gov.au/PC_92733.html.
3:107-113. Forsberg, G., Andersson, S. and Johnsson, L. (2@2)ua-

Damann, K.E. (1983). Evaluation of commercial legttment tion of hot, humid air seed treatment in thin layand
methods for control of ratoon stunting diseaseugfos- fluidized beds for seed pathogen sanitatibrPlant Dis.
cane Plant Diseasg67: 966-967. Protect, 109: 357-370.

Dermott, T. and Evans, D.E. (1978). An evaluatidriuid- Forsberg, G., Kristensen, L., Eibel, P., TitoneaRd Haiti,
ized-bed heating as a means of disinfesting wheat. ~ W. (2003). Sensitivity of cereal seeds to shortation
Journal of Stored Products Researdh (1): 1-12. treatment with hot, humid aidournal of Plant Disease

Domaradzki, M., Kaniewska, J. and Weiner, W. (20T2)e and Protection110 (1): 1-16.

Application of agglomerative granulation for seefart Forsberg G., Johnsson, L. and Lagerholm, J. (2@®fgcts
2. Pelleting of organic seedSHEMIK, 66(5): 473-478. of aerated steam seed treatment on cereal seed-born

DPPQS (Department of Plant Protection Quarantiné an diseases and crop yieldournal of Plant Diseases and

Storage) (2007). Campaign for Seed Treatm&am- Protection 12 (3): 247-256.

paign for 100% Seed Treatment during Rabi, 2007.Gaudet, D.A. and Puxhalki, B.J. (1992). Applicatimeth-
Retrieved: August 31, 2014 from http://ppgs.gov.in/ ods influencing the effectiveness of carboxin fontcol

Seedtreatment.htm. common bunt caused Bhillitia tritici and T. laevisin
DTTTI — RADA (2012). Hot water seed treatment fon€o spring wheatPlant Diseasg76 (1): 64-66.

trol of bacterial spot of scotch bonnet pepper lisbbd Giammichele, L.A. and Pill, W.G. (1984). Protectioifluid

by Division of Technology, Training and Technical - drilled tomato seedlings against damping - off by

Information (DTTTI), Hope Gardens, Kingston 6, fungicide incorporation in a gel carrigfort. Science

Jamaica, West Indies, pp. 4. Retrieved: September 5,  19(6): 877-879.

2014 from http://rada.gov.jm/wp-content/uploads/ Golezani, K.G. (2013). Seed priming and field perfance

2013/11/Hot-Water-Seed-Treatment_final_01-08-2012. of borage Borago officinalisL.) under different irriga-

pdf tion treatmentsinternational journal of Agronomy and
Ebrahimi, R., Ahmadizadeh, M. and Rahbarian, P. (014 Plant Production4: 82-87.

Enhancing stand establishment of tomato -cultivarsGong, F., Wu, X. and Wang, W. (2013). Comparative

under salt stress conditio®outh Western Journal of proteomic identification of embryo proteins asstaza

Horticulture, Biology and Environmer(1): 19-42. with hydropriming induced rapid germination of maiz
EcoChem, An earth friendly company (1998). Innowativ seeds.Plant Omics Journal6(5): 333-339.

solutions for sustainable agriculture. Retrieved: 6 Gray, D. (1981). Fluid drilling of vegetable seedort.

September, 2014 from http://www.ecochem.com/ Review, 3: 1-27.

t_customer_cbqggg_milford.html Gupta, P.R.K. and Chaturvedi, G.S. (1987). Effectpof
Edison, S. and Ramakrishnan, K. (1972). Aeratednstea germination exposure of ultraviolet radiation omafye

therapy for the control of grassy shoot diseaseX|GS seedsSeed research5(2): 143-148.

sugar caneMysore J. Agricul. Res6: 492—494. Hacisalihoglu, G., Taylor, A.G., Paine, D.H., Hitdeand,

M.B. and Khan, A.A. (1999). Embryo elongation and
germination rates as sensitive indicators of lettseed
quality: Priming and aging studieklort. Science 34:

Elwakil, M.A. (2003). Use of antioxidant hydroqum® in
the control of seed-borne fungi of peanut with sdec

reference to the production of good quality sé@dnt 1240-1243.

