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ABSTRACT

The present investigation entitled “Studies on sé&=fmination and
Epicotyl Grafting in WalnutJuglansregia L.)” was carried out in the Fruit Plant
Nursery of Division of Fruit Science, SKUAST-KashmBhalimar, Srinagar,
J&K during the year 2011 and 2012.The walnut sesdee treated with four
chemicals each at two levels, storage viz., coldl @mbient treatments and seed
treatments viz., un-soaked and soaked. Epicotyliggawas performed on the
basis of age of rootstocks (15, 30 and 45) days gkermination and height of
graftings viz., point of attachment cotyledons, 2dm and 6cm above the point
of attachment of cotyledons. The chemical treatsmeit. GAs, sulphuric acid,
ethrel and potassium nitrate were significantlyeetive in breaking the seed
dormancy and promoting seedling growth of walnuz@A100ppm was
significantly effective in inducing seed germinatioompared to other chemical
treatments and control. Highest seed germinatiocep¢ages (58.24) during 2011
and (58.57) during 2012 were recorded with ;G®0ppm followed by GA at
50ppm (54.23) during 2011 and (56.32) during 20IRe storage treatments
under cold environment recorded maximum germingbercentages 46.51 during
2011 and 46.56 during 2012 whereas the germingigmcentages were 42.21
during 2011 and 42.79 during 2012 under ambiermagto (10-12C). Un-soaked
seed treatment under cold storage resulted in gatimon percentage of 45.36
during 2011 and 45.53 during 2012, whereas in pedead treatment germination



percentages to the tune of 43.36 during 2011 an@8348uring 2012 were
recorded. The interactions between storage and ichetmeatments were found
significant both in seed germination and seedlingwgh. Highest graft take
(67.38 and 70.55%) and graft sprout (40.93 and 224.3 were observed in
epicotyl grafting performed on 15 day old walnubtsiocks at the point of
cotyledon attachment followed by grafting at 2cnighe both during 2011 and
2012. With regard to the quality of scion woodmteral portion of scion wood
was found superior as for as scion take and scmousing is concerned.
Maximum scion take percentages (62.99 and 64.41) scion sprouting
percentages of (32.18 and 31.85) were recordedruad®inal portion of scion
wood during both 2011 and 2012, in comparison gabportion of scion wood in
which scion take of 59.01 and 63.74 per cent amohssprouting of 29.21 and
29.63 per cent were recorded during both 2011 410@.2Minimum graft success
per cent was recorded in case of epicotyl grafpegormed at height of 6cm
from the point of attachment of cotyledons. The ralleresults indicate that
germination of walnuts at late stage could be @aswith the use of GAat
100ppm and 50ppm concentrations without pre-soakiegtment. Epicotyl
grafting under open conditions seems to be viapt®o for mass propagation of
walnuts. However, skill development of nurserymeithwespect to grafting
technigue as well as proper management of propdgatterial seems to be of
vital importance.
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Chapter — 1
INTRODUCTION

The Persian walnutJgglans regia L.) known as English walnut is the
most valuable commercial species in its genusngghg to family Juglandaceae,
containing about 60 species and 21 of which areeplan genusluglans. The
Persian walnut has origin in eastern Europe, Asreomextending from Turkey,
Iran and western China to eastward to the Himalagegions (Lesile and
McGranahan, 1998). All juglans species are monasgiaith catkins being borne
laterally on one year old wood and pistillate feye borne terminally on current
seasons wood. Although walnuts are genetically Beifful they exhibit the
phenomenon of dichogamy, being either protandrougratogynous depending
on cultivar, therefore are mostly cross pollinabgdwind (Polito, 1998). Walnut
is a rich source of fat (64%) in which 49 per cenpoly unsaturated (PUFA) and
6 per cent is in form of Linolenic acid, proteirD(8%), carbohydrate (10.5%) and
is concentrated source of energy (687 caloriesd®). Kernals contain good
amount of vitamin B1 (Thiamine 450 mg/100gm) (Anomus, 2010a).Walnuts
are commercially grown in 48 countries on an &fe@6,58,966,00 hectares with
a total production of about 16,70,109 MT (Anonyma2@10b). The chief walnut
producing countries are China (22%), USA (20%x If52%), Turkey (10%) and
India (2%). In India, the state of Jammu and Kashoacupies an important
position, as for as growing of walnuts is concerr@dducing about 85 per cent
of total production of walnuts of the country, amas monopoly in production of
export quality walnuts. At present the state of dan& Kashmir has an area of
about 93641 hectares with a production of 1,6502Z#, Mdiving an average
productivity of 1.89 metric tonnes/ha. The statgogs prestigious position in
fruit map of India on account of export of walntasforeign market, which brings
an income of about 120 crore for the state exche@monymous, 2010c). The
traditional walnut plantations in J&K consist of i@ seedling trees

characterized by long juvenile period, poor produtst with long period required
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for sprouting of nuts and inconsistent fruiting &elour. The germination of
walnuts does not take place uniformly due to thet that seeds are mainly
obtained from seedling origin trees and from mixed populations. Secondly,
during last few years, it has been observed thattdworldwide phenomenon of
climate change, snowfall/or rainfall takes placeimy October-December, which
otherwise used to be dry periods. The early pretipn does not allow
nurserymen to go for seed sowing germination dumioignal sowing months i.e.,
November-December. Various chemical as well as sesstment procedures
have been tried in different countries so as touensiniform germination of

walnut seeds.

The Persian walnut is difficult to propagate vegetdy than other fruit
species. As a result, establishment of seedlingands of walnut is common in
several walnut producing countries. Seedling odhauffer from high variability
of nut yield and quality. Due to higher market dechgor quality nuts and
increased productivity, satisfactory methods ofetative production in Persian
walnut are needed (Vaddati, 2000). Secondly afie2d days accumulation of the
phenolic compound like 4-hydroxynapthoquinine isrenbarmful for growth of
walnut callus (Pratavieret al., 1983). Since entire walnut population of J&K is
seedling origin, there is non availability of plemgt material of known pedigree.
For vegetative propagation of walnut different noelh had been tried in this
institution so as to obviate the difficulty of reig walnuts vegetatively which
includes various methods of budding and graftingthbthrough conventional
means as well as high tech procedures like hougiaty technique, use of zero
energy polyhouses and tissue culture. But thisicditfy still remains to be
addressed because of inconsistent results. Direse facts availability of quality
planting material to the farmers is not adequatpesithe demand. Lately in some
countries epicotyl grafting has been tried in diéf@ hard to propagate fruit
species which has given some promising resultsfiarent fruit crops including

nut crops like walnut and chestnut. Furthermordnutaseed germination needs
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to be re-evaluated to shorten the time of sproutaygwvay of finding alternatives
to compensate chilling requirement of seeds fomgsation. The study entitled
“Studies on seed Germination and Epicotyl Graftm@gvalnut JuglansregialL.)”

was therefore undertaken at the Farm of DivisiorFnfit Science, SKUAST-

Kashmir, Shalimar, Srinagar, J&K with the followingjectives :

1) To determine the effect of various chemical treattsmén breaking
seed dormancy, promoting germination and growthwainut

seedling.

2) To assess the feasibility of off-season sowing @@&anination of
walnut seeds.

3) To evaluate the feasibility of using Epicotyl methaf grafting as

a procedure for vegetative propagation of walnut.



Chapter — 2
REVIEW OF LITERATURE

2.1 Dormancy

Dormancy is the temporary suspension of growthmyf plant structure
containing a meristem, based on mechanism of seadimgation (Amen, 1968,
1963). The germination obstacles vary both among) waithin species. It is
essential to understand the effect of stratificaiad sowing time on germination
both for practical nursery applications and consgon. One of the hypothesis
advanced to explain dormancy is that levels of gedous gibbrellins are too low
for growth to occur and levels of these increaseng chilling treatment (Sinka
and Lewak, 1970; Mathwt al., 1971). Furthermore, each tree species has
specific chilling requirement that are related bhe taccumulated hours below a
chilling temperature threshold or cumulative chiflits which are hours that are
weighted for temperature effectiveness for breakiognancy (Richardsost al.,
1974). Dormancy is the condition of bud or seedattarised by lack of visible
growth (Westwood, 1988).The embryo of many seedstdgeminate because
oxygen doesn’t diffuse through the seed coat. Ad temperatures, more oxygen
is soluble in water, so the oxygen requirementnolbiyo are better satisfied. Cold
moist stratification imitates overwintering in fiekeedbed (Young and Young,
1992). The seed production is an important staganinhigher plant life’s cycle
with respect to its survival as a species. Forshivival, the seed, mainly in a dry
state, is well equipped to sustain extended pembdsmfavourable conditions. To
optimize germination over time, the seed entererandnt state. Dormancy also
prevents pre-harvest germination. Numerous stulege been performed to
better understand how germination is controlled/éyous environmental factors.
However, still very little is known about the prgseby which the embryo
emerges from the seed to complete germination awd dmbryo emergence is
blocked in dormanseeds (Bewley, 1997; Basket al., 2002; Baskin and Baskin,
2004). The environmental conditions, such as lagid temperature, are the most

2



important factors for plant growth and developmefiemperature has a
considerable influence throughout the developméatmant too (Koorneetdt al.,
2002), stimulating developmental processes sudp@sth, seed dormancy and
release, germination and vernalization (Heggie Hatliday, 2005). Many fruit
and nut crops require cold temperature in wintdoreak dormancy. Considering
the climatic changes which show rise in averagetemperature all chilling
models have predicated substantial decrease iremahill at all sites. Across all
sites between 1950 and 2050 mean chilling was qaezti to decrease by 33 per
cent (chilling Hours), 26 per cent (Utah Model), d& cent (Dynamic Model) and
14 per cent (Positive Utah Model).Research effarts needed to identify most
reliable chilling model and an alternative means ffoit and nut growers for

imminent effects of climate change (Eiéeal., 2009).
2.2 Seed germination

Seeds of numerous temperate fruit crops such ahpplum, apple, pear
and apricot require a definite period of stratifica (moist chilling) for uniform
germination (Hartmann and Kester, 1968). Eightdon teeks of stratification
period is found effective for uniform germinatiam almond cultivars (Grigorian,
1972). The germinatiorafter 10 days was 29 per cent in apricot and peach
respectively. Cent per cent germination in selfierspeciesPrunus davidiana
was observed where as, to the extent of only 20cpat in J.H. Hale a cross
pollinated pollinator(Nagoo, 1975). Seedlings rootstocksRiftacia vera made
more lateral roots and thicker stems than the ospecies and they can reach
budding size in a shorter time on having succesg@rmination percentage
(Sakoury, 1976)Thirty to 50 days of stratification period was faueffective for
early germination an@. arabica seeds were stratified for different durations and
significantly high germination percentage was aisdi at 45 Or 60 days, while
non stratified seeds did not germinéBrasselly, 1977). Variation in germination
characteristics among 13 open- pollinated famitieshokecherryR. virginiana)

seeds were observed, and the lowest germinatienfavend to be 80 per cent in
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three families; 83 per cent in four families; 9& gent in four families; 97 per
cent in two families with highest 100 per cent wotother families following
sixteen weeks stratification period and nine weekstratification period at 10-16
°C in different cultivars of plum viz Titron, latgellow, Alubukhara, Sharabati
and Alpha, first two did not germinate and remagngave maximum germination
(Lockley, 1980). Lack of success has been attribtiigpoor germination in black
walnut Juglans nigra L.) and growing conditions in the fielRobisonet al.,
1997).

Germination, in general, starts with uptake of wég the seed and ends
with the (start of) elongation of the embryonicsaxt includes numerous events
such as respiration, cell elongation, protein higdnaand sub-cellular structural
changesSuccessful seed germination depends on numerotsddioth internal
and external. Internal factors are linked to thpsesent in the seed structure
(pericarp, seed coat and embryo) whereas exteantdrs include those pertaining
to the seed's environment, environmental factonsbeaclassified in two groups:
(1) chemical and (2) physical factors. In many sasgen when all conditions for
germination are optimal, seeds still fail to geratea Seeds that are in this
situation are called dormant. This dormancy habdadroken before seeds can
germinate (Bewley, 1997).

To achieve the required number of germinated seedlsuts were sown
into flats and covered with growing media, follogithe recommended procedure
for Juglans spp. of covering nuts to a depth of up to 7.62 Seeds were
examined regularly for germination, and those thatminated were removed
from the flats and stored under moist towels at 2@l target quantities of
germinated walnuts were available. Minimal develepmof the radicle of
germinated seeds was important to maintain unif@®edling development
(Kujawski and Davis, 2001).

Peach seeds have a mechanical dormancy found isete coat and a

physiological dormancy. To overcome the physiolagmormancy, stratification
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is required. These dormancy mechanisms ensurghbatonditions are optimal
for the peach seed so that whemerminates it has a high chance of survival

(Dicenta and Martinez-Gomez, 2001).

Germination of black walnutlgglans nigra L.) prior to sowing improves
the likelihood of maintaining constant density i@ thursery bed. In containerized
seedling production, the number of containers drma d@mount of soil media
needed are directly dependent upon the numberrghicers sown. Therefore, an
increase in the percentage of cells containing essfally germinated seedlings
would reduce production codtglichler et al., 2004).

Exogenous application of growth regulators suchaasans, gibberellins
and cytokinins, and chemicals such as potassiurat@ior thiourea, have been
shown to improve seed germination in fruit cropee Ipeach, plum, apple and
grapes (Nadjafet al., 2006).

For almond there was significant difference betwetre highest
germination percentages from the experiments ird20@005 and 2005 to 2006
years and it was considered that the cause ofdiffsrence was not only the
variation in climate conditions, but also endospdgick of the seeds. For proper
germination the seed needed adequate humidity, eltyse and light to
germinatgGezer and Yucedag, 2006).

The highest seeds germination percentages (81.6i® feund when the
seeds were soaked for 12 hours in 200 th@hs, and (77.83%) for 12 hour
in100 mg GA. This increase in seeds germination percentagbtrbegrelated to
the initial enzyme induction and to the activatimihreserve food — mobilizing
systems by Gibberellins which have also been useshhanc early germination
(Nabil and Al-Imam, 2007).

“Alook” (Prunus scoparia Spach) and “Arjan”(Prunus webbii Vierh) are

two wild almond species which grow naturally in tvasea of Iran. Seeds of both
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species covered by stony endocarp have very peorgermination, an important
problem in propagation of these species (Heietaai., 2008).

There have been few studies using different metlardk techniques to
overcome the germination obstacles of almond spe@@hemiet al., 2009).
Almond nuts should be boiled for ten minutes befwwing to obtain maximum
germination (Nasiet al., 2010).

2.3 Methods ofimproving seed germination
2.3.1 Scarification

Softening of endocarp by scarification hasten @rease germination in
mazzard cherry Rrunus avium} (Zielinski, 1958) and almondPrunus dulcis
(Gaudio and Pedone, 1963). The germination of bk increased upto 70 per
cent by treating seeds with concentrated sulphagid for 30 minutes (Wenzel
and Smith, 1975). The Peach x Almond hybrid (sktiohes, treated with 280,
increased germination from 40 to 65 per cent (Setgth., 1983). Scarification by
concentrated Sulphuric acid and Stratification -&t15°C for 30 days increased

seed germination in Pistachio spp. up to 90.7Zeet (Sehgal and Sing, 1990).

Seed scarification involves breaking, scratchingaftening the seed coat
so that water can enter and germination can b&gmersion of nuts in 80,
for 30 minutes plus 30 days stratification increadee germination percentage of
Prunus scorparia seeds (74.5%) and treating the endocarprahus webbii seeds
with H,SOy for 60 minutes plus stratification for 45 days.criased the
germination about 73 per cent (Hartmaabal., 1997a).

In acid scarification, seeds of almond nuts werariBed with
concentrated k5O, (70 and 90%) in order to dissolve the exocarp,ovap and
endocarpTreatment with HSO, was effective in breaking the seed dormancy and
Seeds soaked in concentrated sulphuric acid forirfdutes gave the highest

germination of 50 per cent. The treatment with @@ gent concentration of the
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acid for 3 min gave 28.6 per cent germination, Moxgnation was recorded from
seeds in the control for the period of the expeniniBasiret al., 2010).

The highest percentage germination of the hard @argcseeds group was
obtained by immersion of seeds inS®, for 10 minutes. Scarification can be
another possibility which can increase seed gernioimaStony endocarps exist in
all members ofPrunus speciesand seeds often have seed coat dormancy.
Endocarp may also offer some resistance to gerramaind removal of the
endocarp may hasten or increase germination inestpecies (Heidargt al.,
2008).

2.3.2 Stratification

Different seed pre-treatments were used to enhdPistacia seed
germination. Scarification and cold stratificatimere found to improve the seed
germination (Ayfer, 1961)Prunus seeds are often thought to have only endocarp
dormancy and required a certain period of coldttneat for germination of stony
endocarps, even though the endocarp may offer gesistance to germination
(Heit, 1967).

Seeds of temperate fruit crops such as peach, @lppte, pear and apricot
require a definite period of stratification (coldyoist chilling) for uniform
germination (Hartmann and Kester, 1968). Stratifice is the process of pre-
treating seeds to simulate natural conditions thaieed must endure before
germination. In nature, moist chilling occurs intve®ils combined with winter
coldness. Removal of the stony endocarp or pericaffuits such a®runus spp.
often reduces the number of days of chilling neefdedyermination to occur in
stone fruit (Grisezt al., 1974).

The percent seed germination of all tested cukivafr walnut increased
with the overall trend of increase in stratificatiperiod from one week to eight

weeks (from 36.8% in control compared with 86.3%aéight weeks). Protease
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and lipease enzymes have been shown to increasegdihilling stratification
(Ruduicki, 1977).

An optimum stratification period of 8 to 10 weeks some almond
cultivars, 30 to 50 days of stratification is wegd for 8 wild almond specieB.
Arabica seeds were stratified for different durations anghnificantly high
germination percentage was obtained at 45 or 6@,dakile the non stratified

ones did not germinate (Kesttral., 1977; Grasselly, 1977).

Removal of seed coats in pome fruit sucMaus spp. andPyrus spp.
results in complete germination without chillingowever, seedlings obtained in
this way are often stunted and their epicotyls widt grow until they are chilled
(at 1-7 °C for 30-120 days) or treated wi@A (Westwood, 1988).

Stratification of 4 weeks followed by pre-soakimgatments of seeds with
gibberellic acid (GA) improved germination perceggand increased plant height
in peach (Abo-Hassan, 1986).

Average seedling development (height and numbdeafes) increased
with GAz at 250 ppm + stratification for 3 weeks at 5°€atment (Dahshaet
al., 1987). PeachR dividiana) seeds have high ABA-levels and low GA levels.
During stratification ABA-levels decreased and Geévdls increased (Ji and
Wang, 1987)Prunus seeds have embryo dormancy and require a periaftef
ripening in the presence of moisture and oxygerowercome it (Westwood,
1993).

