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Alternativesto phosphine fumigation of stored grains: The Indian perspective

Gursharan Singh and Rakesh Kumar Sharma
Department of Entomology, Punjab Agricultural Unisigy, Ludhiana — 141004, Punjab, India
Email: gursharansingh@pau.edu

Received: 12 November 2015; Accepted: 20 NovemB2b 2

Abstract

Out of a total about 10% post-harvest loss of grainsignificant 6% are damaged during their ser&gmigation of the stored
grains is considered indispensable to check throgdable loss. Methyl bromide (MB), a cheap, bropecsrum fumigant, has to
be phased out honouring ‘Montreal Protocol’. Phasphwidely used worldwide, is the only fumigant mntly used in India,
because of its low cost, availability and residrezftreatment. But one serious limitation of usphaisphine is development of
resistance in the major stored grain insect-p@stere are several other fumigants like sulfurybfide, propylene oxide, car-
bonyl sulphide, ethyl formate, hydrogen cyanide arathyl iodide which have been found promising ¢ngt remains a serious
factor, especially for a country like that of IndBeside fumigants, use of Modified Atmospheres @y18eems to be the best
bet for pesticide free organic storage. Howevas tédthnology of MAs can be well adapted where clseapces of nitrogen or
carbon dioxide are available and the storage streidgs well sealed. Biogas, produced from the cangdat farm level in many
households of Punjab (India) has shown promisisglte to control the insect-pests in stored graims pulses without affect-
ing their germination and quality. Ozone, a straxgdant, has also been successfully tried for abraf stored grain insect
pests, but its corrosive property towards mosthef metals, is a concern. Though many volatile ptélsthave proved quite
effective to check the stored grain insect-pestdduk of systematic toxicological data has limitedir use as practical agents
for the safe storage of food grains. In the preseanario, it seems worthwhile to continue to usesphine as fumigant for the
control of stored grain insect-pests with its immgd formulations exercising all the precautionargasures, till a new one
equally competent is made available. Further, expatation with other new fumigants should be comd to explore their
potential. There is need to undertake further fielal trials with biogas in the stored grains.

Key words: Stored grains, insect pests, fumigants, phosphine

The swelling population of India needs to be fed by of conventional fumigants such as phosphine hasrbec

producing more and protecting more. Protection aufdf very challenging. Therefore, strenuous efforts amng
grains is the primary duty of any nation. Unforttelp the made to find its alternatives. Environmental safeffficacy
post-harvest losses in India remain static at 1Dftesdec- and cost shall determine the value of a fumiganmiBation
ades (Dhuri 2006). That means more production ofifo  registration takes into account any adverse efféds resi-
grains also lead to its more wastage. Out of thige grain dues in food and the environment. Since the lad¢&des,
loss takes place during its storage which is estichéo be several fumigants have been withdrawn or discoetinan
around 6%; the major factor being improper stonagelt- the bases of above parameters.
ing from damage by insects, moulds and rats. Highes- Fumigants can be used: a) as a hygienic measuirggdur
ture contents accentuated these losses. The gptitaiple storage; b) to provide wholesome food for consuraad c)
of ‘storing the grain dry’ needs to be followed. as a mandatory requirement in trade and in qua@nti
Fumigation is considered as quick and effectivd too  (Rajendran 2001). Many fumigants have been withdraw
for control of stored grain insect-pests. The cphoef the grounds of environmental safety, cost, carcnagty
‘Zero tolerance of insect-pests in food commoditiess and several other factors (Navarro 2006). Aftersjrita out
made fumigants further indispensable. However, rgite@ of methyl bromide in view of Montreal Protocol, tioaly
the regulatory concerns and development of resistause synthetic fumigant, phosphine is being used fotemiion of
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stored grains in India. However, apart from methgb-
mide and phosphine, the world has seen developofent
several new fumigants such as sulfuryl fluorideboayl
sulphide, propylene oxide, methyl iodide, ozoneyylet
formate and hydrogen cyanide. This article dealh wie
scope and limitations of both old and new fumigamtish
special reference to the Indian scenario.

Phosphine

At present, phosphine (BHis the only fumigant ex-
clusively used in enclosed situation for killingd gain
insect-pests in India. The phase-out of methyl lidenmas
drastically increased its use not only in quanthyt in
variety of stored products other than the food rgraiuch
as spices, cocoa beans, dried fruit, nuts and éwesm
fruits (Horn et al. 2005). Phosphine is available both in
solid and gaseous formulations i.e. tablets of alium or
magnesium phosphide and in cylinders containingparar
dioxide ECO2FUME® or nitrogen FRISIN®. The tablets
upon coming in contact with water from the grainishare
releases phosphine gas. Phosphine acts on two eazym
oxydase cytochrome and catalase (Ducom 2006) which
regulate the conditioning of oxygen to enter théontion-
drion. Blocking their action makes it impossible éxygen
to penetrate into the cell leading to formationsoper ox-
ides which are the true biocidal agents. The deatbdn of
the enzymes occurs at low phosphine concentratimrtsi
proceeds according to the acquisition of resistafa
example, in Australia, the minimum concentratiorpkock
the enzymes went, for all species, ranges from@s m
1990 to more than 100 ppm in 2004. In other coasatr200
ppm has been chosen, like in France, the UK orralist
(Ducom 2005).

Cylinder-based formulations allow a quick gas re¢ea
and concentrations build up very quickly (Ducom @00
With a solid formulation, it is necessary to intnoe all at
once a quantity which takes into account sorptio a
leaks. With cylinder based formulations, the doszaye be
adjusted from time to time to be above the mininzon-
centration and the total quantity delivered is thmmered.
Phosphine can also be produced very quickly ane-ind
pendently of weather conditions with generatorsngisi
special solid phosphide formulation which can beipto
water without exploding. Phosphine is produced ainas
quickly as with cylinder-based formulations, withahe
need to transport the cylinders.

Development of resistance in target insect pests re
mains an all time serious issue relating to usghafsphine
as fumigant. It has developed resistance in a nuofiqgest
species (Schlipaliugt al. 2006; Aurelioet al. 2007; Lilford
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et al. 2009; Ahmedkt al. 2013). Apart from this, the other
limitations of use of phosphine are requiremens@feral
days of exposure to achieve the desired level otrob
Further, phosphine is known to erode copper andllitys
and hence electrical and electronic items needegtion
from its exposure. Phosphine is also reactive tonesme-
tallic salts which are contained in sensitive itdiks pho-
tographic film and some inorganic pigments. Mangtte
have been reported in India where its tablets Hasen
used as suicidal weapon (Gaal. 2009).
M ethyl bromide

Methyl bromide (MB) played significant role as a
cheap, broad spectrum, effective fumigant with nésalale
penetration ability and quick action. But it is kmo to
have detrimental effect on the stratospheric oZayer.
Considering this, it has already been phased oatlithe
developed countries of the world since the years52éd
by the end of the year 2015, its use has been Hanribe
developing countries as well, including India as pee
Montreal Protocol, an international treaty signed Y5
countries in 1987. However, quarantine and prersbig
(QPS) treatments and critical uses where no aligebas
yet been available, the ban has been exempted (TEAP
2000). The methyl bromide exemptions, shall, howeve
remain a subject of review in the light of furttevance-
ment of research in this area. The scientists giegt to
develop the technologies that allow the recoverynethyl
bromide to recycle or destroy instead of releas® ithe
atmosphere. Such technologies seem to have sope t&xo
be implemented in North America and Europe tholgise
are complex, expensive and need technical asséstanc
(Novarro 2006). Hence, there may be only limitee 0$
this technology.
Sulfuryl fluoride

Sulfuryl fluoride (SF) is being used as structuuahi-
gant for dry wood termite control since over hatfemtury.
It is an inorganic, non-flammable, odourless aniduwdess
gas used to fumigate buildings, transport vehiclesod,
flour mills, food factories, dried fruits, tree suand cereal
grains (Cox 1997; Belkt al. 1999; Navarro 2006). It is
produced in USA under the trade names of Vikane
(998.8% SF + 0.2% inert materials) and Profume @@/
2006) and in China under the trade name Xunmiejin
(Guoganet al. 1999). Sulfuryl fluoride seems to have the
potential ofreplacing methyl bromide in terms of similar
exposure time of 24 hours at normal conditions (Eghe
2010). Moreover, it has some advantages over meétioyl
mide such as faster diffusion rates in the treatedmodi-
ties (Novarro 2006). But, the fact that it has ploéential of



acting as a greenhouse gas, may restrain its uadiasi-
gant, in future. The fumigant has also been obsea®
highly toxic to diapausing larvae of codling motbydia
pomonella in stored walnuts (Zettlagt al. 1999).

Insect eggs are the most tolerant stage to thegami
tion action of sulfuryl fluoride which is also amiiting
factor. To overcome the failure in the control gfjestages
of pests, use of sulfuryl fluoride in combinatioitiwother
fumigants such as hydrogen cyanide (HCN), ,CO
phosphine or heat has been proposed. In Germatpma
bination of 2 g i of HCN and about 30 g Fhof sulfuryl
fluoride provide successful control of the pestshimi 40
hours. By combining sulfuryl fluoride with heat ¢dypro-
vide complete control of egg stages of main peksiared
products. Further, sulfuryl fluoride can also beplaga
under reduced pressure so that the exposure peaindhe
drastically reduced (Zettler and Arthur 2000).

Propylene oxide

Propylene oxide (PPO) is a colourless, flammable
liquid commonly used in the chemical industry adraer-
mediate industrial product besides its use as a éwoulsi-
fier, surfactant, cosmetic and starch modifier. &ndor-
mal temperature and pressure, it has relativelyboiling
point (35 °C) and a noticeable ether odour (Wehsl.
1986). It is a safe fumigant for use on food and been
registered and used in USA since 1984 as a steffitain
commodities such as dry and shelled walnut, spmssoa
powder and nutmeats (Griffith 1999). Since PPOlam{
mable from 3 to 37% in air, it has to be used urlder
pressures or in CEenriched atmospheres to avoid flam-
mability (Isikber et al. 2006). Therefore, PPO with low
pressure can replace methyl bromide at commesial in
qguarantine and pre-shipment (QPS) conditions wiese
pressure treatments are technically and econotyiagdil-
able and feasible. In contrast to methyl bromi@EQ is
not an ozone depletor and degrades into nontoxicieb
gradable, propylene glycol in the soil and in hunstom-
ach (Emekci 2010).

Carbonyl sulphide

Carbonyl sulphide (COS), a major sulphur compound
naturally present in the atmosphere at 0.5 (+ Ogph), is
colourless gas present in foodstuffs such as chaeade
prepared vegetables of the cabbage family (Wriglt02.

Its traces are naturally found in grains and seérdhe
range of 0.05-0.1 mg/kg (Wright 2000; Novarro 20069
per laboratory findings, COS is effective on a widege
of stored-product pests in all stages, includingesji at
concentrations from 10 to 40 ginat exposure time 1to 5
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days at temperatuee5 °C (Desmarchelier 1994). COS as
a fumigant for fumigation of durable commoditiesdan
structures was trademarked in Australia as COSMcC-
since 1992. BOC Limited has an agreement with CSIRO
for its manufacture and worldwide distribution (Duc
2006). Studies in Australia, Germany and the USA re
vealed that egg stage was highly tolerant to tmeidant;
the effective exposure period, however, was hadt tf
phosphine at temperatures above 5 °C (Rajendraf)200
There was no adverse effect on the quality of hread-
dles or sponge cake (wheat), the malting and bigeeirar-
acteristics of barley, nor a significant effectgarmination

or plumule length (Desmarchelieast al. 1998; Wright
2003). However, there are contradictory report¢hi lit-
erature on negative effects of COS on germinatifocece-
als except sorghum and barley, off odours in walnint
milled rice, and colour change in soybeans (Navao@g).
Ethyl formate

Ethyl formate (EF), a volatile solvent, highly flama-
ble, boils at 55 °C and vaporizes rapidly at normesh-
perature (Emekci 2010) that occurs naturally iragety of
products including beef, cheese, rice, grapes and. W is
generally recognized as a safe compound (Desméchel
1994). It is used as flavouring agent in the foondustry
(Rajendran 2001; Novarro 2006). It is known to krea
down into naturally occurring products i.e. fornaicid and
ethanol. The mode of action seems to be the indibinf
Cytochrome C Oxidase by the formic acid resultifighe
hydrolysis of EF (Haritos and Dojchinov 2003).

In India, extensive laboratory tests against inpests
of food commodities and field trials on cerealsicep,
pulses, dry fruits and oilcakes have been carrigca the
fumigant. Effective commodity dosage ranged frord 89
400 g n? with 72 hour exposure period (Rajendran 2001).
EF is registered in Australia for disinfestation dified
fruits and is particularly used for dried sultané®ere it is
added as a liquid to packages of fruit before tneysealed
(Annis and Graver 2000).

To overcome flammability of EF, BOC Limited has
developed and registered Vapromate® (for use irtralia
since 2005), a cylinderised formulation of 16.7%/wjv
ethyl formate in liquid carbon dioxide (Ducom 200R)is
a new cereal grain, stored product and fresh pe@ui-
gant for application by pressurised cylinders.,GOts in
two ways: the mixture in this proportion is nonrfiamable
and it has a synergetic effect; its action is rapica range
of 4 to 24 hours. Further, it is a safe fumigantsiTLV is
100 ppm for EF and 5000 for GONn case of phosphine-
resistant field strain ofRyzopertha domonica (F);



laboratory strains ofribolium castaneum (Herbst) andS.
oryzae, a single dose of 450 gtof Vapromate was found
to be sufficient to obtain high level of mortality 99%) of
all stages off. castaneum andR. dominica (Haritoset al.
2006). Forced flow application of ethyl formate aG@®,
vapours through the grains by means of a pumpfiaa
rate of 6 | per minute, not only provides more edéstri-
bution of the fumigant but also causes very higrellef
mortality of S. oryzae and T. castaneum mixed stage cul-
tures (Haritoset al. 2006). EF when used with methyl
isothiocyanate (MITC), a soil fumigant, could siigzantly
reduce the dosage of EF to below the flammablel.leve
mixture of EF and MITC (95% EF + 5% MITC) has been
patented under the name of GLO2 (Real. 2008). GLO2
has been found effective against all stages ofntlagor
stored grain insect pests. It is fast acting (lds=n 24
hours) and requires a short withholding period, ualb®
days, but much less with aeration.

Hydrogen cyanide

Hydrogen cyanide (HCN) is a colourless liquid with
smell of bitter almonds, flammable and lighter thain
Currently, it is registered only in India, New Zaa#l and
with severe restrictions in Germany (Navarro 20@Egr-
lier HCN has been used to fumigate mills in varicosn-
tries (France, Germany, Switzerland) (Rambesiual.
2001). HCN can be used for fumigation of many dryd-
stuffs, grains and seeds.

Due to high degree of sorption at atmospheric pres-
sure, it does not have the quick effective penemathat
methyl bromide has (Emekci 2010). It is easily digsd in
water and thus will bind with moisture and can iféodlt
to ventilate. Although HCN is strongly sorbed by nya
materials, this action is usually reversible whiaytdry,
and, given time, all the fumigant vapours are desdr
(Navarro 2006). Further, the high dermal toxicifytlee gas
makes it hazardous to applicators.

Carbon disulphide

Carbon disulphide (G¥ is an old fumigant used at
the farm level in some parts of Australia and tbnated
extent in China (TEAP 2000). Though, the fumigaat h
only small effect on germination, but residues afbon
disulphide persist in treated commodities for agkempe-
riod than that of other fumigants (Haritetsal. 1999). The
reduction in baking quality of wheat treated witiistfumi-
gant was shown by Calderaa al. (1970). Some of the
limitations of the fumigant include high flammabjli long
exposure period, persistence in the treated comntgddck
of residue limits set by Codex Alimentarius andhhigu-
man toxicity (Navarro 2006).
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M ethyl iodide

Methyl iodide (MI) was patented as pre-plant soil
fumigant for the control of broad range of orgarssim-
cluding nematodes, fungi and weeds (Gretlal. 1996).
The patent was subsequently expanded to includetstal
fumigation against termites and wood rotting fu(@hr et
al. 1998). Potential of Ml as a fumigant for postiest
pest control has been known since about 77 years
(Lindgren 1938). But its development could not besped
in favour of less-expensive methyl bromide. Ml i®sh
toxic to eggs and least toxic to adults S&ftophilus
granarius, Stophilus zeamais Motschulsky, Tribolium
confusum, and Plodia interpuntella (Goto et al. 2004).
Though, Ml is considered as a carcinogenic compptiel
US Environmental Protection Agency (EPA) has reged
it as a soil fumigant since 2007 (EPA 2009).

Ethane dinitrile/Cyanogen

Ethane dinitrile (EDN), also known as cyanogen
(C:Ny) is a broad spectrum fumigant since it can be used
against soil insect pests, weed seeds, hematodefsiag.

It is a colourless gas with an almond like odout Enenvi-
ronmentally safe. The threshold limit value (TLV) 10
ppm (v/v) compares favourably with that of both hyét
bromide (5 ppm) and phosphine (0.3 ppm). It is kigh
toxic (much more toxic than methyl bromide) to stbr
product insects and is fast acting (exc&tophilus sp.)
(Docom 2006) with good penetration capability thgbahe
grain mass and it desorbs quickly. Germinatione&ds is
affected due to phytotoxic properties of EDN.

EDN has great potential for space and flour/ricésmi
fumigations (Navarro 2006). CSIRO holds patentiee of
EDN as a fumigant in the major worldwide markets
(Emekci 2010). BOC Limited has signed an exclusive
global license agreement with CSIRO for EDN as i so
timber fumigant and grain sterilant. It is marketeader
the trade name Sterigas 1000 Fumigant in Aust(&ian
et al. 2006).

Biogas

Biogas, containing about 35% carbon dioxide antl res
mainly the methane, primarily produced from cow glto
be used as cooking gas, can also be used to cdhe&ol
stored grain insect pests at farm level. In Indietailed
experimentation has been done on this aspect. illivegk
action is because of the carbon dioxide in the dsog
Though carbon dioxide has been found very effective
against the stored grain insect-pests, but its aodttrans-
portation to the site of actual use did not makeiable
alternative. One major advantage with biogas isitha to
be used just from the site of production witthe farm.



Simply we need some pipes and arrangement to divert
through the air tight grain storage structures ra$ &hen
needed. This makes it very cheap and conveniargeo

Considerable work has been done in India and China
to prove the applicability of biogas as stored mriaisect
control agent. Pioneering research work on biogas w
done in Punjab state of India by Singh and co wurke
early 1990’s where they reported that it can beduse
airtight metal or PVC bins to check infestation tmajor
stored grain insect pests for about 3 months wigh pne
exposure of 6 days (Singhal. 1994). Continued research
(Sharmaet al. 2006) also revealed control of the pulse
beetle,Callosobruchus maculatus (Fab.) resulting in 100%
mortality of both egg and adult stages of the leeetDn-
farm trials by passing biogas from the plant thiouge
stored wheat up to 10 quintals, showed succedseakth-
nology in ensuring insect-free wheat (Chhunejaal.
1998). The biogas did not affect germination orligquaf
the wheat.

The optimum biogas flow rate required to remove the
oxygen from an empty container and partially griflied
container was found to be 40 ml per minute sustaireto
a time leading to an equivalent of three timesvibleame of
the grain container. Using these fumigation coondki
100% adult mortality was observed Trribolium casta-
neum and Rhizopertha dominica within 24 hours ands.
oryzae within 48 hours (Chanakyet al. 2015).

Ozone

Ozone (Q), a powerful oxidant and a known sterilant,
had great potential to be used as insect contrehtagnd
inhibitor of mould spore development in the stogedin at
levels less than 45 ppm (Rajendran 2001; Navar@520
Pimentelet al. 2009; Tiwariet al. 2010; McDonouglet al.
2011). Ozone can be readily generated from atmogphe
oxygen on the treatment sites and is safe to thiéren
ment. However, being highly unstable, it quicklyedks
down to the molecular oxygen. But, a major disatkvge
with ozone is its corrosive property towards mosthe
metals (Masoret al. 1999). This has, therefore, necessi-
tated a special ozone air delivery and return gydte an
effective ozonation treatment of the storage facili
(Campabadatt al. 2007). Ozonation experiments yielded
100% mortality forSitophilus zeamais and Tribolium cas-
taneum, placed at 0.6 m below the popcorn grain surface
(Campabadadt al. 2007). Research on ozone treatments to
kill stored product insects, including the maizeswieSito-
philus zeamais, the rice weevilSitophilus oryzae, the red
flour beetleTribolium castaneum, the confused flour beetle
Tribolium confusum, the lesser grain borBhyzopertha
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dominica, the Indian meal motRlodia interpunctella and
the Mediterranean flour motephestia kuehniella (Kells et
al. 2001; Leesch 2003; Athanassieial. 2008; Isikber and
Oztekin 2009; Geovanet al. 2015) is being undertaken in
different parts of the globe.

M odified Atmospheres

Use of Modified Atmospheres (MAs), rich in carbon
dioxide and low in oxygen, dates back to anciemtef
when Egyptians practiced hermetic storage of grains
(White and Leesch 1996). Presently, importance ésM
has been enhanced given to the demand for pesfieide
organic food. Terms used in reference to MA storfage
control of storage insect pests or for preservatibfood
have also appeared in the literature as CA (Cdatat-
mosphere), as sealed storage, or atmospheres ubagha
or low pressures to define the same method ofremat
but using different means (Navarro 2006). Technplofy
MAs can be well adapted where cheap sources afgatr
or carbon dioxide are available and the storagettre is
well sealed (Rajendran 2001). Till now, MAs compbsé
either CQ, N, or inert gases have classically been used in
different parts of the world for the fumigation @f variety
of commodities including grains, pulses, tree nuatised
fruits, coffee and cocoa beans, spices, medicimabd)
geophytic bulbs and historic artifacts (Adleral. 2000;
Chenget al. 2013).

Low-oxygen atmosphere generated on-site from air
through pressure-swing absorption and subsequlra- fi
tion through a carbon molecular sieve or throughmme
brane systems or from locally available liquid odfen
sources has been exploited for disinfesting anthgeo of
food grains in Germany and Australia. Carbon diexiidh
atmosphere has been found suitable for the proteaf
dried fruits in Israel and Turkey and for treatigigin ele-
vators in Canada (Donahayet al 19984 Ferizli and
Emekci 2000; Emekait al. 2007).

Carbon dioxide treatment requires a longer exposure
period of 10 days or more; this drawback can, haneve
overcome in combination with positive pressurelevaed
temperatures which increases performance of MAg: Si
nificant reduction in exposure time to a few hoocas be
obtained with the use of high carbon dioxide unidigh
pressures ranging between 10-37 bars (Emekci 2010).
Eggs, especially in early stages of developmentewer
known to be less sensitive to high pressure cadioxide
treatments than other stages (Adéral 2000; Navarro
2006). Increase in temperature also helps MAs tuedese
the lethal exposure time significantly (@bayeet al.



1994).

Hashemet al. (2014) studied the susceptibility of the
different life stages of the Indian meal mdttodia inter-
puntella and almond motliEphestia cautella to MAs con-
taining 40, 60 and 80% GGn air at 27 °C. They showed
that five days were adequate to kill all eggs aogdae of
the two moths under all these MAs. Exposure timeded
to be extended to 6 and 7 days at 80% @bbtain com-
plete mortality of larva ofEphestia cautella and Plodia
interpuntella, respectively. Hasherat al. (2014) studies
showed that no adults were produced from 4th irlataa
of Stotroga cereallela treated with MAs after a 264 h (11
day) exposure for 25% G240 h (10 day) for 40% GO
and only 168 h (7 day) for 60% GO
Volatile plant oils as fumigants

Though plant products are known to be mixed with
stored grains to ward off insect pests since cerguago
but application of plant oils as fumigants in thetpction
of stored products is in its infancy (Cox 2002)heTe is
enough literature on the fumigant action of differgola-
tile essential oils of botanical origin to contstbred grain
insect pests (Shaayghal. 1997; Tuncet al. 2000; Weaver
and Subramanyam 2000; Rajendran and Muralidharan
2005; Isikberet al. 2008; Korunicet al. 2008; Rajendran
and Sriranjini 2008). Unfortunately, standard testthods
applicable for fumigants have not always been fodld in
the assays (Rajendran 2001). Perhaps, mortalitgseicts
exposed to plant products has been assessed tpoTdwr
time taken to express mortality response by thecins
treated with fumigants is known to vary between €om
pounds and between the doses of a particular claémic
Besides, data on the toxicity of plant sourcesregjanixed
-age cultures containing all developmental stadestaved
product insects are lacking (Rajendran 2001).

Most of the research with plant oils as fumiganswa
carried out in empty fumigation chambers and thag not
reflect the actual fumigation situations where peat®n of
the plant extracts into deep layers fails, duettong ab-
sorption by the commodity (Emekci 2010). Moreover,
aromatic scents of the essential oils permit thefyg t be
applied in empty premises or to the commoditieshsas
seeds where the scent of the volatile essentiglailld not
present a restriction after the treatment. Anothrgrortant
constraint for the use of botanical extracts i$ sueh alter-
natives of plant origin also need toxicological asafety
data for registration for use as fumigant (Nava@06).
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Conclusions

Methyl bromide (MB), a cheap, broad spectrum fumi-
gant with remarkable penetration ability and quakion
that has been phased out honouring ‘Montreal Pobte
yet to find an equally competent alternative. Tiki®oth a
challenge and urgent necessity. Phosphine is ywigketd
worldwide, and is the only fumigant currently usadn-
dia, because of its low cost, availability and des-free
treatment. But limitation of use of phosphine iselep-
ment of resistance in the major stored grain inpests, the
world over. There are several other alternativeifamts
which are location/situation specific, but cost aéms a
serious factor, especially for country like Ind@ne such
alternative is sulfuryl fluoride which has been fiduquite
promising to fumigate buildings, transport vehicle®od,
flour mills, food factories, dried fruits, tree suand cereal
grains is marketed in USA (Vikane; Profume) andrahi
(Xunmiejin). But, the fact that it has the potehtf acting
as a greenhouse gas, may restrain its use as gaimin
future.

Propylene oxide, though a safe fumigant for use on

food and has been registered and used in USA 4884
as a sterilant for commodities such as dry andeshebal-
nut, spices, cocoa powder and nutmeats, is flareraid
has to be used under low pressures or in-&@®iched
atmospheres to avoid flammability. Carbonyl sufighias
a fumigant for durable commodities and structures w
trademarked in Australia as COSMI&-since 1992. How-
ever, there are contradictory reports in the lttearelat-
ing to negative effects of carbonyl sulphide onmngieation
of cereals except sorghum and barley, off odoura/ah
nuts, in milled rice, and colour change in soybeans

Ethyl formate, quite effective for dried fruits andv-
eral other stored products, is registered in Aliatrsince
2005 (Vapromate®). To overcome its flammabilityydirc
derised formulation of 16.7% (w/w) ethyl formate) liq-
uid carbon dioxide has been developed. Hydrogenidg
(HCN) is registered in India, New Zealand and Geryna
(Navarro 2006), can be used for fumigation of drpd-
stuffs, grains and seeds. But, due to high degrserption
at atmospheric pressure, it does not have the ceffelc-
tive penetration as that of methyl bromide. Buthhigrmal
toxicity of the gas makes it hazardous to applicato
Methyl iodide, though recommended by US EPA as soil
fumigant since 2007; but there is a question markite
acceptability because of having carcinogenic efféct



Though efficacy of various plant oils as fumigaist,
amply on record, but lack of systematic toxicoladidata
utilizing standard techniques does not reflect amyth-
while future for application of the same as suctdss
agents to control stored grain insect-pedte of Modified
Atmospheres (MAs) seems to be the best bet forqmest
free organic storage but the technology of MAs lcarwell
adapted where cheap sources of nitrogen or carioaidd
are available and the storage structure is welkededhis
does not appears to be very practical for devetpmn
under-developed countries, particularly at the farm
farmers’ level. There is a better option for coig#rlike
India if source of bio-gas is available at the fdawvel in
the form of biogas plant wherein the gas is producem
the cow dung. Ozone (P a powerful oxidant and a
known sterilant, also has a great potential to beduas
insect control agent and inhibitor of mould spoevealop-
ment. However, being highly unstable, it quicklyedks
down to the molecular oxygen. Further, a major diisa-
tage with ozone is its corrosive property towardsstrof
the metals. This has, therefore, necessitated@aspeone

air delivery and return system for an effective roation
treatment of the storage facility.