Pathology Journal2: 75-79. Hall, T.J. and Taylor, G.S. (1983). Aerated-steagatment
Erdey, D.P., Mycock, D.J. and Bolkan, H.A. (1997heT for control ofAlternaria tenuison lobelia seedAnnals

elimination of Fusarium moniliforme (Sheldon) of Applied Biology103: 219-228.

infection in maize caryopses by hot water treatsient Halmer, P. (1988). Technical and commercial aspefcseed

Seed Science and technolpg§: 485-501. pelleting and film-coating, in Application to Seealsd
Ester, A. (1994). Film coating of leek with inseaties: Soil, Mono. 39, BCPC, Thornton Health, UK. pp. 191-

effects on germination and on the control of onfign 204.

(Delia antigue Meigen), in Seed Treatment: Progress Harman, G.E and Nelson, E.B. (1994). Mechanisms of
and Prospects Mono. 57, BCPC, Thornton Health, UK. protection of seed and seedlings by biological seed

pp. 195-199. treatments: implications for practical disease m@nin

Evans, D.E., Thorpe, G.R. and Dermott, T. (1983)e Th seed treatment: Progress and Prospects, Mono. 57,
disinfestations of wheat in a continuous-flow fizied BCPC, Thornton Health, UK. pp. 283-292
bed. Journal of Stored Products Research9 (3): Harman, G.E. (1991). Seed treatments for biologicaitrol
125-137. of plant diseaseCrop Protectionl0: 166-171.

Farooq, M., Wahid, A. and Siddique, K.H.M. (201®)icro- Harman, G.E. and Taylor, A.G. (1988). Improved $iegd
nutrient application through seed treatments -vieve performance by integration of biological controeats
Journal of Soil Science and Plant Nutritiod2(1): at favorable pH levels with solid matrix priminghyto-
125-142. pathology 78: 520-525.

Fisher, C.G. and Conway, K.E. (1984). Fluid drilling: Harman, G.E., Taylor, A.G., Stasz, T.E. (1989). Gorimg
potential delivery system for fungal biological tah effective strains offrichoderma harzianum and solid
agents with small-seeded vegetabRsc. Okla. Acad. matrix priming to improve biological seed treatment
Sci, 63: 100-101. Phytopathology, 73: 631-637.

Floyd, R. (2005).Vegetable Seed Treatments, Farm note Harwalker, M.R., Donger, T.K. and Padwal-Desai, S.R.
90/1990. Department of Agriculture and Food, Wester (1995). Radiation disinfestations of spice and spice



536

products. |. Radiation sensitivity of developmental
stages of Lasioderma serricorne and Stegobium
panicium.J. Food Sci. Techn®2: 249-251.

Hernandez Aguilar Claudia, Rodriguez Paez Carmemiijia

Dominguez- Pacheco Flavio Arturo, Hernandez An-
guiano Ana Maria, Cruz-Orea Alfredo and Carballo

Carballo Aquiles (2011). Laser light on the mycaddlor
content in maize seedafrican Journal of Biotechnol-
ogy, 10 (46): 9280-9288.

Herner R. C.(1986) Germination under cold soil conditions,
Hort. Science21: 1118-1122.

Heydecker, W. and Coolbear, P. (1977). Seed treaser

K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015)

agropedia.iitk.ac.in/content/insecticide-and-furndge
seed-treatment.

Krishnaveni, K., Sekar, I., Arulrajan, P. and Rao,GM
(2010). Influence of seed fortification treatmenithw
inorganic nutrients and growth regulators on seed a
seedling quality characteristics in bambddarbusa
bambos# Indian Forester 136(8): 1006-1012.

Kobayashi, T (1990). Impact of seedborne pathogequar-
antine in JaparSeed Sci. Technpll8(2): 427-433.

Kubik, K.K. (1995). Seed priming and survival ofsitcated
Enterobacter cloacaénoculated during seed priming.
Ph.D. Diss., Univ. of Nebraska, Lincoln.

improved performance — survey and attempted prognoKumaran, K., Surenderan, C., Jerlin, R. and Palani, M

sis.Seed Sci. and Technob: 353-425.