Direct application of chemical on dry nut led tcetbest germination
results (70%). Water pre-treatment produced a lemsey of chemical solutions
into seeds. In fact, gradient of humidity betweblemical solutions like GAand
tissue of seeds ought to be bigger in no watetrirexat, therefore the effect of this
extra chemicals would increase the growth paramdike height of seedling
(Frutos, 1993).
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The concentration of ABA like substances was hidgtemvPistachio seeds
were soaked for 12 hours in Gibberellic acid butrdased with the time of
stratification (Ozguvest al., 1995).

Germination of apricot seeds increased from 1.B&@ per cent when
stratification period was increased from 0 to 6@sd@ercisli and Guleryuz, 1995).
Stratified seeds of wild apricot had performed Higantly higher mean
germination (80.13%) in comparison to un-stratifekds (74.54%). Potassium
nitrate @ 0.4% treatment significantly improved thpermination (91.24%) in
comparison to all other treatments except potassiimate @ 0.2% treatment,
which was statisticallyat par with this treatment. Interaction effect of
stratification and chemical treatments also sigaiftly influenced the
germination of seeds. Seeds stratified first armah tineated with potassium nitrate
@ 0.4% exhibited highest germination (94.12%); haaveleast germination was
observed in untreated and un-stratified seeds (BhdrSharma, 2007).

High germination percentage, seedling length aedhshtumber in wild
almond Prunus scoparia) seeds were obtained after application of 500 bm
gibberellic acid (Garcia-Gusanet al., 2004). Percent of seed germination
increased with the overall cold stratification iralmut seeds var. “Serr” and
“Lara” (from 36.8 in the control compared with 8&3after eight weeks). Also
the mean time to germinate significantly decreas@t the chilling treatment
(Aslamarzet al., 2007).

Pistachio seeds soaking for 12 hours significaitisreased seedlings
height and diameter as compared with seeds sod&kmng4 hours. The highest
seedling height (18.70 cm), seedling diameter2(d:3) were found when the
seeds soaked for 12 hours in 200 @A (Nabil and Al-Ameen2007).

Cold stratification was applied to the seeds ofelra#t. Seeds kept in
water for 24 hours were planted into moist peat iacdbated at % for 100,

110 and 120 days which improved germination pesggntupto 65-70 per cent
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(Aygunet al., 2008). Fully matured seeds/kernals of Pistawhere stratified for
60 days and then subjected to soaking in3G#d thiourea at different
concentrations and combinations for 90 minutesreegowing in the nursery beds
in polyhouse. The observations on seed germing@noentage, number of leaves
per seedling, seedling length, number of branche$ @ots were recorded.
Among various treatments GA® 200 ppm + thiourea @ 10,000 ppm gave
maximum seed germination percentage and seedlimgtigrand root length as
compared to other treatments and seeds which wdyestratified (Negiet al,
2010).

The mean chlorophyll (chlorophyll a & b) pigmentéés ranged from a
minimum of 0.34 mg/g for Fernor to a maximum of 218g/g for Pedro, cultivar
of walnut. Chlorophyll A was determined predominasitiorophyll in total
chlorophyll. The cholorophyll A pigment levels rawfrom a minimum 0.28
mg/g for Fernor to a maximum of 1.95 mg/g for PedMuradglu and
Gundagdu, 2011).

The average leaf area in walnut was found 53.02 drhis parameter
ranged from a minimum of 26.77 érfor Fernor cultivar to a maximum of 86.92
cn? for Howard cultivars. Generally the leaf area afeign cultivars (Chandler,
Fernor, Franquette, Hartley, Midland & Pedro) exdépward were found higher
than domestic cultivars Kaman-1, MsgtE2, Marg-18 & Sebin (Muradoglu and
Gundogdu, 2011). The root length of the below-gbpart of seedlings varied
from 5.3 to 102.0 cm, with the amplitude of 96.7.cFhe greatest average root
length was recorded in the seedlings from the iycd&’, amounting to 45.6 cm,
followed by the root length recorded at the logalit’ amounting to 43.4 cm,
while the shortest root, of 40.4 cm on average mgasrded in the seedlings from
the locality '3’. There was no statistically sigodnt difference between the
localities, while the average root length for aedlings was 43.3 cm (Tatjaeaa
al., 2011).
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2.4 Use of chemicals

Gibberallic acid (GA) in range of 50-200 mg/l resulted in significant
breaking of dormancy in filbert seeds (Robert Aadersteddt, 1969)Jnshelled
seeds ofP. terebinthus were immersed in 50 ppmGA3 for seven days, the
germination increased from 50-79 per cent (Casidi @onticni, 1979)ln a study
Pistacia vera, P. khinjuk andP. atlantica had more than 95 per cent germination
after removing green nut hulls and soaking in 18im GAs solution for 7 days
before sowing (Dahaét al., 1975).

Non-chilled Nemaguard peach seeds treated withegdbic acid at 50-
500 mg/l gave 80 per cent germination (Meheanal., 1985). In another study it
was found that peach seeds treated with Gibbeaadlit and no cold storage had a
final germination percentage of 80 but when theyewteeated with Gibberellic
acid and stratified the germination percentage ponp 100 (Martinet al.,
1985).

A number of plant growth substances are reporteloeteffective chiefly
by way of overcoming the problem of impermeabibiiyseed coats to water and
dissolved gases particularly oxygen and carbon idé@xXHartman and Kester,
1989). In another study, it was found that the &gihgermination percentage
(73.3%) was obtained when seeds were soaked fdodB in 125 ppm GA
solution (Aket al., 1995). More than 95 per cent seed germination atdained
in Pistacia species after seeds were soaked idZohours in 100 ppm GA
solution(Kuru and Aksu, 1995).

The highest germination rates (73.3%) were obtawmigld 125 ppm GA
and 48 hr soaking in water (Adt al., 1995). The germination rate of Pistacia
seeds ranged from 40 to 96 per cent after the seeds exposed to different
treatments. The highest germination rates wereirgddawith stratified seeds
(Kafkas and Kaska, 1998).
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Paradox walnutJ hindii x J. regia) seeds treated with Gibberellic acid
and potassium nitrate had increased percentagerofination and also resulted
in stronger subsequent seedling growth (Hamed atkii,FL999). Mean time to
complete germination d®. atlantica, P. terebinthus and a hybrid was minimum
in seeds treated with 1000 ppm $And stratified at 4C for 15-45 days
(Isfendiyaroglu and Ozeker, 2002). In another stutdwas found that the highest
germination percentage (73.3%) was obtained whedssaere soaked for 48
hours in 125 ppm (Hartmaret al., 1997; Grisezt al., 1974). Soaking seeds of
almond in gibberellic acid (G4 with concentrations of 750, 1000 or 1500 ppm
increased germination percentage significantly wb@mbined with stratification
(Khalil and Al-Eisawi, 2000).

Germination inPistacia species Ristaciavera ‘Mateur’, P. atlantica, P.
terebinthus andP. lentiscus) was positively affected by immersion in concetetd
sulphuric acid. The increase in seeds germinatensgmtage might be related to
the initial enzyme induction and to the activatioh reserve food-mobilizing
systems by Gibberellins which have also been ugezhhance germination and

stimulate early seedling emergence and growth (khspknd Huner, 2004).

The highest (84.78) percentages of seed germinatiapricot was found
with GAz at 250 ppm and stratification for 3 weeks at §Samaaret al.,
2000). Highest germination (100%) iRr(nus mahleb L.) was obtained from 75
ppm application, followed by 50 ppm (92.1%) and 1(ppm (84.7%) GA
Germination speed was also determined in ;Gfeatments. The fastest
germination occurred in 75 ppm application follaMgy 50 ppm and 25 ppm
applications (Ayguret al., 2008).

The best results irfPrunus mahaleb L. seeds were obtained from
stratification for 12 weeks at 29 + GA3 at 1000 ppm (Gercekcioglu and
Cekic 1999). Fully matured seeds/kernels were isg@tfor 60 days and then
subjected to soaking in GAand thiourea at different concentrations and

combinations for 90 minutes before sowing in thesaty beds in Polyhouse. The
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observations on seed germination percentage, nuwmibéraves per seedling,
seedling length, number of branches and roots wererded. Among various
treatments GA @ 200 ppm + thiourea @10,000 ppm gave maximued se
germination percentage (80.4), seedling growthrantllength in pistachio nut as
compared to other treatments and seeds which wdyestratified (Negiet al.,
2008).

Pistachio seed soaking for 12 hrs + 100 ppm Sénificantly increased
seedlings diameter (3.13 mm) as compared with seedking for 24 hours
2.77mm (Nabil and Al-Imam, 2007). Many attempaydr been made to use GA
for improving seed germination and subsequent sepdrowth of plants (Yousif
et al., 1984) onPistacia vera L. seeds; (Al-Fawaier, 1994) dristacia atlantica
seeds; (Beyhargt al., 1999) on hazelnut seeds; (Abdullah and Younis2200
P. atlantica and P. terebinthus; and (Al-lmam and Al-Brifkany, 2006) on three
cultivars of hazelnut seeds; (Abdullah and You@i302) onP. atlantica and P.
terebinthus. To improve germination of wild almond seeds weneersed in
different concentrations of sulphuric acid for @&0 minutes in combination of
stratification for 15, 30 and 45days and immersionsulphuric acid for 10
minutes in combination of stratification for30 daysd has improved germination
percentage oPrunus spp. to 94 and 82.5 per cent, respectively (Heieaal.,
2008). Gibberellin and GA is an important endogengtowth regulator having
profound and diverse effects on plant growth aneeliigpment. One of the roles
of gibberellin is the induction of seed germinatiand promotion of radical
elongation and mobilization of endosperm reserueing early embryo growth,
as well as flower and fruit development (Hopkind99; Peng and Harberd, 2002;
Hartmannet al., 2002).

Soaking seeds for 12 hours gave the highest seedrggion percentage
(88.50), seedling height (16.72 cm), stem diam@&5 mm),Which significantly
differ from seeds soaked for 24 hours in Pistactub (Nabil and Al-Imam,
2007). The increase in seedling height with GAhhige related to the fact that
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GA promote stem and shoot elongation through theease of both cell division
and from internodes elongation in higher plant (kog and Huner, 2004; Harris
et al., 2004).

Chloroplasts in organs of plants developing in ghtehd to have more
photosynthetic pigments per unit volume than chitasts developing under high
irradiance (Haehnel, 1984). However, the ratioldbwphyll a and chlorophyll b
may be altered by a change in light or irradiandesequent to leaf development

and expansion (Burkey and Wells, 1991).
2.5 Experiment No. 2 : Epicotyl grafting in walnut(J. rgia)

The multiplication of fruit trees including nuts rtugh vegetative
propagation is as old as human civilization. The technologies in fruit science
have forced the Horticulturists, all over the world make intensive use of new
vegetative methods like tissue culture, hypocotgt aepicotyl grafting for
propagation of horticultural plants. Walnut cultisare principally propagated by
traditional budding and grafting methods. One o thiggest obstacles with
budding and grafting of walnut during the growirggson is the detrimental effect
of sap flow (bleeding) on bud and graft-take. Ingietent results encountered with
conventional grafting and budding of walnuts cortgzelresearchers to conduct
trials under controlled as well as open conditiom®lving epicotyl grafting. Lack
of good success in vegetative propagation of walwould be attributed to the
presence of Juglone in the rootstock and scion wdaaidh is harmful for callus
formation (Pratavierat al., 1983).

Poor callus formation in walnut made it a difficuti propagate fruit
species (Coggeshall and Beineke, 1997). Many factowvolving genetic and
environmental, affect plant growth and developmé&tants are able to modify
their growth, development and physiology accordimgheir environment. This

ability of plants has a plays a key role in detering their tolerance to stress and
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their maintaining efficient growth (Murchie and Ham, 1997; Walterst al.,
2003).

2.6 Epicotyl grafting

The nursery seed grafting was first described byotda(1964). In this
method twigs with dormant buds of chestnut culswaere used as scion material.
Once winter dormancy had been met, seedlings qumidwn were utilized for

grafting in containers at temperature around@%Moore, 1964).

The hypocotyl and epicotyl grafting as modificasof nurse seed
grafting were used and described by Park (1968¢. Sittcess with Nut grafting
ranged from O to 90 per cent depending on sizeeeflling used for grafting.
(McKay and Jaynes, 1969; Keys, 1978). Sixty to @6 cent graft success was
achieved using a modified chip bud method on episotNewly germinated
chestnut seedling were used as root stocks, twidpsdermant buds were used as
scion material. Once the seedlings were 2 cm Igrajting was carried and scions
of thicker size were inserted into the stock segd(Ackerman and Jayne, 1980).
Cent percent graft success was achieved in thegoese and 83 per cent in the
open field using cleft graft method on epicotyl fgréSawanoet al., 1983).
Seventy per cent success was observed when epmatiting in mango was
performed from July to September in glass housereds it was only 40 per cent
in open in the month of July (Desai and Patil, )9&?icotyl grafting of mango
in Jammu district revealed 50-75 per cent graftess (Guptat al., 1988).

The flush grafting in cashew with four differentesgof scions (21, 28, 35
and 42 days) on five different ages of rootstodis @1, 28, 35 and 42 days) was
carried out at Bhubaneshwar. Highest success (4&2)noticed in combination
of 28 days flush with 45 days stock followed bydalys old scion and 35 day old
stock (Anonymous, 1990).
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Grafting of scion on the germinating seedling imcefyl grafting has been
successfully used as an efficient, economic andl naqethod for propagation of
mango (Lal, 1993; Singh and Srivastava, 1981; Staxa, 1989).

Thirty per cent success with 14 genotypes on langis (20-25 g) was
achieved in chestnut using nurse grafting (Balth Basaran, 2001). Temperature
had a prounced effect on callus formation andnagtn temperature for callusing
varies between temperate zones (Hartnerah, 2002). Sixty three to 75 per cent
graft success was achieved on epicotyls using olethod of grafting, generally

less on other methods (Duman and Serdar, 2005).

Swelling of union may be caused by mis-matchedksand scion sizes
or from the genetic interaction of different staken combinations (Serdetrel.,
2005). The survival rate of Epicotyl grafting walnut ranged from 65 to 87 per
cent according to grafting time, the average wae 78.9 per cent (Suk-In, 2006).
Seventy per cent success was achieved in hypogefting of walnut using one
year old scion (Vahdatii and Zareie, 2008). Clefifgng was conducted with
one-year old scion on 10 to 15 day old seedlingsvalnut. Scion thickness
corresponded to the thickness of new shoot of dleéstock. Polyethylene band
was used for tying to provide good aeration atplaee of grafting. After 12 to 16
days the grafted plants started developing new tsh@@andev, 2009). The
highest rates for graft success and plant surwwale obtained from shaded
greenhouse conditions in the European chestnutif®and Serdar2009). When
walnut seeds formed a well developed root and anji epicotyl, split grafting
was performed with 5-8 cm long one year old sci@wsvival rate shown to range
from 51.7 to 75.00 per cent (Gandew and Arnaudo%12.

2.7 Influence of factors on epicotyl grafting in wénut
2.7.1 Time factor

There are number of factors which influence thdihgaf graft union in

which weather conditions, especially the tempeeatmd humidity play a very
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crucial role in the success of grafting (Hartmard dfester, 1979). Epicotyl
grafting trials in cashew, conducted during 1980&82Vengurla (Maharastra)
revealed that this method can be commercially etqulounder agro climatic
conditions and February to May was the congeniabgewith 62.4 to 67.7 per
cent success onl0 day old seedlings (Sawke, 198%).success of epicotyl
grafting in cashew using 15 days old seedling tooks was studied where the
highest success was recorded between June andtA66u88%) which declined
to 45-47 per cent in November (Nagabhushanam, 198@)nificantly more
survival percentage (83.33 and 63.33) of graftraftemonths of grafting was
noticed in mango when grafting was performed atay-old rootstock followed
by 9-day old rootstocks. Only 2.38 percent graftldrday old rootstock survived
after 4 months of grafting (Gagandeep and Ma&03). The survival rate was
shown in the range from 65 to 87.5 per cent acogrth grafting time. The rate in
February was greater than that in March and Aphk epicotyl grafting in walnut
can be performed all the times or seasons of thar yender controlled
temperature and humidity, and if sound scion cdwddsampled (Suk-In, 2006).
The climatic analysis made showed that the air &¥atpre characteristics of
June-August of experiment 2009 give grounds to me&grclusion that in
Bulgaria the successful hypocotyl grafting of waduis possible under

unconditioned surroundings (Gandev, 2009).
2.7.2 Temperature and humidity

Temperature has a pronounced effect on the praduoficallus tissue and
optimum temperature range required for callusingiega between different
temperature zone fruit species (Hartmatal., 2002). Optimum temperature for
walnut to produce callus is about 2Z (Sitton, 1931). Later studies confirmed
that temperatures around 26 to°€7are optimum, but temperatures down t822
could still be sufficient for good callus formatioosf walnut (Rongting and
Pinghai, 1993). Below 28C callus formation in walnut becomes unsatisfactory

(Reil et al., 1998; Hartmanmt al., 2002). Temperature did not only influence the
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amount of callus tissue but also the rate of cdtusation. At 22°C, callus was
intiated six days after grafting, while it took é\days at 27C. When temperature
was further further increased to 32, callus intiated after only four days, but less
callus tissue was produced at this temperature ganand Pinghai, 1993). A
temperature of 27C+2 has become the standard utilized by many ptpas)
and researchers all over the world to graft wabudcessfully (Lagerstedt, 1981,
Lantos, 1990).

Optimum humidity of the immediate environment offted trees was
regarded as vital, this was achieved by maintaittiegcorrect moisture content of
the medium in callus containers. Generally, a medative humidity of 80+10% is
preffered (Cerny, 1965; Germaah al., 1999). An experiment was conducted at
Madakkathara to find out the effect of mist chaml{@®% humidity, max
temperature 27C and min temperature &) on sprouting in flush grafting of
cashew with suitable control. It was found that tnfied definite effect on
reducing the time taken for sprouting and also eoéd sprouting percentage
(Anon, 1989b). A scion sprouting percentage of ‘fiei7 cent was observed under
controlled conditions of temperature and humididhgria et al., 1977). While
studying the standardisation of suitable mediaiatetval for walnut propagation
under controlled conditions (Gandev and Arivind®®11) found that three weeks
time in saw dust was most suitable for keepingditadts in incubator at 252C
and 75%2 relative humidity and then planted in filetd. With this technique, a
graft success of 60.22 to 64 per cent was achieved.

Walnut graft union was wrapped with aluminum fal standardise the
heat and was maintained at a temperaturé@7for a period of 24 days. A
success of 73 per cent was achieved through heatiiggaft unions (Avanzato
and Tampani, 1988).