Given to the kind of storage facilities in India,pae-
sent phosphine in tablet form is the only fumigattech-
nique adopted for disinfestations of godowns aneheat
the farm level farmers are using it to save théaresl
grains from the damage by insect-pests. One wapn-to
crease the efficacy of phosphine could be to useaylin-
der-based formulations with or without carbon ditexior
generators producing phosphine by pouring a grarfiotm
of aluminium or magnesium phosphide in water. Thmoilg
may not be very appropriate to use Qfven to the filling
and transportation of GQOcylinders but the farm houses
where bio-gas plants are installed, use of biogésbath
be economical and convenient. Though some work has
been done in this direction, more efforts are ndette
show its practicability as a cheap and convenieay wof
saving the stored grains from the attack of stagyesin
insect-pests at the farm level storage. This cbelé good
substitutes in all those farm houses where biogdasts
are installed.
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Abstract

Fertigation - a technique of application of feris along with irrigation water, provides an ebardl opportunity to maximize
yield and minimize environmental pollution. Fertiga ensures availability of fertilizer nutrients the root zone in readily
available form and therefore, minimize fertilizgmpdication rate and increases fertilizer use efficly. The associated increase
in yield with minimum fertilizer application raténcreases return on the fertilizer invested. Based:xperimentation, it has
been observed that fertigation leads to savinguflizer by 25-40%, increased returns and redueadhing of the nutrients.

The present paper is an attempt to review the orle on various aspects of fertigation technology.

Key words: Fertigation, NPK behaviour, Recommended dosesrtlifers, fertilizer saving

Sustained higher yield with high yielding varieties
depends entirely on the sustainable use of thedihwater
and energy resources, specifically in developingntides
with arid and semi-arid regions. Moreover, inteigsifion
of agricultural production to meet growing markenthnd
requires the simultaneous application of irrigatiwater
and fertilizers. Fertigation - a modern agro-tegaei pro-
vides an excellent opportunity to maximize yieldl anini-
mize environmental pollution (Hagiat al. 2002) by in-
creasing fertilizer use efficiency, minimizing féger ap-
plication and increasing return on the fertilizevaested.
What is fertigation?

The practice of supplying crops in the field widrtfl-
izersvia the irrigation water is called fertigation. In tiga-
tion, timing, amounts and concentration of feréhz ap-
plied are easily controlled. Fertigation allows thedscape
to absorb up to 90% of the applied nutrients, whiknular
or dry fertilizer application typically result irbaorption
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rates of 10 to 40% (Table 1). Fertigation ensgasng in
fertilizer (40-60%), due to “better fertilizer usdficiency”
and “reduction in leaching” (Kumar and Singh 2002).
Drip irrigation is often preferred over other imiipn
methods because of the high water-applicationieffiy on
account of reduced losses, surface evaporation damp
percolation. Because of high frequency water appba,
concentrations of salts remain manageable in tloing
zone. The regulated supplies of water through érpmot
only affect the plant root and shoot growth bubatlse fertil-
izer use efficiency. Fertigation through drip iaigpn re-
duces the wastage of water and chemical fertiljzepdi-
mizes the nutrient use by applying them at critgtabes and
at proper place and time, which finally increaseenvand
nutrient use efficiency. Moreover, it is well recized as the
most effective and convenient means of maintaipigmal
nutrient level and water supply according to cra@vedop-
ment stage, specific needs of each crop and typeibf



Table 1.Fertiliser use efficiency (%) in fertigation

Nutrient Soil application Drip + soil application Drip + fertigation
N 30-50 65 95
P05 20 30 45
K0 60 60 80

Significance of fertigation

Deficiency of N, P and K is a major production con-
straint in sandy soils, which have inherent coistsalike
P fixation, rapid hydraulic conductivity, fasterfiltration
rate, leaching of basic cations and low CEC. Hettige,
cultivated crop in this soil requires large quantf nutri-
ents to support its growth and yield. Considering soil
and crop constraints, fertilizers should be appliedyn-
chrony with crop demand in smaller quantities dyrihe
growing season. The right combination of water antti-
ents is a prerequisite for higher yields and goodlity
production. The method of fertilizer application aéso
important in improving the use efficiency of nutris.
Fertigation enables adequate supplies of waterrand-
ents with precise timing and uniform distributiam meet
the crop nutrient demand. Further, fertigation eeswsub-
stantial saving in fertilizer usage and reducescHewy
losses (Mmolawa and Or 2000).

Similar to frequent application of water, optimupiits
applications of fertilizer improves quality and qtity of
crop yield than the conventional practice. Yietdponses
to the time of N and K application, either pre planly or
pre plant with fertigation, were dependent upor sgie.
Less yield response resulted with fertigated N eavier
soils, compared to the lighter fine sands. Simdaperi-
ments on fine sands also indicated late season &adge
and large fruit yields with 60% drip applied N akccom-
pared to yield response with all pre-plant appheend K.
Researchers noted that drip-applied nutrients eerihe
season of large fruit harvest by maintaining plaumtrient
concentrations late in the season. However, prigrgga-
tion management also requires the knowledge offedil-
ity status and nutrient uptake by the crop.

Monitoring soil and plant nutrient status is aneesil
safeguard to ensure maximum crop productivity. Bap-
erties, crop characteristics and growing ctoas affect
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the nutrient uptake (Mmolawa and Or 2000). Feriigat
enables the application of soluble fertilizers aoither
chemicals along with irrigation water, uniform antbre
efficient. Nevertheless, the increasing uses abgénous
fertilizers have caused environmental problems egaly
manifest in groundwater contamination. There isiract
relation between large NEN losses and inefficient fertiga-
tion and irrigation management. Therefore, wated &h
fertilizer inputs should be carefully managed imer to
avoid losses.

Improved water use efficiency under drip irrigation
by reducing percolation and evaporation lossesyiges
for environmentally safer fertilizer applicationrdtugh the
irrigation water (Mmolawa and Or 2000). The ovepathb-
lem is to identify economically viable practicestloffer a
significant reduction of N©N losses, which also fit in the
farming systems practised under a particular spi tand
set of climate conditions. NEN is very mobile and if
there is sufficient water in the soil, it can mogeickly
through the soil profile. Careful application ofrogen and
water should be able to minimize the amount ofogin
moving below the root zone.

The method of fertilizer application is very impeamt
in obtaining optimal use of fertilizer. It is recomnded
that fertilizer should be applied regularly and dlynin
small amounts. This will increase the amount ofilfeer
used by the plant and reduce the amount lost lghieg
(Shocket al. 2003).

Hypotheses for fertigation techniques
1. Fertigation enhances fertilizer use efficiengy 4D-

60%, hence recommended doses of fertilizers may be

reduced proportionally
2. Drip irrigation promotes root growth in surfdeser

(about 70-80%), hence the nutrients from sub-sarfac

layers may not be extracted
3. Dripirrigation leads to moisture content arofadxbve



field capacity hence may promote leaching of nutri-
ents

4. Use of water soluble fertilizers (WSF) mayde@a
leaching losses beyond surface layer, hence fréquen
split application of WSF is desirable

5. The frequency of fertigation may increase wihtiF
izers doses in order to avoid leaching lossesxicity
if any

Fertigation scheduling

Factors that affect fertigation module are soiletyp
available NPK status, organic carbon, soil pH, sodlis-
ture at field capacity, available water capacitygs, aggre-
gate size distribution, crop type and its physialab
growth stages, discharge variation and uniformibefti-
cient of installed drip irrigation system.

The efficient fertigation schedule needs following
considerationsiz.

1. crop and site specific nutrient management,

2. timing nutrient delivery to meet crop needs and

3. controlling irrigation to minimize leaching oblsible
nutrient below the effective root zone.

In many situations, a small percentage of N an@& (
-30%) and most or all P is applied in a pre-pladcast
or banded application especially in the areas wheéher
initial soil levels are low or early season irrigat is not
required. Pre plant application of P is commomsigsolu-
ble P sources (Phosphoric acid) are costlier thanujar
forms, to avoid the chemical precipitation in dlipe and
the movement of drip applied P away from the ingect
point is goverened by soil texture and soil pH. Kioent
of P is particularly restricted in fine textureddaalkaline
soil. When making a pre-plant application of anyrient,
it is important that the fertilizer be placed withthe wet
zone of the drip system.

A crop specific fertigation schedule can be devetbp
using growing degree days implementation. A soithwi
high N supply capacity may require substantially Ibl
fertilizers. Application of N and K in excess ofogr re-
quirement can have adhesive effect such as growtdrw
contamination with nitrate N, appearance of blossord
rot in tomato or pepper with heavy ammonical N ayapl
tion, reduction in specific gravity of potato antes of
straw berry fruit with excessive K fertilization.

Nutrient can be injected daily or bimonthly depengi
upon system design, soil type and farmer’s prefaen
Frequent injection may be needed for sandy soh wdor
water and nutrient capacity and grower who wamethuce
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injection pump size and cost. Since leaching issibtes
with drip irrigation, nutrient applied in any iragon must
not be subjected to excessive irrigation during &peplica-
tion or in subsequent irrigations. It is possibbeirrigate
nutrient in  non continuous (bulk) or continuous
(concentration) fashion. Fertilizer should be itgecin a
period such that enough time remains to permit detap
flushing of the system without over irrigation. Wathat
moves below the active crop root zone carry nithater K
in substantial quantities. One cm of leachate d @&
nitrate N/litre would contain 10 kg N/ha.

Drip irrigation introduces possibilities for preeis
application of fertilizer and other chemicals. Trestricted
root growth necessitates the type of fertilizer legapion
"fertigation”, which prevents nutrient deficiencie$he
high efficiency of water application reached inpditiriga-
tion systems is ideal for the high efficiency ofphed nu-
trients in fertigation.  But, some of these potential benefits
can reverse into disadvantages when the irrigagictem
design or management is not correct (non uniforinient
distribution, over-fertigation, excessive leachingog-
ging).

Behaviour of Plant Nutrients during fertigation
Nitrogen

In fertigation, applied urea travels with the waler
the soil. Its distribution in the soil wet zone dags on the
timing of its incorporation with the irrigation wet When
added during the third quarter of the irrigatiorcley fol-
lowed by the flushing of the remaining irrigatioycte, the
fertigated urea on reaching the boundaries of theaone
becomes susceptible to volatilization. Evaporafiom the
soil surface results in increased urea concentratéar the
soil surface. This residual urea at the soil s@rfacalso
certain to be lost to the atmosphere as ammoniamémm
nium (NH,") carries a positive electric charge (cation) and
is adsorbed to the negatively charged sites onaraycan
also replace other adsorbed cations on the clafacas.
These are mainly Ca and Mg that constitute the majo
sorbed cations in the soil. As a result of theseractions,
ammonium is concentrated near the dripper and tse d
placed Ca and to a lesser extent Mg, travels viiehad-
vancing water. Within a few days, the soil ammoniism
usually oxidized by soil bacteria to the nitratenfiothat is
dispersed in the soil with further irrigation cyzléNhen
either ammonium or urea is used as nitrogen soirrce
fertigation, significant gaseous losses as nitrang nitric
oxide has also been recorded (Hoffman and Van Qlaem
2004).



Nitrate (NGQ) carries a negative electric charge
(anion). It cannot, therefore, bind to the clayticles of
basic and neutral soils which carry negative crargew-
ever, nitrate binds to positively charged iron ahgminum
oxides present in acid soils. As in the case ounérate
travels with the water and its distribution in theil de-
pends on the timing of its injection to the irrigatline.
Phosphorous

Phosphorus (P) in solution is subject to interaio
with inorganic and organic constituents in the .s@ihe
H,POy ion remains stable in the solution inside thegari
tion line as long as the pH is kept low. Once itdkased
to the soil it reacts very quickly with clay minkrdike,
montmorillonite and illite in basic soils and wikaolinite
clay, iron and aluminum compounds in acid soilse&cts
mainly with lime (CaC@ in basic soil conditions. The
range of relatively insoluble chemical productsRofvith
soil constituents is so large that it is generaliifed “fixed
p

The rapid reactions of phosphate with Ca (lime rich
soils) in basic soils and with Fe and Al in acidsoestrict
the distance of movement of applied P in the sbile
higher the clay content or Cag®@action of the soil, the
shorter is the distance of movement of P from theper.
Even in sandy soils (Ben Gal and Dudley 2003), dise
tance travelled by P is quite limited as compardith the

water. When the P is complexed by organic compounds

like in manures, it does not react with soil constnts and
therefore, can travel to considerable distances fits
point of application in the soil. The leaching othrough
the soil profile is commonly thought to occur only
coarsely structured soils due to the rapid infiltra of
water and in sandy soils due to the absence ofeasties
for P sorption.

Potassium
Drip irrigated crops under strict water control aky

develop restricted root volume. The amounts of Espnt
as exchangeable cation on clay surfaces or as fnatihe
crystal lattice of illite clay particles in the saiight not be
sufficient to completely meet plant needs far3nce high
K contents are present in harvested fresh vegestatoiets,
fresh leaves, tubers and root crops, large amafrifsare
exported from the field. A continuous supply of Krihg
fertigation is, therefore, required to ensure plgrawth,
quality and yield. In practice, the exact distribatof K in
the soil from the drip point is of less importargiece the
roots can grow and find the K in the wet root zohke
efficiency of the plant roots to take up K is sghithat
whenever the root meets a K source it is easilgrialp. In
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sand dunes with low soil K content, fertigation hwitaily
supply of K and N is needed to ensure their sugply
plants, particularly if there is restricted roofwme. When
the soil does not adsorb K due to low level of dantent,
K distribution is typically larger than that of Bsttibution,
but less than that of N. This was demonstrated fert
gated field grown tomato on soil containing 95%ciah
carbonate with low CEC (Kafkafi and Bar Yosef 1980)

Crop response to fertigation

All crops respond to fertigation. However, much kor
has been concentrated on high value crops (Solairaal
al. 2005) such as potato (Ba@t al. 2011), capsicum
(Brahmaet al. 2010; Gupteet al. 2009; Srinivas and Prab-
hakar 1982), onion (Ewaigt al. 2010), medicinal coleus
(Kennam 2008), cucumber (Moujabletral. 2002), Broc-
coli (Sanchitaet al. 2010), tomato (Shedeedt al. 2009),
pointed gourd (Singandhupat al. 2007), turmeric (Syed
Sadarunnisaet al. 2010), tomato (Tanet al. 2009;
Tanaskoviket al. 2011) and some leafy vegetables (Ugta
al. 2009). Fertigation gave 40% saving of fertilizertri-
ents without affecting the yield of crops compatedhe
conventional method of nutrient application (Satleyal.
2008). Kenget al. (1979) showed that the yields from
broadcast fertilizer treatments were 15.8% lowantthat
from fertigation and 12.3% lower than that from ted
fertilizer application.

Sweet pepper Kaushalet al. (2012) reported that the drip
irrigation adoption increased water use efficien@p-
200%), saved water (20-60%), reduced fertilizati@n
quirement (20-33%) through fertigation, producedtdre
quality crop and increased yield (7-25%) as congpavrith
conventional irrigation.

Lady’s finger: Rekha and Mahavishnan (2008) reported
the water and fertilizer saving by 40-70 and 30-5086
spectively through drip fertigation in lady’s finge

Celery: Kaniszewskiet al. (1999) reported that fertigated
celeriac plants had greater leaf area, dry mattetyztion,
and nitrate-N and total N contents than those gtheough
broadcast N with or without drip irrigation.

Cauliflower: Kapooret al. (2014) showed that increase in
NPK fertigation level from 33.3 to 100% RDF signdntly
increased number of leaves, relative leaf watertezdn
marketable yield of cauliflower and benefit costiadut
decrease in fertilizer expense efficiency. Dripduhgriga-
tion along with fertigation in general had higharif yield
but lower benefit cost ratio in comparison to floadd
conventional fertilizer application. At Palampurtigation
using water soluble fertilizers increased marketafld in



cauliflower by 21.3% as compared to conventiongliap-
tion of fertilizers (Table 2).

Broccoli: At Palampur fertigation using water soluble fer-
tilizers increased marketable yield in broccoli2iy4% as
compared to conventional application of fertilizéfable
2). However, when 25% nutrients were applied aslbas
through conventional fertilizer and 75% nutrientotigh
fertigation using water soluble fertilizers increas mar-
ketable yield in broccoli was 12.3% as compareddn-
ventional application of fertilizer (Table 3).

Brinjal : At Palampur, when 25% nutrients were applied as
basal through conventional fertilizer and 75% rauti
through fertigation using water soluble fertilizénsrease
in marketable yield in brinjal was 15.4% as comgate
conventional application of fertilizer (Table 3).

Chilli: Veerannaet al. (2001) reported that 80% water
soluble fertilizer (WSF) was effective in produciabout
31 and 24.7% higher chilli fruit yield over soil @ation

of normal fertilizers at 100% recommended levedurrow
and drip irrigation methods, respectively, with 2086
saving in fertilizers. Rot al. (2011) showed in capsicum
that the length and width of fruit and number afits per
plant increased significantly with increasing nifem doses
up to 100 kg N/ha. However, average weight of finit
creased significantly with increasing levels of °ta 150
kg N/ha. Average weight of fruit and weincreased

significantly with increasing levels of P up to ttieatment
30 kg P/ha, whereas length of fruit and numberwfd per
plant was increased significantly up to the 60 KggPCon-
sidering the combined effect of nitrogen and phosps,
the maximum yield was recorded in the treatmenthioes
tion of 150 kg N and 30 kg P /ha. At Palampur gation
using water soluble fertilizers increased marketafld in
capsicum by 15.1 as compared to conventional agijit
of fertilizers (Table 2). The fertigation schedwas devel-
oped for protected conditions and 4.6 B.C ratio whs
tained with capsicum (Table 4).

Tomato: Hebbaret al. (2004) showed that fertigation with
100% water soluble fertilizers (WSF) increased ttmato
fruit yield significantly over furrow-irrigated cdrol and
drip irrigation. The fertigation schedule was deyweld for
protected conditions in tomato and a B.C ratio @f Was
obtained (Table 4).

Cucumber: lbrikci and Buyuk (2002) obtained higher
yield and leaf N, P and K content in drip fertighticum-
ber than furrow irrigated plants. Beyaest al. (2007)
showed that drip irrigation coupled with fertigatishowed
significant advantages in terms of yield and ecanam-
turns of cucumber compared with overhead irrigationl
conventional fertilization practices. The fertigati sched-
ule was developed for protected conditions and BRG
ratio was obtained with cucumber (Table 4).

Table 2.Fertilizer schedule without basal doses & 100% RidBugh fertigation

Crop Growing Fertigation dose No of Fertigation  Increase in yield B.C ratio
season per spilt (g/m)* splits frequency compared to con-
19:19:19 0:0:50 Urea (days) ventional fertilizer
Cauliflower  Oct- Feb 2.9 0.3 15 10 8-10 21.3% 2.1
Broccoli Oct-Feb 4.0 - 1.6 10 8-10 214 % 3.7
Capsicum Apr- July 3.0 - 1.5 10 8-10 15.1% 3.9

*No basal dose is applied and fertigation is iméthfrom 15 days after transplanting and fertigatioses are completed before flowering / fruit

setting

Table 3.Fertilizer schedule with 25% of RDF through basa @5% of RDF through fertigation

Crop Basal doses Fertigation dose No of Fertiga- Increase inyield B.C
per spilt (g/M)* splits tion fre- compared to ratio
quency conventional
Urea SSP MOP 19:19:19 12:61:0 Urea (days) fertilizer
Broccoli 8.2 15.7 2.3 2.0 0.8 3.1 7 8-10 154 % 3.1
Brinjal 5.4 9.4 2.1 2.7 0.2 8.6 7 8.10 12.3% 2.6

*25% of RDF applied as basal doses and fertigaonitiated from 30 days after transplanting aedifation doses are completed before

flowering / fruit setting
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Table 4 .Drip fertigation schedule under protected cultivati

Crop Basal dose (g/ﬁ)l Fertigation dose/spilt (g/ﬁ\ Fertigation B.C ratio
Uea SSP__MOP 1010110 12610  Urea Noofsplits  ntenal
(days)
Tomato 14* 34 4 1.2 0.4 0.7 28 5-7 5.4
Capsicum 10 22 4 1.2 0.1 0.3 28 5-7 4.6
Cucumber 12 18 6 3.0 2.3 1.2 10 5-7 3.3

Onion: Chopadeet al. (1998) found that drip irrigation
with the recommended rate of solid fertilizer inotappli-
cations gave the highest onion bulb yield whil@dertiga-
tion at 50% of the recommended rate gave the highdb
quality. Rumpelet al. (2004) obtained higher marketable
onion yields when the 50 kg/ha N rate was appledugh
drip fertigation (41% increase) and highest afieplging
150 kg ha' N through fertigation (79% increase) as com-
pared to the control (without fertigation and igiipn).
Dingre et al. (2012) showed that drip fertigation resulted
into 12 to 74% increase in the productivity of anseed as
compared to conventional method. The total irriati
water applied through surface and drip system wifisr8m
and 520.45 mm indicating 39% water saving wherfels,
water use efficiency of drip fertigation was morg .5
times as that of control. Rajput and P&2€I06) recorded

the highest onion yield in daily fertigation folled by
alternate day fertigation. Lowest yield was recdrde
monthly fertigation frequency. Bhakare and FatkA(8)
showed that the onion seed yield increased and gieh-
tributing characters improved with fertigation lés/avith
maximum in 125% recommended dose of fertilizer (RDF
fertigation treatment which was at par with 100% FRD
fertigation treatment. The treatment 75% RDF thioug
fertigation was significantly superior to applicati of
100% RDF through conventional fertilizer and ashsuc
there could be a saving of 25% of the added feetili

Pea Singh et al. (2006) showed that the increase in N
through fertigation caused increased in green peld wat
all the levels of drip irrigation (0.5 Epan, 0.7pda and 1.0
Epan), but the magnitude of increase was highdstsagst
level of water supply.
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Abstract

A field experiment consisted of seven pea basepping sequencesz. Pea-mustard ‘NDRE 4’, Pea-mustard ‘JD 6’, Pe&@tor
‘Bhawani’, Pea-local sarson ‘Yungar’, Pea-Frenchrb&ontender’, Pea-buckwheat ‘Local’ and Pea-busat ‘USDA’ was
conducted at Kukumseri (Lahaul and Spiti) during@@nd 2011 to find out the most remunerative se@pop after main pea
crop for dry temperate conditions of western Hirgaka The local sarson 'Yunger’ took the least d&gdays) for maturity
closely followed by French bean. Buckwheat USDAktb@hest number of days (92) to mature. Among rereduced mus-
tard varieties 'NDRE 4’ took 81 days. The highesagquivalent yield (6377 kg/ha) with net returidiR 86714/ha and B: C
ratio of 1.82 was obtained from pea-Frenchbean t€uer’ sequence followed by pea-mustard ‘NDRE5%6( kg/ha) with
net return of INR 81478/ha and B: C ratio of 1.8%e increase in yield and net return with the tmsjuence (pea —
Frenchbean ‘Contender) over the most prevalentlpeal sarson ‘Yunger’ sequence was 24.9 and 23t88pectively.

Key words: Pea, cropping sequence, economics

Several studies were undertaken on crop diversifica of buckwheat or local sarson ‘Yunger cultivatafier pea

tion and intensification in low and mid hills of tdachal are low yielders. Thus, there is scope for intrdiduc of
Pradesh (Sharme al. 2007, 2008, 2009; Ramhal. 2010, remunerative crops with maturity duration of 80-88ys.
2011). However, in the high hills zone of Himachal Keeping these facts in view, introduction of newaiypes
Pradesh where cropping season is limited, studigaten- of rapeseed — mustard and other crops which canfibés
sification of cropping are scanty (Rasiaal. 2003; 2005; the short cropping duration of this valley and hielincreas-
2006; Sharmat al. 2015). The cropping season in this dry ing the productivity and profitability per unit @end time
temperate area is very short starting from Mid Maoes was required to be undertaken.

First week of April till October at the most. Laha&uSpiti Materials and methods

district of Himachal Pradesh falls under high Wity tem- The experiment was conducted at Kukumser?4825"
perate zone in north western Himalayas. In most pr N |atitude; 7641'23" E longitude and 2734 m altitude) dur-
Lahaul valley only one crop mainly pea is takent @ith ing 2010 and 2011. The climate of the site waseexély
increase in temperature in last few years in lgtnt of cold and heavy snowfall occurs during winter. Tempera-
yeari.e. August to October, a short duration second crop tyre remains several degrees below zero. Singlppirg
was also cultivated by the farmers. The pea craatesthe season was prevailing in the region which staashfipril
field in early to mid July and the time left forettsecond  to September or early October when the mean miniraoeh
crop before onset of winter is 80-90 days. Th@sdacrop maximum temperature ranges betweeiCld 24C.
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There was negligible rainfall followed by high ligh
intensity and low humidity. Average annual rainfailthe
region was 250 mm. The soil of the site was sadynl
with organic carbon of 0.3% and pH 6.9. Soils wehal-
low in depth and loose in texture resulting in peater
holding capacity. The available nitrogen, phospkaaad
potassium were medium, high and low, respectivéhe
experiment consisted of seven cropping sequevizepea
-mustard ‘NDRE 4', pea-mustard ‘JD 6’, pea-toria
‘Bhawani’, pea-local brown sarson ‘Yunger’, peaikae
bean ‘Contender’, pea- buckwheat ‘local’ and peackb
wheat ‘USDA’ was laid out in randomized block desig
with three replications. The pea crop was planted28
March and 24 March during first and second yeapee-
tively. The pea crop was harvested off &td 11" July in
respective years. The second crop in a sequenceavas
immediately after the harvest within two days. Atle
crops were sown with recommended package of pesctic
under irrigated condition. Snow-melt water, theyosdurce
of irrigation was used to irrigate crops throughirggders,
rain gun orKuhl. The rest of the management practices
were in accordance with the recommended package of
practices for the individual crops. The crops weaevested
from net plot. For comparison between crop sequertbe
economic yields of crops were converted into pesveq
lent on price basis. Land utilization efficiency swaorked
out by summation of duration of each crop undeividdal
crop sequence divided by 365. Production efficietiay
ha/day) was obtained by dividing total productiarterms
of pea equivalent in a sequence by the total caradf year
(365), while profitability (INR/ha/day) was obtaiheby
dividing net monetary return by 365. Economics afpe
ping sequences was computed based on prevaleneimark
prices.

Results and Discussion

Crop phenology and yield

The local sarson ‘Yangur’ was the earliest to matur
in 58 days followed by French bean and local verit
buckwheat, each in 66 days (Table 1). Among the im-
proved varieties of rapeseed mustard, toria ‘Bhawara-
tured in 67 days followed by mustard variety ‘NDREN
81 days. The only second crop to mature after 8 das
buckwheat variety ‘USDA’. The mustard cultivar ‘J®
was also late maturing (86 days). Cultivated latigzation
index owing to double cropping increased from 29.7%
under the single cropping of peas to 45.6-54.9%s Th
clearly indicated that even after the best utilmatof the
land under cropping, the cropping season fardly be
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extended beyond 55% time of the year. For the fiextto
six winter season months when the area faces eatosid
with occasional snowfall, some suitable strateggdseto
be worked out for the region. In these areas thigvated
duration can best be extended by promoting greesgiou
polyhouse technology. For this policy and reseantér-
ventions must need due attention. Similar effostsrathe
present study, few efforts were also made by ean@k-
ers to extend the cropping season in these areaméRal.
2003; 2005; 2006; Sharnehal. 2015).

The data on yield of different crops are summarired
Table 2. The highest pea equivalent yield (637 h&pivas
obtained from Pea-French bean ‘Contender’ sequfaice
lowed by Pea-mustard ‘NDRE 4’ (5561 kg/ha) and Pea-
toria ‘Bhawani’ (5239 kg/ha). The increase in peaiea-
lent yield over the most prevalent pea — local @ars
‘Yunger’ sequence with these three better sequeness
24.9, 8.9 and 2.6%, respectively. The pea-buckwbkeat
guences were the lower yielders. The matter ofieaut
here is that while sowing second crop in sequeiheeust
gets at least 80 days maturity duration before tgatpre
will go drastically down by mid October. Althougheg
French bean sequence is the highest yielder butuitis
transfer in case of early snowfall will be a comcand at
same time it will compete with the produce from theer
belt. Hence, the second best option after peasl dmutoria
variety ‘Bhawani’ or mustard variety ‘NDRE 4’ fohe
marginal farmers of valley. Owing to higher peaieglent
yield, productivity efficiency was highest underape
French bean ‘Contender’ (17.5 kg/ha/day) followgdpkba
— mustard ‘NDRE 4’ (15.2 kg/ha/day) (Table 3).
Economics

The highest net returns were obtained from Pea-
Frenchbean ‘Contender’ cropping system (INR 86,714)
followed by pea-mustard ‘NDRE 4’ (INR 81,478) (Tabl
3). Similarly profitability was highest under peaFrench
bean ‘Contender’ cropping system (INR 238/ha/dap f
lowed by pea-mustard ‘NDRE 4'. However, the B:Aaat
was highest from pea-mustard ‘NDRE 4’ (1.86). Tivas
followed by pea — French bean ‘Contender’. The neet
turns and the B:C ratio were lowest when buckwivezd
taken as second crop.