Hill, H.J. (1999). Recent developments in seed teldyy.
Journal of New Seed$(1): 105-112.

Hill, H., Bradford, K., Cunningham, J. and Taylor, GA.
(2008). Primed lettuce seeds exhibit increaseditdens
ity to moisture during agingActa Horticulturae 782:
135-141.

Howell, C.R., DeVay, J.E., Garber, R.H. and Batson, W.E

(1997). Field control of cotton seedling diseaseéhwi

Trichoderma virensn combination with fungicide seed

treatmentThe Journal of Cotton Scienck 15-20.
Hung, P.E., Fritz, V.A. and Waters, L. Jr. (199RJusion of

shrunken-2 sweet corn seed with organic solvents:

effects on germination and vigddort. Science27(5):
467-470.

Ivanovich, G.V. (2011). Ozone Technology of Presawi
Seed Treatment. Retrieved: 2 April, 2014 from http:/
www.techprofiles.org/index.php/biotechnologies/280-
ozone-technology-of-presowing-seed-treatment

Jensen, B., Knudsen, |.M.B., Madsen, M. and Jensén, D
(2004). Biopriming of infected carrot seeds with an
antagonist,Clonostachys roseaselected for control of
seed borndlternaria spp.Phytopathology94 (6): 551-
560.

Jensen, B., Jensen, D.F., Nielsen, G.C. and NieBeh,
(2001). Biological seed treatment to control seexhéo
diseases in whedbJF Rapport, Markbrug49: 51-56.

Jensen, J.L. (1888). The propagation and prevewofiamut
in oats and barleyd. Royal Agric. Soci. Engl. Se@
(24): 397-415.

Jindal, K.K., Thind, B.S and Soni, P.S. (1991). Rtglsand
Chemical agents for the control ofanthomonas
campestrispv. vignicola from cowpea seed$ci. and
Technol, 17 (2): 371-382.

Johnsson, L. (1990). Washing and treating with warer
to clean wheat inoculated with common bunill¢tia
cariesDC Tul.). Véaxtskyddsnotiseb4(1): 26—28.

Jyoti, J.L., Shelton, A.M. and Taylor, A.G. (200F)im-
coating seeds with chlorpyrifos for germination and
control of cabbage maggot (Diptera: Anthomyiidar) o
cabbage transplant$. Entomol. Scj 38(4): 553-565.

Kannaiyan, S. and Prasad, N.N. (1979). Control hefath
blight disease of ricdntern. Rice Res. News#: 15.

Khan, A.A. (1992). Preplant physiological seed dboding.
Horticultural Reviews14: 131-181.

Kim, S.H. and Taylor, A.G. (2004). Germinability &fm-
coated snap bean seed as affected by oxygen diffusi
rate under different soil moisture conteri®rean J.
Crop Sci, 49: 46-51.

Krishna Dubey (2011). Insecticide and fungicidedstreat-
ment. Retrieved: 1 September,

2014 from http://

(1993). Effect of pre-sowing chemical treatments on
germination and seedling in need.Trop. For. Scj.6
(4): 529-532.

Leaver J.P. and Roberts,E.H. (1984). Peroxides in seed
coatingsOutlook Agric, 13: 147-153.

Lewis, J.A., Papavizas, G.C. and Connick, Jr., W.987).
Preparations of pellets containing fungi and natsgdor
control of soil borne plant pathogens. US Patent, No
886, 512.

Lewis, J.A. and Papavizas, G.C,(1987). Application of
Trichoderma and Gliocladium in alginate pellets for
control of Rhizoctoniadamping-off. Plant Pathology
36: 438-446.

Lowther, W.L. (1974). Interaction of lime and sqeslleting
on nodulation and growth promotion of white clover.
glasshouse triaN. Z. JI. AgricRes, 17: 317-323.

Luthra, J.C. (1953). Solar energy treatment of whease
smut, Ustilago tritici (Pers.) Rostrindian Phytopathol-
ogy, 6: 49-56.