Studies on effect of scion moisture, substrate Hityni environmental
temperature, scion state and cultivar on callus&tion in walnut was observed

and the scion moisture content was the key faofbrancing callus formation and

il



graft survival. Eighty five per cent success wagmied by using bark grafting
coupled with surronding the grafts with moist sawstd(Xi and Ding, 1993). One
year old pot grown seedlings of walnut were sulgdo different environments
after top grafting and was found that plant growfificiency was positively

influenced by increasing the relative humidity arduthe leaf apparatus
(Avanzato, 2001). Callus formation in walnut gra#t closely related to

biochemical and hormonal conditions of tissues ddjpgy on ecological factors
like temperature and relative humidity. The bioclmhstructure, Juglone and
phenolic contents of rootstock and scion are mamses of graft failure
(Kuniyuki and Forde, 1995). The environmental ctinds during and following

grafting are factors influencing the healing of #@ft union and plant growth
(Hartmannet al., 1990).

The changes in the length and diameter of the ghafot, leaf number, and
the mean and total leaf areas per plant of twotobégenotypes (SE 3-12 and
Marigoule), were influenced by temperature, shade apen field nursery
conditions. It was also determined whether the tlerajnd diameter of the graft
shoot of chestnuts depend on the leaf number, rmedrotal leaf areas per plant
(Chapa and Verlhac, 1978).

Maximum sprouting percentage with younger (5-10sjlagotstocks was
observed in mango. The reason behind better peaioce of the young rootstock
producing more number of sprouted grafts seeme thigh meristematic activity
in just germinating seedlings and higher reserged fmaterial in the cotyledons
(Dhunageet al., 1989). Grafting of deciduous plant species can belperformed
while both rootstock and scion material are in andt condition (Farmer,
1973).

Various authors evaluated the influence of differgrafting times during
the dormant period on the success of walnut giafiim Oregon, USA grafting of
various species, including walnut is preffered ird lecember to mid January

(mid dormancy) rather than February and March (ldegmancy to early
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vegetative peiod) (Lagerstedt, 1982). Epicotyl gmafin cashewnut, conducted at
vengurla (Maharashtra) revealed that this methedbsacommercially exploited
under coastal conditions. February to May was thegenial period with 62.4 to

67.7 per cent success on 10 day old seedling (Sa\9183).

An investigation was undertaken to assess thetedfeseason and age of
the rootstock on success of grafting in Cashewmaiteties V-4 and V-5 and the
most appropriate age of rootstock for cashew grgfivas 45 days (Shingetal.,
2003). Epicotyl grafting can be done successfullyld day old seedling during
June to November by adopting cleft grafting techeign Cashew. Grafting
success was highest (60-68%) between June and Prarguisleclined (45-47%) in
November under South Kanara conditions of Karamatdlagabhushnam, 1983).
Percentage of success in softwood grafting of caskaried in different
agroclimatic regions, seventy per cent successobvtsned in the month of April
(Ghosh, 1990).

Poor root system quality is the foremost influenfiéetor on post planting
graft failure in various fruit species and accetgdahe selection of high quality
rootstocks (Lagerstedt, 1882). Seedling of Pensi@mut {J. regia) are most often
used as rootstocks in grafting of walnut (Pienia2é&k’2; Avanzato and Tamponi,
1988). Better results were achieved witlhregia compared tal. nigra (Lantos,
1990). Northern Californian black walnuk findsii Jeps. Rehder) seedlings were
also utilized (Pieniazek, 1972). The healing rdtere year old seedling is better
than two year old seedling (Vahdati and Zareie 800

2.7.3 Height of grafting

The seedling of (Persian walnut) 5 days old wesdted at height of 2 and
4 cm from the ground and the was cut off vertycane year old scion stick was
inserted on same centre of cut with cleft graftmgthod. Survival rate was
shown to range from 65 to 87.5 per cent (Suktlal., 2006).
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Nurse grafting of chestnut was performed on 2cmgloadicle after
germination. The radicle including 1-2 mm of itssbawas cut off and the scion
was cut into wedge- shape and was inserted ints¢lee (Duman and Serdar,
2006). The non-lignified stem of chestnut was isaftiat height of 4-7 cm and
the bottom of scion was cut-off and was inserteid joreformed cut on stem.
Survival rate shown to range from 80 to 100 pett ¢6awancet al., 1983). Cleft
grafting at height of point of attachment of cotidas was conducted with one-
year old scions on 10 to 15-day-old new shootsesingnating walnut fruit. The

survival rate was 77.5 per cent (Gandeve, 2009)
2.7.4 Scion material

Grafting success depends also on the correct tifioingollection of scion
material. Scion-wood be must cut in late autumnotsefsevere frost is
experienced (Tsurkan, 1990). Scion material carcdieected on same day of
grafting or cold stored for several days (Erdog2006). Scion cultivar had no
effect on grafting success (Rezaee and Vahdatig)200t contrary to (Rongting

and Pinghai, 1993) who reported that graftsuccepemts upon scion cultivar.

Scion quality mainly affects graft success rathanttheir genetic makeup
and scions were used for bench grafting of walonatgaining two or three buds, 7
to 15 cm in length and 25mm in diameter (Vahdat Zareie, 2008). Scion
material was stored in cold storage &€ 4orior to grafting (Achim and Botu,
2001). Insufficient callus formation by scion wasihd to be main cause of graft
failure in walnuts. Of various growth substancestad, auxins and kinetins were
found to promote callus formation (Hartmann and t&es1973). Scions from
upper, middle and lower parts of walnut shoots g24&9, 91.82 and 86.46 per
cent respectively. The scion wood was collecteshgulormancy and kept in cold
storage (Anadoliev, 1975). Effects of scion moistuisubstrate humidity,
environmental temperature on callus formation wadisd. Results revealed that
the uniting process included five stages, i). ntusgormation ii). callus intiation

iii). callus junction, iv. cambium differentiatioand connection v). vascular
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differention and connection. Scion moisture contaras the main factor

influencing callus formation and graft survival (&ind Ding, 1993).
2.7.5 Graft cover

The polythene covering of the grafts proved to lb@esior to other
covering materials in achieving maximum scion sprmuand scion take per cent.
In fact, polythene covering maintained the optimunoisture content for
successful uniting of scion and stock. Eighty petseiccess was recorded under

temperature of 2€ with polythene covering (Stritzke, 1959).
2.7.6 Grafting technique

Cleft grafting gave 63-73 percent success unden gpaditions, whereas,
whip and tongue grafts had less success (Mittenmeerd 963). Saddle, cleft and
bark saddle grafting have been found suitable austHor walnut propagation.
The optimum conditions for callus formation andamiwere found to be at a
temperature of 25 to 2Z and relative humidity of 70-80 per cent. A shdrpp
in temperature below 10-15C greatly reduced thiee"tpercent (Komanic, 1967).
Good percentage of success and field survival waewaed with cleft grafting 67-
72 per cent by direct field planting. Field suntiv@as also highest about 56
percent (Dhuriat al., 1977).
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Chapter — 3
MATERIAL AND METHODS

The present investigation entitled “Studies on S&mtmination and
Epicotyl Grafting in WalnutJuglansregia L.)” was undertaken in the Fruit Plant
Nursery, Division of Fruit Science, Shere-e-Kashhiriversity of Agricultural
Sciences and Technology of Kashmir, Shalimar, §analJ&K during 2011 and
2012. The site is situated at an elevation of 16flers above mean sea level

having latitude 3480 N and longitude 7408 E.

Research work was confined to 2 separate experaim&he material and

methods employed in programme are presented heex:un

3.1 Experiment No. 1 : Studies on seed germinaticand seedling growth
in walnut

Treatments
a) Storage Environment

i)  Cold storage treatment (326) for 30 days.

i)  Dry storage under ambient conditions (16Qp
b) Seed treatment

Walnut seeds were divided into two lots. Eachwas divided into two
sub lots. Half of seeds were soaked in water fohd2rs and half of seeds were

used without soaking for treatment with chemicals.
i) GAsz at 50 ppm and 100 ppm for 12 hours

i)  Ethrel 2000 ppm and 1500 ppm for 12 hours.
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iii)  Sulphuric acid 7.5 and 9.5 per cent for 10 nesut
iv)  Potassium nitrate 0.2 and 0.4 per cent fomirfutes

v)  Control (water soaked and dry)

Plot size X 20 nuts
Replications : 3
C) Sowing of seeds

The seeds were sown in polythene bags containirifpron rooting
medium of sand, soil and organic manure in th@mattil: 1.1 respectively. Seeds
were placed approximately 7.5 cm deep in punclegthene bags and kept in

the open field.
3.1.1 Selection of walnut seed

Walnut seeds were collected from a single tree khiere freshly

harvested and used for experimentation during 201t112012.
3.1.2 Storage of walnut seed

Selected walnut seeds were divided into two mais, lone lot of seeds
was stored in cold temperature (3@) in a refrigerator for 30 days and second

lot was kept under ambient conditions.
3.1.3 Preparation of chemicals

The chemical solutions were made according to féarmkV =N,V

N1 Strength of stock solution

Volume to be taken

Vi
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N> Required concentration

Volume made

\'Z
3.1.3.1 Gibberellic acid

1 gm of gibbrellic acid was dissolved in 10 ml| dfanol. To this solution
distilled water was added to make volume upto 1006nom this stock solution

further dilutions of 50 ppm and 100 ppm were sadcordingly.
3.1.3.2 Ethrel

4 ml of etherl was taken in a volumetric flask armdume was made upto
1000 ml by adding distilled water which forms 40@@Pm stock solution. Further

dilutions of 2000 ppm and 1500 ppm were made filmsistock solution.
3.1.3.3 Sulphuric acid

10 ml was diluted in 90 ml of distilled water. Fraims solution further

dilutions of 7.5 and 9.5 per cent were made acogiyli
3.1.3.4 KNG

1 gm of KNG was dissolved in 100 ml of water. From this steokution

0.2 and 0.4 per cent was made with further diligiaacordingly.
3.1.3.5 Seed treatment

Walnut seeds were divided equally into two lotsghe#ot was further
subdivided into two sub-lots. One of the lots waptkin refrigerator at 3-2C for
30 days for cold treatment and another lot was kémtmbient conditions. Cold
stored lot was equally divided into two parts, gaet was soaked in water for 12

hours and after soaking seeds were dipped in diffechemicals.GAand ethrel
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treatments were given for 12 hours, sulphuric @&rid potassium nitrate for 10
minutes. Another part of cold stored walnut seedsewdirectly dipped into
chemicals without soaking. Walnut seeds kept ati@amibconditions were also
equally divided into two parts. One part was soakewvater for 12 hours and
after soaking seeds were dipped into chemicalsthmcequal part of nuts was

dipped into chemicals without soaking.
3.1.4 Observations recorded
3.1.4.1 Germination of seed (%)

The germination of seeds were recorded periodicallye seeds were
considered germinated when plumules just beganetwisible on the surface.
Water was applied as a spray to emerging seedliogsensuring optimum

moisture level. The spray was used once a daytiwitinelp of sprayer.
3.1.4.2 Height of seedling (cm)

Height of seedling was recorded at the end of gngveeason. The height
of seedling was measured from collar region to #pex. The height was

measured with digital Vernier's Caliper’s in cemtres.
3.1.4.3 Stem diameter (mm)

The stem diameter was measured with the help ohigies Caliper’s in

millimetres (mm)
3.1.4.4 Root length (mm)

Polythene bags of each sub-plot were cut-off arut ke water for some
time in order to make roots free from rooting mediuThen seedling’s were

uprooted carefully without disturbing root systefe roots were washed under
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tap water and excess water was removed. Roots kegrtein stretched manner
during measurement. The root length was measurdd the help of Vernier’s

Caliper’s in millimetres (mm).
3.1.4.5 Number of secondary roots

Secondary roots emerging from the tap roots weumtedl and expressed

in numbers
3.1.4.6 Number of leaves

Walnut compound leaves were counted at the endogfigg season.
3.1.4.7 Leaflet size (cf)

A random sample of 10 leaflets was taken from desdtments. The leaf
area was measured with the help of systronics[2ai area meter, care was taken
that leaflets were fully expanded without overlajgpduring measurement. The

total leaf area was used to calculate averagdieieize in cm.

Total leaf area of samples
Total number of leaflets

Leaf area (crf) =

3.1.4.8 Leaf chlorophyll (mg/g of fresh weight)

The leaflets of walnut seedlings were picked frorddie portion of leaves

in mid July.
Procedure

Collected leaflet samples from middle portion aies and weighed 100
mg sample on digital balance. This sample was eddff Pisttle bowl. Removed

chaffed sample with spatula into 50 ml flasken 20 ml of DMSO was added.
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Flasks were wrapped and were kept at hot oven %t &% 5 days. Absorbance
was measured at 645nm and 663nm using at Spedrodi-viz 130
SpectrophotometerA blank of pure DMSO was included in each run. The
absorbance of this blank was subtracted from tlsorélance readings of each

sample before any calculations have been made.
For estimation of chlorophyll (mg/g fresh weight)léwing formula was used :

20.2 A 645+ 8.02 A 663

Total chlorophyll (mg/g fresh weight) Ax1000XW XV
Where,
A = The length of light path (usually 1 centimeter)
\Y = Volume of extract
W = Fresh weight of sample
A645 = Absorbance at 645nm

A663

Absorbance at 663nm
3.1.4.9 Days from germination to leaf fall

The germination of walnuts was observed keenly Hrel dates were
recorded accordingly till germination was almosem\Simultaneously at 80 per
cent leaf shedding dates of leaf fall were recordédw total days were counted

and average mean for each treatment was recorded

3.1.4.10 Statistical Analysis

Statistical Analysis of Experiment No. 1 (SPD) wiB6 treatment
combinations and three replications was done it bt Design. The Storage

Treatments constitute main plot while as Chemicahiments constitute sub-plot.
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3.2 Experiment No. 2 : Study on Epicotyl grafting éwalnut under open
temperature conditions

The experiment was conducted in the fruit plansaty of the Division of
Fruit Science at Sher-e-Kashmir University of Agtaral Sciences and
Technology, Shalimar campus, Srinagar, J&K. Segdliof uniform growth and
age was raised from walnuts sown in punched pahghbags and used as
rootstocks. The graft wood was collected from hgalstrong and disease free
tree during dormancy in last week of February tst fiveek of March which were
stored in refrigerator. Same were used as scioemahfor epicotyls grafting. The

experiment was laid-out as detailed below :
Treatment combinations

a) Height of grafting

)] At the point of attachment of cotyledons

i) 2 cm above point of attachment of cotyledons
i) 4 cm above the cotyledon
iv) 6 cm above the cotyledon

b) Time of grafting

i) 15 days after germination
i) 30 days after germination
iii) 45 days after germination
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C) Scion wood used

Graft wood of previous season s growth comprisihgre to two buds

was used as scion material. The graft wood was ceesisted of

1) Terminal portion

2) Basal portion
Design of the experiment Completely Randomised Design (CRD)
Replications : 3
Experimental plot size : 10 plants
Treatment combinations : 2Xx4x3=24

3.2.1 Selection of rootstock

Seedling (Persian walnut) rootstocks was raisech fruts sown in early
spring 2011 and 2012 and used for epicotyl graftifitne young 15, 30 and 45

day old seedlings were used as rootstock.
3.2.2 Scion material

Selection of proper scion material is very crucfal getting high
percentage of graft success. One year old sciadved about 5-10 cm length
with thickness of 3-5 mm containing 2-3 buds wemdlected from healthy,
disease free trees in the first week of March 2&id 2012.Scion wood collected
was wrapped in polythene and were kept in refetpr until time of epicotyl

grafting.
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3.2.3 Time of grafting

Grafting was performed in three sets after gernonabf walnut seed.
First set of grafting was performed when seedliatiained age of 15days™(5
May). Second set of grafting was performed whermlgggs attained age of 30
days (28' May) and third set was performed when seedlingst§alays old(First

of June).
3.2.4 Height of grafting

Four different heights of rootstocks were usedn@e scale was used to

measure height of newly germinated rootstocks.
i. At Point of attachment of cotlydons.
ii. 2 cm above from point of attachment of cotyledons
lii. 4 cm above from point of attachment of cotyledons
iv. 6 cm above from point of attachment of cotyledons
3.2.5 Method of grafting

Epicotyls were cut at heights of 0, 2, 4 and 6 drhe non lignified
epicotyl was split vertically in the form of cled a length of 3 cm downwards
with surgical blade. A scion stick of about samiekhess was used for grafting.
At the lower cut end of scion, about 3 cm was mdrtdeorm wedge using sharp
knife without injuring cambial tissues. The weddeed scions were inserted
into the cleft of the stocks. Polyethylene band wssd for tying at the place of

grafting.
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3.2.6 Observations recorded
3.2.6.1 Scion take percentage

The grafts were counted after every 15 days. Thdalbaverage of scion
take percentage was calculated for whole graftedtplin the experiment. The
scion take percentage was calculated on the bdstetal number of grafts

prepared in eactireatment combinations.
3.2.6.2 Scion sprouting percentage

The number of successful grafts were counted #feecomplete sprouting
and commencement of new shoot growth on scion at 15ar80 45 days after
grafting. The scion sprouting percentage was worketon the basis of total

number of grafts prepared in edobatment combination.
3.2.6.3 Scion growth (cm)

The length of new shoot growth, developed or itetlafrom the scion
stick grafted was recorded at end of growing seastim the heplp of Vernier's

Caliper’s in centimetres.
3.2.6.4 Number of leaves

The number of functional leaves produced on grafledts was counted

at end of growing season.
3.2.6.5 Leaflet size (cA)

A random sample of 10 leflets was taken from eatckremtments. The
total area of random samples was measured withalpeof a Systronics211 leaf
area meter. Care was taken that samples weredxignded without overlapping

during measurement. The total leaflet area was tesedlculate average leaf size

in cnt.
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Total leaflet area of ten leaves
No. of leaflets taken (10)

Leaflet area (cf) =

3.2.6.6 Plant height (cm)

The height of seedling was recorded at the encca$éan. The height of

seedling was measured from collar region to th& apeentimetres.
3.2.6.7 Stem diameter (mm)

Stem diameter was measured with the help of Vémi€aliper's in

millimetres (mm).
3.2.6.8 Statistical analysis

Statistical analysis of experiment No. 2 consist&d 24 treatment
combinations was done in completely randomized kbldesign (CRD). O.P

STAT statistical package for agricultural reseanckers was used}.
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Chapter — 4
EXPERIMENTAL FINDINGS

The results of the present investigation entitlestutiies on Seed
Germination and Epicotyl Grafting in Persian walnatre presented in this
chapter. The observations were recorded on the béshree replications and the
results are interpreted at 0.05 per cent levelgfiicance for the year 2011 and
2012.

4.1 Studies on seed germination and seedling growitin walnut.
4.1.1 Germination percentage

The perusal of data on germination of walnut séédble-1 & 2) indicate
that the chemical and storage treatments had aifisagit effect on the
germination percentage during 2011and 2012.