Conclusively the traditional pea-local sarson ‘Yerig
sequence can be replaced with most remunerative-pea
French bean ‘Contender’ sequence. Alternativelgs-
ginal farmers should adopt either pea - mustardRED}’
or Pea - toria ‘Bhawani’ if market is not availabier
French bean. These sequences can meet the oitewemgunit
for the six months winter land locked valley.



Table 1. Days to maturity and cultivated land utilizatiodéx under different cropping sequences

Cropping sequence Days to maturity Land utilization index (%)

First crop Second crop

2009 2010 Mean 2009 2010 Mean 2009 2010 Mean

Pea-mustard'NDRE 4’ 108 109 108.5 80 82 81

51.5 52.3 51.9
Pea-mustard‘JD 6’ 108 109 108.5 89 83 86

54.0 52.6 53.3
Pea-toria‘Bhawani’ 108 109 108.5 69 65 67

48.5 47.7 48.1
Pea- local sarson “Yungar’ 108 109 108.5 59 57 58

45.8 455 45.6
Pea-Frenchbean ‘Contender’ 108 109 108.5 68 64 66

48.2 47.4 47.8
Pea-buckwheat'Local’ 108 109 108.5 66 66 66

47.7 47.9 47.8
Pea-buckwheat'USDA’ 108 109 108.5 94 90 92

55.3 545 54.9
LSD (P=0.05) - - - 2.7 2.1 3.4

Table 2. Production of pea based cropping sequences unglésrdperate conditions in north western Himalayas

Cropping sequence Green peas yield (kg/ha) Second crop yield (kg/ha) Pea equivalent yield (kg/ha)
2009 2010 Mean 2009 2010 Mean 2009 2010 Mean
Pea-mustard'NDRE 4’ 5560 4418 4989 520 614 567 6080 5042 5561
Pea-mustard'JD 6’ 5390 4362 4876 430 549 490 5820 4891 5356
Pea-toria'Bhawani’ 5420 4399 4910 309 355 332 5729 4748 5239
Pea- local sarson “Yungar’ 5380 4357 4869 240 243 242 5620 4594 5107
Pea-renchbean‘Contender’ 5490 4457 4974 1517 1570 1544 6754 6000 6377
Pea-buckwheat'Local’ 5360 4383 4872 165 94 130 5470 4478 4974
Pea-buckwheat' USDA’ 5410 4430 4920 22 56 39 5410 4507 4959
LSD (P=0.05) NS NS NS - - - 123.9 88.9 72

Table 3.Productivity and economics of pea based croppaogisnces under dry temperate conditions in noritene Himala-

yas
Cropping sequence Productivity efficiency Net return Profitability B:C Ratio
(kg/ha/day) (INR/ha) (INR/ha/day)

Pea-mustard ‘NDRE 4’ 81,478 1.86
15.2 223

Pea-mustard ‘JD 6’ 76,913 1.76
14.7 211

Pea-toria ‘Bhawani’ 73,395 1.68
14.4 201

Pea- local sarson ‘“Yungar’ 70,063 1.60
14.0 192

Pea-Frenchbean ‘Contender’ 86,714 1.82
17.5 238

Pea-buckwheat ‘Local’ 68,406 1.61
13.6 187

Pea-buckwheat ‘USDA’ 66,914 1.57
13.6 183

LSD (P=0.05) - - - -
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Abstract

A field experiment was conducted for three conseeutbi seasons (2011-12 to 2013-14) to evaluate thetedfeicrigation
depth (0.4, 0.6, 0.8 and 1.0 CPE) and NK fertiga{®0 and 100% of adjusted recommended dose) alithga control (basal
application of soil test based adjusted recommemt&id fertilizer and surface irrigation of 5 cm) tire productivity of garden
pea at Palampur. Result revealed that irrigatiahfartigation with micro-sprinkler led to 60.9% $egse of water and 10.0%
higher green pod yield. Consequently, water udeiefficy was increased by 3.12 times over the recema®d practices. Every
fifth day irrigation with 80% CPE (CPE 0.8) resultim significantly higher green pod yield than evéfth day irrigation with
either 60% CPE (13.74%) or 40% CPE (19.96%). Itiigawith minimum depth of water (0.4 CPE) resuliadmaximum
water use efficiency of 6.51 kg green pods aif irrigation water used for crop production. Fgation of sprinkler irrigated
crop either with 50 or 100% of recommended soit-tesed NK had no effect on green pod yield, greegn and water use
efficiency.

Key words: Irrigation scheduling, fertigation, water use efitccy

India has made considerable progress in developing poly-houses is 133.634 ha. Under open fields, #461.519

irrigation infrastructure which leads to substdritigprove- ha with maximum area in Kangra district (842.56 ha)
ment in production of vegetables crops. Vegetabdelyrc- (Anonymous 2010). Micro-irrigation has an addedaadsage
tion increased from 12.06 lakh tonnes in 2009-102®9 in undulating topography with poor soil water reten and

lakn tonnes in 2010-11 with growth rate of 5.2% transmission characteristics and small and scalitéamad
(Anonymous 2012). Despite this development the prod holdings with small amount of water stored fronrmfall at

tivity of irrigated area has not reached the desievel. the farm. Among micro irrigation systems, sprinkleare
This is due to lower water use efficiency of traufitl favoured in comparison to drip as the time requirediean-
methods of surface irrigation, which is mainly dte ing the blockages of emitters is eliminated considly and
higher water conveyance losses, excess or defiplica- water is delivered more uniformly to the crop. Micand
tion of irrigation water and deep losses. This ssitates mini sprinklers are very reliable with a CV of <10%hey
adoption of such method of irrigation where losses provide regular and targeted distribution of thegation
minimum. Pressurized micro sprinkler is one of soeth- water, valuable as a protection against damage frost
ods where controlled irrigation is possible withnimium (Guidoboni 2006).
losses of irrigation water. In India, due to speeiaphasis Application of water soluble fertilizer through vteni is
on micro-irrigation during 10th plan, the area unahécro- an important feature of micro-irrigation systemsrtigation
irrigation increased up to 2352477 ha including Q145 increases the fertilizer use efficiency as the iaots are
ha under micro sprinklers (Singhal. 2012). supplied as per the demand of the crop. The avtijabf
In Himachal Pradesh, area under micro-irrigatio water and nutrient simultaneously improtks uptake.
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Under such situation crop may need much less gyaofti
nutrient as it needs under conventional methodrigfation
and fertilization. Sprinkler irrigation along witlertigation
through water soluble fertilizers especially nitagand
potash will optimize nutrient use and ultimatelyll vin-

crease water and nutrient use efficiency.

Pea Pisum sativumvar. hortense L.) is a cool-season,
nutritious legume widely cultivated throughout terld.
It is a rich source of protein (25%), amino acidsgars
(12%), carbohydrate, vitamins A and C, calcium phds-
phorus, apart from having a small quantity of ir@ver
years with steady increase in acreage and produdtibas
occupied the position of leading cash crop in Hinadc
Pradesh especially in the higher and mid hill zoofebli-
machal Pradesh. The area under pea crop in Himachal
Pradesh is 22,800 ha with an annual production5sf,200
metric tonnes (Anonymous 2011). In low and mid # hi
region of Himachal Pradesh, it is mostly grown aisfed
crop which is strongly influenced by low availatyilof soil
moisture especially during initial growth and podosma-
tion/development stage as there is no rains frornolic-
December and March-June. Inadequate soil moistsire i
usually a limiting factor in ensuring proper geration
and early growth not only in rain-fed areas bub afskuhl
(Snow fed gravity stream) irrigated areas wheré ead
farmers receive sub optimal irrigation water. lrcenat
year's trend has been changed from more productpst
unit land to more productivity per unit water, asater is
becoming increasingly scarce even in those areasenih
was plentiful in recent past. It may be possibleneximize
water productivity in pea by proper scheduling wiga-
tion. In the light of above a study was plannedttaly the
effect of irrigation depth and NK fertigation thigiu micro-
sprinkler on crop productivity and water use eéfiay.

Material and methods

A field experimentwas conducted at Water Manage-
ment Farm, CSK HPKV, Palampur duringbi 2011-12 to
2013-14 to optimize micro sprinkler irrigation amK
fertigation in garden pea. The area lies in Palaatiey
(3206 39.1' N latitude and 7832 10.5' E longitude)
perched in the lap of majestic snow clad Dhauladhage
of Himalayas at an elevation of 1290 m above mesn s
level in Kangra district of Himachal Pradesh. Tiod sf
the experimental field was silty clay loam in textuacidic
in reaction (pH 5.1); high in organic carbon (16/kg);
medium in available nitrogen (246.5 kg/ha); highairail-
able phosphorus (38.08 kg/ha) and low in availgpoitas-
sium (141.4 kg/ha). The experiment wasd laut in
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The experiment was laid out in factorial randomized
block design with three replications. There wemertreat-
ments, comprising of all the possible combinatiohfour
irrigation depths (0.4, 0.6, 0.8 and 1.0 CPE) amd NK
fertigation levels (50 and 100% of adjusted recomueel
dose) plus one control (basal application of smst thased
adjusted recommended NPK fertilizer and surfacigasr
tion of 5 cm).

The irrigation was applied through micro-sprinkler
system at an interval of 4 days. The system cansift
three micro-sprinklers per plot each having wetti@gme-
ter of 0.90 m. Mean evaporation rate of preced@grbp-
ping seasons was calculated for estimation of dtidm
water requirement. Irrigation requirement was daltzd
by taking into account the difference of averagapeva-
tion and rainfall (only positive values) and muljipg the
cumulative average evaporation minus actual rdintdlue
with CPE ratio. In ‘recommended practice’, 5 cm plee
flood irrigation was applied at 10 days intervah @&nsure
uniform crop stand, technique of water seeding e p
seeds in furrows was followed by application of evaat
0.7 | m* furrow length before closing them.

The fertilizer dose was calculated by adjusting the
recommended dose of NPK (50:60:60 kg/ha) basedibn s
test. Since, soil available P was in higher rantpedose
was lowered by 25%. K was in lower range, so itsedwas
increased by 25%. The level of available N in se@ds
medium and therefore its dose was not altered. , TRBK
dose used in present study was 50:45:75 kg/haKlfei-
gation treatments, 1%3dose of NK was applied as basal.
The remaining 2/8 NK was applied through water soluble
fertilizersviz., urea for nitrogen and 0:0:50 for potassium in
different calculated proportions through ventusteyn in 6
equal splits at an interval of 9 days starting ée&&8 stage
of crop. In ‘recommended practice’, 50:45:75 kg MK
was applied as basal at the time of sowing throuiga,
SSP and MOP.

'Palam Priyacultivar of garden pea was sown in Oc-
tober at 40 cm x 8 cm spacing in 4.96 m x 2 m (98P
plots. The seeds were pre-soaked in water overbigiare
sowing. Observations on productivity and water wsee
recorded every year. Yield attributes were recordieding
rabi 2012-13. Economics of treatments was worked out
based on the prevalent market prices of inputsoaplt.

Results and Discussion

Conventional Fertilizer application v/sfertigation
During first year, fertigation with micro-sprinkler
resulted in 56.05% water saving and statifl{icimilar



pea pod yield and gross return as in case of recom-
mended fertilizer application under conventionagation
system (Table 1 & 2). Owing to huge amount of water
saved fertigation resulted in 2.41 times higher WiHEN
the general practice of applying fertilizers. O tontrary,
fertigation with micro-sprinklers resulted in sifoantly
lower net return (18.84%) and B: C ratio (43.03%nt
recommended practice mainly due to the higher ofst
cultivation in former treatment.

During second and third and thereby on pooled basis
irrigation and fertigation with micro-sprinkler lei less
use of water (66.23, 59.9 and 60.89%) and sicpnifly
higher green pod yield (10.75, 30.05 and 10.02%nse-
quently, water use efficiency was significantly reased
(3.67, 3.59 and 3.12 times) as compared to recometen
practices (Table 1). Significant increase in grped yield
due to fertigation with micro-sprinkler was refledt in
gross return (Table 2), which was also increased®h§4
and 30.04% during second and third year, respégti@n
an average, fertigation increased WUE by 11.59% the
conventional method of fertilizer and irrigationpdipation.
Kumar et al. (2015) also reported significant improvement
in WUE with improved practices in blackgram.

In spite of statistically similar net return, B: rf@tio
was significantly lower (29.05 and 29.78%) in fgation
with micro-sprinklers than recommended practiceirdur
second year and on mean basis (Table 2). During thi
year, fertigation with micro-sprinklers though rksd in
significantly higher net return (25.27%) than recoemded
practice but had significantly lower B:C ratio (25%).

The increase in green pod yield with fertigationyma
be due to improvement in yield attributes in regeomo
better availability of moisture and nutrients dgriarop
growth. The same is depicted by significant improgat
in green pod vyield through significant improvement
plants metetrow length, pods plait pod weight plant
by fertigation duringrabi, 2012-13 (Table 3). Rajput and
Patel (2012), Kakhandalt al. (2013) and Kumast al.
(2013) also recorded similar increase in crop yl®jdmi-
cro-irrigation as compared to irrigation with contienal
method. Ramulet al. (2010), Prabhakeat al. (2011) and
Sayed and Bedaiwy (2011) reported fertigation dpce
more yield as compared to conventional fertilizers.
Irrigation scheduling (depth of irrigation)

Irrigation scheduling (depth of irrigation) sigridintly
influenced green pod yield, water use efficienapsg and
net returns and BC ratio during all the years (€abland
2). Increase in irrigation depth resulted in pregree in-
crease in green pod yield, gross returnsraterns and
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Table 1. Effect of different treatments on productivityigation water used and water use efficiency of iyqeea

WUE (kg/m)

2012-13

IWU (itha)

2012-13

Pod yield (Mg/ha)

2012-13

Treatment

Pooled

2013-14

Pooled 2011-12

Pooled 2011-12 ae13

2013-14

2011-12

Control v/sothers

Control
Others

1.41
4.40

1.24 1.22
4.38

455

1.78
4.29

6167(12)
2412(28)

6500(13) 0®QL2)

6,000(12)*

8.09 7.32 8.68

10.65

228p

2,637(28)  2195(27)

9.52 9.55

8.96

10.17

0.19 0.20

170

0.46

0.29 0.34 0.43

NS

0.05)
Irrigation schedule (depth of irrigation)

LSD (P

6.51
4.57

6.27
4.64

6.80
4.75

6.47
4.37

1254(27) 75(3)  1379(28)

1,507(28)
2,260 (28)

8.97
9.46
10.76

8.63
9.56
11.17

8.53
8.94
9.79
8.60
0.27

9.75
9.88
11.32

CPE=04
CPE=0.6
CPE
CPE

2068(28)

1881(27) 062128)

3.90
2.61

0.19

4.06
2.53

0.17

3.90
2.74

3.76

2.58

2757(28)
3446(28)

2508(272750(28)

3135(27) 37@8)

3,013(28)
3,767(28)

0.8
1.0

9.01
0.40

8.71
0.32

9.72
1.10

60.1

0.44

0.05)

NK fertigation

50 % RDF

LSD (P

4.34
4.45

4.56 4.35
4.40

4.54

4.15
4.43

2195(27) 06§28)  2412(28)

2,637(28)
2,637(28)

9.51
9.59
NS

9.44
9.59
NS

9.02

10.06
10.27

2412(28)

2195(27) 406228)

8.90

100 % RDF

NS NS NS

NS

NS

NS

0.05)
* Value in the parenthesis indicate number of irrayet

LSD (P




2.62
1.84
0.12
1.66
1.82
2.20
1.68
0.12
2.03
1.65
0.08

Mean*

2.09
1.88
0.10
1.61
1.89
2.38
1.63
0.10
2.05
1.71
0.07

2013-14

241
1.71
0.09
1.58
1.70
1.97
1.60
0.08
1.92
1.51
0.06

B:C ratio
2012-13

1.92
0.34
1.77
1.85
2.25

81
0.32

12

72
0.23

2011-12
3.37
1.
2.
1.

Mean*
1,12,147
1,12,265

NS
1,01,386
1,10,953
1,34,508
1,02,214

6,267
1,16,037
1,08,493
4,431

2013-14
98,923
1,23,923
6,857
1,06,131
1,24,798
1,56,964
1,07,798
6,465
1,26,982
1,20,863

4,571

Net return (INR/ha)
114323
112894
NS
104298
112331
129331
105614
5440
118582
107205
3847

2012-13

99,980
17517
93,730
95,730
93,230
16515
97,413
NS

2011-12

6,647

1,96,261 1,17,230
6,267
NS

1,63,967
1,73,401 1,02,548

1,55,939 1,23,195
1,74,635

1,74,018
1,63,139

Mean*
1,72,706

2013-14
6,857
6,465

NS

Gross return (INR/ha)

2012-13

1,61,733 1,46,333

1,79,263 1,90,292
5,770

1,95,700 2,23,333

1,71,983 1,74,167
5,440

1,80,433 1,88,833
NS

1,70,667 1,72,500
1,78,700 1,91,167
1,78,092 1,91,750

2011-12
1,59,750
1,52,500
NS
1,46,250
1,48,250
1,69,750
1,45,750
16,515
1,50,938
1,54,063
NS

0.05)
0.4
0.6
0.8
1.0
= 0.05)
= 0.05)

Irrigation schedule (depth of irrigation)

Control v/sothers
Control

CPE

CPE

CPE

CPE

Others
NK fertigation

50 % RDF
100 % RDF

LSD (P
*Based on prices prevailing in 2013-14

Treatment

LSD (P
LSD (P

Table 2. Effect of different treatments on economics of grpea

B:C ratio up to 0.8 CPE. However, increases in meed
yield, gross return, net return and B:C ratio viitbrease in
irrigation depth from 0.4 to 0.6 CPE were not ffigant
during first year (Table 1 and 2). Irrigation gwéfth day
with 80% CPE (0.8 CPE) resulted in significantlygliner
green pod yield than every fifth day irrigation kvieither
60% CPE (14.57, 9.51, 16.84 & 13.74 %) or 40% CPE
(16.10, 14.77, 29.43 & 19.96%). This progressiverease

in green pod yield with increase in irrigation deptay be
due to progressive increase in yield attributetndcated

by observations made during second year of stutigrey
plants/meterow length, pods/plant, pod weight plant at-
tributed to progressive increase in green pod y{&kble

3). Sarkaret al. (2008) also reported progressive and sig-
nificant increase in bulb yield of garlic with ir@se in pan
evaporation factor. Results are in conformity witbndal

et al. (2003) and Kadaret al. (2005), Kassalet al. (2012)
and Pateé&t al. (2012).

During first, second and third year as well as @am
basis, with increase in irrigation depth to 0.8 GRin 0.6
CPE, the respective increase in gross return was014
9.51, 16.83 & 13.64%; in net return 22.46, 15.18727 &
20.82% and in BC ratio 21.62, 15.88, 24.89 & 21.23%
Increase in irrigation depth also resulted in digant and
progressive decrease in WUE in all the years dugrde
gressive increase in irrigation water used. Iri@atwith
minimum depth of water (CPE 0.4) resulted in maximu
water use efficiency of 6.47, 6.80, 6.27 and &§Qreen
pods/ni of irrigation water used (IWU) (Table 1).

NK fertigation

Fertigation of sprinkler irrigated crop either wis0
or 100% of recommended soil-test based NK had feztef
on green pod yield, gross return and water useiefity in
all the years. It is may be due to improvement wifiant
use efficiency. Teixeirat al. (2011) also reported 36%
increase in nutrient use efficiency with NK fertiga as
compared to conventional fertilization. NK fertigat did
not significantly affect green pod weight/plant,eling
percentagand seed weight/patliring rabi 2012-13 (Table
3). Fertigation with 50% of recommended NK resulied
higher net return (5.27, 10.61, 5.06 & 6.95%) andCB
ratio (23.25, 27.15, 19.88 & 23.03%) than fertigatiwith
100% of recommended NK; however, difference in net
return was not significant during the first yeaakle 1 and
2). Since NK fertigation had no significant effect green
pod yield that mean NK fertigation can be safelgueed
to half without sacrificing green pod yield. Itrizay be due
to improvement of nutrient use efficiency.
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Table 3. Effect of irrigation depth and NK fertigation oreld attributes and green pod yield of pea

Treatment Plants/ mrow Pods/plant  Pod weight/ Shelling Seed weight/pod  Green pod
length (cm) plant(g) (%) (9) yield (Mg/
ha)
Control v/sothers
Control 8.41 21.44 92.08 40.17 5.03 8.09
Others 8.71 23.57 94.88 43.31 5.62 8.96
LSD (P=0.05) 0.27 0.85 2.71 2.01 0.43 0.28
Irrigation depth
0.4 CPE 8.55 22.40 92.79 41.46 5.25 8.53
0.6 CPE 8.71 24.00 95.93 44.42 5.68 8.94
0.8 CPE 8.97 24.56 97.06 45.44 6.21 9.79
1.0 CPE 8.60 23.33 93.75 41.94 5.35 8.60
LSD (P=0.05) 0.25 0.80 2.55 1.89 0.40 0.26
NK fertigation
50% of Rec. 8.68 23.28 94.60 43.11 5.59 9.02
100% of Rec. 8.73 23.86 95.16 43.52 5.66 8.90
LSD (P=0.05) NS 0.57 NS NS NS NS

Conclusively it may be inferred that for savinggae-
tion water (about 40%) and increasing productieisywell
as WUE, garden pea should be fertigated with micro-
sprinklers as compared to recommended practicesimef
face irrigation and fertilization. For maximizingoduc-
tion and economics micro-sprinkler irrigatgzba crop

should be irrigated every fifth day with water deptf 0.8
cumulative pan evaporation. For obtaining higher nee
turns and B: C ratio, pea crop should be fertigateth
50% of recommended NK. Irrigation with minimum dept
of water (CPE 0.4) resulted in maximum water ude ef
ciency of 6.51 kg green podsif irrigation water used.
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Abstract

Rice blast, caused by the fungMsgnaporthe grisea Sacc. is one of the most important rice diseasead throughout the
globe. It usually damages leaves and paniclesesates the photosynthetic area of the plant andewvery lead to the death of
the plant. However the disease does not develdpthetfavorable weather conditions prevail. Préseork was undertaken to
study the influence of weather parameters on rlastbin mid hill conditions of Himachal PradeshelBi experiments were
conducted during 1984 to 2012 at Palampur, locatedlid hills of the Himachal Pradesh. Two varietielsan Sarai and
China 988 were sown on two date& @gnd 18" June) under upland irrigated situation. The fiestf symptoms of the disease
appeared in the last week of July or the first weékAugust, when the mid-tillering stage synchrauizwith favourable
weather conditions during all the years. It wasepbsd that days with minimum temperatar@0°C, rainfall and cloud cover
were important for the appearance and progreshisfdisease. During disease incidence, period wélaight temperature
(19.1°C), more number of days with minimum temperatar20°C (11 days) and lower rainfall (246.6 mm) and mcdoud
amount (135 hrs) was observed during blast yeaapared to non-blast years. It was also found tti&a maximum and
mean temperature one week prior to disease apmeaveas 1.8 and 1.Z lower than the non-blast years indicating warmer
temperature during the entire rice growing seasorsponsible for lower disease incidence andiitadr progress.

Key words: Rice blastMagnaporthe grisea, minimum temperature, rainfall, cloud cover, dgeacidence

Rice blast, caused by the fungusgrisea is the most
important of all rice diseases and is distributeeaghout
the globe. It can damage any aerial organ of riaatpand
the plants get the highest disease at maximunrititje
stage (Padmanabhan 1965). Leaf infection reduces th
photosynthetic area of the plant and may even teaits
death. The panicle infection however causes seyietd
losses inflicting the greatest economic injury (Ren
1992). Losses due to blast may range up to 90%ndapg
upon the part of plant infected (Prabétwal. 2003; Ahmad
et al. 2011). The climate has a strong influence onafhe
pearance of blast epidemics or its absence altegetien
if the sufficient inoculum is present (Suzuki 197bpwer
minimum temperature and cloud cover have been tegor
to be closely associated with the disease (P aalbieamet

132

al. 1971; Prasad and Rana 2002). Since the weathkeraidy

an important factor in the variability of diseassvelopment,
present work was undertaken to study the influen€e
weather parameters on rice blast in mid hill cdodi& of

Himachal Pradesh.

Materials and M ethods

Field experiments were conducted during 1984 t@2201
in randomized block design with 4.5 m x 3 m platesat
CSK HPKYV, farm, Palampur, located in mid hills dfet
Himachal Pradesh under direct seeded and uplaigatid
conditions. Variable crop growing environments unfileld
situation were created by two dated' @nd 18' June) of
sowing. Two varieties; Hasan Sarai and China 988swe
taken for study under two different fertiligvels; 10 t/ha



(FYM) + 40 kg/ha of each N, P, and K (farmers' pira)
and 10 t/ha (FYM) + 120 kg/ha N (higher dose), 4thk

of each P and K. All recommended agronomical pecasti
were followed to raise the crop. Ten plants weraloanly
selected from each plot and tagged. Disease scovasy
made on the tagged plants at different growth statijker-
ing, booting, and flowering for leaf blast by folling
Standard Evaluation System (IRRI 1996). Daily weath
data on maximum, minimum temperatures, rainfalinial

ity and cloud cover were collected from agro metéugi-

cal observatory of the university. From these weatha-
rameters, mean maximum and minimum temperatures day
with <20 minimum temperaturesainfall, rainy and days
with  >90% humidity and cloud cover were computed.
Data on weather parameters was calculated for tmeee
ods, one week before incidence, during the incidesd
for the completéharif season. To assess the weather con-
dition during blast and non blast years, out oéltgears,
the years were referred as blast years when disgase
peared in severe form up to 5-7 scales in disth@tegra
and Mandi. The detail of the individual years iseagi be-
low:

Particulars Year

1984 and 1992
1985-1991 and 1993-2012

Blast years
Non blast years

Historical weather data temperature, relative hityid
rainy days, cumulative daytime cloud cover, dayshwi
relative humidity > 90% and days with minimum temge
ture < 20 °C for the past 29 years (1984 to 2012) during
rice growing period were analyzed in relation tasbland
non- blast years. The weather during disease inceland
disease development phases was then averaged.

Results and Discussion
Weather during disease incidence period during blast and
non blast years
During incidence period of individual blast yea(§'984
and 1992) the maximum, minimum and mean temperature
varied between 25.1-26.7, 18.2-20.0 and 21.7 °23.4
Rainfall 161.6- 331.6 mm, cloud cover 124.3-14606i1s,
8-9 days with RH >90% and 7-11 days with minimum
temperatures 20°C were observed (Table 1). Lower night
temperature, more number of days with minimum tewpe
ture < 20 °C and considerable differences were observed
between rainfall (32.3 mm less) and cloud amourttd@rs
more) during disease incidence period of blasoaspared
to non-blast years (Table 2).
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Persistence of cloudy days followed by clear nigtite no
rainfall favours nocturnal cooling and gives risecbpious
dew fall. For proper growth of mycelium a thin filof
water either from rain or dew for a prolonged péris
necessary for disease incidence and further spteads
observed that minimum temperature along with daige w
minimum temperatures 20 °C, rainfall and cloud cover
was all together important for the appearance anebsl of
blast. Absence of even a single favorable parametats
to the absence or less incidence and spread dfiskease.
If one of them was not favorable, the disease eitlier not
appear or spread further. Low night temperaturepsrted
to cause partial breakdown of resistance and cdissase
(Manibhushanro and Day 1972; Prasad and Rana 2002).
Occurrence of temperature of 20 to @tand relative hu-
midity of 90% had been reported to be favorable thar
blast development (Padmanabhan 1953). It was ofderv
that numbers of days with minimum temperatgr@0 °C
were more important than other weather parametéose
the number of days experienced the minimum temperat
below < 20° C higher will be the disease as seen that in
blast years, number of days with minimum tempeeatur
20°C were more as compared to non blast year.
Depending upon the prevailing weather conditiores th
first leaf symptoms of disease appeared generaltyden
the last week of July to the first week of Augughen the
crop was in the mid-tillering stage during 2004 2012
(Table 3).