Luthra, J.C. and Sattar, A. (1934). Some experimentthe
control of loose smutUstilago tritici (Pers.) Jens. of
wheat.Indian Journal of Agricultural Sciencet: 177-
199.

Mariappan, N., Srimathi, P., Sundaramoorthy, L.
and Sudhakar, K. (2013). Influence of seed fosiiimn
treatment with inorganic nutrients ratropha Curcas
(L.). Journal of Energy Biosciencd(1): 1-6.

Martin, H. and Woodcock, D. (1983). The scientifignci-
ples of crop protection. London, Edward, Arnold L.td
486 pp.

Mastouri, F., Bjorkman, T. and Harman, G.E. (201%3ed
treatment withTrichodermaharzianumalleviates biotic,
abiotic, and physiological stresses in germinatagds
and seedlingPhytopathology100(11): 1213-1221.

Mathre, D.E., Johnston, R.H and Grey, W.E. (20@&hpall
grain cereal seed treatment. American Phytopatholog
cal Society, The Plant Health Instructor, (200DDI:
10.1094/PHI-1-2001-1008-01. Retrieved: 31 September,
2014 from http://www.apsnet.org/education/
AdvancedPlantPath/Topics/SeedTreatment/.

Maude, R. B. (1996). Seedborne diseases and thefroto
Principles and practices. CAB International, Walling-
ford, U. K. 280 pp.

McQuilken, M.P., Whipps, J.M. and Cooke, R.C. (1990).
Control of damping-off in cress and sugar-beet bhy-co
mercial seed-coating witlPythium oligandrum Plant
Pathology 39: 452—-462.

Meah, M.B. (2004). Vegetable seed treating plantAlDS
Bangladesh Collaborative Research Project and IPM
Lab. Dept. of Plant Pathology, BAU, Mymensingh.

Mebalds, M.I., Reed, P., Swiergon, P., HepworthH8nderson,
B. and Benham, B. (1996). Development of steam air



K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015) 537

treatments for the control of seedborne diseases of
flower seeds. Final Report for HRDC Project No
NY209. Institute for Horticultural Development, Kxo
field.

Meyer, H. and Mayer, A.M. (1971). Permeation of degds
with chemicals use of dichloromethane. Sciend&]1
(3971): 583-584.

Miller, P. W. and McWhorter, F.P. (1948). The ubgapor-heat
as a practical means of disinfecting se€ds/topathol-
ogy, 38: 89-101.

Miller, S.A. and Lewis Ivey, M.L. (2005). Hot watéreat-
ment of vegetable seeds to eradicate bacterialt plan

(Vigna unguiculata(L.) Walp). American Journal of
Plant Sciences(4): 442-451.

O'Neill, N.R., Papavizas, G.C. and Lewis., J.A. (1p768fu-

sion and translocation of systemic fungicides aupto
seeds in acetonPhytopathology69: 690-694.

Pandey, S.N. and Sinha, B.K. (1995). Plant physiolegl-

ited by Pandey, S.N. and Sinha, B.K., Vikas puhtighi
house, Pvt. Ltd., New Delhi, pp. 533.

Papavizas, G.C. and Lewis, J.A. (1976). Acetonesinfuof

pyroxychlor into soybean seed for the controlPdiy-
tophthora megaspermear. sojaePlant Dis. Rptr, 60:
484-488.

pathogens in organic production systems. The OhioPayne, P.A. and Williams G.E. (1990). Hymexazehtr

State University Extension, Columbus, OH, Ohio &tat
Extension Bulletin HYG-3086-05. pp. 3.
Milus, E.A. and Rothrock, C.S. (1997). Efficacy otchexial

ment of sugar-beet seed to control seedling disease
caused byPythiumspp. andAphanomyces cochlioides
Crop Protection 9 (5): 371-377.

seed treatments for controlling Pythium root rot of Persson, B. (1988). Enhancement of seed germindiyon

winter wheatPlant Dis, 81: 180-184.
Miraj, G., Shah, H.U. and Arif, M. (2013). Primingaize

plant growth regulators infused via acetoBeed Sci. &
Technol, 16: 391-404.