The data for the year 2011 (Table-1) indicates #mbng the chemical
treatments given to walnut seeds, & 100 ppm resulted in highest seed
germination (58.24%) followed by GAat 50 ppm (54.23%). Sulphuric acid
(7.5%) recorded 49.66 per cent, sulphuric acid %9.517.99 per cent and
Potassium nitrate (0.4%) recorded 44.24 per cenhowgst the chemical
treatments lowest germination (35.58%) was obsewgld the application of
ethrel at 1000 ppm which was significantly higheten compared to control

29.99 per cent.

Amongst the storage treatments cold storage rekuttesignificantly
higher germination (46.51%) in comparison to thémt storage 42.21 per cent.
Significantly higher germination (45.36%) was alsmorded under un-soaked

seed treatment than the soaked treatment (43.36%).

The perusal of data in Table-1 further indicateat tthe interactions
between chemical x storage, seed treatment x stosagl chemical x seed

treatments were statistically significant. Maximugarmination (63.49%) was

il



recorded with the treatment combination of {&A100 ppm and 30 days chilling.
Significantly higher germination (47.73%) was retex with treatment

combination of un-soaked treatment and cold storage

Interaction between chemical x seed treatment tetleat the seed
treatment with GAat 100 ppm under un-soaked conditions recordedfsigntly
higher germination (59.33%). The interactions betwehemical x storage and
seed treatment were also statistically significaktigher percentage of
germination was recorded in GEOO ppm under cold storage with un-soaked seed
treatments (65.33%).

The data on influence of chemical and storagertreats for the year 2012
(Table-2) reveals that among the chemical treatsn@# at 100 ppm recorded
maximum germination (58.57%) followed by @B0 ppm (56.32%). Sulphuric
acid (7.5%) was also effective and recorded 48d57cpnt germination. Amongst
chemical treatments the lowest germination (38.748&% recorded with the
application of ethrel at 1000 ppm which was howesignificantly higher when
compared to control (29.38%). Cold storage treatmexs found more effective
and produced higher germination (46.56%) than théient storage (42.79%).
Un-soaked seed treatment recorded (45.53%) conngayahigher germination
than the soaked treatments (43.83%).

The perusal of data in Table-2 reveals that interas between chemical x
storage, seed treatment x storage and chemicadtsgatment were statistically
significant. Interaction of chemical and seed gerandicates that GAat 100
ppm under one month cold storage recorded highashigation (62.66%).Un-
soaked seed treatment with AO00 ppm recorded significantly higher
germination (59.66%) than GAat100 ppm and seeds soaked in water (57.49%).
However, germination percentage obtained with; @® ppm) under un-soaked
seed treatment was at par with £5& 100 ppm with soaking. The interaction
between storage x chemical and seed treatmentigriaficant during the second

year as well. Highest germination (63.66%) wasorded in cold stored seeds
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Table-1 : Influence of chemical and storage treatments on peentage germination of walnut seed during the yea2011

. Treatment . Strage  FactorMeans
Cold Ambient
. T ooCoooooooosoososooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked 0" Unsoaked Soaked o' UnsoakeBoaked
GA, 50 ppm 61.66 53.53 57.59 51.66 50.33 50.99 5423 .6656 51.83
100 ppm 65.33 61.26 63.29 53.33 52.66 52.99 58.24 9.335 57.16
Etherel 1000 ppm 38.33 35.33 36.83 35.33 33.33 34.33 35.58 36.83 34.33
1500 ppm 40.66 36.66 38.66 38.33 36.66 37.49 38.07 39.49 36.66
H, SO, 7.5 % 53.33 51.66 52.49 48.33 45.33 46.83 49.66 830. 48.49
9.5% 51.66 50.33 50.99 46.66 43.33 44,99 47.99 1649. 46.83
KNOs 0.2% 43.33 41.66 42.49 41.66 38.33 39.99 41.24 4942. 39.99
0.4% 46.66 45.33 45.99 43.33 41.66 42.49 44.24 9NY4. 43.49
Control - 28.26 31.16 30.16 28.33 31.33 29.83 29.99 28.49 31.49
"""""""""""" Mean  47.73 4529 4651  42.99 4144 4221 4536 .3643
C.D(p<0.05)
Storage (S) 2.05
Chemical (C) 2.11
Seed treatment (ST) 1.01
CxS 2.32
STxS 2.05
STxC 2.08
SxCxST 2.37



Table-2 : Influence of chemical and storage treatmés on percentage germination of walnut seed durinthe year 2012

. Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA; 50 ppm 60.60 56.66 58.63 54.33 53.66 53.99 56.32 4657 55.16
100 ppm 63.66 61.66 62.66 55.66 53.33 54.49 58.57 9.665 57.49
Etherel 1000 ppm 40.33 37.66 38.99 37.33 35.33 36.33 38.74 38.83 36.49
1500 ppm 41.66 40.66 41.16 39.66 37.66 38.66 38.82 40.66 39.16
7.5 % 52.66 50.33 51.49 47.66 43.66 45.66 48.57 1660. 46.99
H2SQk 9.5 % 50.66 48.33 49.49 45.33 41.66 43.49 46.49 9A7. 44.99
KNOs 0.2% 43.33 40.66 41.99 40.33 38.33 39.33 40.66 8341. 39.49
0.4% 46.33 43.33 44.83 43.33 42.33 42.83 43.83 8344. 42.83
Control - 28.33 31.33 29.83 28.13 31.53 29.83 29.38 28.23 31.13
"""""""""""" Mean 4751 4564 4656 4355  42.03 4279 4553 .83
C.D(p<0.05)
Storage (S) : 2.01
Chemical (C) : 2.09
Seed treatment (ST) 0.99
CxS : 2.28
STxS : 2.01
STxC : 2.04
SXCxST X 2.32



under un-soaked seed treatment with 38 ppm. The lowest germination
(28.13%) was recorded in ambient stored seeds wvitsoaked seed treatment

without (control) any chemical treatment.
4.1.2 Height of seedling (cm)

The perusal of data for the year 2011 (Table-3pats/that among the
chemical treatments given, GALOO ppm) recorded maximum height (23.24 cm)
followed by GAsat 50 ppm (20.24 cm). Sulphuric acid (7.5%) recdrti@.62 cm,
sulphuric acid (9.5%) 18.48 cm and potassium ®i{{@&u%)recorded 18.01 cm.
Amongst the chemical treatments minimum height§@2m) was observed with
the application of ethrel at 1000 ppm which wasnsicantly higher when

compared to control (12.78cm).

Among the storage treatments cold storage resuitsgynificantly higher
stem length (21.28 cm) in comparison to the ambistarage (16.83cm).
Significantly higher stem length (17.78 cm) wasoalscorded under un-soaked

seed treatment than the soaked seed treatmenB8 (d6.)9

The data presented in table-3 further revealstti@interactions between
chemical x storage, seed treatment x storage amahichl x seed treatment were
statistically significant. Interaction of chemical storage recorded maximum
height (24.17cm) with GA100 ppm and 30 days cold storage followed by; GA
100 ppm (22.31 cm) under ambient storage. Among ctiemical x storage
interaction the minimum height was observed inadth®00 ppm under ambient
storage (13.25 cm) which was significantly highenew compared to control

under ambient storage (12.56 cm).

Interaction between seed treatment x storage hsigréficant effect on
height and maximum height (18.66 cm) was obsemedisoaked seed treatment
under cold storage. The minimum height (16.76 cngs wecorded in the
interaction of seed treatment x storage under amlsrage with soaked seed

treatments.
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Seed treatment and chemical interaction was fotfiedtare in promoting
height and maximum height (23.83 cm) was obsermedA; 100 ppm with un-
soaked seed treatment which was 22.16 cm iy G20 ppm in soaked seed
treatment. Among the interaction of seed treatmemhemical the minimum

height (12.85 cm) was recorded in control undesoaked seed treatment.

The interaction between chemical x storage x seeatrhent was also
statistically significant and maximum stem leng#b.85 cm) was observed in
GA3100 ppm under cold storage in un-soaked seed tegatriviinimum height
(12.09 cm) was observed in control at ambient g®rander un-soaked seed

treatment.

The data on influence of chemical and storagertreats for the year 2012
(Table-4) reveal that among the chemical treatm&nhs at 100 ppm recorded
maximum height (23.00 cm) followed by GAO ppm (20.31cm). Sulphuric acid
(7.5%) was also effective and recorded 19.55 cim $teight. Amongst chemical
treatments the minimum height (13.40 cm) was rembndith the application of
ethrel 1000 ppm which was, however, significantlgher when compared to
control (12.90 cm). Cold storage treatment was doumore effective and
produced maximum height (17.93 cm) than the amis&mage (16.99 cm).Un-
soaked seed treatment gave significantly higheghten walnut seedlings (17.79

cm) than the soaked seed treatments (16.96 cm).

The perusal of data in Table-4 further indicatest thteractions between
chemical x storage, seed treatment x storage amahichl x seed treatment were
statistically significant. Interaction of chemiocalseed storage indicates that $5A
at 100 ppm under one month cold storage recordednmian height (24.27 cm)
whereas in GA100 ppm under ambient storage seedling height wag32xm.
Un-soaked treatment with 30 day cold treatment rosmb significantly better
height (18.68 cm) in comparison to the soaked rireat under ambient storage

(16.75 cm).Un-soaked seed treatment with; G20 ppm was observed to give

ﬂ



Table-3 : Influence of chemical and storage treatents on height (cm) of walnut seedling during thgear 2011

. [Treatment . Strage Factor Means
Cold Ambient
. Tl loosoooloolooooooooooooooooo- . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked 0" Unsoaked Soaked o Unsoaked Soaked
GA, 50 ppm 22.85 19.72 21.28 19.21 19.20 19.21 20.24 .0321 19.46
100 ppm 25.35 22.99 24.17 22.31 21.34 22.31 23.24 3.832 22.16
Etherel 1000 ppm 15.02 14.83 13.92 13.37 13.20 13.25 13.50 14.19 13.81
1500 ppm 15.62 12.52 14.07 13.43 13.49 13.38 13.70 14.52 13.97
7.5 % 19.89 18.61 19.25 19.99 19.28 19.99 19.62 9419. 18.94
H2SQk 9.5 % 19.40 18.06 18.73 18.23 19.02 18.23 18.48 8118. 18.54
KNOs 0.2% 18.00 17.44 17.74 17.29 16.98 17.29 17.51 6417. 17.21
0.4 % 18.86 17.96 18.40 17.62 17.54 17.62 18.01 2418. 17.75
Control - 12.91 13.12 13.01 12.09 13.02 12.56 12.78 12.85 13.23
"""""""""""" Mean 1866  17.11 2128 1691 1676 1683  17.78 .9316
C.D(p=<0.05)
Storage (S) : 0.13
Chemical (C) : 0.17
Seed treatment (ST) 0.26
CxS : 0.24
STxS : 0.31
STxC : 0.32
SXCxST X 1.13



Table-4 : Influence of chemical and storage treatmés on height (cm) of walnut seedling during the yar 2012

. Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked 0" Unsoaked Soaked o Unsoaked Soaked
GA, 50 ppm 23.09 19.63 21.36 19.21 19.17 19.27 20.31 1521 19.40
100 ppm 24.91 23.64 24.27 22.31 21.12 21.73 23.00 3.612 22.38
Etherel 1000 ppm 15.74 12.73 14.23 12.37 12.18 12.28 13.40 14.05 12.45
1500 ppm 15.29 13.58 14.43 12.43 12.36 12.43 13.43 13.86 12.97
H, SO 7.5 % 19.72 18.84 19.28 19.99 19.32 19.83 19.55 8519. 19.08
9.5 % 19.13 18.32 18.72 18.23 19.08 18.75 18.73 6818. 18.70
KNOs 0.2% 18.59 17.29 17.94 17.29 17.06 17.22 17.58 o417. 17.17
0.4 % 18.92 17.73 18.32 17.62 17.45 17.56 17.94 2718. 17.59
Control - 12.77 13.49 13.13 12.79 13.03 12.68 1290 12.78 13.26
"""""""""""" Mean 1868  17.18 1793 1691 1675 1699 17.79 .9616
C.D(p<0.05)
Storage (S) : 0.10
Chemical (C) : 0.17
Seed treatment (ST) 0.23
CxS : 0.21
STxS : 0.28
STxC : 0.28
SXCxST X 1.10



significantly higher height (23.61 cm) than gat 100 ppm and seeds soaked in
water (22.38 cm).

The interaction between storage, chemical and deeatment was
statistically significant during the second yearvasl. Maximum height (24.91
cm) was recorded in cold stored seeds under uredoakatment with GA00
ppm. Among the interactions the minimum height 7¥2cm) was recorded in

control under ambient stored seeds with un-soa&ed geatment.
4.1.3 Stem diameter (mm)

The data for the year 2011 (Table-5) indicates #mbng the chemical
treatments given to walnut seeds, £&S& 100 ppm resulted in highest stem
diameter(4.75 mm) followed by GAat 50 ppm (4.19 mm) and sulpuric acid 7.5
per cent (4.06 mm). Amongst the chemical treatmkwest stem diameter (3.70
mm) was observed with the application of ethreldppm which was statistically
significant when compared to control (2.80 mm).

Among the storage treatments cold storage resuhedhigher stem
diameter (4.09 mm) in comparison to the ambientagi® (3.53 mm). Un-soaked
seed treatment recorded higher stem diameter @) which was 3.83 mm in
case of soaked seed treatment.

The perusal of data in Table-5 further reveals thatinteractions between
chemical x storage, seed treatment x storage agwhichl x seed treatments were
effective in promoting stem diameter. Maximum stdiameter (5.10 mm) was
recorded in GALOO ppm under 30 days chilling. The next highemstkameter
(4.40 mm) was observed in GAOO ppm under 30 day ambient treatment.
Among interaction of chemical x storage the steamditer (3.43 mm) observed in
ethrel 1000 ppm under ambient storage was signilicdigher when compared
to control (2.69 mm).

Significantly higher stem diameter (4.23 mm) wasorded with un-

soaked seed treatment under cold storage. Amoaragtions of seed treatment x

ﬂ



storage the lowest stem diameter (3.73 mm) wasroddean ambient storage
under soaked seed treatment.

Interaction of chemical x seed treatment reveadd the seed treatment
with GAz; at 100 ppm under un-soaked seed treatment recaigmdficantly
higher stem diameter (5.19 mm) followed by &G0 ppm under soaked seed
treatment(4.31 mm). The stem diameter recorded@® 1ppm ethrel (3.61 mm)
was significantly higher when compared to cont@&l7Q mm) under un-soaked

seed treatment.

The interactions between chemical, storage and seatiment were also
statistically significant. Higher stem diameter wasorded in GALOO ppm under
cold storage treatment with un-soaked seed (5.7). Among the interaction of
chemical x seed treatment x storage the lowest stameter (2.59 mm) was

observed in control at ambient storage under ukesbaeed treatment.

The data on influence of chemical and storagertreats for the year 2012
(Table-6) indicates that among the chemical treatsm&A;100 ppm recorded
maximum stem diameter (4.92 mm) followed by B0 ppm (4.04 mm).
Sulphuric acid 7.5 per cent was also effective aacbrded 3.88 mm stem
diameter. Amongst chemical treatments the loweshstiameter (3.23 mm) was
recorded with the application of ethrel 1000 ppm ickkhwas however,

significantly higher when compared to control (2r681).

Cold storage treatment was significant in promosigm diameter (3.93
mm) in comparison to the ambient storage (3.44 tdm¥oaked seed treatment
recorded stem diameter of 3.80 mm which was 3.57imoase of soaked seed

treatment.

The perusal of data in Table-6 reveals that inteyas between chemical x
storage, seed treatment x storage and chemicadtsgatment were statistically
significant. Interaction of chemical and seed gerandicates that GAat 100

ppm under one month chilling recorded highest slameter (5.53 mm).
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Table-5 : Influence of chemical and storage treatents on stem diameter (mm) of walnut seedling dumg the year 2011

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA, 50 ppm 4.29 4.12 4.20 4.01 3.98 3.99 419 415 4.05
100 ppm 571 4.49 5.10 4.68 4,13 4.40 475 1519 4.31
Etherel 1000 ppm 4.01 3.93 3.97 3.57 3.39 3.43 3.70 379 3.61
1500 ppm 4.20 3.99 4.09 3.62 3.40 3.56 3.80 391 3.74
H, SO 7.5 % 4,52 4.05 4.28 3.92 3.79 3.85 406 422 3.92
9.5 % 4.40 4.12 4.26 3.80 3.71 3.75 4,00 2.10 3.91
KNOs 0.2% 3.79 3.50 3.64 3.72 3.69 3.70 3.67 375 3.59
0.4 % 4.41 3.88 4.14 4.10 3.50 3.80 3.97 4.5 3.69
Control - 2.82 3.03 2.91 2.59 2.80 2.69 280 270 2.91
"""""""""""" Mean 423 393 409 379 373 353 401 383
C.D(p=<0.05)
Storage (S) : 0.21
Chemical (C) : 0.17
Seed treatment (ST) 0.13
CxS : 0.19
STxS : 0.24
STxC : 0.27
SXCxST X 0.32



Table-6 : Influence of chemical and storage treatents on stem diameter (mm) of walnut seedling duropthe year 2012

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked Mo T Unsoaked Soaked
GA, 50 ppm 4.32 4.21 4.26 4.04 3.61 3.82 4.04 4.18 3.91
100 ppm 5.63 5.43 5.53 4.98 3.64 431 4.92 5.30 345
Etherel 1000 ppm 3.42 3.39 3.40 3.10 3.03 3.06 3.23 3.26 21 3.
1500 ppm 4.01 3.98 3.99 3.71 3.36 3.53 3.76 3.86 67 3.
H, SO 7.5 % 4.16 3.97 4.06 3.86 3.55 3.70 3.88 4.01 3.76
9.5 % 3.99 3.84 3.91 3.49 3.21 3.35 3.63 3.74 3.52
KNOs 0.2% 3.65 3.42 3.53 3.21 3.04 3.12 3.32 3.43 3.23
0.4% 3.87 3.79 3.83 3.39 3.07 3.23 3.53 3.63 3.43
Control - 2.82 2.83 2.86 2.66 2.14 2.52 2.69 2.63 .482
"""""""""""" Mean 400 387 393 360 327 344 380 357
C.D(p<0.05)
Storage (S) : 0.18
Chemical (C) : 0.20
Seed treatment (ST) 0.15
CxS : 0.16
STxS : 0.26
STxC : 0.14
SXCxST X 0.30



The next higher stem diameter (4.31 mm) was obdervé&A; 100 ppm under
ambient storage treatment. Among interaction ofrrdbal x storage the lowest

stem diameter (2.52 mm) was recorded in controbuadhbient storage.

Seed treatment x storage interaction recorded kigstem diameter (4.00
mm) in un-soaked seed treatment under cold stotameest stem diameter was
recorded in soaked seed treatment under ambigagst¢3.27 mm).