Temperature during one week before incidence in blast
and non- blast years
Since date of disease incidence was variable every

year, maximum, minimum and mean temperature on& wee
before disease incidence as an important predisposi
weather parameter for both blast and non-blastsyeas
also analyzed. The average values are presenfeabie 4.

It was found that the maximum and mean temperainee
week before disease incidence was 24.5 and 2C.8e.,

1.8 and 1.2C lower than the non -blast years. Temperature
influenced both penetration and establishment ghasd
partially appeared to be more critical atZ5 (Kauret al.
1977). It was observed that resistance to blagbierned
not only by genetic factors but also by a set af/\@itical
environment factors including night temperaturatiarge
extent (Sadsivast al. 1971; Chakrabarti 1971).

Temperature during disease development phase during
blast and non blast years
There were no perceptible differences in maximum,

minimum and mean temperature during blast and non -
blast years during the disease development phadse(#).



Table 1. Weather parameters during individual rice blastyetring disease incidence period®t2&ly- 5" Aug)

Year Max Min Mean RH (%)  Rainfall Rainy Cloud Days Days with minimum
(°C) (°C) (°C) (mm) days (hrs) RH temperatures 20°C
>90%
1984 26.7 20.0 234 85 161.6 11 124.3 9 7
1992 25.1 18.2 21.7 82 331.6 11 146.6 8 11
Table 2. Weather parameters during disease incidence pe@®diuly- 5" Aug)
Particular Max Min Mean RH Rainfall  Rainy Cloud Days RH Days with minimum
(C) (%0 ) ()  (mm) days  (hrs) >90% temperatures 20°C
Blast year 25.9 19.1 215 54 246.6 11 135 9 9
N:;r blast 260 200 231 84 2789 10 126 7 7
Y

Table 3. Date of the disease appearance and developmere ghesion

Year Date of Disease incidence Disease development phase
2004 25" July 25" July-3d" August

2005 5" August 5"_29" August

2006 28" July 28" July- 3! August

2007 315 July 315 July-26" August
2008 1% August 15t 29" August

2009 3 August 39 _ 37 August

2010 2" August 2" . 30" August

2011 22" July 22" July- 239 August
2012 27" July 27" July -3d" August

Table 4. Temperature during disease incidence and develdapshaises

Particular Temperature®C) during one week before dis- Temperature®C) during
ease incidence phase disease development phase
Maximum Minimum Mean Maximum Minimum Mean
Blast year 245 19.1 21.8 25.8 194 22.6
Non blast year 26.3 19.7 23.0 26.0 194 22.8
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Weather during Kharif season in blast and non- blast
years

During individual blast year, maximum, minimum and
mean temperature varied between 25.5-25.9, 18 Bdrd]
22.2-22.8°C. Rainfall 1517-1827 mm, cloud cover 745-
697 hours, days with RH >90% 12-47 and days withimi
mum temperature 20°C 54-59 were observed. Lower day
and night temperature and higher rainfall and claombunt
in the season was observed during blast as comparezh
-blast years (Table 5). Besides minimum temperature
higher rainfall and more cloud cover was associatet
blast incidences. Minimum temperature and humidity
95% and above for week or more during susceptibbse
of crop was found to be associated with the blp&tesnic
(Padmanabhaet al. 1971). The mean maximum and mini-
mum temperatures, mean morning and evening relative
humidity, and rainy days per week were also rejgotebe
critical in mid hills of Himachal Pradesh by Kapoand
Kaundal (2007).

The main point emanated from the study indicatas th
warmer temperature during disease incidencedlaridg

the season as a whole was responsible for loweasis
incidence and further progress. In our earlieristit has
already been established that lower minimum tentpera
of 18-20 °C was responsible for the disease during the
tillering stage of rice crop (Anonymous 2012). bhemce
and further build up of the disease was the sulgjefetvor-
able weather parameters and not by date of sowivg h
ever higher dose of nitrogen caused higher disease
(particularly neck blast) in variety Hasan Saraivéurable
thermal regime and higher dose of nitrogen had kewe
the supplementary effect.

Conclusion

Lower day (24.2°C) and night (18.7C) temperature,
higher rainfall (136.7 mm more) and cloud amourit li2s
more) were observed during disease incidence peasfod
blast years as compared to non-blast years. Thémuax
and mean temperature one week before disease riceide
was 24.5 and 21.%, respectivelywhich is 1.8 and 1.2C
lower than the non-blast years. It indicates tharmer
temperature during disease incidence and duringehson
is responsible for lower disease incidence anchéurpro-
gress.

Table 5. Weather parameters duriktarif season (25June-# September)

Particular Max Min Mean RH Rainfall Rainy Cloud Days Days with minimum
(°C) °C) (°C) (%) (mm) days (hrs) RH temperatures 20°C
>90%
Blast year 25.8 19.1 225 79.3 1674.7 48.0 701.0 28.7 57
Non blast year 26.7 19.6 23.1 79.7 1365.0 53.8 643.1 29.41 45
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Abstract

The present investigation was carried out at Palerdpringrabi 2012 and 2013 to gather information on the natdirgeoe

action by following line x tester mating design @hwing five lines and three testers. The analy$igamiance revealed signifi-
cant differences among treatments for days to ntaoke curd maturity from date of transplanting,sgraveight per plant, mar-
ketable yield per plant, curd size index, curd Hepurd diameter, per cent marketable curds, &alith, number of leaves per
plant, plant height, harvest index, ascorbic acdtent and total soluble solids. The magnitude ahitiance variance was
higher than additive variance for all the traitsept curd depth and total soluble solids whichdatid the involvement of non-
additive gene action which could be utilized threube development of hybrids in cauliflower. A cdetp correspondence
was noticed between per cent contribution of linester interaction (crosses) and non-additive getien 62D), which reaf-

firm the importance of hybrids in cauliflower.

Key words: Cauliflower, gene action, GCA variance, SCA var@aaad line x tester

Cauliflower (@Brassica oleracea var. botrytis L.)
(2n=2x=18) belongs to the cole group of vegetabitesas
probably originated in the island of Cyprus fromend it
moved to other areas like Syria, Turkey, EgyplyJt&pain
and north-western Europe. Syria is considered tdhiee
place of origin for cauliflower. It is one of thenportant
winter vegetables grown throughout India. Today agno
cole crops, it occupies the pride place in Indiz dw its
delicious taste, flavour and being nutritive. Itshbeen
rightly described as aristocrat of vegetabless frown for
its white tender curd commonly used as a vegetdble,
curry, soup and for pickling. Cauliflower is a laalorie
food with good dietary fiber, abundant in vitamit, B,
A, K) and minerals like phosphorus, potassium, iogat¢

sodium, iron, manganese, magnesium and molybdenum.

The leading cauliflower producing countries in therld
are China, India, Spain, Italy and France. Indithes sec-
ond major cauliflower producing country after Chinahe
world and contributes 32 per cent in area and 3&@et in
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the world production share.

In India, cauliflower is cultivated in an area 964,200
ha with the production of 78,86,700 metric tonnes s
productivity is 19.6 metric tonnes/ ha (Anonymo@8.13),
but its potential productivity is 35-40 metric t@wtha and
maximum productivity of 45.25 metric tonnes/ha lween
achieved in New Zealand. In the country, area uhgbrids
in cauliflower is low as compared to open pollimhtend
unknown varieties. Thus, for increasing its proéhctand
productivity at par with advanced countries, depetent of
hybrids is need of the hour. Hybrids are preferogdr the
open pollinated varieties on account of their umifanatur-
ity, higher yield and better adaptability under exbe grow-
ing conditions. At present, the farmers are purctgpkybrid
seeds from the private firms at exorbitant ratestide over
the situation, there is a need to make concertéattefto
develop quality I hybrids with better productivity and
adaptability so as to make available their seedsedarmers
at a reasonable price.



An understanding of the gene action is a pre-réguis
for any successful plant breeding programme. Ireotd
exploit different types of gene actions preserthiz popu-
lation, information regarding relative magnitudegaetic
variances is essential. Investigation was undentakith
the objectives of gaining knowledge on these aspect
Among the different biometrical methods availatldede-
termine the genetic information, the “Line x TeStarat-
ing design as proposed by Kempthorne (1957) giees-c
parable estimate of the genetic make-up of genstypee
mating design is useful to identify the best gehecan-
biners and specific cross combinations amongstrge la
number of parent lines by attempting relativelyslasmber
of crosses as compared to other mating designs.

Materials and methods

In the present investigation, experimental material
comprised parents and 153sFproduced duringabi 2012
by crossing five diverse linegiz, DPCaY-2, DPCaY-3,
DPCaY-5, DPCaY-6 and DPCaY-9 with three testers,
namely DPCaY-4, DPCaY-8 and Palam Uphar. Variety
Palam Uphar (standard check-1) and Hybrid Madhuri
(standard check-2) were used as standard checkseXh
periment was laid out in randomized block desigthv@
replications at Palampur duringabi 2013. The spacing
between and within rows was 60 and 45 cm, resmbe

The observations were recorded on 10 competitiaatpl
in each entrty/replication. The characters studiece days
to marketable curd maturity from date of transpramt
gross weight per plant, marketable yield per plantd size
index, curd depth, curd diameter, per cent marketab
curds, stalk length, number of leaves per plangntpl
height, harvest index, ascorbic acid content atal 8plu-
ble solids. The data were subjected to estimatfoaddi-
tive and dominance components of variances anaemr
contribution of lines, testers and their interacticas per
the formulae suggested by Singh and Chaudhary §1977

Results and Discussion

Analysis of variance
The analysis of variance indicated significant efiff

ences among treatments for all the traits namedys do
marketable curd maturity from date of transplantiggpss
weight per plant, marketable yield per plant, csizk in-
dex, curd depth, curd diameter, per cent marketalnds,
stalk length, number of leaves per plant, planghigihar-
vest index, ascorbic acid content and total soldulkds
when tested against mean squares due to erronplied
that there was sufficient genetic variability amahg treat-
ments. The variances due to replications were fauod
significant for all traits studied except curd deftable 1).

Table 1. Analysis of variance for randomized block design

Source of variation

Trait Replication Treatment Error
2 23 46

Days to marketable curd maturity from date of tpdausting 417 357.24* 1.54
Gross weight per plant (g) 842.21 38364.16* 953.59
Marketable yield per plant (g) 1830.46 19072.78* 728.38
Curd size index (cA) 15.65 521.58* 5.29
Curd depth (cm) 0.56* 1.12* 0.13
Curd diameter (cm) 0.32 7.24* 0.40
Per cent marketable curds 4.95 43.44* 4.36
Stalk length (cm) 0.00008 1.18* 0.05
Number of leaves per plant 0.03 8.31* 0.99
Plant height (cm) 2.49 40.57* 1.49
Harvest index (%) 14.07 19.15* 4.95
Ascorbic acid content (mg/100g) 1.39 217.67* 1.05
Total soluble solids’@Brix) 0.02 0.65* 0.32

* Significant at P< 0.05

138



Estimates of genetic components of variance

An important step in a breeding programme is to
choose suitable breeding methodology for purposefut-
agement of generated variability which largely dejseon
the type of gene action in the population for ttaét tunder
genetic improvement (Cockerham, 1961; Sprague, )1966
Among the various designs developed for this pueplise
x tester method (Kempthorne, 1957) not only helps i
evaluating parents and crosses for combining wbiliit
also provides information on the nature of gen@aaton-
trolling the traits under consideration. The natafegene
action has been inferred from estimates of GCA &6d
variances. The estimates of general combiningtghifiri-
ances §°GCA (lines), o®GCA (testers) andc’GCA
(average)], specific combining ability variancegSCA),
additive variancesofA), dominance variancess{D) and
proportional contribution of lines, testers andittlterac-
tions to the total variances are presented in Tabl&€he
values of 6>SCA ranged from -0.04 (TSS) to 2641.09
(gross weight), whiles>’GCA (average) ranged from -1.15
(ascorbic acid content) to 456.23 (gross weighmtpla

The testers showed a high€iGCA than the lines for
days to marketable curd maturity from date of tphaust-
ing, gross weight per plant, marketable yield danp curd
size index, curd depth, curd diameter, per cenketable
curds, number of leaves per plant and plant heighéreas
o*GCA due to lines was higher than #&CA due to the
testers for traits, stalk length, harvest indexodsic acid
content and total soluble solids. This indicateat thoth
testers and lines have more diversity for the rethpe
traits.

The estimates 06°SCA were higher as compared to
6°GCA (average) for days to marketable curd maturity
from date of transplanting, gross weight per plamirket-
able yield per plant, curd size index, curd diameper
cent marketable curds, stalk length, number ofdeagver
plant, plant height, harvest index and ascorbid aointent
indicating the pre-dominant role of non-additivengeac-
tion governing these traits. For rest of the tra#&GCA
was higher thars®SCA. The traits in which®’SCA was
higher thanc®GCA (average)s°D was also higher than
6°A. The additive gene action was observed for cugpttid
and total soluble solids as reflected from theghler addi-
tive component of variance than the dominant corepbn
of variance. The higher magnitude 61D indicated the
involvement of non-additive gene action. Low to reate
heritability in narrow sense was observed, whicjgested
that heterosis breeding could be useful for obigitiigher
gains for the traits studied.
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Since, non additive gene action for most of thadra
has been found to be predominant, heterosis brgedin
prove to be an important tool in cauliflower impeowent.
However, for the traitwiz, curd depth and total soluble
solids, where additive variance is high, selectiam be
followed. These results are in close conformityhe find-
ings of Gangopadhayagt al. (1997), Garget al. (2003),
Singhet al. (2005), Jindal and Thakur (2005), Varalakshmi
(2009) and Verma and Kalia (2011).

Proportional contribution of lines, testers and their
interactions

The proportional contribution of lines ranged from
5.99 (gross weight) to 48.66 per cent (stalk lepgiihe
contribution of lines for marketable yield per plamas
13.95 per cent. The proportional contribution o$tées
ranged from 2.25 (ascorbic acid content) to 86.&8qgent
(days to marketable curd maturity from date of $pant-
ing), while contribution of testers for marketalyield per
plant was 70.70 per cent. Similarly, the proporiocontri-
bution of line x tester interactions ranged fror16(days
to marketable curd maturity from date of transptagjt to
69.39 per cent (ascorbic acid content). The comivh of
line x tester interactions for marketable curddipér plant
was 13.59 per cent (Table 2).

The contribution of lines was found to be highwart
individual contribution of testers and interactidmstween
line x tester for stalk length and total solubldid® The
contribution of testers was found to be higher timativid-
ual contribution of lines and line x tester for dag mar-
ketable curd maturity from date of transplantingoss
weight per plant, marketable yield per plant, ceizk in-
dex, curd depth, curd diameter, per cent marketeintds
and number of leaves. The contribution of line stae
interactions was found to be higher than individchtri-
bution of lines and testers for plant height, haniadex
and ascorbic acid content.

A complete correspondence was noticed between per
cent contribution of line x tester interaction &ses) and
non-additive gene actio{D). The results of gene action
studies reaffirm the importance of hybrids in céalver.
The estimates of GCA and SCA variances, additié)(
and dominant¢?D) components of variance and contribu-
tion of lines, testers and line x tester interattioevealed
that for most of the traits non additive gene actieas in
preponderance or in appreciable magnitude. Therefor
heterosis breeding will be a better option compaoeather
approaches . Curd depth and total soluble solidsbiing
additive gene action suggests the use of selettisegre-
gating populations to develop improved inbred lines



(%) suonoelial
-ul 191sal x aul|

8 JO  uonNQUIuod
81°0¢ 6€°69 A'WA L9917 60°0€ ¥2'9¢ 8¢l 8E€TZ €ECTT 606 6G°ET 1€€c 109 Jeuolliodouid
(%) s1o1581
0 JO  uonnquIuod
6L°E Gg'¢ 16°¢ 8£'8¢ Tv'vS 0T'S¢ .. <2129 9889 <Z¥ie8 'L 0L0L 8.'98 leuolilodoid
(%) saul|
JO  uonNQUIuod
cL’S. 9€'8¢ v€0€ G6'v¢C 6v'GT 998y 2.6 0S9T 1661 6¥'8 G6°ET 66°G 1¢°L Jeuolliodouid
8T°0 29°0- v1°0- 12°0 Ge0 600 659 7o 620 9¢'L €.°8¢ 6T°0€ 68°G 9JueApe J11BUBD
%
0 (8suas  moureu)
Z58'6¢e 68°€- oc'e- SS'v T09T 86'6T 0¢¢ 61T9C S¥9ov /8¢S VA A0i4 SG'ee SEY9 Airj1geltiaH
¥T'0- ey'sve T6'0T 8L°.T [AN4 /000 88Yv OTT T0°0 €0'/LL 02°'0281 LE'¥950T 90'9¢ a;°
S0°0 291 82°0- L0 LE0 ¢0'0 08¢ 620 80'0 00'.Lv 0’196 167281 L€'SC V0
¥0°0- Se'19 eLe Sty €90 ¢0'0 ¢¢T 820 €000 9¢6T S0'SSY 60°'T¥9¢ 169 VOS,°
(ebelane)
7100 ST'T- L0°0- rAN0] 60°0 G000 GS6'0 LOO 20’0 GL'TT seove €2°95Y €9 vV 0 9 , 9
9
€00°0- v.0T- 9/.°0- T 1¢T c00 0¢T 88°0 €20 €8.LvT 99'v/.8¢ 5,699 LL°6L (s1z159)) vI09,0
ST°0 G €E- ¥1°0- 1T°0 100 €00 448 80°0 ¥0°0 809 1€'87¢C Y'6.Lv- 8C°€ (saulp) V29,0
juau
-odwod 2nBuan
(%)
S Bunueld
(xug,) (6oot/bw) pino  (wo) (o) (6) -suel) Jo arep
spljos jua)l (%) (wo) wediad  (wo) a|q 191 (wo)  xapul (6) ued weid jad  wol Anrew
a|gnjos  -uod pioe xapur BBy seanes|jo ybus) wedY -awelp yidap azIs Jad pjaik wbram pind a|gelsy
felol J10J02SY  1SeAleH  ueld  JaquiNnN  3qeIS  -leN pIinD  pinD  pIinD  3|gelaiei SS0I9 -rew 0] shkeqg el

suonoelIalaYy] pue sI81sa) ‘Saul| Jo uoingLIuod feuangbpiue aduelleA Jo sjuauodwod dnauab Jo serewnsy ‘zajgqel

140



References

Anonymous 2013. Indian Horticulture Database. Nwio
Horticulture Board, Ministry of Agriculture, Govern
ment of India, Gurgaon, New Delhi

Cockerham CC 1961. Implication of genetic variarines
hybrid breeding programme. Crop Ski47-52.

Gangopadhyay KK, Gill HS and Sharma SR 1997. Hetero
sis and combining ability studies in early group of
Indian cauliflower involving self incompatible line
Veg. Sci.24: 26-28.

Garg N, Lal T and Vashisht VK 2003. Studies on comb
ing ability and gene action in Indian cauliflower
(Brassica oleracea var. botrytis L.). Crop Improv.30:
169-176.

Jindal SK and Thakur JC 2005. Genetic architectfre
quantitative characters in November maturity cauli-
flower. Crop Improv32: 92-94.

Kempthorne O 1957. An introduction to Genetic Stats.

141

John Wiley and Sons, New York, London pp 458-471.

Singh D, Varalakshmi B and Reddy MAN 20@Zombin-
ing ability studies in early caulifloweBassica ol-
eracea var.botrytisL.). Indian J. Hort62: 27-32.

Singh RK and Chaudhary BD 1977. Line x Tester asisly
Biometrical Methods in Quantitative Genetic Analy-
sis. Kalyani Publishers, Ludhiana pp 191-200.

Sprague GF 1966. Quantitative genetic in plant ower
ment. Proceeding of Symposium, The lowa State Uni-
versity, Amesiowa. pp 315-334.

Varalakshmi B 2009Heterosis and combining ability for
yield and its components in early cauliflowéndian
J. Hort.66: 198-203.

Verma VK and Kalia P 201X ombining ability studies in
early and mid-maturity CMS based cauliflower lines.
Indian J. Hort68: 503-506.



Himachal Journal of Agricultural Research 41(1): 142-145 (2015)

Genetic variability in biparental progenies of radish (Raphanus sativusL.)

K.S. Chandedl, Tirtha Raj Pokharel, Aanchal Chauhan, J. K. Sharma and R.K. Kataria
Department of Seed Science and Technology, CSK ¢haléPradesh Krishi Vishvavidyalaya, Palampur, HP,
dia-176062

Corresponding authokschandell2@gmail.com

Received: 20 July 2015; Accepted: 22 August 2015

Abstract

Biparental progenies (BIP’s) of inter-varietal gddino Early White x Pusa Himani (MEW x PH) of raeldiwere developed in
F, generation by utilizing North Carolina Design —Ilggested by Comstock and Robinson (1948 and 19%@®).analysis of
variance indicated significant differences among BiP's and k progenies for different horticultural and qualgggrameters
studied indicating the presence of good quantumaniability between BIP’s and §progenies. Biparental progenies when
compared with g progenies for their overall mean values reveakted former had greater means for most of the cltensac
except leaf weight, leaf length and nitrate cont&he biparental progenies resulted in creation ofengenetic variability by
breakage of both coupling and repulsion phase diekdhat conceal the genetic variability i1 Fhe phenotypic variability as
revealed by the coefficient of variation (%) wasaer in BIP progenies thag progenies. The superior performance of bipar-
ental and kgenerations revealed the breakage of undesiraikades and plateau effect for bringing further iomement in

radish.

Key words: Radish, biparental progenies, ffogenies, variability studies

Radish Raphanus sativus L.) is an important quick
growing, herbaceous root vegetable crop grown fer i
fresh edible roots throughout the world. It belotgshe
family Brassicaceae and is probably a native of Europe and
Asia. lts different preparations are useful in ngriliver
and gall bladder problems. Roots are also usetrdating
urinary complaints and piles (Hazeaal. 2013). Inspite of
its economic importance, no major strive has sobfsen
made for the improvement of its yield and qualiits. In
allogamous crops like radish, the general breegimge-
dures have been to select desired segregants i pfopu-
lation, followed by mass selection or combined nzedi-
gree selection in the subsequent generations.

These methods do not allow growing and testing of
large number of plants in,Fand succeeding generations.
These also do not permit repeated inter-crossingimred
for obtaining desired recombinants better in yehdl qual-
ity traits. Therefore, conventional breeding metlogdy is
inadequate to create maximum range of useful geneti
variability required for switching genetic amelitica
endeavour in any crop species for complex charditer
yield. Inter-mating of randomly selected plants may
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overcome these limitations to a considerable extgraccu-
mulating favourable alleles and breaking undesirdbik-
ages. This allows an additional cycle of recombimatead-
ing to transgressive segregants. The variabilityst gener-
ated by breaking undesirable linkages can effelgtive
utilized in the subsequent generations. Biparemiging in
early segregating generations would not only helpreating
new rare recombinants, but also retain greateabdity by
breaking tight and unfavourable linkages for sébecto be
effective for a longer period. Keeping in view thbove-
mentioned facts, the present investigation basebiparen-
tal and K progenies have been undertaken to obtain informa-
tion on the genetic architecture of root yield @omponent
traits in radish as suggested by Comstock and riRohi
(1948 and 1952).
Materialsand M ethods

The present investigation was carried out at Vddeta
Research Farm, CSKHPHYV, Palampur (H.P.) in Randedniz
Block Design (RBD) with three replications for rogeld,
quality traits and yield contributing componenihe experi-
mental material was developed from an inter-varietass
viz, Mino Early White x Pusa Himani (MEW x PHJhe



parents were selected based on their geneticallgrsi
origin involving Asiatic and European cultivars.

Biparental progenies were developed ingénerations of
the inter-varietal cross MEW x PH using North Caral
Design -l as suggested by Comstock and Robinso48(19
and 1952). The biparental progenies were developed
by designating four §plants as male parents and
crossing each of these to four plants selected as
females. The plants used as males and females
were chosen at random for the development of bi-
parental progenies and no seed parent was used in
more than one mating. The plants used in making
the biparental progenies were also selfed. Thus,
the family consisted ofixteen progenies (four in
each male group). TwentysFamilies werede-
veloped by selfing (4 males and 16 females). Theegx
ment comprised three such sets or a total of 48reipal
progenies and 60sFamilies. The data on BIP’s ang F
progenies were recorded for root yield, yield comgus

and quality parameters (Table 1).

The method of analysis of variance fol-
lowed was as proposed by Comstock and Rob-
inson (1948 and 1952). The standard errorsiof s
and &f were calculated as per formulae proposed by Moll
et al. (1960), whereas the standard errors %f and %
were calculated by the method proposed by PansS&alkd
hatme (1984). Expected gains from full-sib famibles-
tion were calculated as per procedure outlined dlyifson
et al. (1949).

Resultsand Discussion

The analysis of variance indicated significant efiff
ences among the BIP's and PBrogenies for different
growth, yield and quality traits studied exhibititige pres-
ence of good quantum of variability between BIRsl &3
progenies.

Biparental progenies when compared withgdroge-
nies for their overall mean valueis general, had greater
means for most of the characters (except leaf welghf
length and nitrate content) which may be duettore het-
erozygosity in the former (biparental) progenielse Bupe-
rior performance of biparental families seems tgbmar-
ily due to generation of more genetic variability treak-
age of both coupling and repulsion phase linkadnes t
conceal the genetic variability in,.FThe study confirms
the findings of Dadlanet al. (1983), Lalet al. (1990) in
cauliflower, Singh and Sharma (1983) in okra &dnar
(1997) in brinjal. Superior mean performance oPBI
over R self's would generally be expected when major
portion of total genetic variance is additivel auditive x
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additive type. In addition, even dominance and tapcs
components could play some role towards increagben
mean of BIP’s as compared tg $elf's. These results cor-
roborate with the findings of Kanwar and Korla (2p@nd
Kumar (1997) in brinjal.

The comparison of biparental and progenies for
root yield per plant revealed that the mean of BIf395.2
g) was significantly higher thansRFprogenies (319.39g) in
cross Mino Early White x Pusa Himani (MEW x PH)gSi
nificantly higher mean values were also observedase
BIP’s for root yield per plot, root weight, rootadneter,
root: top ratio, days taken to maturity and dry teraton-
tent. The ‘t’ ratio for leaf weight was negativedasignifi-
cant in cross Mino Early White x Pusa Himani. Thigy-
gests that it could be possible to isolate eadpggressive
segregants.

As regards the range in mean values for the various
characters (Table 1), it was observed that the Hoxakue
of the range was less in progenies compared to BIP’s
and the higher value was high in BIP’s as compa&oek;
progenies in most of the cases. Obviously, the qntam
of desirable variants increased in the BIP’s, whigls also
accompanied by an increase in the mean performasce
stated earlier. Similar results were also repoligdSingh
and Sharma (1983) in okra, Dadlagti al. (1983) and
Kumar (1997) in brinjal and Kanwar and Korla (2002)
cauliflower.

The phenotypic variability as revealed by the fioef
cient of variation (%), was greater in BIP progertiean i
progenies for most of the characters. This may be td
the breakage of both coupling and repulsion phiagade
in BIP’s. The superiority of BIP’s progenies overgroge-
nies with respect to coefficient of variation hdsoabeen
reported by Singh and Sharma (1983) in okra. Howeve
exceptions were noted in cross for root yield pet, poot
length and root: top ratio where the coefficienvafiation
was higher in k progenies than BIPs. These results sub-
stantiated the findings of Dadlaet al. (1983) who had
also reported superiority of;Fprogenies over BIP’s with
respect to coefficient of variation in cauliflower.