(Zea mayd..) seed with phosphate solutions improves Pill, W.G. (1995). Low water potential and presogvijermi-

seedling growth and yield Anim. Plant Scj 23(3): 893
-899.

Moeinzadeh, A., Sharif-Zadeh, F., Ahmadzadeh, Md an
Tajabadi, F.H. (2010). Biopriming of sunflower
(Helianthus annuusL.) seed with Pseudomonas
fluorescensfor improvement of seed invigoration and
seedling growthAJCS 4(7): 564-570.

Muniz, M.F.B. (2001). Control of microoganisms asateil
with tomato seeds using thermotheraRevista. Bra-
sileira-semente23(1): 176-280.

Nagy, J., Rathos, J. and Toth, O. (1995). Effeatlvhsonic
irradiation and vacuum infiltration combined with
fungicides on fungi-infected sunflower seed%cta
Agronomica Hungarica43: 93-102.

Nameth, S.T. (1998). Priorities in seed pathologsearch.
Sci. agric, 55(special issue Piracicaba): 94-97.

Nan, Z.B., Hanson, J. and Yeshi, W.M. (1998). Effect
sulfuric acid and hot water treatments on seedborne
fungi and germination ofStylosanthes hamata, S.
quianensisaandS. scabraSeed Science and Technolpgy
26: 33-43.

Napoles, P., Amat, Z. and Ramirez, P. (1991). Tre afs
different treatments of contradlanthomonas campestris
pv. campestrisin Cabbage seedProtection de-plants
1(3): 33-41.

nation treatments to improve seed quality. pp. 399-

In: Basra, A.S. (Ed.) Seed quality: basic mechanisms
and agricultural implications, Haworth Press Iridew
York; 389 pp.

Praveen, K.G., Desai, S., Amalraj, E.L.D., Mir Hass

Ahmed, S.K. and Reddy, G. (2012). Plant growth
promotingPseudomonaspp. from diverse agro-ecosystems
of India for Sorghumbicolor L. J. Biofert Biopest S7:
1-8.

Rahman, M.M.E., Ali, M.E., Ali, M.S., Rahman, M.M. @&n

Islam, M.N. (2008). Hot water thermal treatment for
controlling seed-borne mycoflora of maizet. J. Sus-
tain. Crop Prod, 3(5): 5-9.

Rajesh Kumar, K.K. Mishra, D.S. Mishra and Manoj B&ij

(2012). Seed germination of fruit crops: a reviélort-
Flora Research Spectryr(3): 199-207.

Rao, Y.S., Srinangarajan, A.K., Kamal, A.S., KanRt.,

Adhikari, H.R. and Nair, P.M. (1994). Studies on
extension of shelf life of raw a by gamma irradiati J.
Food. Sci. Techngl31: 311-315.

Reddy, M.V.B., Kushalappa, A.C., Raghavan, G.S.V. and

Stevenson, M.M.P. (1995). Eradication of seedborne
Diaporthe phaseolorurm soybean by microwave treat-
ment. Journal of Microwave Power and Electromag-
netic Energy30: 199-204.

Neergaard, P. (1977). Seed Pathology. Vols. 1 and 2Reddy, M.V.B., Raghavan, G.S.V., Kushalappa, A.C. and

Macmillan, London, UK.

Nega, E., Ulrich, R., Werner, S. and Jahn, M. (20B8)t
water treatment of vegetable seed — an alternateel
treatment method to control seed-borne pathogens in
organic farmingJ. Plant Dis. Protect110: 220-234.

Nicholas, K. Rop and Steven P.C. Groot (2013). Asresit
of non-chemical seed treatment methods in organic
seeds: Assessment of physiological sensitivityewfds
to physical treatment. Publisher- LAP Lambert Aca-
demic Publishing (22 January, 2013), pp. 88.