Un-soaked seed treatment with €280 ppm recorded significantly higher
stem diameter (5.30 mm) than @At 100 ppm and seeds soaked in water (4.53

mm).

The interaction between storage x chemical and desmtment were
significant during the second year as well. Highetetn diameter (5.63mm) was
recorded in cold stored seeds under un-soakedtsssgchent with GAL00 ppm.
The lowest stem diameter (2.14 mm) was recordeaihbient stored seeds with

soaking treatment without any chemical treatment.
4.1.4 Root length (mm)

The data on influence of chemical and storagertreats on root length of
walnut seedlings for the year 2011 (table-7) revibat among the chemical
treatments GA 100 ppm recorded maximum root length (191.57 rfotipwed
by GAs 50 ppm (181.24mm), sulphuric acid 7.5 per cen? (@& mm), sulphuric
acid 9.5 per cent (154.16 mm) and potassium niti@a# per cent (132.74 mm).
Amongst chemical treatments the lowest root le{@®8.50 mm)was observed
with the application of ethrel 1500 ppm which wagngicantly higher when

compared to control (93.24 mm).

Among the storage treatments cold stored seeddte@ssignificantly
higher root length (148.36 mm) which was 134.82 mmase of ambient stored
seeds. Significantly higher root length (144.92 nwap also recorded under un-
soaked seed treatment than the soaked seed treaifh@®.27mm).
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The perusal of data (Table-7) further indicatest ttiee interactions
between chemical x storage, seed treatment x &osag chemical x seed
treatments were statistically significant. Maximuoot length (198.49 mm) under
interaction of chemical x storage was observed Az GO0 ppm and 30 days
chilling. The next higher root length (190.99 mmkysvrecorded with the
application of GA 50 ppm and 30 days cold treatment. Among theaotem of
chemical x storage the lowest root length (91.48)mamas recorded in control

(untreated seed) under ambient storage.

In the interaction of seed treatment x storage mawra root length
(150.03 mm) was recorded with the treatment contimnaf un-soaked treatment
and cold storage followed by root length (146.69 )metorded in soaked seed
treatment under cold storage. Among seed treatmesibrage interaction the
lowest root length (129.84 mm) was recorded in sdakeeds under ambient

storage.

Seed treatment x chemical interaction recordedifgigntly higher root
length (196.16 mm) with the application of @A00 ppm under un-soaked seed
treatment. The next higher root length (188.00 nwas observed with the
application of GA 50 ppm under un-soaked seed treatment. Among seed
treatment x chemical interaction lowest root len@8.50 mm) was recorded with

control under soaked seed treatment.

The interaction between chemical, storage and seadment were also
statistically significant (Table-7). Higher rootnigth was recorded in GA100
ppm under cold storage treatment with un-soakedd deeatment (201.66
mm).Among the interactions between chemical x dseedtment x storage the
lowest root length (84.66) was recorded in contuoider ambient storage

treatment with un-soaked seeds.

The data on the influence of chemical and storagatrhents on root

length of walnut seedlings for the year 2012 (T&)leeveal that among
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Table-7 : Influence of chemical and storage treatents on root length (mm) of walnut seedlingluring the year 2011

. Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA, 50 ppm 193.33 188.66  190.99 182.66 160.33 171.49 1.228 188.00 174.50
100 ppm 201.66 195.33 198.49 190.66 178.66  184.6691.51 196.16 187.00
Etherel 1000 ppm 151.66 133.66 142.66 115.33 114.66 114.9928.82 133.50 124.16
1500 ppm 104.66 100.33  102.49 106.66 102.33  104.4903.50 108.66 100.33
7.5 % 171.33 169.33 170.33 167.66 162.33 16499 .6667 169.50 165.83
H2SQk 9.5 % 162.66 160.33 161.49 162.33 131.33 146.83 .1654 162.50 145.83
KNOs 0.2% 136.33 130.33 133.33 126.66 114.33 120.49 .9126 131.50 122.33
0.4% 143.33 137.66  140.49 131.66 118.33 124.99 .7432 137.50 128.00
Control - 85.33 104.66 94.99 84.66 98.33 91.48 3.2 85.00 83.50
"""""""""""" Mean  150.03  146.69 148.36  139.80  129.84 13482 4924 138.27
C.D(p<0.05)
Storage (S) : 3.32
Chemical (C) : 5.42
Seed treatment (ST) 2.02
CxS : 2.84
STxS : 3.52
STxC : 3.11
SXCxST X 3.67



Table-8 : Influence of chemical and storage treatents on root length (mm) of walnut seedlingluring the year 2012

. Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA, 50 ppm 192.66 190.66 191.66 187.66 165.66 176.66 4.168 190.16 178.16
100 ppm 203.33 198.66  200.99 195.33 182.33 188.8394.91 199.33 190.50
Etherel 1000 ppm 155.66 140.33  147.99 130.66 125.33 127.9937.99 143.16 132.83
1500 ppm 119.33 111.33 115.31 114.33 112.21  113.2714.29 111.83 104.00
7.5 % 186.66 180.33  183.49 173.66 168.66 171.16 .3277 180.16 174.50
H2SQk 9.5 % 181.66 175.33 178.49 164.66 149.66 157.16 .8267 173.16 162.50
KNOs 0.2 % 149.33 141.66  145.49 130.33 122.33 126.33 .9135 139.83 132.00
0.4% 158.66 143.33  150.99 137.66 129.33 133.49 2842 148.16 136.33
Control - 86.33 105.33 95.83 85.33 98.33 91.83 »3.8 85.83 98.83
"""""""""""" Mean 15929  154.10 156.69 14551  137.58 14155 2405 14584
C.D(p=<0.05)
Storage (S) : 3.39
Chemical (C) : 2.47
Seed treatment (ST) 2.09
CxS : 2.89
STxS : 3.59
STxC : 3.42
SXCxST X 3.72



chemicals maximum root length was recorded ins@®A ppm (194.91 mm)
followed by GA 50 ppm (184.16 mm). Sulphuric acid was also effecand
recorded 177.32 mm root length. Among chemicaltineats the lowest root
length (114.29 mm)was recorded with the applicabbrethrel 1500 ppm which
was however significantly higher when comparedawotml (93.83 mm).

Cold storage treatment was found effective in priamgoroot length and
produced significantly higher root length (156.69nnthan ambient storage
(141.55 mm). Seed treatment also had a signifiedietct on root length and
higher root length(152.40 mm) was recorded in umked seed treatment which
was only 145.84 mm in case of soaked seed treatment

The interaction of chemical x seed storage (Table8icates that GA
100 ppm under one month cold storage recorded $igB60.99 mm) root length.
The next higher root length (191.66 mm) was obskmesAs 50 ppm under one
month cold treatment. Among the interaction of clvainx seed storage the

lowest (91.83 mm) root length was recorded in aintnder ambient storage.

Seed treatment x storage had a significant effectroot length and
highest root length (159.29 mm) was recorded ®&tdays cold under un-soaked
treatment which was 137.58 mm in case of soaked seatment under ambient

storage.

Seed treatment x chemical interaction had alsgrfsiant effect on root
length and highest (199.33 mm) root length wasrsmb in GA 100 ppm under
un-soaked seed treatment. The next higher rootHegii®0.16 mm) was recorded
under un-soaked seeds in €80 ppm. Among the interaction of seed treatment x
chemicals the lowest (85.83mm) root length wasnead with control under un-

soaked seed treatment.

The interactions between chemical x storage and seatment were also
statistically significant. Highest root length (283 mm) was recorded in GA

100 ppm under cold storage treatment with un-soaestlis. The next higher

il



(195.33 mm) root length was obtained in 45800 ppm under ambient storage
with un-soaked seed treatment. Among the chemicded treatment x storage
interactions the lowest (85.13 mm) root length weasorded in control under

ambient storage with un-soaked seeds.
4.1.5 Number of secondary roots

The perusal of data in Table-9 reveal that all adoaemand storage
treatments were statistically significant, as fartheir influence on number of
secondary roots of walnut seedling is concernedorgrthe chemical treatments
GA3 100 ppm recorded maximum (27.49) number of seagnaats followed by
GA3z 50 ppm (25.99) and sulphuric acid 7.5 per cent4@1. Amongst the
chemical treatments the lowest (18.39) number obrsgary roots was observed
with the application of ethrel 1500 ppm which wagngicantly higher when
compared to control (15.24).

Among the storage treatments cold stored seedikeésn higher (21.18)
number of secondary roots than the ambient stoeedss(20.16). Significantly
higher (21.02) number of secondary roots was asorded under un-soaked seed

treatments than the soaked seeds (20.32).

The perusal of data (Table-9) further indicatest ttiee interactions
between chemical x storage, seed treatment x stosagl chemical x seed
treatment were statistically significant. Maximuecsendary roots (28.33) under
interaction of chemical x storage were observe@Az 100 ppm under 30 days
cold storage. The next higher (26.99) number obiséary roots was recorded
with the application of GA50 ppm under 30 days cold treatment. The lowest
(14.99) number of secondary roots was recordedoirirgl under cold storage

treatments.

Interaction of seed treatment x storage recordedmuan (21.66) number
of secondary roots with un-soaked seed treatmedetrucold storage followed by

20.69 number of secondary roots in soaked seetineaa under cold storage. In

il



seed treatment x storage interaction the lowes®@Sumber of secondary roots
were recorded in soaked seed treatments under anstigage.

Seed treatment x chemical interaction recorded ifsigntly higher
number of secondary roots (28.00) with the appbcadf GAz 100 ppm under un-
soaked seed treatment. The next higher (27.00)olsarved with the application
of GA3100 ppm under soaked seed treatment. Among seatheret X chemical
interaction the lowest (15.50) number of secondaogs was recorded in control

under soaked seed treatment.

The interaction between chemical, storage and s@atdment was also
statistically significant (Table-9). Higher secongeoots (29.33) were recorded in
GA3 100 ppm under cold storage treatment with un-sbédeatments. Among the
interactions between chemical x seed treatmenbrage the lowest number of
secondary roots (14.33) was recorded in contrdeunold storage treatment with
un-soaked seeds.

The data on the influence of chemical and storeggrhents on number of
secondary roots for the second year (Table-10)atetrat among the chemical
treatments maximum number of secondary roots wesrded in GA 100 ppm
(27.74) followed by GA50 ppm (25.74). Sulphuric acid was also effectind a
recorded 22.24 number of secondary roots. Amonghida treatments the lowest
number of secondary roots (18.42) was recorded thighapplication of ethrel
1500 ppm which was however, significantly higherewhcompared to control
(14.91).

Cold storage treatment was found effective in priomgo number of
secondary roots and produced higher number of secgrroots (22.29) than
ambient storage (19.45). Seed treatment also lsaghdicant effect on number of
secondary roots and higher number of secondaris r(#1.23) was recorded

under un-soaked seed treatment than the soakesl 2@é&d..
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Table-9 : Influence of chemical and storage treatmes on number of secondary roots of walnut seedlghduring the year 2011

. Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA, 50 ppm 27.33 26.66 26.99 25.33 24.66 24.99 25.99 3326 25.66
100 ppm 29.33 27.33 28.33 26.66 26.66 26.66 27.49 8.002 27.00
Etherel 1000 ppm 19.43 18.33 18.83 18.86 18.33 18.59 18.66 19.20 18.34
1500 ppm 19.33 18.23 18.63 18.18 18.22 18.15 18.39 19.17 18.28
H, SO 7.5 % 22.66 21.66 22.16 21.33 20.33 20.83 21.49 0022. 21.00
9.5 % 21.66 19.66 20.66 18.92 19.02 18.97 19.81 2920. 19.34
KNOs 0.2% 20.66 18.33 19.49 19.33 18.33 18.83 19.16 8319. 18.50
0.4% 20.33 20.33 20.33 18.66 18.66 18.66 19.49 6619. 19.50
Control - 14.35 15.60 14.99 15.66 15.33 15.49 15.24 15.60 15.50
"""""""""""" Mean  21.66 2069 21.18 2038  19.94 2016  21.02 .320
C.D(p<0.05)
Storage (S) : 0.48
Chemical (C) : 1.28
Seed treatment (ST) 0.63
CxS : 1.55
STxS : 1.29
STxC : 0.48
SXCxST X 1.42



Table-10 : Influence of chemical and storage treatents on number of secondary roots of walnut seedgy during the year 2012

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked 0" Unsoaked Soaked o Unsoaked Soaked
GA, 50 ppm 28.66 26.33 27.49 24.33 23.66 23.99 25.74 5026 25.00
100 ppm 29.43 28.66 28.99 27.66 25.33 26.49 27.74 8.502 27.00
Etherel 1000 ppm 21.33 19.66 20.99 17.88 16.90 17.77 18.88 19.50 18.26
1500 ppm 20.66 19.33 19.49 16.33 16.69 16.16 18.42 18.51 18.16
H, SO 7.5 % 24.33 23.66 23.99 20.66 20.33 20.49 22.24 5022. 22.00
9.5 % 22.33 21.66 21.99 19.33 18.33 18.83 20.41 8320. 20.05
KNOs 0.2% 20.66 21.13 20.99 18.66 17.33 17.99 19.49 6619. 19.33
0.4 % 21.66 21.33 21.49 18.99 18.34 18.66 20.07 3320. 19.84
Control - 14.66 15.16 15.26 14.76 14.16 14.66 14.91 14.06 15.16
"""""""""""" Mean 2262  21.95 2229  19.83  19.07 1945 2123 .5120
C.D(p=<0.05)
Storage (S) : 0.51
Chemical (C) : 1.32
Seed treatment (ST) 0.54
CxS : 151
STxS : 1.27
STxC : 0.29
SXCxST X 1.39



The interaction of chemical x seed storage indecdtat GA 100 ppm
under one month cold storage recorded highest $2&@mber of secondary
roots. The next higher (27.49) was observed iy &Appm under one month cold
treatment. Among the interaction of chemical x sstmtage the lowest (14.66)

number of secondary roots was recorded in contrdeuambient storage.

Seed treatment x storage interaction had a signfieffect on number of
secondary roots and highest (22.62) was recorddd30 days cold under un-
soaked treatment and lowest (19.07) in case ofesbaeeds under ambient

storage.

Seed treatment x chemical interaction had a swanti effect on number
of secondary roots and highest (28.50) number adrs#ary roots was recorded in
GA3; 100 ppm under un-soaked seed treatment. The rigkerhnumber of
secondary roots (27.00) was recorded under soaiedssin GA 100 ppm.
Among the interaction of seed treatment x chemitedowest (14.06) number of

secondary roots was recorded with control undesaaked seed treatment.

The interactions between chemical x storage and seatment were also
statistically significant. Highest (29.43) numbérsecondary roots were recorded
in GAz 100 ppm under cold storage with un-soaked seedntent. The next
higher (28.66) number of secondary roots was oetain GA; 50 ppm under
cold storage with un-soaked seed treatment. Amoagliemical x seed treatment
x storage interactions the lowest (14.16) numbeseabndary roots was recorded
in control under ambient storage with soaked sesadrhent.

4.1.6 Number of leaves

The perusal of data (Table-11) reveal that chemicshtments had a
significant effect on number of leaves during 20MbBximum number of leaves
(6.22) was obtained with the application of £5200 ppm followed by sulphuric

acid 7.5 per cent (5.65). Amongst chemical treatsmx¢he lowest number of
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leaves (3.56) was obtained in ethrel 1000 ppm whiak higher when compared
to control (3.47).

The storage treatments had a non significant efiachumber of leaves
during 2011. However maximum number of leaves (AWés observed under
cold storage treatment which was 4.46 in case difiemh storage treatment. Seed
treatment was also found non- significant, howewggiximum number of leaves
(4.85) was observed under un-soaked treatment nmpaoson to soaked seed
treatment (4.57).

The interaction between chemicals x storage (Tab)eteveals that
interaction had statistically significant effect onmber of leaves. Highest (6.03)
number of leaves was observed in {80 ppm under cold storage however,
number of leaves obtained with the application ;&0 ppm under cold
treatment was found at par with @®0 ppm under cold treatments. The next
higher (5.92) number of leaves were observed iphsulc acid (7.5%) under 30
days cold treatments. Among the interaction of dbahx storage the lowest

(3.01) number of leaves were recorded in ethreDXd}im under ambient storage.

The interaction between storage, chemical and deeatment was
significant during the 2011. Highest number of kes(6.66) was recorded in cold
stored seeds under un-soaked seed treatment withOBApm. The next higher
number of leaves was observed in 456 ppm with un-soaked seed treatment
under cold storage. The lowest number of leave&lj3vas recorded in ambient
stored seeds with soaked seed treatment which evasver, significantly higher

when compared to control (3.02).

The data on influence of chemical treatments (TaBle indicate
statistically significant effect on number of leavior the second year as well.
Highest number of leaves (6.08) was recorded with dpplication of GA100
ppm followed by GA 50 ppm (5.29). Sulphuric acid 7.5 per cent reedrd

number of leaves at par with @GAO0 ppm. Amongst chemical treatments lowest
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Table-11 : Influence of chemical and storage treatents on number of leaves of walnut seedling durintpe year 2011

. [Treatment . Strage Factor Means
Cold Ambient
. Tl loosoooloolooooooooooooooooo- . Seed treatment
Chemical Concentration  Seed treatment Mean - Seed treatment Mean Chemical
Unsoaked Soaked Unsoaked Soaked Unsoaked Soaked
GAS S0 ppm 6.43 5.68 6.05 4.96 4.11 4.53 5.29 5.69 4.89
100 ppm 6.66 6.03 6.34 6.26 5.96 6.11 6.22 6.46 5.99
Etherel 1000 ppm 4.02 3.96 3.99 3.28 3.61 3.14 3.56 3.65 3.48
1500 ppm 4.10 4.06 4.08 3.98 3.38 3.68 3.88 4.04 3.72
H,SQ, 7.5 % 6.11 5.73 5.92 5.40 5.37 5.38 5.65 5.75 5.55
9.5 % 5.90 5.13 5.51 5.21 5.03 5.12 5.31 5.55 5.08
KNO 0.2% 4.32 4.18 4.25 4.13 4.09 4.11 4.18 4.22 4.13
0.4 % 4.61 4.50 4.55 4.33 4.20 4.26 4.40 4.47 4.35
_Control SRS 320 3.66 343 340 302 351 . 347 385 3.64
Mean 5.11 4.80 4.96 4.59 4.34 4.46 4.85 4.57
C.D(p=<0.05)
Storage (S) : N.S
Chemical (C) : 0.44
Seed treatment (ST) N.S
CxS : 0.80
STxS X N.S
STxC , 0.79
SXCxST X 0.89



Table-12 : Influence of chemical and storage treatents on number of leaves of walnut seedling durintpe year 2012

Treatment

Storage

Factor Means

Unsoaked Soaked Me Unsoaked Soaked Unsoaked Soaked
GA; 50 ppm 6.12 5.67 5.89 4.90 451 4.70 5.29 5.51 5.09
100 ppm 6.53 6.39 6.46 5.32 6.11 5.71 6.08 5.92 56.2
Etherel 1000 ppm 4.15 4.08 411 4.00 3.90 3.95 4.03 4.07 99 3
1500 ppm 5.28 4.80 5.04 4.73 3.99 4.36 4.70 5.00 39 4.
H, S0, 7.5 % 5.60 5.41 5.50 5.20 4.80 5.00 5.25 5.40 5.10
9.5 % 5.46 5.29 5.37 4.92 4.67 4.79 5.08 5.19 4.98
KNO- 0.2 % 4.30 4.80 455 4.60 451 455 4.55 4.45 4.65
0.4 % 491 4.93 4.92 4.80 4.70 4.75 4.83 4.85 4.81
_Control SRR 3.97 . 3.88 392 . 331 3.32 331 361 . 3.64 603
Mean 5.14 5.02 5.08 4.64 4.50 4.57 4.89 4.76
C.D(p=<0.05)
Storage (S) N.S
Chemical (C) 0.49
Seed treatment (ST) N.S
CxS 0.85
STxXxS N.S
STxC 0.12
SXCxST 0.93



number of leaves (4.03) observed in ethrel 1000 pgnch was significantly
higher when compared to control (3.61).