The BIP’s My x Fg, M1 X Fi7, M3 X Fg, M3 X Fg, M5 X
F4, M3 X F4p and M, X Fyg resulted in high mean values for
root yield, quality traits and yield contributingraponents.
The outstanding cross combinations wergx\Fg, M, X Fg
and M, x F;7 These combinations manifested increase in
root yield to the extent of 72.74, 60.91, 60.24%6.47,
110.95, 110.03% and 34.21, 25.02, 24.50% over ¢he r
spective parentgiz., Mino Early White (MEW), Pusa Hi-
mani (PH) and the;fproduced from them. The increase in
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root yield by them was 43.56, 33.73, 33.18% an@24.
16.32, 15.84% over,fand k generations, respectively.
On comparing the coefficient of variation for var
characters, it was observed that comparatively kjgén-
tum of phenotypic variability was observed in caseoot
yield per plot, root weight, root length, leaf weigroot:
top ratio and number of leaves. The limited vatigbfor
most of the characters, in parents probably reduftenar-
row coefficient of variation in BIP’s and;fprogenies. In
spite of this narrower variability, the increaseoot yield

in top 5% BIP's was remarkable as found in the fplan
breeding comparisons. Top 5% BIP’s were superided
corresponding top 5%;zMprogenies, original parents;'§
and R's progenies. Thus, the BIP’s assume importance in
the improvement of radish by breaking the platefiece
which has resulted due to fixation of genes andash
transgressive segregants are feasible in radistughr bi-
parental mating which could be utilized for the elep-
ment of high yielding and quality cultivars of radi
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Abstract

The Pong dam wetland is the largest man made vaethdistrict Kangra of Himachal Pradesh. This resi covers an area
of 24,529 ha. The local people adjoining the Porgjammd exploit the wetland for food grain produntiand fishing. Thus, it
provides significant role in their household systéfhe Department of Fisheries in Himachal Prade#aied commercial
fishing soon after the emergence of the resen®aanty attempts have been made in the past farag&in of economic bene-
fits accrued from the wetland. The present study earied out in Pong Dam wetland. The fishing lebotds were randomly
selected. The total cost of fish capture was INRIZ7 per fisherman. The fixed cost accounted fod4% of total cost. The
total variable cost incurred on fishing was INR 5®/fisherman/annum which accounted for 85.56%heftbtal cost. The
gross income obtained by a fisherman from fishirag WR 96552 per annum. The net return over vagiabkt and total cost
was positive indicating profitability of the fisharto the fishermen. The return on investment wa8.2Season wise fish catch
per fisherman was highest in winter (272.78 kg#ishan) followed by rainy (163.24 kg/fisherman) amoinmer (137.61 kg/
fisherman). The average production per day wasteb&g per fisherman. The fishermen share in coresisnnupees was high-
est (75%) in winter. The per kg expenditure incdrogy the contractor for marketing of fish was INR/Kg. Since the fishing
business is adopted by large population, theretbeeroyalty and commission charged from the fistesr need to be reduced.
The co-operative societies should provide facitifymechanized boating at subsidized rate to enhthreeefficiency and in-
come of the fishermen.

K ey words: Wetland, fish production, return, return on investity fishermen share in consumer’s rupees

Wetlands are recognized as the most productiveyseos
tem on the earth for their vital role in sustainiagvide
array of bio-diversity and providing goods and #=s to
the society. These support millions of people rmdy div-
ing in their periphery but outside the wetlands veel
(Katarina 2008). The Ministry of Environment andrésts,
Government of India, has declared at least 21 wedaf
national importance in the country. Out of thebeg¢ wet-
lands- Pong Dam, Renuka and Chandertal are situated
Himachal Pradesh. The state of Himachal Pradesi?has
natural wetlands covering an area of 15 kBesides, there
are 5 manmade wetlands covering an area of 722 Kne
Pong dam wetland located in district Kangra, is ohthe
largest man made wetland in Himachal Pradesh. @toh¢
ment area of the wetland is 12560%kmhis reservoir
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covers an area of 24,529 ha. The wetland portiathj§62
ha. Pong dam wetland was declared a Ramsar wesitend
on account of its rich waterfowl diversity and stisable use
of the wetland. The local people adjoining the Pamgland
exploit it for food grain production and fishinghdrefore, it
provides significant role in their household systdie De-
partment of Fisheries in Himachal Pradesh initiatechmer-
cial fishing soon after the emergence of the reservThe
exploitation of wetland is done in common propergy
sources regime. Due to the free ridership of weBarthe
pace of degradation is quite high. Scanty atterhat® been
made in the past for estimation of economic besmdfitm
this wetland. Therefore, in the present study, ttengt has
been made to study returns accrued to sample holdseh
from fisheries.



Materialsand M ethods
The present study was carried out in Pong Dam wet-

land located in Kangra district of Himachal Praddsiwvas
purposively selected to examine the benefits acctoghe
farmers of catchment area. Two-stage sampling desas
employed for the selection of sample. At first stamght
villages were randomly selected from the Pong daetr w
land. At the second stage the sample of ten holdehas
randomly drawn from each selected village. Thel tesa-
ple consists of 80 households. Both primary andrseary
data were collected in order to fulfill the specidibjectives
of the study. The primary data were collected otl de-
signed pre-tested schedule. The study was undertike
ing the agriculture year 2014-15. The suitable witall
tools were employed to analyze the data.

Results and Discussion

Fish production and revenue to Gover nment

The fish production, fish value and revenue to the
government have been presented in Table 1. It vbas o
served that there was no definite trend in productif fish
over the years. The production of fish ranged betw234
tonnes in 2008-09 to 391 tonnes during 2001-02. él@w
the value of fish increased over the years. Thig bedue
to increase in prices of the fish. The Hitml Pradesh

Table 1. Total fish catch, value and revenue from Pong veser

government earns income from fishing in the formraf-

alty, license fee and fish auction. There was asirgy
trend in the income of state Govt over the yeahe btal
revenue earned by the government increased from INR
30.79 lakhs during 2001-02 to INR 70.60 lakhs dyrin
2013-14 showing an increase of 129.30%.

The percent change in fish catch and revenue over
2001-02 has been presented in Table 2. It was wixber
that there was no definite trend in the decreasgraduc-
tion over 2001-02. The per cent decrease varieth fro
27.45 (2008-09) to -21.37 (2013-14). Over the ydhes
value of fish showed an increasing trend upto 204.3Fhe
value of fish during 2013-14 has increased by 13%A4r
2001-02. This may be due to increase in the pridebe
fish in the market. The total revenue which incldidey-
alty, license fee and fish auction fee also shoiwerkasing
trend over 2001-02.

Sacio-economic char acteristics of sampled farms

Socio-economic characteristio§ agricultural farmers
and fishermen according to gender, age, educatimh a
occupation are presented in Table 3. About 53% kainp
farms were in the working age group in case ofcadfiiral
farmers and 44% in case of fishermen. The averagy
size was estimated at 6.43 and 5.35, respectiVel liter-
acy rate of the sampled agricultural farmersfistermen

Particular Year

2001-02 2005-06 2008-09 2011-12 2013-14
Total fish catch (t) 390.90 306.40 283.60 286.00 307.36
Value of fish ( Lakh INR) 181.81 173.82 201.63 373.00 431.00
Royalty (Lakh INR) 27.31 26.07 30.23 55.91 64.66
License fee (Lakh INR) 1.75 1.75 1.88 2.39 2.62
Fish auctioned & other fees realized 1.47 1.54 2.23 2.13 3.29
(Lakh INR)
Total revenue (Lakh INR) 30.79 30.93 35.36 61.93 70.60
Table2. Per cent change in production value and total ree@ver 2001-02
Particular 2005-06 2008-09 2011-12 2013-14
Fish catch -21.62 -27.45 -26.84 -21.37
Value of fish -4.39 10.90 105.16 137.06
Total revenue 0.45 14.84 101.14 129.3
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was 82.46 and 74.25%, respectively, which was fotend
be higher among agricultural farmers compared gbeii-
men. Agricultural farmers (0.5 ha) have higher agersize
of holdings as compared to fishermen (0.07 ha).il&ilw,
total number of livestock in terms of standard aliomits
(SAUs) was found to be higher in agricultural farme
(4.67 SAU) as compared to fishermen (1.31 SAU). The
total income of INR 2,92,166 per farm for agricuitu
farmer was higher than fishermen (INR 1,41,802k dhta
clearly revealed that the different socio-econopacame-
ters were better for agricultural farmers than dishen
indicating the need for improvement of socio-ecormom
parameters of fishermen. Similar trend was notethfthe
studies conducted by Balachandetral. (2005) and Kal-
panaet al. (2007).

Table 3. Socio- economic profile of the sample farms

Particular Agricultural Fisher- Total
farmer men

Age group

(years)

<15 72 20 92
(18.60) (18.69) (18.62)

15-30 103 38 141
(26.61) (35.51) (28.54)

30-45 109 21 130
(28.17) (19.63) (26.32)

45-60 70 21 91
(18.09) (19.63) (18.42)

Above 60 33 7 40
(8.53) (6.54) (8.10)

Total 387 107 494
(100.00) (100.00)  (100.00)

Average family 6.43 5.35 6.18

size

Literacy rate 82.46 74.25 80.34

(%)

Av. land hold- 0.50 0.07 0.39

ing (ha)

Livestock size 4.67 131 3.84

(SAV)

Income /farm 2,92,166 1,41,802 2,54,575

Figures in parentheses indicate percentage
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Benefits from fisheries

Prior to the impoundment of the river Beas, a sibsi
tence fishery of inconsequential nature existeth@river
and adjoining streams. The average catch hardlgesbad
2-4 kg per fishermen daily. But with the formatiohthe
reservoir, a lucrative fishery started attractiagye number
of fishermen, who had no other viable means ofitieed.
The fishermen accounted about 30% of the total |adion
of catchment area. The fisheries department intidtain-
ing course for operating gears in the deeper wébersh-
ermen. This, inspired a large number of outseesdbus
communities to adopt fishing as a profession.

Season wise production

Season-wise fish production has been given in Table
4. The fish catch per fisherman was highest in avint
(272.78 kglfisherman) followed by rainy (163.24 kg/
fisherman) and summer (137.61 kg/fisherman) seasons
The average production per day was about 2 kgigleerf
man. The value of fish catch season-wise variegvédrt
INR 21,330 to INR 49,919. The total income perdishan
earned during the year was INR 96,552. Chauhan5)199
also reported similar results.

Table 4. Season wise fish production and income of sam-
ple fishermen (per fisherman)

Particular Summer Winter Rainy Total
Fish catch 1.50 1.80 2.67 1.99
Total (kg) 137.6 2727 163.2 573.6
Income (INR) 21330 49919 25303 96552

Cost and returnsfrom fishing

Cost and returns from fishing are presented in&&biThe
fixed cost was INR 6898, which accounted for 14.4df%
the total cost. The variable cost includes labgapair,
royalty and commission. The royalty and commission
fish production was paid to government by fishernigme
labour cost was 74% of the variable cost followgdré-
pairs (14.78%) and commission (7.46%). The totabbde
cost incurred on fishing was INR 40,579. The gioseme
obtained by a fisherman from fishing was INR 961 4¢@&r
annum. The net return over variable cost and tutsl was
positive indicating profitability of the fishing siness. The
return on investment was 2.03. This showed thhtrfgsin
the Pong dam reservoir was a profitable venture.



Table 5. Costs and returns from fishing by sample fisher-

men (INR/fisherman)

Particular Value  Percent-
(INR) age
A. Total fixed cost
Depreciation 4748 10.01
Interest on fixed capital 8% 2100 4.43
Sub total 6848 14.44
B. Variable cost
Repairs of boats and gill nets 6000 12.65
Labour 30000 63.26
Royalty to the government 1549 3.27
Commission to the co-operative 3030 6.39
society
Sub total 40579 85.56
C. Total cost 47427 100
D. Grosslncome 96431 -
E. Net Income over
i. Total cost 49004
ii. Variable cost 55852 -
iii. Returns on investment 2.03 -

Table 6. Marketing costs, marketing margins and price spread

M arketing costs, marketing margins and price spread

Table 6 shows that the net price received by thie- fi
ermen during summer and winter season was INR h@7 a
INR 150 per kg of fish, respectively. The fishernsdrare
in consumer’s rupees was highest (75%) in wintdére T
expenses incurred on marketing of fish include c@ssion
to co-operative society and fishery department. dimeunt
of expenses on these activities varied from INF54ér kg
in summer to INR 27.50 per kg in winter. The coctoas
selling price at markets was INR 175 and 200 peiirkg
summer and winter, respectively. The expenses ieduyy
contractor for marketing of the purchased fish udel la-
bour charges for weigh men, transportation, maf&es,
ice and other charges. The per kg expenditure iedusy
the contractor for marketing of fish was INR 11 jgrin
both seasons. The higher expenditure was on treiasipo
followed by ice charges.

Conclusion

The total cost of fish capturing was INR 47,427 per
fisherman. The gross income per fisherman was 18552
per annum. The net return was positive. The returrin-
vestment was 2.03. Fish catch was highest in wiritke
average production per day was about 2 kg perrfishe.
The royalty and commission charged from the fistegrm
need be reduced. There was need to provide meegthniz
boats to enhance the efficiency and income of fislea.

Functionary Summer Winter
INR/Kkg Per cent of total INR/kg Per cent of total
Net price received by the fishermen 127.00 72.50 150.00 75.00
Expenses incurred by fishermen 28.00 16.00 33.00 16.50
i. commission to co- operative society @3% 4.65 2.65 5.50 2.75
ii. commission to fisheries department @15% 23.35 13.34 27.50 13.75
Contractors purchase price 155.00 88.57 183.00 91.50
Expenses incurred by contractor 11.00 6.29 11.00 5.50
i. Ilce 2.00 1.14 2.00 1.00
ii. Labour charges for weigh men 1.50 0.86 1.50 0.75
iii. Transportation cost 5.00 2.86 5.00 2.50
iv. Market fees 0.50 0.29 0.50 0.25
v. Misc. charges 2.00 1.14 2.00 1.00
Contractors sale price 175.00 100.00 200.00 100.00
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Abstract

Survey to isolate and identify the entomopathogémigi associated with whitegrubs was conductedimachal Pradesh dur-
ing 2008 and 2009. The whitegrubs were collectethfi4 locations anBeauveria bassiana (Bals.) was found to be associated
with grubs ofBrahmina coriacea (Hope) in Shillaroo and Kheradhar areas. The farigfected grubs were observed only in
higher hills of Shimla and Sirmour districts. Atitdroo, 0.98% grubs oB. coriacea were observed to have fungal infection,
whereas at Kheradhar 20.2% of the grubs showed teynspof mycosis. When field collected grubs werared separately
location- wise in laboratory, very high percentafenycosis (55.29%) was recorded. Kheradhar antlaBto populations of
whitegrubs showed white muscardiane infestatioB.#2 and 5.27% of the grubs, respectively. Conidithe fungus were
globose to subglobose measuring 2.0-3.0x2.0-2.5Ipenbation of Shillaroo, Kheradhar, Kharapathad &olan isolates was
done at 20, 22 and 26 °C. After 15 days, the ragliawth of Shillaroo isolate d8. bassiana was recorded to be 7.66 cm as
compared to 7.60, 7.60 and 7.36 cm for KharapaBagn and Kheradhar isolates, respectively.

K ey words: Beauveria bassiana, Brahmina coriacea, entomopathogenic fungi, whitegrubs

Microbes are being exploited as alternatives amd-co
plimentary to chemical insecticides for the contbinsect
-pests. Among the various microbes, entomopathageni
fungi are considered as the best agents for whikegran-
agement (Chandedt al. 2005) because of their regular
multiplication due to good moisture available ire thoil.
There is great diversity of fungus-insect intemattiand

overlooked benefit of fungal pathogens infectingtpesects.
The search for and development of commercially leiab
entomopathogenic fungi entails several steps imetuola-
tion from the host insect, followed by studies @olegy and
physiology. In past years, attempts to use fungaraopa-
thogens for inundative releases, similar to useyoithetic
chemical insecticides, have frequently been unssfek

virtually all insect orders are susceptible to faindiseases.

Raiet al. (2014) reported that approximately 750 species of

fungi from about 90 genera have been documentdukto
entomopathogenic. However, only a few of these ispec
are currently being developed as pathogens agaisestt-
pests. Fungi are particularly important for contélCol-
eoptera, because viral and bacterial diseasesaaeeim
beetles (Hajek and Leger, 1994). The unique charauft
fungi as compared to bacteria and viruses is tteat pene-
trate through the insect cuticle, thus making tremvalu-
able biological control agents of whitegrubs. Innpays-
tems, a reduction in feeding in an infected hostis of the
first overt changes. This response provides often-
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(Chandel and Mehta 2005; Chandeél. 2005). So now it is
realized to harness the potential of local entortiuggenic
fungi. The main aim of this study was to advancelaowl-

edge of fungal diseases, in general, and usethiguin de-
veloping control strategies against whitegrubs Bans of
local entomopathogenic fungi.

Materialsand M ethods

Survey for entomopathogenic fungi (EPFs): Soil sampling
was done in different parts of Himachal Pradeshotal of

153 samples from 9 districts representing 14 Itieal(Table
1) were collected. The samples were taken fromeufit

habitatsviz. potato, ginger, pea, maize, cabbage and fruit
orchards. Although sampling was done throughioerityear,



but most of the samples were taken during July-Ndbes.
The grubs were collected by digging one cubic &efoil
carefully by shovel and then by searching it by chéor
larval, pupal and adult stages. At each site, mimn% soil
pits were dug. Information regarding location,talfe and
total and mycosed grubs was collected for each Eamp
The infested dead grubs were separated from hegitiys
and brought to the laboratory in individual plastials.
The healthy grubs were placed in plastic containers
groups of 40-50 with soil from the same collectsite.
Isolation and identification of fungi: The diseased grubs
showing white mycelial growth on their body wereedtly
used for isolation of fungi. The fugus infected lgguvere
surface sterilized by immersing them into sodium hy
pochloride (5%) for two minutes and then rinsechvgiter-
ile distilled water thrice under aseptic conditiofiben the
sterilized specimen was cut open in a sterile Pédte and
a small portion of infected tissue was streakedP@mA
slants; which were incubated at 28& for further growth.
After about 15 days of incubation, the purificatiohfun-
gal culture was done through streak plate methothof
full of fungal spores was streaked on PDA in Pplates
under aseptic conditions. These Petri plates wernebiated

at 264°C for 15-20 days, and after sporulation the fungus

was again transferred to PDA slants and maintained
incubator. The identification of fungus was donepbgpar-
ing the slides of the fungus and the final idecéifion was

collected only in high altitude areas. However, pent
infestation was recorded to be very low. At Sindb,
population of whitegrubs varied from 6 to 18 griibef,
however, only 0.98% of the grubs showed mycosibl@a
1). Kheradhar area in Sirmour district was ano#ratemic
pocket of whitegrubs anB. coriacea was by far the most
prevalent whitegrub species encountered in soilptiam
from potato fields. At Kheradhar, a total of 32Lilgs were
collected, out of which 20.2% were found to be dtdel
with the fungus. The dead grubs showed clear coipsy
toms of fungal infestations and their body was cleteby
covered with white growth of fungus (Fig. 1). At sto
other locations none of the collected grubs showsile
symptoms of fungal infestation irrespective oftatfie of
the area and species of whitegrubs. Farmers rasdre-
quent application of pesticides like chlorpyriphphprate,
Ridomil and Diathane M-45 to control various irtspests
and diseases and all these have antagonistic £Hgetinst
entomopathogenic fungi which seems to be the plessib
reason for low natural infestation of entomopatmige
fungi in soil arthropods like whitegrubs. When tfield
collected grubs were reared in laboratory at Palamp
many of the grubs died due to fungal infestatiomohg
Shillaroo culture, 5.27% of the grubs showed mydsir-
ing rearing in laboratory. Similarly, from Kheradt®&a72%
mycosis was observed under laboratory rearing. Hari(-
pathar population, 55.29% of the grubs were foumddd

confirmed at Department of Plant Pathology, CSKHPKV
Palampur. The pathogenicity was proved using second
instar grubs ofB. coriacea and Koch’s postulates were
proved.

due to infection. In laboratory, proper soil moistuvas
maintained through regular watering which provideeal
conditions for growth and conidia production of dus.
Cisneros and Vera (2000) also reported that mycelia

Effect of temperature on growth of B. bassiana: Four
strains ofB. bassiana isolated from Shillaroo, Kheradhar,
Kharapathar and Solan were taken for their growadies
at different temperatures. The growth and developiné
these four isolates were recorded at 20, 22 aniC26he
PDA medium from the flask was poured into Petritgda
and allowed to solidify. Small fungal discs (5 miarde-
ter) of different isolates were placed in the cemteeach
Petri plate (5 plates for each isolate) and theeplavere
incubated at 20, 22 and 36 in BOD incubator. Data on
radial growth of fungus were recorded at an inteofeb,
10 and 15 days. The statistical analysis was dor@oim-

pletely Randomized Design using computer based CPCS

software.
Results and Discussion
The whitegrubs were collected from 14 differentaloc

tions of Himachal PradesB. coriacea was found to be the
predominant species. The fungus infecgdbs were
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growth reactivates in fungus infested specimenswihey
are exposed to proper moisture conditions.

The data in Table 1 clearly showed that the fungus

occurs only in high hill temperate wet zone of Hainal
Pradesh. According to Muller-Kogler (1965), thezeit-
ics of fungi are usually associated with periochigth hu-
midity particularly, rainy periods. Germination gffores is
seriously affected, since most fungi germinate atlyery
high RH usually 90% or higher. Arthurs and Thomas
(2001) reported that the efficacy of fungal entoatbp-
gens is highly dependent on suitable climatic choas, in
particular the availability of a high level of enmnmental
moisture. In case oB. brongniartii, high soil moisture
(50% FC) favours the development of mycelia outsite
infected insect’'s body, whereas low moisture (25@) F
favours the production of conidia.
Isolation and identification of EPFs from whitegrubs

The fungus was isolated on PDA from field inéztt



Fig 1. (a) Healthy whitegrubs, and (b) fungal infectedtegrub

Table 1. Natural infection of entomopathogenic fungi in vehiirubs

Location Altitude Sampling Predominant species Total num- Mycosed grubs Mycosis
(m amsl) field ber of observed in (%)
grubs col- FelgT [ab  Field  Lab
lected

Shillaroo 2450 Potato B. coriacea 815 8 43 0.98 5.27

Kharapathar 2580 Potato B. coriacea, 85 0 47 0 55.29
Holotrichia sp.

Kufri 2500 Potato B. coriacea 28 0 0 0 0

Fagu 2650 Potato B. coriacea 105 0 0 0 0

Kheradhar 1950 Potato B. coriacea 321 65 28 202 8.72

Kheri 300 Maize Lepidiota stigma, 73 0 0 0 0
A. dimidiata

Sangrah 1800 Ginger H. longipennis 23 0 0 0 0

Janjehli 2200 Potato, Peas B. flavosericea 55 0 0 0 0

Baragaon 1835 Potato, Cabbage Melolontha sp. 107 0 2 0 1.86

Seobagh 2100 Fruit orchards B. coriacea, 61 0 0 0 0
B. crinicollis

Sangla 2580 Pea Melolontha sp. 12 0 0 0 0

Palampur 1110 Potato, Cabbage H. longipennis 45 0 0 0 0

Phulladhar 2250 Potato - 0 - - - -

Kamrah 2400 Potato - 0 - - - -
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whitegrubs. After purification, the fungus was itiéed as
Beauveria bassiana (Bals.). To test the pathogenicity of
collected isolates dB. bassiana, the grubs were dipped in
a spore suspension to facilitate better funguseinsentact.
After about 4 weeks, half of the treated whitegrualiesd
due to mycosis. There was no visible growth of fumgn
some dead grubs, especially where early mortalias w
recorded. This may be due to the reason that feeugete a
wide array of compounds that exhibit biologicaliwity
against insects (Vegt al. 2001).B. brongniartii produces
oosporein which affects enzymes functioning by redo
reactions and is effective against cockchafer kaféey et
al. 2001). Growth pattern on insect body was charaee
by formation of loose or tough mycelial mat withsbions
or areas of conidial structures. The conidia wenenéd
solitarily on a laterally proliferating conidiogem® cell
often showing a geniculate or zig-zag type of eldiog.
However, after 5-6 weeks, most of the grubs were@d
with white mat of mycelium. The globose shape aizé s
(2.0-3.3x 2.0-2.5 um) of conidia and shape anc:gire of
conidiogenous cells resembled the description gilbgn
Samson (1981).
Establishing the pathogenicity of B. bassiana against
whitegrubs

The pathogenicity of all four strains & bassiana
isolated from Shillaroo, Kheradhar, Kharapathar Sothn
was tested against second instar grulB. @briacea under
laboratory conditions at Palampur. The dose of eicin
was standardized to 401x¥16onidia/ml. The grubs were
given dip treatment in the conidial suspensionafoout 10
seconds. There was no mortality of grubs up to ysda
however, after about 2 weeks, 20% of mortality diiter
grubs was recorded with Shillaroo strain Bf bassiana.
After about 4 weeks, considerable mortality (77%gsw
recorded with all the strains. Prior to death, hgtegrubs
stopped feeding, turned sluggish and the growth aras
rested. After about 6 weeks, there was ldpweent of

Table 2. Effect of different temperatures on growthBassiana

white mycelial growth on the body of grubs. Where th
fungal infested grubs were dissected, their haesloras
completely filled with whitish fungal growth. Koch’pos-
tulates were proved to confirm the pathogenicitytlod
isolated fungusR. bassiana).
Effect of temperature on growth and development of B.
bassiana

Growth and sporulation of 4 isolates Bf bassiana
collected from Shillaroo, Kheradhar, Kharapathed &o-
lan was observed at 20 to 26. There was gradual in-
crease in radial growth of fungus with increasésimpera-
ture up to 26C as shown in Table 2. After 15 days of incu-
bation, the diameter of Shillaroo isolate was rdedrto be
7.66 cm.

B. bassiana strain obtained from Solan exhibited ra-
dial growth of less than 6.0 cm at 20. However, at 26
°C, both Solan and Shillaroo isolates were statiificat
par with each other. The Kharapather isolate showed
growth at par with Solan isolate both at 20 and’@2At
26 °C, the Kharapather and Solan isolates produced equa
growth (7.60 cm) and were at par with Shillaroolase.
There was lesser growth of Kheradhar isolate atthedl
temperatures as compared to all other isolates. offtie
mum temperature for growth and sporulationBofbassi-
ana has been reported to be ranging between 2630
(Kuberappa and Jayaramaiah 1987). Sheetrad. (1998)
demonstrated that temperature of°28is most favourable
for growth and sporulation oB. bassiana and M. ani-
sopliae. They observed gradual increase in growthBof
bassiana with temperature. The results in the present study
are totally in accordance with their findinggnong differ-
ent isolates, Shillaroo isolate showed significartigher
multiplication in terms of mycelium development. ih
higher multiplication of Shillaroo isolate may belated to
the virulence of the isolate and can cause earlyatity in
whitegrubs in high hills where average soil tempea
fluctuates between 20 to 26 during cropping period.

Strain Radial growth (cm) of fungus after 15 days of inatitn

20°C 22°C 26°C Mean
Shillaroo 6.19 6.90 7.66 6.92
Kharapather 5.80 6.10 7.60 6.50
Solan 5.93 6.19 7.60 6.57
Kheradhar 5.50 5.80 7.36 6.22
Mean 5.85 6.25 7.55
LSD (P=0.05) Strain Temperature Strain x Temperature

0.13 0.11 0.23
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Abstract

An anatomical and morphometrical study was undertabn the external and internal nares of 26 Gadees at Palampur
during 2013-15. The results of the study revedhed the nostrils were slit like in Gaddi sheep aitdated obliquely at rostral
most part of head. The mean length of the nostrdls 2.51+0.52 cm. The mean distance between trealdoommissures and
ventral commissures was 3.26+0.54 cm and 1.04x€n25espectively. Nasal cavity of sheep extendemhfexternal nares to
the chonae. The nasal cavity in Gaddi Sheep wasdao with the three nasal turbinate bones (chdganaedorsal, ventral and
middle. Length of the dorsal turbinates ranged fdhv0 cm to 12.80 cm in adult animal. The widthhaf dorsal turbinate had
range from1.90 to 2.70 cm with mean length of 2(B8&@ cm. The length of the ventral nasal turbimateged from 9.90 to

12.20 cm, whereas its width was from 2.40 to 350 ¢

Key words: External nares, internal nares, morphometry

Sheep Qvis aries) are quadrupedaluminant mam-
malstypically kept as livestock. Sheep are memberhef
order Artiodactyla, the double toed ungulates. $heep is
a multipurpose animal, which provides meat, milideh
and wool for human consumption and manure for e u
in improving soil fertility for crop production. Ifiachal
Pradesh contributes around 1.26% of the counthiegs
population 19" Livestock Census, 2012)n Himachal
Pradesh especially in Kangra, Kullu, Shimla, Sirmand
Chamba, we find more concentration of sheep of Gadd
breed. Here it plays a vital role in saving theaturnedu-
cated youths from unemploymeifihe importance of respi-
ratory system increases due to continuous migratibn
animals from low hills to the high Alpine pasturaad
back, depending upon the different seasons of¢he fhe
animals not only have to adjust their respiratiorihie dif-
ferent climatic zones but also have to deal withyivag
oxygen levels in the atmosphere. Although manyistud
have been conducted in the animals of plains bustille
lack scientifically documented studies on Gaddieghe
What so ever studies were conducted that wereténabid
parts. Therefore, efforts were made to study therpal
and internal nares of Gaddi sheep.
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Material and M ethods
Present study was conducted on adult, health@atili

sheep from slaughter house. Heads were immediatgty
lected after sacrifice. Sagittal and frontal sediof the head
were made. The frontal sections were made at thed taf
15t 39 4" palatel rugae, rostral margin of first cheek bpot
caudal to the third cheek tooth; caudal to thedhsek tooth;
anterior to the rostral margin of orbits. With tielp of hand
lens and naked eye the external nares, nasal cavétytur-
binate bones were examined to establish their eme#d
relations. The morphometrical parameters were ohzbr
with the help of digital Vernier's caliper. The datollected
were subjected to statistical analysis.