NSW Department of Primary industries (2005). Pastiand
Rangelands, Pasture establishment: Inoculating and
pelleting pasture legume seed. Series: Agfact P2.2.
Fourth edition. Retrieved: 4 september, 2014 from
http://www.dpi.nsw.gov.au/agriculture/pastures/pest
-and-rangelands/establishment/inoculating-leguneetse

Nyoki, D. and Ndakidem, P.A. (2014). Effects Bfadyr-

Reddy,

Paulitz, T.C. (1998). Effect of microwave treatment
quality of wheat seeds infected witlFusarium
graminearum Journal of Agricultural Engineering
Research71: 2: 113-117.

P. Parvatha (2013). Recent advances in crop
protection. Publisher: Springer India, XIX, 259 Ol
10.1007/978-81-322-0723-8.

Redenbaugh, K., Slade, D., Viss, P. and Fujii, J1887).

Encapsulation of somatic embryos in synthetic seed
coats.Hort. Science22(5): 803-809.

Research and Markets. (2013). Seed treatment masket

type (chemical non-chemical), byapplication (fumgg
insecticide, bio-control and others) and by cragrdals,
oilseeds and others): global trends, forecastseatthi-
cal insights up to 2018. Retrieved: September 94201
from http://www.marketsandmarkets.com/Market-
Reports/seed-treatment-market-503.html

hizobium japonicuminoculation and supplementation Rhodes D.J. and Powell, K.A. (1994). Biological seeet-

with phosphorus on macronutrients uptake in cowpea

ments - the developmental process, in Seed treatmen



538

Progress and Prospects Mono. 57, BCPC, Thornton

Health, U.K. pp. 303- 310.
Rogis, C., Gibson, L.R., Knapp, A.D. and Horton, RI02).

K.K. Sharmeet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015)

microwave treatment factors on inactivation Wdsti-
lago nudafrom barley seed.Seed Sci. and Tegh24
(3): 557-510.

Can solid matrix priming with GA3 break seed dor- Syngenta, SeedCare (2012). Technical Brochure: The Fa

mancy in eastern gamagrasifurnal of Range Man-
agement57: 656 -660.

Sanjeev Kumar (2012). Cultural approaches for plisgase
managementkesearch & Reviews: Journal of Agricul-
tural Science and Technolagh(2): 12-21.

Scheel, C. (1997). Review on policy developments wngth
gards to seed health testing and seed treatmetfiein

Nordic countries with special reference to Denmark
in ‘Seed Health Testing: Progress Towards the

21 Century’. (Eds. JD Hutchins and J. Reeves). 263.
Schwinn, F. (1994). Seed treatment — a panacealémt

protection? Seed Treatment: Progress and Prospects.
BCPC Publications. Monograph 57, 3. Retrieved: Sep-

tember
search?
Seed Distributors, Science Based Pasture (2008)l &oke

More® Technology-Seed Treatment Platform. Re-
trieved: September 2, 2014 from http://www.syngenta
us.com/seeds/vegetables/melon/Melon_Crop_Guide.pdf
Syngenta- Research & Development (2009). Syngenta in
Switzerland, Facts and Figures, 2009: Increaseldsyie
and high quality products. Retrieved: Septembe0242
fromhttp://www3.syngenta.com/country/ch/Site Collec-
tionDocuments/Daten%20und%20Fakten%20PDFs/
Facts%20and%20Figures%202009.pdf
Tao, K.L., Khan, A.A., Harman, G.E. and Eckenro@e].
(1974). Practical significance of the applicatioh o
chemicals in organic solvents to dry seedg\mer. Soc.
Hort. Sci, 99(3): 217-220.

9, 2014 from http://www.amazon.com/gp/ Tapke, V.F. (1926). Single-bath hot-water and stéamat-

ments of seed wheat for the control of loose smut.
USDA Bulletin 1383, pp. 1-29.

seed treatment technology: Lucerne, Clover, Medic, Taylor, A.G. and Harman, G.E. (1990). Concepts tmuth-

Forage Brassica. Retrieved: 2 September, 2014 from
http://www.seeddistributors.com.au/pdf/Goldstrike