Storage treatments had a non significant effeatuonber of leaves during
second year as well however, maximum number ofdeg®.08) was recorded
under cold storage which was 4.57 leaves in casanubient storage. Seed
treatment also had a non significant effect on rermdf leaves however, un-
soaked seed treatment recorded higher (4.89) nuaitbeaves which was 4.76 in

case of soaked treatment.

Interaction between chemical x storage had a statily significant effect
on number of leaves during second year as wellhétignumber of leaves (6.46)
was recorded in GAOO ppm under cold storage treatment. The nextehigh
number of leaves (5.89) was observed isGB ppm under cold storage. Among
the chemical x storage interaction the lowest nunobéeaves(3.95) was recorded
in ethrel 1000 ppm under ambient storage which wsigsificantly higher in

comparison to control (3.31).

Interaction between seed treatment x storage haghasignificant effect
on number of leaves. However, maximum number ofde¢.14) was recorded
under cold storage with un-soaked treatment wheraasase of ambient storage

under soaked seed treatment number of leaves ¥as 4.

Seed treatment x chemical interaction was stadiicsignificant and
higher number of leaves (6.25) was recorded insXBA ppm with soaked seed
treatment. The next higher number of leaves (508 recorded in GAOO ppm
with un-soaked seed treatment. Among the seedresditx chemical interaction
the lowest number of leaves (3.99) was recordexddhirel 1000 ppm under soaked

seed treatment which was higher than control (3.60)

The interactions between chemical x seed storageex treatment were
also statistically significant. Higher number ocaVes (6.53) was recorded in @A
100 ppm under cold storage with un-soaked seediniegd. Among the
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interactions the lowest number of leaves (3.90) reasrded in ethrel 2000 ppm
under ambient storage with soaked seed treatmenthwivas however,

significantly higher when compared to control (3.32
4.1.7 Leaflet size (cA)

The data presented in Table-13 indicate that alldemical and storage
treatments had a significant effect on leaflet.shfamong the chemical treatments
GA; 100 ppm recorded maximum leaflet size (74.12)dmllowed by GA 50
ppm (72.27 crf) and sulphuric acid 7.5 per cent (68.72°cmmongst chemical
treatments the lowest (56.98 Yrteaflet size was observed with the application of
ethrel 1500 ppm which was significantly higher wivempared to control (45.33

cn?).

Among the storage treatments cold stored seed#eg@sa significantly
higher (65.62 cr) leaflet size in comparison to ambient storage.3@1cnf).
Higher leaflet size (63.47 cnwas also recorded under un-soaked seed treatments
than the soaked seeds (62.57cm

The perusal of data (Table-13) further indicateat tthe interactions
between chemical x storage, seed treatment x &osag chemical x seed
treatment were statistically significant. Maximuri5(@6 cm) leaflet size at
interaction of chemical x storage was observed Az GO0 ppm under 30 days
chilling. The next higher (73.54 & leaflet size was recorded with the
application of GA 50 ppm with 30 days cold treatment. The lowest52dnf)
leaflet size was recorded in control under amhbséorage.

Interaction of seed treatment x storage was fodfetteve and maximum
leaflet size (65.22 cfwas recorded with the treatment combination esoaked
seed under cold storage. However, leaflet sizeoit Ithe seed treatments (un-
soaked and soaked) were at par under cold and atntierage. Among seed
treatment X storage interaction the lowest leafie¢ (60.87 crf) was recorded in

soaked seed treatment under ambient storage.
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Under seed treatment x chemical interaction sigaifily higher leaflet
size (75.02 cif) was observed with the application of GA00 ppm under un-
soaked seed treatment. The next higher (73.22) evas observed with the
application of GA100 ppm under soaked seed treatment. Among sesdthiet x
chemical interaction the lowest leaflet size (438#) was recorded with control

under un-soaked seed treatment.

The interactions between chemical, storage and seatinent were also
statistically significant (Table-13). Significanthjigher leaflet size was recorded
in GA; 100 ppm under cold storage treatment with un-sbaked (77.36 cfin
comparison to all other treatment combinations. oAgthe interaction between
chemical x seed treatment x storage the lowesteleafze (42.58 cA) was

recorded in control with ambient storage under agked seed treatment.

The data on the influence of chemical and storagatrhents on leaflet
size of walnut seedlings for the second year (FaBle reveal that among
chemical treatments the maximum leaflet size waonded in GALO0 ppm
(72.70 cn) followed by GA 50 ppm(71.04 cf). Sulphuric acid was also found
effective and recorded 67.84 tiheaflet size. Among chemical treatments the
lowest leaflet size (55.15 @nwas recorded with the application of ethrel 1500

ppm which was however significantly higher when pamed to control (53.13
cnt).

Cold storage treatment was found non-effectiveronmting leaflet size
and maximum leaflet size (62.77 Bnwas recorded in cold storage treatment
which was 61.18 chin case of ambient storage. Seed treatment hagh#icant
effect on leaflet size and higher (62.98%mwas recorded under un-soaked seed

treatment which was 60.97 éin case of soaked seed treatment.

The interaction of chemical x seed storage (TaBleiidicates that GA
100 ppm under 30 day cold storage recorded hig@i8s®#7 cni) leaflet size. The
next higher leaflet size (71.56 &mwas observed in GA60 ppm under one month
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Table-13 : Influence of chemical and storage treatents onleaflet size (cm) of walnut seedling during the year 2011

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked M Unsoaked Soaked "o T Unsoaked Soaked
GA; 50 ppm 74.02 73.06 73.54 71.58 70.44 71.01 72.27 .8072 71.75
100 ppm 77.36 74.37 75.86 72.67 72.10 72.38 74.12 5.027 73.24
Etherel 1000 ppm 62.91 62.24 62.57 59.76 54.51 57.13 59.85 58.74 55.23
1500 ppm 60.28 58.61 59.44 57.19 51.85 54.52 56.98 61.34 58.38
H, SO 7.5 % 70.59 69.71 70.15 67.96 66.63 67.29 68.72 289. 68.17
9.5 % 68.63 67.04 67.83 61.81 63.61 62.71 65.27 2265. 65.33
KNOs 0.2% 65.25 62.51 63.88 60.30 60.04 60.17 62.02 08%2. 61.28
0.4% 63.86 62.63 63.24 61.71 62.27 61.99 62.61 483. 62.45
Control - 44.10 48.21 46.15 42.58 46.44 44 .51 45.33 43.34 47.33
"""""""""""" Mean 6522  64.26 6562 6172  60.87 6130  63.47 .5762
C.D(p=<0.05)
Storage (S) : 2.11
Chemical (C) : 1.43
Seed treatment (ST) 1.01
CxS : 2.15
STxS : 2.19
STxC : 0.13
SXCxST : 2.32



Table-14 : Influence of chemical and storage treatents onleaflet size (cm) of walnut seedling during the year 2012

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
“Unsoaked Soaked 0" Unsoaked Soaked o Unsoaked Soaked
GA; 50 ppm 72.47 70.66 71.56 71.25 69.81 70.53 71.04 .8671 70.24
100 ppm 75.40 72.55 73.97 72.07 70.79 71.43 72.7 7473 71.67
Etherel 1000 ppm 60.36 59.61 59.98 59.766 54.74 57.25 58.61 57.95 52.36
1500 ppm 58.70 53.26 55.98 57.19 51.45 54.32 55.15 60.06 57.18
7.5 % 70.59 66.41 68.50 67.80 66.57 67.18 67.84 2069. 66.49
H2SQk 9.5 % 67.55 64.92 66.23 61.81 58.59 60.20 63.21 6864. 61.76
KNOs 0.2% 63.91 59.016 61.46 60.20 64.95 62.57 62.01 4561 61.98
0.4% 62.70 58.31 60.50 61.60 60.63 61.11 60.80 7662. 59.47
Control - 45.47 47.99 46.73 44.92 47.15  46.03 53.13 45.20 47.57
"""""""""""" Mean 6412 6141 6277  61.84 6052 6118  62.98 .9760
C.D(p=<0.05)
Storage (S) : N.S
Chemical (C) : 1.49
Seed treatment (ST) 1.05
CxS : 2.16
STxS : 2.14
STxC : 0.42
SXCxST : 2.28



cold treatment. Among the interaction of chemicateed storage the lowest
(46.03cm) leaflet size was recorded in control at ambiéntagje.

Seed treatment x storage interaction was foundctefée and recorded
highest leaflet size (64.12 érwith 30 days cold under un-soaked seed treatment.
Soaked seed treatment at ambient storage was atviparun-soaked seed
treatment under ambient storage as well as soa#ed geatment under cold
storage. Among the interaction the lowest leafiee $60.52 crf) was observed

under ambient storage with soaked seed treatment.

Seed treatment x chemical interaction had a swanti effect on leaflet
size and highest (73.74 éneaflet size was recorded in GA0O ppm under un-
soaked seed treatment. The next higher leaflet(3iz86 cm) was recorded in
GA3 50 ppm with un-soaked seed treatment. Among theraotion of seed
treatment x chemicals the lowest leaflet size36Znf)was recorded with the
application of ethrel 1000 ppm under soaked seedtrtrent which was

significantly higher when compared to control(45¢5T).

The interactions between chemical, storage and seatinent were also
statistically significant. Highest leaflet size (&6 cnf) was recorded in GA100
ppm under cold storage with un-soaked seed treatriiée next higher (72.55
cn?) leaflet size was obtained in GAOO ppm under cold storage with soaked
seed treatment. Among the chemical x seed treatmasttrage interactions the
lowest leaflet size (44.92 d&n was recorded in control under ambient storage
with un-soaked seed.

4.1.8 Leaf chlorophyll (mg/g of fresh weight)

Chlorophyll content of walnut seedlings (Table-1Mas found non-
significant in all chemical and storage treatmefitse chlorophyll content under
different chemical treatments ranged from 0.8Mi#®6 mg/g of fresh weight,
however maximum chlorophyll content(0.86 mg/g) wasorded in GA 100

ppm during 2011.
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Table-15 : Influence of chemical and storage treatents on leaf chlorophyll (mg/g) of walnut seedlingluring the year 2011

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
Unsoaked Soaked ““Unsoaked Soaked o0 T Unsoaked Soaked
GA, 50 ppm 0.85 0.85 0.85 0.85 0.84 0.84 0.84 0.85 0.85
100 ppm 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 6 0.8
Etherel 1000 ppm 0.81 0.79 0.80 0.82 0.81 0.81 0.80 0.82 800.
1500 ppm 0.82 0.81 0.81 0.81 0.80 0.80 0.80 0.82 810.
H, SO 7.5 % 0.84 0.84 0.84 0.85 0.84 0.84 0.84 0.85 0.84
9.5 % 0.84 0.80 0.82 0.84 0.84 0.84 0.83 0.84 0.82
KNOs 0.2% 0.83 0.83 0.83 0.82 0.81 0.81 0.82 0.83 0.82
0.4% 0.85 0.86 0.85 0.84 0.85 0.84 0.84 0.85 0.86
Control - 0.80 0.80 0.80 0.80 0.81 0.80 0.80 0.80 .810
"""""""""""" Mean 083 08 083 08 08 08 08 083 082
C.D(p=<0.05)
Storage (S) NS
Chemical (C) : NS
Seed treatment (ST) NS
CxS : NS
STxS NS
STxC NS
SxXCxST NS



Table-16 : Influence of chemical and storage treatents on leaf chlorophyll (mg/g) of walnut seedlingluring the year 2012

. [Treatment . Strage Factor Means
Cold Ambient
. T oo CoSoooooosoooosooooooooooos . Seed treatment
Chemical Concentration Seed treatment Seed treatment Chemical
Unsoaked Soaked ““Unsoaked Soaked o0 T Unsoaked Soaked
GA, 50 ppm 0.87 0.85 0.84 0.84 0.84 0.84 0.84 0.86 0.85
100 ppm 0.86 0.80 0.83 0.86 0.86 0.86 0.86 0.86 30.8
Etherel 1000 ppm 0.80 0.82 0.88 0.88 0.88 0.88 0.82 0.84 850.
1500 ppm 0.81 0.81 0.85 0.83 0.83 0.83 0.83 0.82 820.
H, SO 7.5 % 0.83 0.84 0.83 0.82 0.82 0.82 0.82 0.83 0.83
9.5 % 0.80 0.88 0.84 0.80 0.80 0.8 0.82 0.80 0.84
KNOs 0.2 % 0.77 0.87 0.82 0.77 0.77 0.77 0.79 0.77 0.82
0.4% 0.82 0.85 0.83 0.82 0.82 0.82 0.82 0.82 0.84
Control - 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 .810
"""""""""""" Mean 087 08 08 08 08 08 08 082
C.D(p=<0.05)
Storage (S) NS
Chemical (C) : NS
Seed treatment (ST) NS
CxS : NS
STxS NS
STxC NS
SxXCxST NS



The data on influence of chemical and storage rtreats for the second
year (Table-16) was also found non-significant.

4.1.9 Number of days from germination to leaf fia

The perusal of data on leaf fall of walnut seediirigr the year 2011
(Table-17) indicates that among the chemical treatsm maximum number of
days from germination to leaf fall (225.94) was aeed in GA 100 ppm
followed by GA at 50 ppm (223.85) and sulphuric acid 7.5 per ¢2hv.14).
Amongst the chemical treatments lowest number g$ l@m germination to leaf
fall (208.57) was observed with the applicatioretiirel at 1000 ppm which was
significantly higher when compared to control (1425.

Among the storage treatments cold storage resuitsgynificantly higher
number of days from germination to leaf fall (2I2.9n comparison to the
ambient storage (210.45). Number of days from geation to leaf fall (213.52)
recorded under un-soaked treatment was significdagher than observed under
soaked seed treatment (212.15).

The perusal of data in Table-17 further indicatat tthe interaction
between chemical x storage, seed treatment x &osag chemical x seed
treatments were statistically significant. Interactof chemical x storage recorded
maximum number of days (226.39) with A00 ppm under 30 days cold
followed by GA; 100 ppm (225.49) under ambient storage. Amonghieenical x
storage interaction the lowest number of days frgarmination to leaf fall was
observed in control (193.41).

Interaction between seed treatment x storage hsigréficant effect on
number of days from germination to leaf fall andxmaum days (213.56) were
observed in un-soaked seed treatment under calagetdollowed by 212.27 days
in case of soaked seed treatment under cold stokmeever, un-soaked and

soaked seed treatment under cold and ambient starage at par. The minimum
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number of days from germination to leaf fall (212.Was recorded under ambient
storage with soaked seed treatment.

Seed treatment x chemical interaction was foundcéffe in promoting
number of days from germination to leaf fall andximaum number of days from
germination to leaf fall (226.83) was observedsiA; 100 ppm with un-soaked
seed treatment followed by 225.06 days in3;G®O0 ppm in soaked seed
treatment. Among the interaction of seed treatmestiemical the lowest number
of days from germination to leaf fall (192.66) wasorded in control under un-
soaked seed treatment which was at par with uetleadntrol under soaked seed

treatment.

The interaction between chemical, storage and deeatment was
statistically significant and maximum number of gldgom germination to leaf
fall (227.33) was observed in GROO ppm under cold storage with un-soaked
seed treatment. Lowest number of days from germoimab leaf fall (192.63) was

observed with control at ambient storage underaaked seed treatment.

The data on influence of chemical and storagertreats for the second
year (Table-18) reveal that among the chemicaltrireats GA at 100 ppm
recorded highest number of days from germinatiole#b fall (224.46) followed
by GAs 50 ppm (223.10). Sulphuric acid (7.5%) was aldeotive and recorded
216.14 number of days from germination to leaf.falmongst chemical
treatments the minimum number of days from gernonato leaf fall (208.23)
was recorded with the application of ethrel 1000mpwhich was however
significantly higher when compared to control (##. Cold storage treatment
was effective and recorded maximum number of days fgermination to leaf
fall (212.14) than the ambient storage (211.56).-sdaked seed treatment
recorded higher number of days (212.39) from geation to leaf fall than soaked
seeds (211.25).
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Table-17 :  Influence of chemical and storage treatents on days from germination to leaf fall of walnti seedling during

the year 2011
~____ Treatment Storage Factor Means
Cod  Ambient
Chemical Concentration  Seed tieatment Seedreatment  Chemical oo loo o
Unsoaked Soaked Unsoaked Soaked Unsoaked Soaked
GA; 50 ppm 225.30 223.49  224.39 224.30 222.33 223.31 3.832 224.80 222.91
100 ppm 227.33 225.45  226.39 226.33 224.66  225.4925.92 226.83 225.06
Etherel 1000 ppm 208.53 209.66  208.99 209.61 208.33  208.1808.57 209.97 208.10
1500 ppm 210.45 209.30 209.87 213.38 211.43 212.4Q11.13 211.92 210.37
H,SQ, 7.5 % 219.60 215.66 217.63 217.66 215.66 216.66 .1217 218.63 215.66
9.5 % 212.33 210.33  213.50 215.65 214.49 215.07 .2814 213.99 212.41
KNO, 0.2 % 210.38 209.61  209.99 210.66 206.33 208.49 .2209 210.52 207.97
0.4 % 215.66 212.66 212.50 212.66 210.66 211.66 .0812 214.16 211.66
Control - 192.66 194.33 193.43 192.63 193.13  193.41193.49 192.66 194.33
""" Mean 21356 21227 21297 21347  212.02 21045 3521 21215
C.D(p<0.05)
Storage (S) : 0.32
Chemical (C) : 1.45
Seed treatment (ST) 0.45
CxS : 1.49
STxS : 0.53
STxC : 0.49
SXCxST X 1.54
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Table-18: Influence of chemical and storage treatmés on days from germination to leaf fall of walnut seedling during

the year 2012
.. Treatment . Sorage Factor Means
Cold Ambient Seed
Chemical Concentration  Seed treatment  Seedtreatment " Chemical oo o
Unsoaked Soaked Unsoaked Soaked Unsoaked Soaked
GA; 50 ppm 226.30 223.49  224.89 222.30 220.33 221.31 3.122 224.30 221.91
100 ppm 227.43 223.45 225.44 224.33 222.66  223.4924.48 225.88 223.06
Etherel 1000 ppm 208.33 207.66  207.99 208.61 209.33  208.4208.23 208.47 208.50
1500 ppm 209.45 209.30 209.37 209.38 210.43  208.8Q09.08 209.42 208.37
H, SO 7.5 % 217.60 216.66 217.13 216.66 213.66 215.16 .1216 217.13 215.16
9.5 % 212.33 210.33  211.33 213.65 213.49 21357 .4812 212.99 211.91
KNO, 0.2 % 209.38 207.61 208.49 209.66 209.33 209.49 .9208 209.52 208.47
0.4 % 211.66 210.66 211.16 210.66 209.66 210.16 .6B10 211.16 210.16
Control - 192.66 193.33  193.19 192.66 192.33  193.2993.49 192.66 193.33
"""""""""""" Mean 212,79  211.39 21214 21199 21110 21156 2391 211.25
C.D(p=<0.05)
Storage (S) : 0.32
Chemical (C) : 1.45
Seed treatment (ST) 0.45
CxS : 1.49
STxS : 0.53
STxC : 0.53
SxXCxST : 1.54
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The perusal of data in Table-18 further reveals thizractions between
chemical x storage, seed treatment x storage amahichl x seed treatment were
statistically significant. Interaction of chemiocalseed storage indicates that A
at 100 ppm under one month chilling recorded marimmumber of days from
germination to leaf fall (225.44) followed by 228.8ays in GA 100 ppm under
ambient storage. Un-soaked seed with 30 day ce#trirent recorded maximum
number of days from germination to leaf fall (212.# comparison to the soaked
treatment under ambient storage (211.10). Un-soaked treatment with GA
100 ppm recorded significantly higher number ofdépm germination to leaf
fall (225.88) than GAat 100 ppm and seeds soaked in water (223.06).