Results and Discussion

External Nares
Nostrils lead to the nasal cavity. The nostrils avslit like

(Plate-1) and situated obliquely at rostral most pahead.
The aperture was comparatively longer in lengtim ttieat of
goat as also observed by Singtaal. (2015) in goats. The
nostrils were comma shaped in ox (Hare, 1975b)fakuf
(Dhingra and Kumar, 1978) and dog (Hare, 1975hise
lunar in horse (Hare 1975a) and circular in pigréHB975c).
The planum nasai situated between the nostrilsdeasid of



hair as also observed in Bangal Goat and Garolepshg
Sinhaet al. (2015). Eshra and Badawy (2014) and Badawi
and Fateh El-bab (1974) stated that camel and shaép
slit like nostrils with rostro-medially directedrgitudinal
axis. The nostrils were bounded by medial and dht@lae
(wings). The wings met dorsally and ventrally tanfo
commissure or angles (Plate-1). The mean lengtthef
nostril was 2.51+2.12 cm (Table 1). The mean lerafth
nostrils of yak was 4.50+0.05 cm, whereas mithud an
zebu cattle nostrils measured 7.27+0.18 and 7.QG+0m,
respectively (Kalita and Kalita 2001). The mean thvidf
the nostril of Gaddi sheep at center was 0.41+0M2The
mean distance between the dorsal commissures artihive
commissures was 3.26+2.19 cm and 1.04+1.01 cmecesp
tively. Kalita and Kalita (2001) recorded the ddrspen-
ings of zebu, Mithun and Yak as 1.20+0.12 cm, 1202
cm and 8.80+0.06 cm and ventral openings as 2.66:+0.
2.60+0.12 and 2.80+0.06 cm, respectively. There n@a
clear line of demarcation between external nareksiter-
nal mucosa.

Nasal Cavity
Nasal cavity of sheep extended from external neres

the chonae. These were conical shaped passagef whic
were slightly bloated in the centre. Sharetaal. (1989)
made similar observation on Gaddi sheep. The rédfi®
nasal cavity was formed by nasal bone and the itaide

of the frontal bones. The nasal cavities were cetsp}
separated by the median nasal septum as obserGatlih
sheep (Sharmat al. 1989), Gaddi goat (Gupthal. 1992),
buffalo (Dhingra and Kumar, 1978), yak (Sharma and
Gupta, 1991), camel (Grossman 1960) and horse (Hare
1975a). However Hare (1975b) had reported thattsal
septum of ox remains separated from the nasal flodts
caudal thirds. In the dog, the division was alsmmplete
(Howard et al. 2013). The nasal septum of Gaddi sheep
was mainly cartilaginous, vomer, ethmoid and paéati
bones too contributed to its formation. Guptal. (1992)

had observed that median nasal septum was mainiy ca
laginous and small osseous part was formed by @thmo
and vomer bones in Gaddi Goat.

The nasal cavity in Gaddi Sheep had three nasal tur
binate bones (choanae)z. dorsal, ventral and middle.
These turbinates increased the surface area mhtsydeer
which the air passed in the nasal cavity. The daushin-
ate was the longest one. It extended from dorsalgiahe
ethmoid caudally to the level of first or secondae pala-
tine. Ganganailet al. (2004) agree with the present study
in sheep. Sharmet al. (1989) described that cranially dor-
sal turbinate extended up to the level of éamigioris in
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‘, .
Plate 1. Nostril of Gaddi Sheep. Dorsal commisqitg
Ventral commissure (B), Dorsal lamina (C), Ven-

tral Lamina (D)

L‘z

Tablel. Measurements of nostrils of Gaddi Sheep (N=16)

Parameter Mean +SE (mm)

Length (distance between dor- 25.15+0.52
sal commissure and ventral
commissure)

Width 4.13+0.10

Distance A (distance between 32.60+0.54
dorsal commissures)

Distance B (distance between 10.47+0.25
ventral commissures)

Height (distance between line 15.60+0.13
joining the dorsal commissures

and ventral commissures)

gaddi sheep. Guptat al. (1992) observed their cranial
extension up to the rostral end of nasal bone iddgoat.
Hare (1975) limited its rostral extent up to thestficheek
tooth in all the ruminants. Sharma and Gupta (1981)
served that the rostral limit of dorsal turbinakteaded up
to the nasal bones in Yak. It extended from thberifarm
plate of ethmoid bone up to th& #ransverse ruga of hard
palate in case of goat (Singh al. 1992). Length of the
dorsal turbinates ranged from 10.70 cm to 12.80icm
adult animal. The mean length of the dorsal turgina
Gaddi sheep was recorded as 12.13+0.61 cm. Thé widt
the dorsal turbinate ranged from1.90 to 2.70 cne iftean
length was recorded as 2.36+0.20 cm (Table 2). &ors
concha in Gaddi sheep was almost non-sinuoussatafird
last cheek tooth levels, but had wide sinus atetnel of 3¢
cheek tooth as reported by Sharehal. (1989). However,
Ganganailet al. (2004) observed that the narrow cavity of
dorsal sinus extended up to the level of mediathaen of
eye in sheep.



Table 2. Gross parameters of the nasal turbinates of Gaddi

sheep

Turbinate Mean + SE (cm)
Dorsal turbinate (L) 12.1140.12
Dorsal turbinate (W) 2.36+0.04
Ventral turbinate (L) 11.33+0.09
Ventral turbinate (W) 3.18+0.04
Middle turbinate (L) 5.23+0.04
Middle turbinate (W) 2.62+0.02

N=23, P value >0.10, Length (L), width (W)

Genioglossal M. ’

INasth.l‘l‘e\a"ms.“-—-—-‘. T v 9; ““-\ '

T
gy X

Plate 2. Sagittal section of the skull of Gaddi&heDorsal
turbinate (A), Ventral turbinate (B), Middle tur-
binate (C), Nasopharynx (D)

Plate 3. Transverse section of nasal cavity of GStidep.
Nasal septum (S), Dorsal nasal turbinate (D), Ven-
tral nasal Turbinate (V), Common nasal meatus

©).
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The ventral nasal turbinate was the largest ongat
fusiform in shape. It extended from the level &8feheek
tooth to the tip of the nasal bone and ended inealar
fold. Ganganaiket al. (2004) observed their limit from
third transverse ruga of hard palate to the levetaudal
face of second molar tooth in sheep. May (1970hdbit
between the sphenopalatine foramen to the rostcilo#
nasal bone. Hare (1975) reported it between theckeek
tooth to the nasoincisive bone. While in buffaldesvas
present at the level of third molar tooth (Dhingaad
Kumar, 1978). The length of the ventral nasal nate
ranged from 9.90 to 12.20 cm (mean 11.33+0.43 cm)
(Table 2), whereas its width ranged from 2.40 &03Xm
(mean3.18+0.21 cm). Its width started decreasirtp tie
appearance of middle concha, at the level‘béi3eek tooth
and diminished abruptly along the lateral and \a&ntrall
of the ethomoturbinates ventral to the frontal sintihe
lamina divided into two, the dorsal and ventralofler
(Plate 3). At the % cheek tooth level, the dorsal scroll had
one complete turn, while the ventral had only hath. At
the third cheek tooth level, the dorsal scroll Batbmplete
turns enclosing its double sinus whereas, the lzdrone
complete turn enclosing one sinus. Gangaea#. (2004)
reported that dorsal scroll had 1¥4 turn and waoidewf
conchal sinus whereas, the ventral scroll had I#eand it
enclosed a conchal sinus. Similar finding had breported
in goat (Singhet al. 1992). Guptat al. (1992) found that
the dorsal scroll had 2 turns and ventral scrodl h& turn
in Gaddi goat.

The middle or the ethmoidal turbinate was pyramidal
shaped structure having a shelf like arrangemétitge 2).

Its apex projected between the dorsal and ventratitae

at the level of % cheek tooth. The base lay along the cribri-
form plate of ethmoid bone, which correspondechtolast
cheek tooth ventrally and supraorbital foramen altys
May (1970) observed that the rostral limit of thkreotur-
binate was at the3cheek tooth level in sheep. Similar
observations were made in Gaddi goat by Guabtal.
(1992). The length and width of the ethmoidal todbée
ranged from 4.90 to 5.60 cm (mean, 5.23+0.19 cng) an
2.30 to 2.80 cm (mean, 2.62+0.02 cm), respecti{/Edyple-

2). There were six ectoturbinates and five enddtates in
Gaddi Sheep as also reported by Shasnal. (1989).
Guptaet al. (1992) reported 12 ectoturbinates and 4 endo-
turbinates in Gaddi goat. Singh al. (1992) reported 5-6
ectoturbinates and 9-10 endoturbinates in goah flog 6
ectoturbinates and 4 endoturbinates were preseswdlkl

et al. 2013).



The choanae (posterior nares) were oval shaped,
obliquely placed caudal openings of the nasopha&ghg
meatus into the pharynx. They laid in the centréhefhard
palate caudal to the last ruga at the level"8tBeek tooth.
These openings were bounded ventrally by hard @alad
dorsally by the fold of mucosa which extended frtme
ventral surface of vomer bone. They were sepdriom

the oral cavity by means of the palatine bone &edsbft
plate. A median nasopharyngeal septum hung dowm fro
the roof of the nasopharynx from th® 2heek tooth to the
level of pterigoid bone ventral to the sphenoid éadBimi-
lar description had been given in pig (Hare, 19%6a) dog
(Howardet al. 2013).
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Abstract

Aerobic rice is a method of rice cultivation in whithe crop is raised under un—puddle non-satuestenbic condition with
high external inputs with the objective of achigyimgher productivity and water use efficiency.i@ld experiment was con-
ducted duringharif 2012 at Malan to standardize seeding time fopsbmising rice varieties (four high yielding vares and
two locally recommended hybrids) under aerobic @mts. Each variety was sown at three differentedg10, 20 and 30
June). On an average, significantly higher gra@idyivas recorded when the sowing was done on 26 thaugh it was at par
with 10 June sowing. Among the varieties, on arraye hybrid PAC 807 gave significantly highest gi@llowed by Arize
6129. However, while comparing different combina®f seeding and variety altogether, Arize 6128 gsgnificantly high-
est yield when sown on 10 June. Among the HYV<tkshighest yield was recorded from HPR 1068 wHIRR 2143 gave
lowest yield. The economic indices calculated alsowed similar trend with hybrids showing highelues for gross and net
return but had lower B:C ratio owing to the highest of seed.

Key words. Aerobic rice, date of sowing, variety

Rice Qryza sativa L.) is the most important cereal
crop of the country. It is cultivated on an aread8t42
million hectare with an average productivity of 22@ ha
! (Anonymous 2014a). It is a staple food for majodit the
population of Himachal Pradesh where it is cultxabn
an area of about 76.34 thousand hectare with ptivityc
of 1736 kg/ha (Anonymous 2014b). Rice is mostlywgro
under submerged condition which results in very \oater
use efficiency besides ecological consequences et
sion of green house gases. With the global watisiscr
looming large due to increasing alternate demaadsvé-
ter, it has become imperative to develop technelmdghat
produce rice using lower quantities of water (Booma
2001). Aerobic rice is water saving rice productgystem
in which the crop is grown in non — puddled aerainds
under irrigation and high external inputs (Bourreinal
2002). This system of rice cultivation saves wateelimi-
nating wetland preparation (water required for pundgl
necessary to avoid seepage and pemolatind by
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reducing evaporation. In this system the crop ésjdiently
irrigated to keep the moisture content betweenrtD 0%
of water holding capacity throughout the crop groyvsea-
son. However, to make this technology viable, slit@ack-
age of practices need to be developed for varimesgrow-
ing areas. Considering the above facts, the préseestiga-
tion was carried out to find out optimum seedingetifor
different promising varieties of rice for realizinigigher
yields under aerobic condition.

A field experiment was conducted at the Experimenta
Farm of Rice and Wheat Research Centre, Malan glurin

kharif 2012 to see the performance of different riceetas
grown at different dates of sowing under aerobieditons.
The soil of the experimental site was silty clagroin tex-
ture, acidic in reaction (pH 5.7) with availabletragen,
phosphorus and potassium content of 322 kg/ha, &#la
and 236 kg/ha, respectively. Six varieties (four \KWiz

HPR1156, HPR 1068, HPR 2143 and RP 2421 along with

two locally recommended hybrids Arize 6129 and F302)



were sown at three different dates (10, 20 and WB@&)J
The experiment was laid out in split plot designthwdates
of sowing in main plot and varieties in sub plothwihree
replications. The seed was treated with carbendézitng/

kg seed) and then soaked in water for 10 hours\i@itl by
incubation for 12 hours. Seeds were then dibbtedell

leveled seedbed at a spacing of 20 cm x 10 cm wsBegd
rate of 40 kg/ha. Thinning/gap filling was donel&tdays
after sowing (DAS) to obtain optimum plant popwati To

manage the weeds, pre—emergence application oftiata

(1.5 kg/ha) was done at 3 DAS followed by one hand

weeding at 40 DAS. The crop was fertilized withaee
mended dose of fertilizers (90:40:40) with entiesel of

phosphorus and potash along with 50% of recommended

nitrogen at sowing. Remaining nitrogen was appietivo

equal splits at active tillering and panicle iniba stages.
Irrigation was applied immediately after sowinghasten
the germination and crop establishment. Subsequraga-

tions were provided as and when required so asafotain

the field at near saturation without stagnationtaDaere
recorded on yield and vyield attributes and subgkdi®
analyses of variance with mean comparison at 5%l lefs
significance. The economic indices were workedlasged
on the prevailing local market prices.

Significantly higher grain yield was recorded when
the crop was sown on 20 June. Though, it was atvthr
the 10 June sowing date. Sowing on 30 June gawifisig
cantly lowest yield (Table 1). The results are agmformity
with the findings of Naiket al. (2015) who also recorded
highest yield when the aerobic rice was sown orJuige
with decline in yield with each successive dats@iving.
The lowest yield recorded from the last date ofiagw30
June) was due to the lowest number of paniclesihe
reduction in number of productive tillers due tdaged
sowing has also been reported by Dawadi and Chaydha
(2013). Amongst the varieties tested significaritighest
grain yield was recorded from hybrid PAC 807 folexhby
hybrid Arize 6129. Amongst the different HYVs evated
highest yield was obtained from HPR 1068. HPR 2143
gave significantly lower yield, though it was at path RP
2421. The higher yield of hybrids was mainly dudigher
panicle weight. Similar results showing the supdty of
hybrids when grown under aerobic conditions haw® al
been reported by Ningaragt al. (2015). The interaction
between the dates of sowing and varieties wasfeignt
for grain yield (Table 2). At the first date ofweing (10
June), hybrid Arize 6129 resulted in highest yielbich
was even significantly higher than the grain yieldorded

Table 1. Effect of varieties and date of sowing on the yigtlibutes, yield and economics of aerobic rice

Treatment Panicles/m Panicle  Grain yield Cost of Gross Netreturn  B:C ratio

weight (t/ha) cultivation return (INR/ha)

(9) (INR/ha) (INR/ha)

Date of sowing
10 June 322 1.85 3.93 26653 64540 37887 1.42
20 June 332 1.92 4.16 26653 68855 42202 1.58
30June 277 1.82 3.33 26653 54315 27662 1.04
CD (P =0.05) 15.32 NS 0.36 - - - -
Variety
HPR 1156 329 1.56 3.53 25080 59600 34610 1.38
HPR 1068 305 1.92 3.83 25080 61990 36910 1.47
HPR 2143 262 1.89 3.32 25080 53335 28255 1.13
RP 2421 346 1.54 3.53 25080 60140 35060 1.40
ARIZE 6129 299 211 4.19 29800 68945 39145 1.31
PAC 807 321 2.16 4.45 29800 71450 41650 1.40
LSD (P =0.05) 17.36 0.18 0.23 - - - -
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Table 2. Interaction effect of date of sowing and variety on
yield of aerobic rice

Variety Date of sowing

10 June 20 June 30 June Mean
HPR 1156 2.97 4.11 3.51 3.53
HPR 1068 4.04 4.16 3.28 3.83
HPR 2143 3.07 3.53 3.36 3.32
RP 2421 3.80 4.09 2.68 3.53
ARIZE 6129 5.36 4.48 2.73 4.19
PAC 807 4.36 4.58 4.42 4.45
Mean 3.93 4.16 3.33
LSD (P = 0.05)
Date at same or different variety 0.40
Variety at same date 0.44

from all other varieties tested. However, this &byi
showed a decline in yield with each subsequent déte
sowing with significantly lowest yield recorded whéhe
crop was sown on 30 June. This was probably duedo
long duration nature of this variety with yieldslveed due
to exposure to low temperatures at the time ofngfiling
and maturity in later dates of sowing. Cantrto this

hybrid PAC 807, which is a short duration hybridveg
yields that were at par at all three dates of sgwith
highest yield recorded from 20 June sowing. The KHYV
also behaved in a similar manner with all the H\Qigng
higher yields when sown on 20 June as comparedhtr o
two dates of sowing.

The economic indices calculated for various treat-
ments have been given in Table 1. The gross retsimmell
as net return followed the same trend as that efgttain
yield with highest values recorded from hybrid PAG-
lowed by Arize 6129. HPR 1068 gave highest values
amongst the HYVs. However B:C ratio showed a défifeer
trend with highest value recorded from HPR 106& 7).
with hybrids showing lower values. This lower valine
hybrids was due to the higher cost of seed whishlted in
higher cost of cultivation for these varieties. Armget the
different dates of sowing, 20 June sowing gave désgh
gross return, net return and B:C ratio while loweslues
for all these indices was recorded when the crop seavn
on 30 June.

From the above study it can be concluded that m ge
eral 20 June is the best time for sowing of aerolue.
Sowing later than this date should be avoided. Alsth
the recommended hybrids (PAC 807 and Arize 6129 ga
higher yield under aerobic conditions while HPR 806
proved to be better amongst the HYVs tested. Iffénm-
ers are to use hybrid Arize 6129, its sowing shawdtibe
delayed beyond 10 June.
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Abstract

Correlation and path coefficient among eleven agosphometric traits of forty maize inbred lines (@®M lines and 26 non-
QPM lines) grown duringharif 2011 were studied. Correlation analysis revealatdhain yield exhibited significant positive
association with 100-seed weight implying that ioy@ment in grain yield can be obtained by improving latter. Further,
path coefficient analysis partitioned the correlatinto direct and indirect effects. Path analysisaled highest positive direct
effect of days to 50% silking on grain yield, falted by cob girth and 100-seed weight; hence selettased on these charac-
ters would be more rewarding.

K ey words: Maize, agro-morphometric traits, correlation, patialysis

Maize (Zea mays L.) belongs to the tribe Maydeae of
the grass family Poaceae. The geiea consists of four
species, of whiclZ. mays L. is economically important and
is one of the nature’s most efficient energy-stpraereal.
It has the highest potential for carbohydrate potida per
unit area per day. It is a major food and caloderse for
the people in the developing world, with a totakdt con-
sumption of 100 mt as food, contributing 15% of pre-
tein and 19% of the calories delivered from fooops: The
crop improvement efforts are directed to incre&segrain
production. Grain yield is a complex trait conditdal by
the interaction of various growth and physiologipabc-
esses throughout the life cycle. A rational cha@iteharac-
ters on which selection is to be exercised for &ighelds
requires an understanding of the association ofaciers
with yield and among themselves. Further path @oefft
analysis is an efficient tool to elucidate the dirend indi-
rect effect of each character towards yield. Hettoe pre-
sent investigation was taken up to study the astoni of

yield and its component traits in maize

The study was carried out at the Experimental Fafrm
the Department of Crop Improvement, College of Agji
ture, CSK HPKV, Palampur (32°6’ N latitude§°3’ E
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longitude and 1290.8 m altitude) during 2011. Thpesi-
mental material consisted of 40 maize inbred limdsch
comprised of 14 QPM lines and 26 non-QPM lines s@gn
in a-RBD design with three replications (five blocksr pe
replication and eight entries per block with plizesof 3.0 x
1.2 nf) at row to row and plant to plant distance of 60 ¢
and 20 cm, respectively (having 2 rows/plot). Rec@nded
cultural practices were followed to raise the créflant
height, cob placement height, cob length, cob gikérnel
rows per ear, grains per row and 100-seed weighé e
corded on ten randomly selected plants in each @odin
yield was harvested from net plot. Days to 50%eokhed,
50% silking and 75% maturity were recorded on plasis.
The phenotypic [k (P)] and genotypic [r12 (G)] correlation
coefficients were calculated as per formulae suggesy Al
-Jibouriet al. (1958).

r2. (P) = $12/ V[ 32p (Xy) % 52p (X21
2. (G) = g1 V[S% (X1) X 4 (X2) |

Where,
$p12= phenotypic covariance between charactarand X%
Sy12= genotypic covariance between characterand X%



&p(X1) and §,(X,) = phenotypic variance of traits;Xand
X, respectively
4(X1) and §4(X,) = genotypic variance of traits;Xand
X, respectively
The path coefficient analysis was performed accord-
ing to Dewey and Lu (1959).

Pyl + P}é.l’lz + Pyg,.l'lg F o + Py1.|'1n =Iyr
Pyl.rlg + P)Q + Pyg,.l'zg F o + Py1.|'2n =1y>
Pyi.ri3+ Pyoras + Py + o e + Py.rsn =1y
Py1.r1n + PYouron + P¥slan e + PY.ln-n = My
Where,

Pyi, Py, Py v Py, are the direct path effects of
1,2,3, .......... , h variables on the dependent véziagh

112, T131 e enninninnns r (n-1) n are the coefficients of correla-

tion between various independent variables angd my,
Y3, cereriiieennnns ryn are the correlation coefficients of
independent variables with dependent variable ‘y'.

The variation in the dependent variable which re-
mained undetermined was assumed to be due to lewiab
(s) not included in the present investigation. Tegree of
determination of such variables was calculatecbavis:

Residual effect (P x R) #1 — R)

where,
n
R= ) pyly
i=1
where,

R? is the squared multiple correlation coefficientdan
is the amount of variation in the yield that caralseounted
for any yield component characters. Morphologicalt$
were measured based on maize descriptors develmped
the Biodiversity International.

The estimates of phenotypic and genotypic cortati
coefficients among yield and yield attributes arespnted
in Table 1. The estimates of genotypic correlatiomgen-
eral, were higher than their respective phenotygpicela-
tions for most of the traits, indicating that timerrrelation-
ships were strongly inherent. The low phenotypipreg-
sion was due to environmental factors.

Days to 50% pollen shed exhibited a significant and
positive association with 50% silking and 75% misjur
Similarly, significant positive correlation was alsob-
served for 50% silking with 75% maturity indicatitigat
selection for early silking would be sufficient identify
the earliness in maturity which would ultimatelysué in
higher yield. Grain yield showed significant pogdticorre-
lation with 100-seed weight indicating that thiaittcan be
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considered for effective selection. The grain yietas also
positively correlated with all the other traits.uL{1997)
also reported positive correlation between graildyand
seed weight. Similar results were reported eaitianaize
by Kaundal and Sharma (2005), Raéigal. (2010) and
Zarei et al. (2012) which were in confirmation with the
present study. Whereas, Barres al. (2010) observed
negative correlation between grain yield and daysilk-
ing, this was not in accordance with the presamiystas
these traits were positively correlated.

Path coefficient analysis (Table 2) provides better
means for selection by resolving the correlatioafficient
of yield and its components into direct and indireffects.
In the present study, six traitéz., days to 50% silking,
plant height, cob placement height, 100-seed weigbih
girth and grains per row exhibited positive cortiela with
grain yield Whereas, days to 50% pollen shed, 75% matur-
ity, cob length and kernel rows per ear exhibitegative
correlation with grain yield. Geetha and Jayararfz400)
reported that number of grains per row exerted xmam
direct effect on grain yield. However, in the prsstudy
the direct and indirect contribution of correlatimevealed
the high positive direct effect of days to 50% isitk only,
so this trait may be given more emphasis for siglgdtigh
yielding maize genotypes.

The high positive direct effect of days to 50% isitk
on yield was also reported by Kumar and Singh (2004
which were in confirmation with present study. Fréime
present study it can be inferred that the traitsashg posi-
tive direct effects on correlation with grain yidtdve low
direct values, indicating that selection basedhmsé traits
for increasing the grain yield would not be effeeti
Whereas, their indirect effects through days to S0%éng
were high, therefore 50% pollen shed, 75% matudbh
placement height and 100-seed weight contributeli in
rectly through days to 50% silking which means thatse
traits act as precursors for other traits and seleon their
basis would help in increasing the grain yield @liza.
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Abstract

Forty inbred lines of maize were indexed againsided leaf and sheath blight (BLSB) causedRhizoctonia solani f. sp.sa-
sakii. The lines werartificially inoculatedunder pot culture conditions. Out of forty, fonbred linesviz., BAJIM08-90-1-6-
1, BAJIM 6128, CML437-B-B, and CML 164 were founighly resistant (HR) with disease score of 1. Beaudakka 1, HKI
488, HKI 1105, CML 165, CML 336, CML 439, CML 43BML 6, CML414, L 292, CML 437-B-B, L 265, BAJIM 960-5,
CML 460, Sarhad-HSRB, LM 13, VQL 2, CML 169, and HK62 were rated as resistant with disease scoBe dhe remain-

ing inbred lines were highly susceptible.

Key words: Reaction, maize inbred lines/hybrids, BLI®jzoctonia solani f. sp.sasakii

Maize ea mays L.) is an important cereal crop
contributing towards world agricultural economy fasd,
feed and industrial products. Banded leaf and Bhigléght
(BLSB) of maize is caused by a destructive andaties
pathogenRhizoctonia solani f. sp. sasakii. The disease
causes huge crop losses in terms of grain and stield/
ranging from 11.0 to 40.0% (Singh and Sharma 1978).
India, this disease was first reported from Taegjion of
Uttar Pradesh (Payak and Renfro 1966). AfterwaPayak

ground and eventually spreads to the ear causingpeeEar
rot is characterized by light brown, cottony myaetlion the
ear and the presence of small, round, black s&erdhe
pure cultures oRhizoctonia solani f. sp.sasakii are shown in
Plate 2.

Evaluation of maize germplasm
Artificial inoculation

Forty maize inbred lines procured from Hill Agrieul

and Sharma (1981) reported the disease from Madhya tural Research and Extension Centre, Bajaura wexe:@ed

Pradesh, Rajasthan, Haryana,
Pradesh. With the introduction of maize hybrids ths-
ease has become a major constraint for maize ptioduin

the state. Since the pathogen is soil borne, theage starts
from first leaf sheath to upward and even uptodhes to
cause maximum damage. Warm-humid weather favours
the development and spread of the disease. Annmyi
temperature of about 28°C with relative hu-midit§8%6
favours rapid disease progress (Sharma 2005). atiop
gen is characterized by formation of dull brownesatia

on the host (Plate 1). Characteristic symptomsuteicon-
centric bands and rings on infected sheaths andedea
which are brown, tan or grey in color. The disestsats
appearing on the first and second leaf tbhafaove the
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Punjab and Himachal against BLSB under pot culture conditions in thevgh

chamber of the Department of Plant Pathology, CO8K
HPKV, Palampur with susceptible cultivar ‘Kanchas a
check. Five seeds of each entry were sown in awibt
three replications. Pots were marked with levedrtfies and
kept in the green house. Twelve days old culturig. @blani

f. sp.sasakii was mass multiplied in potato broth for inocu-
lum production. Maize seedlings were artificialiyotulated
with cotton bits (dipped in inoculum of the casfuaigus) on
the axial of leaf sheath and blade. Pots were aglyusprin-
kled with water to maintain moisture. Watering tdrgs was
done regularly twice a day in the morning and evenirhe
germinating seedlings of maize entry were covereth w
polythene bags having pores to maintain humidity%8



uniform

Plate 2. Cultures ofRhizoctonia solani f. sp. ssakii
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After 20 days of inoculation, when seedlings col-
lapsed completely in susceptible cultivar ‘Kanchaséta
were recorded for BLSB using 0-9 scale given by @an
and Dai (2001) to work out per cent disease in®) as
follows:

Sum of all ratings of diseaseditiags

PDI = x 100
Total number of observations x higlrasing
Disease PDI Symptom of disease Reac-
score tion
0 0 No |
1 0.1-20 Disease spots belod’ 4 HR
sheath under ear
3 20.1-40 Disease spots below 3rd R
sheath under ear
5 40.1-60 Disease spots below 2nd MR
sheath under ear
7 60.1-80 Disease spots belo# 1 S
sheath under ear
9 80.1- 100 Disease spots over sheathsHS

under ear

I = Immune, HR = highly resistant, R = resistantR M moder-
ately resistant, S = susceptible, HS = highly spticke.