_flyer2.pdf
FIS (1999). Seed Treatment: A tool for sustainagecul-

ture. CH-1260 NYON / Switzerland. pp. 1-8. Retrieved:
4 September. 2014 from http://www.worldseed.org/lcms
Treat-Taylor, A.G., and Kwiatkowski, J. (2001). Polymeahmf

medias/file/ResourceCenter/Publications/Seed_
ment_a_Tool_for_Sustainable_Agriculture_(En).pdf
Seung-Hee Lee, Jin-Seok Kim and Jung-Myung Lee4p00
Moisture contents in bottle gourd seeds during st
treatment and subsequent germinatiblort. Science,
39(4): 758-759.
Shao, S., Meyer, C.J., Ma, F., Peterson, C.A. anddBasn

M.A. (2007). The outermost cuticle of soybean seeds

chemical composition and function during imbibition
Journal of Experimental Botan$8(5): 1071-1082.

Shrimathi, P., Malarkodi, K., Geethu, R. and Krigbwamy,
V. (2002). Nutrient pelleting to augment qualityede
production in soybeargeed Researc30 (2): 186-189.

Singh, K., Mishra, S.R., Shukla, U.S. and Singh, RLB80).
Moist hot air therapy of sugarcane control of gettne
infections of GSD, smut and red r&ugar-Journal 43
(5): 26-28.

Singh, M.T. and Singh, M.S. (2005). Effect of gamima-
diation on seed micoflora seed germination andlseged
growth of rice.Oryzg 42 (2): 129-132.

Singh, N.K., Saxena, R.P., Jaiswal, R.C. and PradeepakK
(2000). Effect of fungicidal seed treatment andafol
sprays on early blight incidence, fruit charactarsl
yield of tomato cv. Pusa Rubyour. Appl. Hort., 2(2):
124-126.

Sinha, P., Sharma, R.P. and Roy, M.K. (1994). Mamagé¢
of storage rot in onion through gamma irradiation a
chemicals.J. Food Sci. Techngl31: 341-343.

Sitton, J.W., Borsa, J., Schultz, T.R. and Maguir®. J
(1995). Electron beam irradiation effects on whopsl-
ity, seed vigor and viability and pathogenetitytelio-
spores ofTilletia controversaand T. tritici. Plant dis-
ease,79 (6): 586-589.

Srivastava, N.S.L., Singh, K. and Sharma, M.P. 7)9The

nologies of selected seed treatmerRbytopathology
28: 312-339.

Taylor, A.G., Min, T.G., Harman, G.E. and Jin, X901).
Liquid coating formulation for the application of
biological seed treatments ofTrichoderma
harzianum Biological Contro| 1(1): 16-22.

coatings decrease water uptake and water vapoug-mov
ment into seeds and reduce imbibitional chillingiip.
British Crop Protection Council Symposium Proceed-
ings No. 76. pp. 215-220.

Taylor, A.G. and Warholic, D.T. (1987). Protectirfigid
drilled lettuce from herbicides by incorporatingtiac
vated carbon into geld. Hort. Sci, 62: 3-37.

Taylor, A.G., Hoepting, C.A., Nault, B.A., Lorbeer'Ml and
McDonald, M.R. (2008). Onion seed treatment and
coating technologieg\cta Horticulturag 782: 129-134.

Taylor, A.G., Klein, D.E. and Whitlow, T.H. (1988sMP:
Solid matrix priming of seed&cientia Hort 37: 1-11.

Taylor, A.G., Min, T.G. and Mallaber, C. A. (19919eed
coating system to upgrade Brassicaceae seed ghwlity
exploiting sinapine leakag&eed SciTechnol, 19: 423-
433.

Taylor, A.G., Paine, D.H., Suzuki, N., Nault, B.Anca
McFaul, A. (2004). Coating technologies for seeghtr
ment applications, In Proceedings of the Sixth Symp
sium on Stand Establishment. C. S. Vavrina and G. E.
Welbaum, (edsActa Horticulturag 631: 49-54.