The interaction between storage, chemical and desatment were
statistically significant during the second yeamasl. Maximum number of days
from germination to leaf fall (227.43) was recordedold stored seeds under un-
soaked seed treatment with @0 ppm.Among the interactions the lowest
number of days from germination to leaf fall (19.3vas recorded in control

under ambient stored seeds with soaked seed tneatme
4.2 Epicotyl grafting in walnut
4.2.1 Scion take percentage after 15 days

The perusal of data in Table-19 reveals that thghhef grafting, time of
grafting and portion of scion wood used had a §igamt effect on scion take
percentage recorded after 15 days of grafting du2@ll. Maximum scion take
percent (67.38) was recorded when grafting wasopadd at the point of
attachment of cotyledons followed by grafting atm2@bove the point of
attachment of cotyledons (65.55). At 4cm heighbisdiake was to the tune of
58.88 per cent. The lowest scion take percent @4wias recorded in grafting

performed at a height of 6 cm.

Time of grafting had a significant effect on sciake percentage (table-

19). Highest scion take (67.49%) was recorded vgnafting was performed on
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Plate-1 : Epicotyl grafting in walnut (Juglansregia L.)



15 day old stocks followed by (63.37%) graftingerformed on 30 day old
stocks. Minimum scion take (45.36%) was observedngrafting was performed
on 45 day old stocks. Higher percentage of scaie 162.99) was recorded in
terminal portion of scion wood as compared to basation which was to the

tune of 59.01 per cent.

The perusal of data in Table-19 reveals that icteyas between height of
grafting x scion wood, time x height of graftingdascion wood x time were
statistically significant. Maximum scion take pertage (69.10) was observed
under interaction of scion wood x height in graftiperformed at the point of
attachment of cotyledons using terminal portiorsabn wood which was at par
with scion take percent (68.44) obtained in graftperformed at the height of
2cm using terminal portion of scion wood. The lessbn take percent (51.77)

was recorded at 6¢cm height of grafting under bpsgion of scion wood.

Height x time interaction produced maximum scioketgpercentage
(71.39) when grafting performed at the height ah2en 15 day old stocks. The
scion take percent obtained in epicotyl graftingp@rformed at the height of 2cm
on 15 day old stocks however was at par with tHatained when grafting
performed at the point of attachment of cotyledond5 day old stocks. The least
scion take per cent (46.06%) was obtained whertiggafvas performed on 45

day old stocks.

Scion take per cent of 67.16 was obtained underantion of scion wood
x time (W x T) when grafting was performed on 1% déd stocks using terminal
portion of scion wood which was at par with thatamled when basal portion of
scion wood was used.The interaction between heigbtafting, scion wood used
and time of grafting was significant during 2011igltest scion take percent
(75.33) was observed at interaction (H x T x W) wigeafting was performed on
15 day old stocks at the point of attachment ofledbns using terminal portion

of scion wood.
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During second year also (Table-20) the height afftong, scion wood
used and time of grafting had a significant effeat scion take percentage.
Maximum scion take percentage (70.38) was recomleplafting performed just
at the point of attachment of cotyledons. Graftat@cm height resulted in 67.64
percent scion take and at 4cm height scion takeep&ige was to the tune of
59.20. Amongst the grafting heights lowest scioketpercentage (49.30) was

recorded in grafting performed at a height of 6 cm.

The time of grafting was effective in promoting atitake percentage
recorded after 15 days of grafting. Highest sciaketpercentage (64.79) was
observed under grafting conducted on 15 day oldkstoHowever, scion take
percent (63.76) obtained on 30 day old stocks wamiawith scion take percent
obtained on 15 day old stocks. The scion take péige got significantly lowered
when grafting was performed on 45 day old stocks \aas to the tune of 55.73
per cent during the year 2012.

The portion of scion material also exerted a sigaift influence on the
scion take percentage observed after 15 days dfingyaSignificantly higher
percentage of scion take (64.52) was recorded wleninal portion of scion
wood was used compared to scion take percentagé2j5&hen basal portion of

scion wood was used.

The perusal of data in Table-20 reveals that icteras between height x
scion wood, time x height and scion wood x time evstatistically significant.
Higher scion take percentage (72.77) was obserwvelruinteraction (W x H)
when grafting was performed at point of attachnartotyledons using terminal
portion of scion wood in comparison to scion talecpnt (67.99) using basal
portion of scion wood and grafted at point of ettaent of cotyledons. At 2cm
height of grafting scion take percentage was 69s<dg terminal portion of scion
wood which was 66.07% in case of basal portiorcmfrswood. Among treatment
combinations of scion wood x height the lowest sd¢ake (47.87%) was recorded

when grafting was performed at 6cm height usingibagrtion of scion wood.
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Table-19 : Scion take percentage after 15 days inawnut epicotyl grafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 75.33 70.33 61.66 69.10 66.66 61.66 56.66 61.66¢.386 70.99 67.40 59.16
2 71.66 70.03 63.33 68.44 71.66 66.66 61.66 66.66.556 71.39 68.49 62.49
4 68.33 66.66 56.66 63.88 66.66 53.33 41.66 53.88.885 69.49 59.99 49.16
6 53.33 56.66 41.66 53.55 63.33 58.33 51.66 51.74.165 58.33 57.09 46.06
Mean 67.16 65.99 55.82 62.99 67.07 59.99 52.91 159.0 67.49 63.37 45.36
C.D(p<0.05)
Height (H) 2.23
Time (T) : 2.12
Wood (W) 2.35
W x H : 2.39
HxT : 2.02
WxT : 2.57
HxTxW : 3.11



Table-20:  Scion take percentage after 15 days inawut epicotyl grafting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 78.33 76.66 63.33 72.77 73.33 61.33 69.33 67.99.387 75.83 72.19 66.33
2 73.03 71.66 62.66 69.21 71.66 69.32 57.06 66.077.646 72.34 70.49 59.86
4 68.31 66.33 53.03 62.56 63.66 55.23 48.66 55.89.205 65.98 60.78 50.84
6 53.33 56.66 51.21 50.73 49.33 52.98 41.16 47.80.304 51.33 54 .82 46.18
Mean 68.25 67.82 57.42 64.52 64.49 50.71 54.05 259.4 64.79 63.76 55.73
C.D(p<0.05)
Height (H) 3.02
Time (T) : 2.73
Wood (W) 2.97
W xH : 2.34
HxT : 1.02
WxT : 2.41
HxTxW : 3.13



Height x time interaction was statistically sigodnt and recorded
maximum scion take (75.83%) in grafting performédha point of attachment of
cotyledons. Among the height x time interactions khwest scion take percent
(46.18) was observed when grafting was performed®rdays old stocks at

height of 6 cm.

Scion wood and time (W x T) interaction was alsanio effective and
revealed higher scion take percent (68.25) undaftigg performed on 15 day
old stocks using terminal portion wood. Howeveg #tion take percent (67.82)
obtained on 30 day old stocks was at par with dlhéhined on 15 day old stocks
using terminal portion of scion wood. Minimum scitake percent (54.05) was
obtained in grafting performed on 45 day old staskng basal portion of scion

wood.

Treatment combinations of height x time of graftingcion wood (H x T
X W) recorded highest scion take percent (78.33ngrafting was performed at
the point of attachment of cotyledons on 15 daystéitks using terminal portion
of scion wood followed by 76.66% in grafts on 30ydad stocks at point of
attachment of cotyledons using terminal portiorsabn wood. Least scion take
percent (41.16) was recorded in grafting perforraetieight of 6cm on 45 day

old root stocks using basal portion of scion wood.
4.2.2 Scion take percentage after 30 days

The perusal of data in Table-21 indicate that thiglit of grafting, time of
grafting and scion wood used had a significantogfn scion take percentage
recorded after 30 days of grafting during 2011. Maxn scion take percent
(63.32) was recorded when grafting was performetthetpoint of attachment of
cotyledons followed by grafting at 2cm above thenpoof attachment of
cotyledons (57.90). At 4cm height scion take wash® tune of 50.25 per cent.
The lowest scion take percent (44.40) was recovdseh grafting performed at a

height of 6 cm.

il



Time of grafting had a significant effect on scitake percentage (Table-
21). Highest scion take (59.38%) was recorded aitioig performed on 15 day
old stocks followed by (54.63%) in grafting perhed on 30 day old stocks.
Minimum scion take (47.88%) observed in graftingfpened on 45 day old
stocks. Higher percentage of scion take (54.82 mgaorded in terminal portion
of scion wood as compared to basal portion whick teathe tune of 53.11 per

cent.

The perusal of data in Table-21 reveal that intevas between height of
grafting x scion wood, time x height of graftingdascion wood x time were
statistically significant. Maximum scion take peartage (65.27) was observed
under interaction of scion wood x height in grajftiperformed at the point of
attachment of cotyledons using terminal portionsofon wood followed by
61.21% when grafting was performed at the poinattdchment of cotyledons
using basal portion of scion wood. The least sdmke percent (44.06) was

recorded at 6¢cm height of grafting under basalipof scion wood.

Height x time interaction produced maximum scioketgpercentage
(68.46) in grafting performed at the point of ettanent of cotyledons on 15 days
old stocks followed by the scion take percent (BBdbtained in epicotyl grafting
performed at the height of 2cm on 15 day old stoTke least scion take percent

(39.66) was recorded after 30 days in graftinggrened on 45 day old stocks.

Scion take per cent (59.78) obtained under intemaaif wood x time (W
x T) in grafting performed on 15 day old stocksingsterminal portion of scion
wood was at par with that recorded when basal gomif scion wood was used.
The least scion take per cent (47.60) was recomtlgplafting performed on 45

day old stocks.

The interactions between height of grafting, sciod used and time of
grafting were significant during 2011. Highest scitake percent (69.23) was
observed at interaction (H x T x W) in grafting foemed on 15 day old stocks at
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the point of attachment of cotyledons using terinpwation of scion wood. The
least scion take per cent (38.66) were recordegtafting performed on 45 day

old stocks.

During second year also (Table-22) the height @fftong, scion wood
used and time of grafting had a significant effeat scion take percentage.
Maximum scion take percentage (64.84) was recordéen grafting was
performed just at the point of attachment of caigles. Grafting at 2cm height
resulted in 58.60 scion take per cent. Amongstgiiadting heights lowest scion

take percentage (47.25) was recorded in graftiagopmed at a height of 6cm.

Highest scion take percentage (61.75) was obsewwder grafting
conducted on 15 day old stocks followed by 55.99gaat in grafting performed
on 30 day old stocks. The scion take percentagesigmificantly lowered in
grafting performed on 45 day old stocks and wathé&tune of 50.51 per cent
during the year 2012.

The portion of scion material also exerted a sigaift influence on the
scion take percentage observed after 30 days dfingyaSignificantly higher
percentage of scion take (56.69) was recorded wbeminal portion of scion
wood was used compared to scion take percentagél(54hen basal portion of

scion wood was used.

The perusal of data in Table-22 reveals that icteras between height x
wood, time x height and wood x time were statidiycaignificant. Higher scion
take percentage (66.66) was observed under iniema@V x H) under grafting
performed at point of attachment of cotyledons gigerminal portion of scion
wood in comparison to scion take percent (63.02)gubasal portion of scion
wood and grafted at point of attachment of cotgted At 2cm height of grafting
scion take percentage was 59.53 using terminalgmoof scion wood which was

57.68% in case of basal portion of scion wood. Aghseatment combinations of
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Table-21:  Scion take percentage after 30 days inawut epicotyl grafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 69.23 65.33 61.26 65.27 67.70 60.21 56.20 61.38.326 68.46 62.77 58.73
2 65.32 65.00 45.10 58.47 62.33 59.30 50.36 57.33.905 63.82 62.15 47.73
4 56.11 50.66 45.66 50.81 55.60 48.28 45.20 49.680.25 55.85 49.47 45.43
6 48.46 45.12 40.66 44,74 50.33 43.20 38.66 44.061.404 49.39 44.16 39.66
Mean 59.78 56.52 48.17 54.82 58.99 52.74 47.60 153.1 59.38 54.63 47.88
C.D(p<0.05)
Height (H) 1.50
Time (T) : 1.82
Wood (W) N.S
W xH : 2.34
HxT : 2.48
WxXT : 2.30
HxTxW : 2.68



Table-22 : Scion take percentage after 30 days inawnut epicotyl grafting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo ooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 71.91 68.21 59.88 66.66 69.13 63.60 56.33 63.024.846 70.52 65.90 58.10
2 66.50 63.11 49.00 59.53 60.60 61.33 51.11 57.68.605 63.55 62.22 50.05
4 59.10 52.20 45.20 52.16 58.29 48.48 48.29 51.68..92 58.69 50.34 51.92
6 56.20 45.70 43.33 48.41 52.33 45.30 40.66 46.09.2%4 54.26 45.50 41.99
Mean 63.42 57.30 49.35 56.69 60.08 54.67 49.09 154.6 61.75 55.99 50.51
C.D(p<0.05)
Height (H) 1.54
Time (T) : 1.87
Wood (W) 1.73
W x H : 2.36
HxT : 2.51
WxT : 2.32
HxTxW : 2.72



scion wood x height the lowest scion take (46.09%4% recorded under grafting
performed at 6cm height using basal portion ofrsewood.

Height x time interaction was statistically sigodnt and recorded
maximum scion take (70.52%) in grafting performédha point of attachment of
cotyledons. Among the height x time interactions tbwest scion take percent
(41.99) was observed when grafting was performed®rdays old stocks at

height of 6 cm.

Wood and time (W x T) interaction was also founféetive and revealed
higher scion take percent (63.42) in grafting farened on 15 day old stocks
using terminal portion wood followed by 57.30 penton 30 day old stocks.
Minimum scion take percent (49.09) was obtainedyrafting performed on 45

day old stocks using basal portion of scion wood.

Treatment combinations of height x time of graftewgd wood (H x T x
W) recorded highest scion take percent (71.91yaftigg performed at the point
of attachment of cotyledons on 15 day old stocksguterminal portion of scion
wood followed by 68.21 per cent under grafting @day old stocks at point of
attachment of cotyledons using terminal portiorsabn wood. Least scion take
percent (40.66) was recorded in grafting performteleight of 6cm on 45 day old

root stocks using basal portion of scion wood.
4.2.3 Scion take percentage after 45 days

The perusal of data in Table-23 reveals that thghhef grafting, time of
grafting and scion wood used had a significantogfn scion take percentage
recorded after 45days of grafting during 2011. Maxin scion take percent
(43.16) was recorded under grafting performed at pbint of attachment of
cotyledons followed by grafting at 2cm above thenpoof attachment of
cotyledons (39.32). At 4cm height scion take wash® tune of 33.82 per cent.
The lowest scion take percent (28.16) was recordegrafting performed at a

height of 6cm.
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Time of grafting had a significant effect on scitake percentage (Table-
23). Highest scion take (42.53%) was recorded wgdrafting was performed on
15 day old stocks followed by (38.78%) graftingfpemed on 30 day old stocks.
Minimum scion take (27.03%) was observed in grgfjorerformed on 45 day old
stocks. Higher percentage of scion take (45.7°8 reaorded in terminal portion
of scion wood as compared to basal portion (34.43%)

The perusal of data in Table-23 reveals that icteras between height of
grafting x scion wood, time x height of graftingdascion wood x time were
statistically significant. Maximum scion take peartage (45.77) was observed
under interaction of scion wood x height in graftiperformed at the point of
attachment of cotyledons using terminal portionsofon wood followed by
40.55% in grafting performed at the point of attaelmt of cotyledons using basal
portion of scion wood. The least scion take per¢26t55) was recorded at 6¢cm
height of grafting under basal portion of scion @Woo

Height x time interaction produced maximum scioketgpercentage
(49.99) under grafting performed at the point deéhment of cotyledons on 15
days old stocks. The next higher scion take per¢46i49) was obtained in
epicotyl grafting performed at the point of attaxgnt of cotyledons on 15 day
old stocks. The least scion take percent (19.16% wecorded in grafting

performed on 45 day old stocks.

The scion take per cent (43.91) obtained underaat®n of wood x time
(W x T) in grafting performed on 15 day old stockssing terminal portion of
scion wood was at par with that recorded whenllgasdion of scion wood was
used. The interaction between height of graftingcboon wood used and time of
grafting was significant during 2011. Highest scitake percent (53.33) was
observed at interaction (H x T x W) in grafting foemed on 15 day old stocks at

the point of attachment of cotyledons using terinpation of scion wood.
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During second year also (Table-24) the height @fftong, scion wood
used and time of grafting had a significant effeat scion take percentage.
Maximum scion take percentage (45.32) was recomleplafting performed just
at the point of attachment of cotyledons. Graftat@cm height resulted in 39.54
scion take percent. Amongst the grafting heightsekt scion take percentage
(28.32) was recorded in grafting performed at gleof 6cm.