Reactions of maizeinbred lines

Reactions of maize inbred lines agaif$tizoctonia
solani. f. sp.sasakii are presented in the Table 1. Four
inbred lines viz, BAJIM08-90-1-6-1, BAJIM 6128,
CML437-B-B, and CML 164 were found highly resistant
with disease score of 1. The inbred lindg Bajuara
Makka 1, HKI 488, HKI 1105, CML 165, CML 336, CML
439, CML 437, BML 6, CML414, L 292, CML 437-B-B, L
265, BAJIM 95-60-5, CML 460, Sarhad-HSRB, LM 13,
VQL 2, CML 169, and HKI 162 were rated as resistant
with disease score of 3.

Maize lines HKI 164-4 (1-3)-2, BAJIM 08-2, BAJIM
6130, B 57, L 290, CML 466, CML 460, LQPM 30,
LQPM 34-1 and VQL 1 fell under the disease scoré of
and rated as moderately resistant. All others \waseepti-
ble (DMRQPM 60, Bajuara Makka, Girija and Early Gom
posite) or highly susceptible (BAJIM-2780, BAJIM BR
and BAJIM 3396). The results of disease score ofoge
types/inbred lines were also shown in the Plate 3.

Kar (1998) reported inbred maize lines CM117 and
CM211 as resistant to banded leaf and sheath himited
by R. solani f. sp sasakii and Bhavana and Gadag (2009)
also reported inbred lines Pop 145 and Suwan-1 gh
degree of tolerance to BLSB.

Plate 3. Reactions of maize lines & solani f. sp.sasakii under potconditions
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Tablel. Reactions of maize lines Rhizoctonia solani f. sp.sasakii under potonditions

Disease score Genotype Reaction

0 No Immune (1)

1 BAJIM08-90-1-6-1, BAJIM 6128, CML437-B-B and CM164 Highly Resistant (HR)

3 Bajuara Makka 1, HKI 488, HKI 1105, CML 165, CM336, Resistant (R)
CML 439, CML 437, BML 6, CML414, L 292, CML 437-B;B
L 265, BAJIM 95-60-5, CML 460, Sarhad-HSRB, LM 2MQL

5 HKI 164-4 (1-3)-2, BAJIM 08-2, BAJIM 6130, B 57, 290, Moderately Resistant (MR)
CML 466, CML 460, LQPM 30, LQPM 34-1 and VQL 1

7 DMRQPM 60, Bajuara Makka, Girija and Early Comipos Susceotible (S)

9 BAJIM-2780, BAJIM 8211 and BAJIM 3396 Highly Sestible (HS)
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Abstract

A field experiment was conducted during summer 28tdighland Agricultural Research and Extension Cer@8K
Himachal Pradesh Krishi Vishvavidyalay@kumseri to study the effect of post-emergencéibitesviz. imazethapyr
50 and 80 g/ha, pendimethalin + imazethapyr 9001280 g/ha, imazethapyr + imazamox 50 and 75 gideckbdinafop 60 g/
ha in relation to pre-emergence pendimethalin I@8a and hand weeding twice on weeds and yieldeandomics of garden
pea.Digitaria sanguinalis L. was the predominant grass weed wiGlenopodium album L., Chenopodium botrys L., Gallin-
soga parviflora L. and Malva parviflora L. were the major broad-leaf weeds. Pendimethalir2@0 Iy/ha significantly reduced
weed density and dry weight. This was followed bndh weeding twice (30 and 60 DAS). Pendimethakulted in maximum
weed control efficiency (65.81%) and herbicide@éincy index (74.13%) and was followed by clodimaé® g/ha. Pod weight
was not significantly affected. The highest podsipl green pods yield (2833 kg/ha), crop produsti(d1.06 kg/ha/day), net
returns § 76294/ha), crop profitability?(1105.71/ha/day) and B:C ratio (3.06) were recomgieder pendimethalin 1200 g/ha.
Clodinafop 60 g/ha and hand weeding twice had equodk/plant and green pod yield. Among post-emergédrerbicides,
clodinafop 60 g/ha, imazethepyr 50 g/ha and imag®th+ imazamox 50 g/ha were the economical treaisne

Key words: Garden pea, weeds, imazethapyr, imazamox, clodinafndimethalin, profitability, productivity

Lahaul representing cold desert area is an impbrtan aggravate weed growth (Singh al. 1991; Sharma 1993).
vegetable growing region of the state. In Himachal Acute crop-weed competition occurs due to earlieedv

Pradesh, the cold desert area constitutes aboped2nt germination and faster weed growth than garderppeicu-
of its total geographical area (Anonymous 2012)rdéa larly in initial growth stages. Lahaul farmers geally adopt
pea Pisum sativum L.) is an important off-season cash  manual weed control which is not only very expeasbut
crop vegetable in the Lahaul valley. It is a majource of also not feasible due to acute shortage of labbtieatime
income for the Lahaul farmers as it fetches higirere due of peak sowing and harvesting of the crop. Deldyadest-
to its good aroma, sweetness and freshness. Thargreat ing of garden pea results in decreasing qualitygmeen pod
demand of garden pea in different parts of the tgun yield due to birds’ attack.

Heavy weed infestation is one of the major reasions Pre-and post-emergence herbicides are neededéor ef
poor productivity and profitability of garden pea the tive weed control as there is acute weed infestaitiothe
region. The prevailing soil and climatic conditiomarrant region. Post-emergence herbicides would be provée the
frequent irrigation for better growth and developmef best alternative in the case, when farmers couldapply
garden pea. Climatic conditions and frequierigation pre-emergence herbicide in their croe da its non-
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availability. For effective weed control in gardeea, there
is no recommended post-emergence herbicide focalde
desert region of the state. Hence, the presenttigation
was undertaken to study the effect of post-emeryéme-
bicides on weeds and yield and economics of gapean
A field experiment was conducted during summer

2013 at Kukumseri (3244' 55" N latitude, 7641' 23" E
longitude, and 2672 m above the mean sea leved.clih
mate is extremely cold and heavy snowfall occursndu
winter. The temperature remains several degreeswbel
zero level. Single cropping season is prevailinghie re-
gion which starts from April to September or eddigtober

when the mean minimum and maximum temperature range

between 17 to 24C. There is negligible rainfall followed
by high light intensity and low humidity. Averageraial
rainfall of the region is 250 mm. The soil of theperimen-
tal site was sandy loam in texture and acidic iactien
(6.1) with 10.5 g OC/kgoil, 0.9 mg Zn/kg soil, 18 kg S/ha,
280 kg available N/ha, 34 kg available PArad 300 kg
available K/ha. Soils are shallow in depth and éoas
texture resulting in poor water holding capacitheTex-
periment consisting of ten treatmenita imazethapyr 50 &
80 g/ha, pendimethalin + imazethapyr (ready mixpna
900 and 1200 g/ha, imazethapyr + imazamox (ready mi
odyssey) 50 & 75 g/ha, clodinafop 60 g/ha, pendialét
1200 g/ha, hand weeding (30 & 60 DAS) and weedgkhe
(Table 1) was laid out in randomized block desigithw
three replications.

Garden pea cv Azad P-1 was sown off Ry, 2013
at 45 cm inter-row spacing with a seed rate of kgha.
Seed was treated with bavistin at 2.5 g/kg seedoRRe
mended dose of nutrients @ 25 kg N, 60 k@fand60 kg
K,O/ha was applied at the time of sowing through urea
single super phosphate and muriate of potash, ctgply.
Pendimethalin was applied next day of sowing wherea
imazethapyr, odyssey, valor and clodinafop werdieg@t
30 days after sowing. Snow-melt water, the onlyreewf
irrigation was used to irrigate garden pea throsghn-
klers, rain gun oiuhl. The crop was harvested on'"30
July 2013. Other practices were in accordance With
recommended package for the region.

Weed density (stemsfrivas noteddue to dense and
compact stems with rooting from nodes touched witit),
weed dry matter accumulation, yield attributes,egreod
yield, productivity, cost of cultivation, gross uets, net
returns, B:C ratio and profitability were recordadd/or
computed after the harvest of the crop. Weed cbeffi
ciency (WCE) and herbicide efficiency index (HEIgns
worked out using the following formulae:
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Yield in treated plot - Yield in control plot

HEI = x 100
Yield in treated plot
Weed dry weight in controbpt
Weed dry weight in treated plot
WCE (%) = x 100

Weed dry weight in control plot

Statistical differences between treatments weredes
with Fisher’s least significant difference (P=0.0&st
(Fisher and Yates 1949) using analysis of varidacean-
domized block design as described by Panse andaSukh
(1967).

The experimental field was heavily infested witlf di
ferent weed floraDigitaria sanguinalis L. was the pre-
dominant grass weed whil&henopodium album L.,
Chenopodium botrys L., Gallinsoga parviflora L. and
Malva parviflora L. were the major broad-leaf weeds.
Other weeds werBolygonumalatum L., Setariaglauca L.,
Amaranthus spinosus L., Medicago denticulata L. and Poa
annua L. (Ranaet al. 2004; Kumaret al. 2015a; Kumakt
al. 2015b).Digitaria sangunalis L. was the most predomi-
nant weed.

Different weed control treatments significantlylinf
enced weed density (Table 1). Pre-emergence apiplica
of pendimethalin 1200 g/ha significantly reduced trum-
ber of weeds. This was followed by hand weedin@Gt
and 60 days after sowing and post-emergence afiptica
of clodinafop 60 g/ha. The weed dry weight showed t
similar trend like weed density (Table 1). The Istvereed
dry weight was recorded in pendimethalin 1200 dfia
lowed by hand weeding at 30 and 60 days after gpwin
Rest of the treatments produced similar dry mafeee-
emergence application of pendimethalin 1200 g/hd ha
maximum weed control efficiency of 65.81% and heids
efficiency index of 74.13%. Post-emergence appbicabf
clodinafop 60 g/ha was found to be the next besttinent
in respect of weed control efficiency (40.17%) dretbi-
cide efficiency index (58.88%). The highest weedsiky
and weed dry matter accumulation was noted in weedy
check. Pre-emergence application of pendimethalip- s
presses weeds effectively resulting in low weedsdgmand
dry weight. Post-emergence herbicides were notffas-e
tive due to well establishment of weeds by 30 dafysr
sowing resulted in acute crop weed competition.

The highest number of pods per plant was recorded
with pre-emergence application of pendimethalin QLg0
ha while the lowest was in weedy check (Table 2)e T
second highest number of pods/plant was recordadrid



Table 1. Effect of herbicides on weed density and weed dzight

Treatment Dose Time of Grass Broad-leaf Weed dry  Weed con- Herbicide
application weeds * * weeds weight (kg/ trol effi- efficiency
(g/ha) (DAS) (No./nT) (No./n?) m?) ciency (%) index (%)
Imazethapyr 50 30 55(3289) 4(21) 1.10 5.98 45.01
Imazethapyr 80 30 54(2928) 2 (3) 1.09 6.84 39.22
Pendimethalin + 900 30 48(2328) 2(3) 0.80 31.62 25.43
imazethapyr**
Pendimethalin + 120 30 53(2913)  1(1) 0.97 17.09 41.36
imazethapyr** 0
Imazethapyr + imazamox** 50 30 48(2335) 1(2) 0.73 37.61 39.72
Imazethapyr + imazamox** 75 30 49(2561) 2(5) 0.70 40.17 15.36
Clodinafop 60 30 34(1221)  6(49) 0.70 40.17 56.88
Pendimethalin 120 2 21(672) 2(5) 0.40 65.81 74.13
0
Hand weeding - 30 & 60 24(951) 1(1) 0.47 59.83 -
Weedy check (control) - - 57(3300) 4(20) 1.17 - -
S Emzt - - 4.28 1.24 0.17 - -
C D (P=0.05) - - 12.71 3.67 0.52 - -

*~/x transformation ** ready mix

weeding followed by post-emergence clodinafop 6@ag/
and pendimethalin + imazethapyr 1200 g/ha. Gregght/e
pod remained unaffected due to weed control treane
Green pod yield was significantly increased duprto
-emergence pendimethalin 1200 g/ha (2833 kg/hahdHa
weeding and post-emergence application of clodm#&0
g/ha were the next superior treatments in influeggireen
pod yield (Table 2). Statistically equal pod yields noted
in manual weed control (two hand weeding at 30 @add
DAS) and post-emergence application of clodinafopgb
ha. Pendimethalin resulted in 286.49%, 40% and4%3.8
higher green pod yield than weedy check, post-eemerg
application of clodinafop 60 g/ha and hand weedim®g,
spectively. Post-emergence application of imazeth&p
g/ha showed superiority in respect of green pottiyoeer
weedy check and imazethapyr + imazamox 75 g/fgavé
81.86 and 53.93% higher green pod yield than weedy
check and imazethapyr + imazamox 75 g/ha, respdgtiv
The highest crop productivity of 41.06 kg/ha/dayswae-
corded with pre-emergence application of pendimigtha
1200 g/ha. Two hand weeding at 30 and 60 DAS ast+ po
emergence application of clodinafop 60 g/ha weeenixt
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superior treatments (Table 2). Higher yield in the®at-
ments might be due to less weed competition thenetme
photosynthesis and better translocation of photihsyas
(Dhanpalet al. 1989; Kundraet al. 1993; Racet al. 1997,
Rana, 2004Rana et al.2013 Mawaliaet al. 2015).

Since adoption of any technology depend on its eco-
nomics, it is pertinent to have economic analydishe
treatments. The highest gross retufisl (13,320/ha), net
returns ¥ 76,294/ha), B:C ratio (3.06) and profitabili§ (
1105.11/ha/day) was recorded with pre-emergenceipen
methalin 1200 g/ha. This might be due to the héglgeeen
pod yield and low cost of its treatment. The higloest of
cultivation € 63155/ha) was recorded in hand weeding.
Post-emergence application of clodinafop 60 g/hd an
imazethepyr 50 g/ha were the other economicalrnresats
in garden pea. Hand weeding was not economicaltalue
the higher cost of labour.

The present study inferred that clodinafop 60 gha
post-emergence is as good as pendimethalin 12G0agh
pre-emergence for the control of weeds and inangasi
productivity and profitability of garden pea in doflesert
region of Lahaul valley.
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Abstract

A field experiment was conducted durirapi 2014-15 at Palampur to evaluate a new genotypesgfedviz. ‘KL-241’ in com-
parison toBaner’ and‘T-397". The new entryKL-241’ was significantly superior to national ché€k397’ in term of almost
all growth and yield attributewiz. plant standnumber of capsules/plant and 1000-seed weight. Merv@umber of primary
and secondary branches and seeds/capsule wergmnificantly influenced due to genotypeBaner’ (Zonal Check) was at
par with KL-241 for plant stand, humber of capsules/plant andisgeld of linseed.‘'KL-241’" registered 137.9 and 10.2%
higher seed yield ovel-397’ and‘Baner’, respectively. Maximum net returns and B:C ratiddR 10383/ha and 1.18, re-
spectively, were obtained und&t-241’, which was followed by zonal chedRaner'.

Key words: Linseed,Utera, Varieties, Yield, Economics

Linseed Linum usitatissimungL.) Griesb.) is becom- this system. The past efforts were limited to vesiion of
ing increasingly popular as a nutritional and fiowal genotypes and agrotechniques under prepared seecbhe
food. Seed is a rich source of both non-edible editle ditions and not foutera cultivation. Genotypes differ from
oil. The oil crushed from the seeds can be usecitber each others in genetic make up for growth and yaid
industrial or edible purpose, depending on theyfattid behave differently in different environments. Undeera
composition (Burton 2007). Edible linseed oil isedsfor system, varieties having small seed size and dessystem
human consumption and contains higlinolenic acid ( will be of much importance (Agarwait al. 1986). A new
3 fatty acid), a polyunsaturated fatty acid alorithvhigh entryi.e. ‘KL-241’, (Giza-7 and KLS-1) having similar char-
content of health promoting substances such ablgotuind acters and performance needs to be confirmed uthier
insoluble fibre and lignans (Genser and Morris 208Br- system of cultivation.
ris 2005). In Himachal Pradesh, released linsediivars Keeping this in view, the present study was coneflict
have low linoleic and high linolenic acid compasmiti at Main Farm of Department of Crop Improvement,
which make them suitable for cooking purpose. idtate, CSKHPKV, Palampur duringabi 2014-15 to evaluate the
linseed is generally broadcasted in standing padaly, 15 performance of new entryk-241") in comparison to two
-20 days before its harvest. This relay systenutifvation checksviz. ‘T-397’ (NC) and‘Baner’ (ZC) in randomized
is popularly known asutera or ‘paira’. The cultivation of block design with seven replications undiéera system of
linseed in this system is under total “Nature’secand cultivation. The soil of the experiment site walsysclay
cure” which results in lower productivity. The usklocal loam in texture with pH 5.9 and medium in availablgo-
land races susceptible to rust, other diseaseseasity gen, phosphorus and potassium. The crop was sapplth
smothered by the weeds further limits linseed petida in 60 kg N/ha. The crop was sown by broadcgsteeds of
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linseed at dough stage of paddy using seed ratb kf/ha.
The total number of plants present in 0.2% area were
counted in a quadrate of 0.5 m x 0.5 m at randomaich
plot and expressed in number of thousand plantsfiant
height, number of primary and secondary branchas an
capsules/plant were recorded from the selectedianats

in each net plot. The crop was harvested from tat ft
was sun dried and threshed with wooden mallet. Sl
yield was expressed in kg/ha. Economics was catilan
the basis of prevalent market prices of inputsautguts.

Among different genotypes, Zonal Che8&aner
resulted in significantly more plant height follodvby test
entry ‘KL-241". Test entryKL-241" was statistically simi-
lar to zonal checkBaner’ for plant stand and number of
capsules per plant. However, the test entry wanifsig
cantly superior for 1000-seed weight. Different gfgpes
failed to influence the number of primary and setzry
branches/plant and number of seeds/capsule. Owing t
higher plant population and yield attributé$l -241’ and
‘Baner’ resulted in significantly higher seed, straw and
biological yield. Although, both the entries behdwstatis-
tically similar to each other but yield advantageabout
10.24% was recorded under test erkiy-241’ over zonal
check'Baner’. There was an increase of 137.9 and 115.8%
in the seed yield witlKL-241" and‘Baner’ over ‘T-397".
This might be due to better root development bys¢he
genotypes which helped in better absorption ofientrand
water in this system. Based on the best performarice
‘Baner’ in uterasystem, this variety was released for Zone-
| of India (Anonymous 2006). Similarly;KL-241" was
found to be highest yielding in both breeding amploa
nomic evaluation trials under similar conditions
(Anonymous 2014 & 2015). The National Chegk397’
was found to be significantly inferior in all theaspects
(Table 1).

Maximum gross, net return and B:C ratio of INR
19218, 10383/ha and 1.18, respectively were ohdaime
der test entryKL-241', which was followed by Zonal
check’Baner’. ‘KL-241’ registered an increase of INR
1786/ha in net return over the best cheek ‘Baner’.
Higher production and almost similar cost of cudtien for
raising‘KL-241" as compared ttBaner’ resulted in better
returns. National CheckT-397' was not at all acceptable
from production and economic point of view (Tabje 1
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Table 1.Effect of genotypes on plant stand, plant heigleddyattributes, yield and economics of linseed

Gross Net re- B:C

return
(INR/ha)

Seed
yield
(kg/ha)

1000-

seed wt.

Seeds/
capsule

Secondary Capsules/

Plant Primary

height

Plant stand
(000'/ha)

Genotype

ratio

turn
(INR/ha)

plant

branches/

branches/

@)

plant plant

(cm)

6.89 6.03 640.59 19218 10383 1.18

43.82 4.65 3.00 19.20

2193.86

‘KL-241

35.05 3.97 2.80 15.80 6.26 454 269.28 8078 -172 -0.02

1083.57

“T-397" (NC)

6.77 5.87 581.07 17432 8597 0.97

49.59 4.26 291 17.80

1955.86

‘Baner’ (ZC)

275.42 3.81 NS NS 1.90 NS 0.11 60.77

=0.05)

CD (P
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Abstract

A study was carried during 2012-13 at Palampumntestigate the possibilities of semi-hardwood gngftechnique in apple
under polyhouse. The tongue grafting was perforomedour different dates (September 11, 18, 25 éhd2R12). A success
rate of 93.33 to 100% with proper callusing andihgaof graft unions was achieved. Among differgrafting dates, the plants
grafted on September 11 attained the maximum h¢&fhi0 cm) with lateral branching of 2.67 latefalsnt. The minimum

plant height of 14.50 cm was recorded in plantstggaon September, 29. Similarly, total number edves, dry and fresh
weight and chlorophyll content were also more ianpd grafted on September 11. This technique neebs investigated in
apple and other temperate fruit plants under palgkaondition for quick multiplication and reducimgrsery production dura-

tion.

Key words: Semi-hardwood, grafting, apple, polyhouse, chloytipballus, plant height, leaf weight

Plant propagation including grafting played an impo
tant role in mankind since the beginning of cilibn
when man started to grow crops (Mahwhal. 2012). The
grafting is a technique used to combine one planit\pith
another to encourage growth as a unified plars. dccom-
plished by inserting a piece of stem containing & wege-
tative buds onto the stem of the plant that willveeas the
root system for the unified plant (Hartmaeral. 2002). It
has been successful in producing fruit trees ofllsaral

manageable sizes which are precocious, productidk a

true-to-type. The basis of unity between two paftplants
depends on mutual responsibility. Apart from treelant
size control, grafting produces planting stock thas suit-
able characteristics such as resistance to pestliaadses.
Additionally, it provides an opportunity to clonalpropa-
gate selected trees with desirable phenotypes (Kenah

2015; Ranat al. 2015). The branch top-work grafting has

been used to improve upon pollination in apple ardh
having inadequate pollinizers (Sharma and Rana5)201
The impact of grafting on apical dominance (Mapahid
Kinet 1992), mineral nutrition (Jayawickrarsfal. 1992),
flowering (Corbesiert al. 2007), dwarfism (Whitest al.
1992) and abiotic stress (Kumaral. 2015) has been stud-
ied.
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Almost all temperate fruit plants are multipliedatgh
grafting, budding and tissue culture. Grafting exfprmed
during dormant season whereas, budding in actieaigg
season (June-September). However, there is nentidic
research devoted to success of semi-hardwaoafting
in apple to date except the shoot tip graftingarhe woody
plants including apple by grafting a small shoptdf 0.1 to
1.0 mm, onto a young seedling rootstock growingitro.
The same technique has been used with citrus, pelaetry,
plum, apricot, apple, almond, grapevine, avocadmedlia
and sequoia (Navarro 1988).

It takes complete two years to produce plantsaftgd
onto seedling rootstocks. Therefore, there is a neénvent
new techniques to reduce this time. Althouighvitro multi-
plication gives quick and disease free plantingemials but
it requires modernize and professionally qualifeed com-
petent manpower. Further, to meet the ever-grow&mand
and inadequate supply of quality planting materigde semi

-hardwood grafting technique could be employed unde

polyhouse condition for quick supply of plants. Mover,
the growth in polyhouse condition is faster andairs more
as compared to open field condition. Therefore, ghesent
experiment was conducted to determine the posgkilof
semi-hardwood grafting in apple under polyhouseddam.



A semi-hardwood grafting experiment was conducted
in apple cultivar Scarlet Gala as scion and M-halaoot-
stock at Palampur, (32.116N latitude, 76.533E longi-
tude and 1280 m altitude) during 2012-13. Both ¢bm-
ponents (scion and rootstock) were multiplieelitro at
The Energy and Resources Institute (TERI), New Delh
and hardened plantlets at three leaves stage wams-t
ferred to Palampur in April, 2011. After acclimaion
and attainment of graftable size (17 month old)paty-
house tongue grafting was done on September 112518,
and 29, 2012. On each grafting dates 21 plante wer
grafted and the scionwood having the same thickoéss
rootstocks was selected. While preparing scionwdbd,
middle portion (semi-hardwood) of shoots with aasie
three nodes was selected and leaves were remotedhei
help of secateur just leaving the petioles as surcithem.
Care was taken that all buds at each node weredeed!-
oped and the wood was not succulent. The scionwasd
detached directly from mother plant and no curirg/p
conditioning was done prior to the grafting, ase@anmost
of the evergreen plants. The average temperatuhéwthe
polyhouse was 27C during day time. No misting was
done except cooling the structure by exhaust famsnted
in it. The observations were recorded from 15 espnta-
tive plants selected randomly from each graftinged@he
experiment was laid out in Randomized Block Design
(RBD) with three replications. The growth of graftelants
was recorded at weekly interval starting from Oetobl to
December 5, 2012. In the following year, the plamtse
kept as such in beds and observations on varionstiyr
parameters and foliar characteristics were takea(dot
presented).

Estimation of chlorophyll content

Dimethyl sulfoxide (DMSO) solvent was used to ex-
tract the chlorophyll from leaves as described bgcbix
and Israelstam (1979). Chlorophyll a (mgfznchlorophyll
b (mg/cn?) and total chlorophyll content (mg/émwere
calculated from absorbance at 663nm and 645 nm\Mn U
Spectronic-20 according to Arnon’s (1949) equations

Chlorophyll a= (ml of solvent) [(0.0127 x absorbarG63)-
(0.00269 x absorbance 645)]/leaf area?icm

Chlorophyll b= (ml of solvent) [(0.0229 x absorbar&45)
-(0.00468 x absorbance 663)]/leaf areafcm

Total chlorophyll content = (ml of solvent) [(0.2& ab-
sorbance 645) + (0.00802 x absorbance 663)]/
leaf area (cf)
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The wound healing procesdz, callus formation,
cambial differentiation and connectivity and vascuissue
formation was observed visually in both years (2032
without histological studies. The data were analyby
using Assex, an MS-DOS based program and CPCS1 soft
ware at 0.05 % rejection level.

Bud take

The buds started bursting after 7 todi&s of graft-
ing. There was 93.33 to 100 % success with propkuss
ing and healing of graft wounds under differenatneents
(Table 1). The callus formation and wound healingrav
observed visually. It was observed that after 46Qalays
of grafting, wounds were healed except those phahish
were grafted on September 29, where the wound rggali
was a bit slow (data not presented).

The ontogeny of graft union formation was also ob-
served in the following year (2013). There was igm of
abnormality and incompatibility in graft unions amy of
the treatments. Although, it takes several yeachtzk the
incompatibility but in this study the growth of alhe
grafted plants was normal and no abnormality/oestn
or necrotic portion in graft unions was observedisisally
seen in incompatible combinations. Many workershieir
histological studies have also confirmed the camina-
nectivity in 45 days after grafting in fruit treek this
study, the maximum growth of 5.60 cm after 30 daf/s
grafting was recorded (Figure 1) in plants grafbedSep-
tember 11.

It has been earlier reported that it took 30 ddter a
grafting for proper cambial connectivity and vesicuor-
mation in nectarine/almond combination (Tekintad an
Doigun 1996) and 45 days after grafting for camioiath-
nectivity in citrus (Tekintas 1991). Similarly, R®land
Kaska (1992) observed 40 days in pear/Quince-C ownb
tion. Oguzet al. (2008) reported that the establishment of
cambial connectivity is vital for producing vesiaultis-
sues. After this continuity, new cambium cells tstarpro-
duce new vascular tissues which are the last sibgec-
cessful grafting. A good established vascular cotioe
provides a good water and nutrient flow from romt&t to
bud (Unal 1992).