TeKrony, Dennis M. (1976). Applicator Training Maaiufor
Seed Treatment Pest Control. Publisher: University
Kentucky, Cooperative Extension Service (1976), pp.
14. Retrieved: September 6, 2014 from http://
pest.ca.uky.edu/PSEP/Manuals/4-SeedTreatment.pdf

Therdetskaya, T.N. and Levashenko, G.l. (1996).98wEing
disinfestations of cucumber seed by bactericidgb.ra
Zashchita i. Karantin Rastenii: 43.

Thippenswamy, T. and Lokesh, S. (1997). Efficacyliffer-
ent seed dressing chemicals on seed mycoflora, seed
germination and seedling vigor of sunflower
(Helianthus annug.). Seed Reseah, 25 (1): 64-67.

I.I.S.R. moist hot air treatment plant for seed cane Thomas and Adcock (2004). Exposure to dry heat aeslu

Sugar News9: 96-102.
Stephenson,
G.S.V. (1996). Effect of selected combinations$

M.M.P., Kushalappa, A.C. and Raghavan,

anthracnose infection of lupin seeflustralian Plant
Pathology,33: 537-540.

Thorpe, G.R. (1987). The thermodynamic performarfca o



K.K. Sharmaet al./ J. Appl. & Nat. Sci7 (1) : 521 — 539 (2015) 539

continuous-flow fluidized bed grain disinfestor and (AST) regimes on the development of grassy shoot
drier. Journal of Agricultural Resear¢t87: 27-41. disease symptoms in sugarcaBegar Tech 3(3): 3-91.

Thorpe, G.R., Evans, D.E. and Sutherland, J.W. (1988 Vlakhov, S., Kutova, I. and Koleva, P. (1974). Taetivity
development of a continuous-flow fluidized-bed high of antibiotics against certain bacteriosetart. Abstr,
temperature grain disinfestations process. Prongsdi 45: 6545.

of the International Symposium on Practical Aspefts ~Walker, J.C. (1923). The hot water treatment of egeb
Controlled Atmosphere and Fumigation in Grain seed Phytopatholoy13: 251-253. -
Storages, Perth. In: Ripp, B. &t al (Eds), Controlled ~ Warren, J.E. and Bennett, M.A. (1997). Seed hydnatiging

Atmosphere and Fumigation in Grain Storages, pp- 61 the drum priming systenklort. Sciencg32: 1220-1221.

622, Elsevier, Amsterdam. Warren, J.E. and Bennett, M.A. (1999). Bio-osmoprgmin
TNU Agritech Portal, Seed Technology. (2013) SeeshiF tomato Lycopersicon esculenturrMill. -~ seeds fo'r

ment: Insecticides & Fungicides. Retrieved: November improved stand establishmer@eed Sci. Technol27:

19, 2013 from http://agritech.tnau.ac.in/ ,489'499' ) )
seed_certification/seed_treatment_Insecticides%208.% Weimer, J. (1952). Lupine anthracnose. United Stée-
20Fungicides.html partment of Agriculture Circular No. 904.

Tyagi, V. (2012). Indla’s agriculture: Challenges gpowth Willenborg, C.J., Gulden, R.H., Johnson, E.N. andtiffe,

. g S.J. (2004). Germination characteristics of polymer
fzgevelopment in present scenarldPSS 2(5): 116- coated canola seeds subjected to moisture stress at

) different temperaturegé\gron. J, 96: 786—791.
Upadhyaya, P. (2013). Seed treatment for contglfired Zelonka, L., Stramkale, V. and Vikmane, M. (2005).€gff

http://ekduniya.net/sites/lifelines/seed-treatment- on germination, photosynthetic pigments and grain
controlling-seed-borne-diseases/#.VAoB6X-zflU/ yield. Acta Universitatis Latviensi$9: 111-119.
Vasilevski, G. (2003). Perspectives of the applizatof  Zhang, J., Howell, C.R. and Starr, J.L. (1996). Segian of
biophysical methods in sustainable agricultiBelgar- Fusarium colonization of cotton roots and Fusarium
ian J. Plant PhysiolSpecial Issue: 179-186. wilt by seed treatments witksliocladium virensand

Viswanathan, R. (2001). Different aerated steamafter Bacillus subtilisBiocontrol Sci. Tech 6: 175-187.