Vegetative growth

The observation on plant growth during the year of
grafting i.e. in 2012 was recorded at differenteimgls
(Table 1 and Figure 1). Among different graftingegathe
maximum growth (25.10 cm) was observed in plants
grafted on September, 11 fTwhile minimum in plants
grafted on 29 September, 2012. During the courseves-
tigation it was observed that the growth rate b§edfted



Table 1. Effect of grafting dates on bud take and vegetajioavth in apple

Grafting date (2012) Bud take (%)

Plant height (cm) Laterals/plant

Radial growth (mm)

(No.)
Above graft Below graft
union union
September, 11 100 25.53 2.67 12.68 14.21
September, 18 100 20.58 2.33 12.38 14.15
September, 25 100 18.91 1.67 11.60 13.13
September, 29 93.33 14.50 1.33 12.21 13.98
SEmz+ -- 0.35 0.49 0.28 0.41
CDogos -- 0.86 1.20 0.69 1.01

plants was highest at,0o Dsinterval (Figure 1) and the
growth continued up to Dinterval in plants grafted on
September 11, 18 and 25. Whereas, the plants drafie
September, 29 ceased their growth much earlierfroe
November, 16 (E) onwards. The overall average height
was highest in plants grafted earliest (Septembpramhd it
decreased linearly with the advancement of graftiates
(Table 1). Similarly, the number of lateral shopés plant
was also significantly affected by grafting dat@alfle 1).
It is clear from the table that maximum number atttal
shoots (2.67 shoots/plant) were recorded in plgraged
on September 11, however; it was statistically at \pith
plants grafted on September 18 and 25.

The radial growth of grafted plants both above and
below graft union was also significantly influencéy
grafting dates (Table 1). Although, no abnormalvgloat
graft union was observed in all plants but theabgiowth
was more in case of plants grafted on Septembefiis.
was also an indication of healthy graft union fotioa as
suggested by Simon and Elsa (2007), in histological
evaluation of early graft compatibility ibapaca kirkiana
Muell Arg. scion/stock combinations. However, thegd
reported that the excess growth at graft union firas
visual indicator of incompatibility between stoakdascion.

L eaf characteristics

The foliar status of plants is also an indicatoplaint
health, and in this study also; these parameters feeind
significantly influenced by grafting dates (Table Rum-
ber of leaves per plant, dry and fresh weight ahidro-
phyll contents were found significantly affecteddmafting
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T3(25/09/12)

Plant height (cm)
n
-
D

——T4(29/09/12)

Fig 1. Growth pattern of apple plants grafted on different
dates

dates and plants with healthy growth had maximulnes
of these parameters. The maximum fresh and dryhweiy
leaves was found in plants grafted in Septembersitii-

larly, the total chlorophyll content in termsrfy/cnt leaf

area was also more in these plants (Table 2). foler

characteristics such as; leaf area, dry and fresighw and
chlorophyll contents are major parameters in ddténg

the plant health and other physiological processeh as
photosynthesis.

Thus from this study it can be concluded that semi-
hardwood grafting in apple under polyhouse conditan
reduce the duration of nursery production time.tlren;
this technique needs to be standardized for quigckipli-
cation of other temperate fruit plants.



Table 2. Effect of grafting dates on leaf characteristicajple

Grafting dates No. of Leafarea Leaf weight (g) Chlorophyll content (mg/éneaf area)
Ie?vets/ (cn) Fresh  Dry  Chlorophylla  Chlorophyll b Total chlotogl
plan
September, 11 13.26 34.19 7.11 4.03 0.0223 0.0347 0.0589
September, 18 12.89 34.29 6.26 3.50 0.0227 0.0284 0.0519
September, 25 12.17 34.38 6.25 3.26 0.0222 0.0257 0.0482
September, 29 10.97 34.63 6.79 3.56 0.0217 0.0254 0.0519
SEm+ 0.70 -- 0.11 0.09 -- 0.0020 0.0022
CD g5 1.72 NS 0.27 0.24 NS 0.0050 0.0055
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Abstract

Lettuce is a popular salad vegetable in Europeamtdes. In India its demand is also increasings Ihot possible to grow
salad vegetables under open environmental conditiore to vagaries of weather. The state governmerdimachal Pradesh
(India) is promoting polyhouse cultivation in a ydrig way. But the lack of suitable cultivars ungetyhouse conditions is the
biggest challenge to the growers of the hilly stateerefore, in the present study seven genotypésttace viz. Red Butter
Head (G), Ice-berg (@), Revolution (@), Dublin (G;), Garishma (g, Bergamo (@ and Green Romaine ¢Bwvere evaluated
in a 36 x 6 m modified naturally ventilated polylseuhaving fan pad system. Maximum gross weight.@gfplant) was
recorded in Gwhich was statistically at par with,&791.6 g/plant). Minimum gross weight per plansviaund in G(18836
g). Maximum net weight/plant was recorded in(631.3 g) which was statistically at par with (678.3 g), G (583.6 g), G
(458.6 g) and &(480.3 g). Lettuce genotypes also varied in quaitrametersiz. chlorophyll b and total chlorophyll, starch,
reducing, non-reducing and total sugars and sodment.

Key words: Lettuce, polyhouse, protected cultivatisalad vegetable

Lettuce (actuca sativa L), a member of family As- Chlorophyll is a green pigment found in most plaists
teracae is the most important salad crop of Eumopean- one of the oldest and most widely consumed pigmiendsir
tries. It also occupies an important position imptcal and diet. As it has been in the human diet forevecait be con-
subtropical countries. In temperate countriess itmiostly sidered one of the most safe food components. Aghall
grown under glass and plastic structures (Sanths Eial. varieties of lettuce have low calories, each vyuits differ-
2009; Carlo Fallovo et al 2009). In India, it isnenor com- ent nutrient content. Romaine lettuce is the masgtient-
mercial crop grown on a small scale in home gardkiris dense of all the lettuce varieties and is an egoelource of
an important polymorphic plant particularly withspect to vitamins A, B1, B2, and C, folic acid, manganesd ahro-
foliage characteristics. It grows to a height oft@@®0 cm mium, while Iceberg lettuce variety provides a gamdirce
with spread of 15 to 30 cm. Lettuce is a cool seasop. of choline. The outer leaves may contain fifty tneore
The optimum mean temperature range for excellemt/tr nutrients than the stem. Lettuce is a good soufahloro-

and good quality of lettuce is 15-96. The temperature phyll and vitamin K, good for dieters because ivésy low
above 25°C accelerates seed stalk and reduces the quality in calories. Lettuce is a good source of iron whgthe most

of leaves. It prefers light loam or sandy loam vetined active element in the body. Therefore, it mustédganished
fertile soils with pH 6-8. Lettuce is a rich sourechloro- frequently to meet any sudden demand of the bodi as
phyll, water, ascorbic acid, ash, starch, sugadssaium the rapid formation of red blood corpuscles in lyeloss of
which are the essential components of balanced diet blood.
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Magnesium content has exceptional vitalizing povesise-
cially in the muscular tissues, the brain and tleeves.
Lettuce may also help to treat acid indigestionenaia,
arthritis, catarrh, circulatory problems, colittgnstipation,
cough, diabetes, gastritis, gout, insomnia, irtéabowel,
obesity, sexual addiction, stress, tuberculosisersl and
urinary tract diseases.

In recent time people are becoming health conscious
and demand for salad in food is increasilmylndia pro-
tected cultivation is an emerging field and stadd=ad
package for lettuce production as well as suitabhéeties/
hybrids under protected conditions is scarce. Imadihal
Pradesh too, polyhouse technology is becoming popul
with the efforts of the state government, where 80%-
sidy for construction of polyhouses is being preddoy
the government undeiPandit Deen Dyal Updhyay Kisan
Bagwan Sanridhi Yojna” (Pandit Deen Dyal Farmers-
Horticulturists Progress Plan). Lettuce can be w@sed gap
crop in the polyhouses to incur more income. Theide is
high-value, thermo sensitive vegetable crop whiah be
grown successfully under polyhouse conditions. Hmre
there is no scientific information available in ladn let-
tuce cultivation under polyhouses. The work ongitglity
estimation has also been limited. Therefore, thesqmt
study was conducted to evaluate different hybradsyfeld
and quality traits of lettuce under protected ctiods.

The present investigation was undertaken at Palampu
(3% 6'N latitude, 783’ E longitudes and 1290.8 m alti-
tude) during 2009. Severe winters and mild summséits
high rainfall characterize the place. Agro climalig, the
location represents the mid-hill zone of Himacheddesh.

It is characterized by humid sub-temperate climaith
high rainfall (2500 mm), of which 80% is receivedritig
June to September. During October, there is no icrside

the polyhouse, therefore, to utilize the lean pkrid geno-
typesviz. G;-Red Butter Head, £ Green Ice-berg, £
Revolution G4-Dublin, G- Garishma, & Bergamo and
G; - Green Romaine were undertaken and planted in Ran-
domized Block Design with 3 replications in a 3® xn
modified naturally ventilated polyhouse. The cropsw
grown on 20 cm raised bed having 70 cm width. Vermi
compost (at 5 t/ha) and chemical fertilizers (60: 40

kg N, BOs and KO/ha) were applied in pits before
transplanting. Plants of each genotype were plaated
inter row distance of 45 cm and intra plant disamndé

30 cm. The intercultural operations i.e. hoeing amed-

ing were carried out in accordance with recommended
package of practices to ensure a healthy crop grand
development. The observations were recordechdnus
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yield contributing and quality traits in 5 randondglected
plants in each entry. The parameters recorded owthr
and yield were: plant frame (&mstem length (cm), stem
diameter (cm), gross weight (g), net weight (g)lapali-
ameter (cm), equatorial diameter (cm) and qualigjits
such as uniformity, heading (%), head shape, le&fut,
leaf texture, leaf shape, taste, colour of coranress,
ascorbic acid conter{img/100 g) chlorophyll ‘a’/g tissue ,
chlorophyll ‘b’/g tissue, total chlorophyll/g tissutotal,
moisture (%), ash (%), starch (%), total sugarduceng
sugars (%), non-reducing sugars and Na (g/100 lgwfo
ing standard procedures (AOAC 1990; Hodege anddofr
iter 1962; Jayraman 1981; Miller 1972; Subbaraclet
2003). Total chlorophyll was estimated spectrophmatii-
cally by the method of Jayraman (1981).

Extraction of total chlorophyll was carried out
cleaned pestle and mortar by grinding fresh san{pl€sg)
with 80% acetone. The extracts were centrifuged,@d0
rpm for 15 min and then chlorophylls were repeatexi-
tracted out with 20 ml (5-5 ml repeatedly, 4 tim&§Po
acetone until residues became colourless. Fintiby,vol-
ume was made up to 20 ml with 80% acetone and labsor
ance was measured at 663, 645 and 480 nm withelpe h
of ELICO (India) SL-159 UV-VIS Spectrophotometétor
the estimation of ascorbic acid (AOAC, 1990), 10@fg
fresh lettuce samples were grounded with 100 m2%f
oxalic acid as extraction medium in order to gaetrsl The
weight of slurry was recorded and 20 g of this rgiwas
taken in a beaker and its volume was made up tondl00
with 1% oxalic acid. The content of the beaker Viltasred
properly through Whatman Filter paper No. 1. Charco
treatment was given if any colour remained due itp p
ments. 5 ml of this filtrate was pipetted out aitdated
against a dye solution (2,6 dichlorophenol indogmthen
prepared by taking 52 mg of dye in 200 ml volunoefiask
adding 100 ml of hot distilled water. The volumesvihen
made to 200 ml with distilled water. After coolid@ mg
of NaHCQ; was added and dissolved properly. At the same
time 100 mg of ascorbic acid was dissolved in 50
1% oxalic acid solution was used as standard (advpag-
pared fresh). Moisture content in the lettuce wated
mined by following the oven drying method. Estiroatiof
starch was done by anathrone reagent method by usin
various reagents such as: 0.1 to 0.5 g of the sinp!
mogenized in hot 80% ethanol to remove sugars rieent
fuged and retained the residue, washed the resaheat-
edly with hot ethanol (80%) till the washings didtgive
colour with anthrone reagent and dried the resioher a
water bath. To the residue 5.0 ml of water &8 ml of

n



52% perchloric acid were added. Extracted 8€Gor 20
minute with centrifuge and sage the supernatapeated
the extraction using fresh perchloric acid. Cengé&d and
poured the supernatants and made up to 10 Ombr@12
ml of the supernatant was piped out and made updhe
ume to 1 ml with water. Prepared the standardsaking
0.2, 0.4, 0.6, 0.8 and 1 ml of the working standandi
made up the volume to 1 ml in each tube with water.
Added 4 ml of anthrone reagent to each tube antktidar
eight minutes in a boiling water bath. Cooled rapiahd
read the intensity of green to dark green colouG3& nm.
The glucose content in the sample was noted bygubia
standard graph and multiplied with the value baetdr 0.9
to arrive at the starch content. The estimatiomedficing
sugar was carried out by dinitrosalicylic acid noethDis-
solved by stirring 1 g dinitrosalicylic acid, 20Qrarystal-
line phenol and 50 mg sodium sulphite in 100 ml 1%
NaOH and stored af@. Since the reagent deteriorates due
to sodium sulphite, it may be added at the timeisd if
long storage is required. Followed steps 1 to & &¢elson
-Simonyi's method to extract the reducing sugassfithe
test material. Piped out 0.5 to 3 ml of the extractest
tubes and equalized the volume to 3 ml with wateall
the tubes. Added 3 ml of DNS reagent and heateddhe
tents in a boiling water bath for 5 min. When tlomtents
of the tubes were still warm, 1 ml of 40% Rochedbdt
solution was added. Cooled and read the intensitjack
red colour at 510 nm. Run a series of standardwyugiu-
cose (0 to 500 mg) and plot a graph. Calculatecitheunt
of reducing sugars in the sample, using the stangiaph.
The concentration of non reducing sugar was deterthas
the differences in the concentration of tatagars and

reducing sugar.

Mineral content in lettuce genotypes was estimated
with standard procedure by using 3 g of dried andly
ground sample in 100 ml Kjeldahl flask. 25 ml ofxtore
of concentrated HN§) concentrated HCI9and concen-
trated BSO, was added in ratio of 3:2:1 and shaked well
so that no dry lumps were left behind. A clean acidhed
glass bead was dropped into flask to avoid bumguming
digestion. This flask containing sample was allowed
stand for 3-4 hours in a fume cupboard. Then thés w
heated on digestion heater and was watched oub&on-
ing during the first hour. In case of excessivenio®y
which tends to overflow, the bulb of flask was inrsel in
cold water till the digestion was completed. Themas
allowed to cool and the digested samples wererdike
through Whatman filter paper No. 40 into a 100 mluv
metric flask. It was made sure that contents of digestion
flask were quantitatively transferred by rinsing ftask 3-

4 times with deionized water. The silica residueswa
washed on filter paper with dilute HCI (1: 19) irder to
wash down salts completely. The volume of colledied
trate was made 100 ml. This mineral solution wasngf
ferred in pre acid washed polythene bottles ancbdton a
cool place till use. Mineral sodium was analyzed @ ml

of ash solution. Sodium and potassium were estonbje
Flame Photometry using Systronics-129 Flame Photome
ter. Dilutions, where required were made with deudbis-
tilled water and dilution factor were incorporatiedfinal
calculations.

The data on yield contributing characters and yéetd
summarized in Table 1.

Table 1. Effect of genotypes oyield contributing characters and yield of lettuce

Genotypes Plant Stem Stem Gross Net weight Polar Equatorial
frame length diameter weight (g/plant) diameter diameter
(cn?) (cm) (cm) (g/plant) (cm) (cm)
Red Butter Head ($ 535.0 4.3 25 373.3 294.0 13.7 10.8
Ice-berg (G) 1111.7 3.7 2.6 826.7 578.3 12.3 11.2
Revolution (G) 794.0 3.3 1.8 188.7 206.7 20.3 12.3
Dublin (Gy) 845.0 3.9 2.3 791.7 583.7 12.0 10.7
Garisma (@) 970.3 35 2.5 682.0 458.7 12.2 11.7
Bergamo (@) 874.3 3.5 2.3 509.7 480.3 17.7 18.3
Green Romaine (£ 1137.0 3.7 2.5 656.0 631.3 30.0 20.7
LSD (P=0.05) NS NS NS 152.9 175.7 4.5 5.9
CV (%) 25.9 234 16.5 14.8 211 14.7 24.2
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Plant frame, stem length and stem diameter though
shown wide variation under genotypes but were rot a
fected significantly as having greater CV valueswdver,
gross and net green weight/plant varied signifigaghie to
genotypes. Maximum gross weight (826.6 g/plant) was
recorded under £Green Ice-berg) which was statistically
at par with G (Dublin) (791.6 g/plant). Minimum gross
weight per plant was found ins;@Revolution) (188.6 g/
plant). Maximum values of net weight were recorde;
(Green Romaine) (631.3 g/plant) which was statfljicat
par with G (Green Ice-berg) (578.3 g/plant), @®ublin)
(583.6 g/plant), & (Garishma) (458.6 g/plant) ande¢ G
(Bergamo) (480.3 g/plant). Polar and equatoriahaiger
were also significantly varied due to genotypesghdst
polar diameter (30 cm) was recorded in &reen Ro-
maine) whereas, it was lowest ins @sarishma) (12.16
cm). Similarly equatorial diameter was maximum 0.
cm) in G (Green Romaine) and lowest in Gublin) (10.6
cm) (Table 1).

Various morphological quality parameters studiesl ar
shown in Table 2. All the genotypes were uniform in
growth. There were three types of genotypes undessti-
gationviz, heading, semi heading and leafy. Heading per-
centage was uniform and its shape was round imealing
genotypes. The leaf colour varied and all the ggrex
have different leaf colour. {6Red Butter Head) was red-
dish tinged green, S(Green Ice-berg) having petiole
white, G (Revolution) purple, & (Dublin) and G
(Garishma) light green, {gdbergamo) yellowish green and
G; (Green Romaine) was dark green. Colour of the core
was also different in all the genotypes. GenotypgRed
Butter Head) had yellow core,,GGreen Ice-berg) with
yellow green, G (Revolution) having purple with greenish
tinge, G (Dublin) white yellowish and &(Garishma), &
(Bergamo) and &(Green romaine) had white green core
(Table 2). Leaf texture was smooth i, @Red Butter
Head) and @(Dublin), having serrated leaves in (&reen
Ice-berg) and &(Revolution), toothed margin leaves ig G
(Garishma); @ (Bergamo) had fan type leaves and G
(Green Romaine) was non heading open type. Alytreo-
types were sweet in taste excepi Bergamo) and &
(Green Romaine) which were slightly bitter.

Among the quality characteristics, chlorophyll &'/
tissue, ascorbic acid and Ash % did not exhibihigicant
differences due to genotypes under polyhouse dondit
(Table 3). Highest chlorophyll ‘b’/g tissue wasiggited in
Gs; (Revolution) (0.237), followed by & (Bergamo)
(0.187), G (Green Romaine) (0.170) and. @Red Butter
Head) (0.159) which were statistically at.phls lowest
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Table 2: Morphological quality parameters of the various@gpes

Leaf shape Taste Color of core Firmness

Leaf texture

Leaf color

Head shape

Uniformity Heading (%)

Genotype

Yellow Slightly

Sweet

Smooth Oblong

Reddish
tinged green

Uniform 100

Red Butter
Head (G)

loose
Compact

Sweet Yellow green

Fan type

Petiole white Serrated leaves

Uniform 100

Ice-berg (G)

Loose

Purple with
greenish tinge

White yellow-

Sweet

Serrated leaves Fan type

Purple

Leafy

Uniform

Revolution

(Gs)

Compact

Sweet

100 R Light Green Smooth Fan type

Uniform

Dublin (Gy)

ish
White Green

Compact

Sweet

100 R Light Green  Toothed mar- Round

Uniform

Garisma (@)

gins of leaves

Loose

Slightly White Green

Puckered Fan type

leaves smooth

Yellowish

Uniform Leafy

Bergamo (@)

bitter
Slightly

green
Dark Green

Loose

White Green

Non heading

Smooth

Leafy

Uniform

Green Ro-

bitter

open

maine (G)




Table 3. Genotype effect on quality in lettuce

Total Na
mg/100g

Non reduc-
ing sugar %

Reducing

Starch

Ash
%

Total chloro- Mois- Ascorbic

Chloro-

Chloro-

Genotypes

sugar
%
5.09

sugar %

%

ture % acid
mg/100g

phyll / g

phyll b’/

phyll ‘a’/

tissue

g tissue

g tissue

32.3

1.78 3.40

155

0.231 0.159 0.390 95.5 5.8 7.37

Red Butter Head

(G

3.96 31.6

2.38
0.67
2.82
241
3.17
281

1.58
0.51

14.5

6.17
11.2

7.7
7.5
7.6
9.4
6.7
8.8

0.047 0.079 97.6

0.030
0.255

Ice-berg (G)

33.6

1.18
3.58
4.45
4.84
3.99

3.5
14.0

0.491 94.9

0.237

Revolution (GQ)
Dublin (Gy)

32.7

1.09
2.04
1.67
1.19

5.0
8.2

10.2

0.057 0.098 97.0
0.172

0.191
0.082

32.3

194

96.7

0.090
0.187
0.170

Garisma (@)
Bergamo (G)

34.4

5.8
15.9

0.302 94.9

0.488

0.148
0.319

32.2

7.8

93.2

Green Romaine (£

1.4
2.4

0.56
8.1

0.68
15.1

0.24
9.4

1.8
7.7

NS

30.2

NS

21

0.139
26.8

0.117

=0.05)

LSD (P
CV (%)

20.9

1.2

48.2

59.3
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value (0.057) was recorded in,®ublin). Total chloro-
phyll was highest (0.491/g tissue) iR (Revolution) which
was statistically at par values with; &Green Romaine)
(0.488) and G(Red Butter Head) (0.390). Moisture %
varied in different genotypes. It was significantligher in

G, (Green Ice-berg) (97.64%) being at par withy G
(Dublin) (96.69%) and & (Garishma) (96.68%). Starch
percentage (19.35%) and reducing sugar (2.043%§ wer
highest in G (Garishma). Whereas genotypes; G
(Revolutionyesulted in lowest values of starch (3.54%)
and reducing sugars (1.183%). Non reducing sugarg w
maximum in G (3.403%). These were minimum in; G
(Revolution) (0.673%). Total sugar percentage eidtb
significant variation. Its maximum values were fdun G
(Red Butter Head) (5.090%). It was lowest ing G
(Revolution) (1.183%). Sodium was maximum ing G
(Bergamo) (34.42 mg/100g). Its minimum value wasfi

in G,(Green Ice-berg81.50 mg/100g). Similar studies
were also undertaken by Dolma and Gupta (2011) and
Guptaet al. (2009).

References

AOAC. 1990. Official Methods of Analysis of the Axssa-
tion of Official Analytical Chemists, 11th edition,
Washington D. C.

Carlo Fallovo, Youssef Rouphael, Mariateresa Caitiar
Elvira Rea, Alberto Battistelli and Giuseppe Colla.
2009. Yield and quality of leafy lettuce in respens
nutrient solution composition and growing season.
Journal of Food, Agriculture & Environment 7 (23 :
56-462.

Dolma T and Gupta AJ. 2011. Evaluation of Lettuce
Genotypes for Growth and Yield Attributes in
Kashmir Valley. Indian Journal of Plant Genetic
Resources 24(1).

Gupta AJ, Tashi Dolma, Khan SH and Jabeen N. 2009.
Studies on Yield Contributing Parameters in Lettuce
(Lactuca sativa L.). Indian J. Ecol. 36(2): 131-134.

Hodege JE and Hofreiter BT. (1962). In: Method<Cir-
bohydrate Chemistry (Eds Whistler, RL and Be Miller
JN), Academic Press New York.

Jayraman J. 1981. Laboratory manual in biochemistry
Willay Eastern Pvt Ltd, New Delhi.

Miller GL. (1972). Anal Chem. 31, 426.

Santos Filho BG, Lobato AKS, Silva RB, Schimidt D,
Costa RCL and Alves GAR. 2009. Growth of Lettuce
(Lactuca Sativa L.) in Protected Cultivation and Open
Field. Journal of Applied Sciences Research, 5(5):
529-533



-,
£

Short Note

Himachal Journal of Agricultural Research 41(2): 189-190 (2015)

Surgical removal of lingual foreign body in a buffalo - a clinical case study

Amit Kumar, Som Prakash Tyagi, Priyanka Thakur and Rohit Sharma
Department of Surgery and Radiology, Dr. G C Negi College of Veterinary and Animal Sciences,
CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur -176062, HP, India
Corresponding author: adarshvetsurgeon@gmail.com; sptyagivet@gmail.com

Received: 22 December 2015; Accepted: 25 December 2015

Abstract

This report pertains to a successful surgical removal of a sewing needle that was ingested by an eight years old buffalo.
The animal was not able to ingest anything after the needle ingested. The radiographic examination on lateral and dorsal-ventral
views revealed the presence of the needle in the sub mandibular area. After preparing the animal for operation, the genioglossus
muscle was incised. The foreign body was reached which was too sharp and move along with movement of tongue. A flat in-
strument was put in the ora cavity to stabilise the tongue. The foreign body was then removed with help of long artery fore-
ceps. Antiseptic dressing with ointment Neosporin and topicure spray locally was advised till the complete healing of the
wound. Retrieval of the needle seems easy but it was till difficult as it was embedded in genioglossus muscle and was moving

along with the movement of tongue.

Key words: Buffalo, foreign body, radiographic examination, genioglossus muscle, surgical retrieval

Cattle commonly ingest foreign objects, because they
do not discriminate against metal materias in feed and do
not completely masticate feed before swallowing. Conse-
quently foreign bodies struck in reticulum. They may cause
diaphragmatic hernia (Krishnamurthy et al. 1985) and for-
eign body syndrome in bovines (Kohli et al. 1982). But
oral foreign bodies are rarely found and if so they are com-
monly found in Esophagus. The present case pertaining to
a buffalo which ingested a sewing needle that was embed-
ded in genioglossus muscle and was moving along with the
movement of tongue.

An 8 year old buffalo was presented with the history
of eating sewing needle aday earlier. Since then the animal
was not able to ingest anything. The radiographic examina-
tion on lateral and dorsal-ventra views (Plate A and B)
revealed the presence of linear foreign body in the sub
mandibular area. Surgical removal of the foreign body was
planned. Preoperatively the animal was given injection
xylazine 20 mg I/M aong with injection meloxicam 0.2
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mg/kg Body Weight I/M and injection dicrysticine 2.5 g I/M
[Streptomycin  Sulphate: 2.5 g, Procaine Penicillin G:
15,00,000 units, Penicillin G Sodium: 5,00,000 units].

The animal was restrained in lateral recumbency on a
padded large animal operation table. The site was prepared
for surgery by shaving the submandibular and mandibular
area and scrubbing was done with antiseptic solution con-
taining cetrimide. Then local anaesthetic (lignocaine HCL
2%) was infiltrated (20 ml) within the skin and muscles
around the foreign body. Thereafter, the incision was made
on mid-ventral aspect of submandibular area. Digital palpa-
tion of area did not revealed any sharp foreign body. The
genioglossus muscle was incised and the foreign body was
reached which is to sharp and move aong with movement of
tongue. Afterwards a flat instrument was put in the ora cav-
ity to stabilise the tongue. The foreign body was then re-
moved with help of long artery foreceps. The muscles were
sutured with polyglactin 910 (No. 2-0) in simple continuous
pattern. The skin was sutured with polypropylene (No. 1-0)



Plate A. Linear Foreign Body in lateral Radiograph

in horizontal mattress pattern. Postoperatively, the buffalo
was given injection dicrysticine 2.5 g I/M bid and meloxi-
cam 0.2 mg/kg Body Weight I/M bid, belamyl 10 ml 1/M
sid [Thiamine hydrochloride: 10 mg, Riboflavin: 3 mg,
Niacinamide: 100 mg, Vitamin B 12: 10 mcg, Liver injec-
tion crude: 0.66 ml (having Vitamin B 12 activity equiva
lent to 2 mcg of Cynocobalamin per ml), Phenol: 0.5%)] for
5 days. Antiseptic dressing with ointment Neosporin and

Plate B. Linear Foreign Body in dorso-ventral Radiograph

topicure spray locally was advised till complete healing of
the wound.

Retrieval of oral foreign body (sewing needle) in pre-
sent case, seems easy to perform but it was still difficult as
it was embedded in genioglossus muscle and was moving
adong with the movement of tongue and its retrieval was
not possible till the tongue was stabilised by some flat sur-
gical instrument.
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