Highest scion take percentage (43.78) was obsewadkr grafting
conducted on 15 day old stocks followed by 39.33gaat in grafting performed
on 30 day old stocks. The scion take percentagesigatficantly lowered when
grafting was performed on 45 day old stocks andtadke tune of 27.45 per cent
during the year 2012. The portion of scion matealslo exerted a significant
influence on the scion take percentage observeer &% days of grafting.
Significantly higher percentage of scion take (38 wWas recorded when terminal
portion of scion wood was used compared to scike percentage (34.99) when

basal portion of scion wood was used.

The perusal of data in Table-24 reveals that ictema between height x
wood, time x height and wood x time were statidiycaignificant. Higher scion
take percentage (48.10) was observed under ini@na¢v x H) in grafting
performed at point of attachment of cotyledons gigerminal portion of scion
wood in comparison to scion take percent (42.5%gubasal portion of scion
wood and grafted at point of attachment of cotgted At 2cm height of grafting
scion take percentage was 40.88 using terminalgmoof scion wood which was
38.2 per cent in case of basal portion of scion dvodmongst the treatment
combinations of scion wood x height the lowest sd¢ake (26.76%) was recorded

in grafting performed at 6cm height using basatiporof scion wood.

Height x time interaction was statistically sigodnt and recorded
maximum scion take (54.49%) in grafting performédha point of attachment of

cotyledons. Among the height x time interactiores lthwest scion take per cent
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Table-23:  Scion take percentage after 45 days inawmut epicotyl grafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 53.33 47.66 36.33 45.77 46.66 43.33 31.66 40.538.164 49.99 45.49 33.99
2 45.33 43.66 32.33 40.44 44.66 42.33 27.66 38.20.323 44,99 42.99 29.99
4 40.66 38.33 26.66 35.21 38.66 35.33 23.33 32.48.823 39.66 36.83 24.99
6 36.33 31.33 21.66 29.77 34.66 28.33 16.66 26.58.162 35.49 29.83 19.16
Mean 43.91 40.24 29.24 45.77 41.16 37.33 24.82 334.4 42.53 38.78 27.03
C.D(p<0.05)
Height (H) 2.11
Time (T) : 2.07
Wood (W) 3.11
W x H : 3.19
HxT : 2.43
WxXT : 3.23
HxTxW : 3.39



Table-24:  Scion take percentage after 45 days inawut epicotyl grafting during the year 2012

Scion —wood used Factor Means
Height  --mmmmmmmmmmmmmmmmm oo oo ooooo oo oooooooooooooooooooooooo-
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 59.66 48.33 36.33 48.10 49.33 45.00 33.33 42.5%.324 54.49 46.66 34.83
2 46.33 43.33 33.00 40.88 44.66 42.66 27.33 38.210.543 45.49 42.99 30.16
4 41.66 40.00 26.33 35.99 38.66 35.00 23.66 32.44.213 40.16 37.50 24.99
6 36.66 31.66 21.33 29.88 33.30 28.66 18.33 26.7@.322 34.98 30.16 19.83
Mean 46.07 40.83 29.24 38.71 41.48 37.83 25.66 934.9 43.78 39.33 27.45
C.D(p<0.05)
Height (H) 2.13
Time (T) : 2.09
Wood (W) 3.07
WxH : 3.12
HxT : 3.11
WxXT : 3.19
HxTxW : 3.28



(19.83) was observed when grafting was performedSoday old stocks at height
of 6cm.

Wood and time (W x T) interaction was also founféetive and revealed
higher scion take percent (46.06) in grafting @erfed on 15 day old stocks
using terminal portion wood. The next higher sctake percent (40.83) was
recorded with 30 day old stocks after 45 days aftgrg. Minimum scion take
percent (25.66) was obtained in grafting perforroed45 day old stocks using

terminal portion of scion wood.

Treatment combinations of height x time of graftagvood (H x T x W)
recorded highest scion take percent (59.66) intiggaperformed at the point of
attachment of cotyledons on 15 day old stocks usengiinal portion of scion
wood followed by 49.33 per cent when grafted onda¥y old stocks at point of
attachment of cotyledons using basal portion obrsavood. Least scion take
percent (18.33) was recorded in grafting performteleight of 6cm on 45 day old

root stocks using basal portion of scion wood.
4.2.4 Scion sprouting percentage

The data in Table-25 indicates that the heightraftopg x time of grafting
x scion wood used had a significant effect on s@prouting percentage during
the year 2011. Maximum scion sprouting percentaf9@) was recorded in
grafting performed at the point of attachment diymlons followed by grafting
at 2cm above the point of attachment of cotyled88s38%). At 4cm height scion
sprouting percentage was to the tune of 27.99. [Bmest scion sprouting

percentage (20.99) was recorded in grafting peréorat a height of 6¢cm.

The time of grafting was effective in promoting @ti sprouting
percentage. Highest scion sprouting percentagelZg6wvas observed under
grafting conducted on 15 day old stocks followedybgfting on 30 days old stock
(33.74%). The scion sprouting percentage got saanifly lowered when grafting
was performed on 45 day old stocks and was touthe of 22.24 per cent during
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the year 2011. Significantly higher scion sproutpgg cent (32.18) was recorded
in terminal portion of scion wood as compared teabgortion which was to the
tune of 29.21 per cent.

The perusal of data in Table-25 further indicatieat tthe interactions
between height x scion wood, time x height and rscreood x time were
statistically significant. Maximum scion sproutingercentage (43.88) was
recorded under interaction scion wood x heightraftgng performed at the point
of attachment of cotyledons using terminal portafnscion wood followed by
sprouting percentage (37.99) using basal portioscain wood and grafted at the
point of attachment of cotyledons. At 2cm heighgadfting scion sprouting was
37.44 per cent using terminal portion of scion wedtereas it was 35.88 per cent
in case of basal portion of scion wood grafted eigit of 2cm.Among the
treatment combination of wood x height the lowesbrs sprouting (17.44%) was
recorded in grafting performed at a height of 6csm@g basal portion of scion

wood.

Height x time interaction was statistically sigo#&nt. Maximum scion
sprouting (47.49%) was obtained on 15 day old staglafted at the point of
attachment of cotyledons followed by scion sprayer cent (43.49) in grafting
performed on 30 day old stocks grafted just at plet of attachment of
cotyledons. Among the height x time interaction keest scion sprouting per
cent (13.66) was observed in grafting performed®ualay old stocks at the height
of 6cm.

Scion wood x time interaction was found effectivehieih records
significantly higher scion sprouting per cent (3j.&h grafting performed on 15
day old stock using terminal portion of scion woddche next higher scion
sprouting per cent (35.16) was obtained when gigftvas performed on 30 day
old stocks. Minimum scion sprouting per cent (20.98as observed under
interaction of scion wood x time in grafting perfted on 45 day old stocks using

basal portion of scion wood.

ﬂl



The interaction between height x time x scion w@ddk T x W) indicate
that significantly higher scion sprouting (51.66 %pas obtained in grafting
performed at the point of attachment of cotyledons15 day old stocks using
terminal portion of scion wood followed by scionr@gting per cent of 46.66
when grafting was performed on 30 day old stockshatpoint of attachment of
cotyledons using terminal portion of scion woodeThinimum scion sprouting
percentage (13.67) was recorded in grafting perdorat a height of 6cm using 45

day old stocks and basal portion of scion wood.

During second year also (Table-26) height of gngftix scion wood used
and time of scion grafting had a significant effeatscion sprouting percentage.
Maximum scion sprouting percentage (41.32) wasrdsmb in epicotyl grafting
performed just at the point of attachment of caigles. Grafting at 2cm height
resulted in 33.99 per cent scion sprouting andcat Aeight scion sprouting per
cent was to the tune of 29.43. Amongst graftinghisi the lowest scion sprouting
per cent (18.21) was recorded in grafting performmiea height of 6cm.

Time of grafting had a significant effect on scisprouting percentage
(Table-26). Highest scion sprouting (37.99%) wa®rded in grafting performed
on 15 day old stocks followed by scion sprouting pent (34.41) in grafting
performed on 30 day old stocks. The minimum sciprogting (19.82%) was
observed in grafting performed on 45 day old stocggnificantly higher
percentage of scion sprouting (31.85) was recordddrminal portion of scion
wood as compared to basal portion in which it veeihé tune of 29.63 per cent.

The perusal of data in Table- 26 further indicdbed interactions between
height x scion wood, time x height of graftingdastion wood x time of grafting
were statistically significant. Maximum scion sptiag (43.77%) was recorded in
the interaction of scion wood x height (W x H) iraffing performed at the point
of attachment of cotyledons using terminal portmiscion wood which was
38.88 per cent in case of basal portion of sciondvand grafting at the point of

attachment of cotyledons. Among treatment combonadif scion wood x height
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Table-25:  Scion sprouting percentage in walnut epotyl grafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 51.66 46.66 33.33 43.88 43.33 40.33 30.33 37.99.934 47.49 43.49 31.83
2 41.66 40.33 30.33 37.44 40.33 39.33 23.33 34.335.883 40.99 39.83 26.83
4 36.66 33.33 16.66 28.88 33.33 31.33 16.66 27.100.992 34.99 32.33 16.66
6 21.66 20.33 13.66 18.55 20.33 18.33 13.67 17.447.991 20.99 19.33 13.66
Mean 37.91 35.16 23.49 32.18 34.33 32.33 20.99 129.2 36.12 33.74 22.24
C.D(p<0.05)
Height (H) 1.05
Time (T) : 1.11
Wood (W) 1.23
W xH : 1.27
HxT : 3.09
WxT : 1.32
HxTxW : 2.54



Table-26 : Scion sprouting percentage in walnut epotyl grafting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 53.33 46.66 31.33 43.77 46.66 43.33 26.66 38.88.324 49.99 44 .99 28.99
2 43.33 40.33 20.33 34.66 40.33 39.33 20.33 33.338.993 41.83 39.83 20.33
4 41.66 33.33 16.66 30.55 36.66 31.66 16.66 28.33.432 39.16 32.49 16.66
6 21.66 20.33 13.33 18.44 20.33 20.33 13.23 17.98.211 20.99 20.33 13.43
Mean 39.99 35.16 20.41 31.85 35.99 33.66 19.24 329.6 37.99 34.41 19.82
C.D(p<0.05)
Height (H) 1.08
Time (T) : 1.12
Wood (W) 1.25
W x H : 1.33
HxT : 2.44
WxT : 1.35
HxTxW : 2.63



the lowest scion sprouting (17.99%) was recordedyrafting performed at a
height of 6 cm using basal portion of scion wood.

Height x time interaction had a significant effemt scion sprouting
percentage. Maximum scion sprouting (49.99%) waseoi®d on 15 day old
stocks grafted at the point of attachment of calytes followed by 30 day old
stocks grafted at the height of point of attachmehtcotyledons (44.99%).
Amongst height x time interactions the lowest scépmouting per cent (13.43)

was observed under grafting performed on 45 dagtuicks at a height of 6cm.

Scion wood x time interaction was found effectivéhieh revealed
significantly higher scion sprouting per cent (3).%h grafting conducted on 15
day old stocks using terminal portion of scion woddhe next higher scion
sprouting per cent (35.16) was recorded in grafiiegformed on 30 day old
stocks using terminal portion of scion wood. Amohgight x scion wood
interactions minimum scion sprouting (19.24) wasorded in epicotyl grafting

performed on 45 day old stocks using basal podfastion wood.

The interaction between height of grafting x scwood used x time of
grafting (H x T x W) were statistically significaniuring 2012 as well. Highest
scion sprouting per cent (53.33) was observedaitigg performed on 15 day old
stocks at the point of attachment of cotyledon:giderminal portion of scion
wood. The lowest scion sprouting (13.33%) was medrin epicotyl grafting

performed at 6 cm height on 45 day old stocks ubasgl portion of scion wood.
4.2.5 Scion growth (cm)

The data (Table -27) indicates that height of grgftscion wood used and
time of grafting had a significant influence onatigrowth in walnut epicotyl
grafting during the year 2011. Maximum scion gro{#h.75 cm) was recorded in
grafting performed just at the point of attachmehtotyledons. Scion growth

obtained at 2cm and 4cm graftings were at par egth other. Among grafting
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heights the minimum scion growth (15.15 cm) waswi®d in grafting performed
at the height of 6cm.

Time of grafting had a significant effect on scgnowth. Maximum scion
growth (16.22 cm)was recorded when grafting wadopered on 15 day old
stocks followed by(15.74 cm) grafting performed 8d day old stocks. The
lowest scion growth (14.99 cm) was recorded intgrgf performed on 45 day old
stocks. The portion of scion wood used also aftecseion growth and
significantly higher scion growth (15.87 cm) wasarled in terminal portion

than the scion growth 15.42 cm in basal portioaadn wood.

The perusal of data in Table-27 further indicateat tthe interactions
between height of grafting, time of grafting anébscwvood used had a significant
effect on scion growth during 2011. Maximum sciomwgh (16.84 cm) was
recorded under interaction of wood x height in tyngf performed at the point of
attachment of cotyledons using terminal portios@bn wood followed by 15.69
cm scion growth in grafts performed at the heighRam using basal portion of
scion wood. Among treatment combinations of sciaoavx height minimum
scion growth (14.99 cm) was recorded in graftipgrformed at the height of 6cm
using basal portion of scion wood.

Height x time interactions were statistically sfggant and higher scion
growth (17.37 cm) was observed in grafts performtethe point of attachment of
cotyledons on 15 day old stocks. The next highensgrowth (16.27 cm) was
recorded in grafts performed at the point of attaeht of cotyledons on 30 day
old stocks. Among height x time interaction the éstvscion growth (14.37 cm)
was obtained when grafting was performed at thghtesf 6cm on 45 day old

stocks.

Scion wood x time interaction was also effective ichh revealed
significantly higher scion growth (16.31 cm) in fisaperformed on 15 day old

stocks using terminal portion of scion wood. Sapowth (16.23 cm) recorded on
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30 day old stocks using terminal portion was atwiin 15 day old stocks with
terminal portion of scion wood. Minimum scion gréw{L4.88 cm) was observed

in grafting performed on 45 day old stocks usiagd) portion of scion wood.

The interaction between height of grafting x tifigyafting x scion wood
used reveals that highest scion growth (18.59 cra$ wbtained when grafts
performed at the point of attachment of cotyledonsl5 day old stocks using
terminal portion of scion wood followed by sciorogith (16.81 cm) in grafting
performed at the point of attachment of cotyledons30 day old stocks using
terminal portion of scion wood. Lowest scion grotd.12 cm) was recorded in
grafting performed at the height of 6cm on 45 dhdystocks using basal portion

of scion wood.

During second year (Table-28) also the height aftorg, time of grafting
and portion of scion wood used had a significafeaéfon scion growth in walnut
epicotyl grafting. The maximum scion growth (15¢f8) was recorded in grafting
performed on 15 day old stocks at a point of attaaft of cotyledons. The
minimum scion growth (15.23 cm) was observed umgafting performed at the

height of 6cm.

Time of grafting reveals that highest scion growi6.20 cm) was
recorded in grafting was performed on 15 day otitlst The next higher scion
growth (15.63 cm) was observed in grafting perfanoe 30 day old stocks.
Lowest scion growth (14.82 cm) was recorded undaftigg performed on 45
day old stocks. The portion of scion wood also &dkmfluence on scion growth
and comparatively higher scion growth 15.71 cm wmeasrded in terminal portion

of scion wood than basal portion of scion wood415m).

The perusal of data (Table-28) further indicated thteractions between
height of grafting, time of grafting and scion woaed were significant.
Maximum scion growth (15.99 cm) was recorded urgtefting performed at

the point of attachment of cotyledons using terinpmation of scion wood. Scion
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growth recorded at 2cm and 4cm grafting heightsewadrpar with each other.
Similarly scion growth recorded on grafting conattat point of attachment of
cotyledons and 2 cm heights were at par using basdion of scion wood.
Minimum scion growth (15.23 cm) was recorded inftyng performed at 6cm

height using basal portion of scion wood.

The interactions between height x time of graftimgre also statistically
significant. Higher scion growth (16.62 cm) wasamged in grafting performed at
the point of attachment of cotyledons on 15 day stiocks. The next higher
growth (16.38 cm) was recorded under grafting perém at 2cm height on 15
day old stocks. Among the time x height interactibe lowest scion growth
(14.33 cm) was observed in grafting performed ord old stock at a height of

6cm.

Scion wood x time interactions was found effectwdich revealed
significantly higher scion growth (16.35 cm) in fjrag performed on 15 day old
stocks using terminal portion of scion wood foll@egy grafting performed on 15
day old stocks using basal portion of scion woodcivhwas to the tune of
(16.06cm). Among scion wood x time interaction bwest scion growth (14.65
cm) was observed when grafting was performed odadbold stocks using basal

portion of scion wood.

The interactions between height of grafting x sonood used x time of
grafting were statistically significant during 201ighest scion growth (17.06
cm) was observed at the interaction of height »etirscion wood under grafting
performed on 15 day old stock at the point of dtaent of cotyledons using
terminal portion of scion wood. Among interactiafdeight x time x scion wood
the lowest scion growth (14.08 cm) was recordedrafting performed at 6cm
height on 45 day old stocks using basal portioscain wood.
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Table-27: Scion growth (cm) in walnut epicotyl grafing during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 18.59 16.81 15.12 16.84 16.15 15.73 15.15 15.65.751 17.37 16.27 15.13
2 15.25 16.17 15.25 15.55 16.44 15.60 15.04 15.6%.621 15.84 15.88 15.14
4 15.99 16.04 15.40 15.81 16.17 14.63 15.24 15.346.571 16.08 15.33 15.32
6 15.44 15.9 14.62 15.32 15.78 15.09 14.12 14.99 .1515 15.61 15.49 14.37
Mean 16.31 16.23 15.09 15.87 16.13 15.26 14.88 2154 16.22 15.74 14.99
C.D(p<0.05)
Height (H) 0.09
Time (T) : 0.15
Wood (W) 0.20
W x H : 0.23
HxT : 1.12
WXT : 0.27
HxTxW : 0.33



Table-28 :  Scion growth (cm) in walnut epicotyl gréting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 17.06 15.70 15.21 15.99 16.18 15.85 14.71 15.5&.781 16.62 15.77 14.96
2 16.37 15.87 15.15 15.79 16.40 15.72 14.56 15.56.671 16.38 15.79 14.85
4 16.11 15.98 15.08 15.72 16.24 14.67 15.25 15.38%.551 16.17 15.32 15.16
6 15.87 15.56 14.59 15.34 15.44 15.88 14.08 15.1%.231 15.65 15.72 14.33
Mean 16.35 15.77 15.00 15.71 16.06 15.53 14.65 1154 16.20 15.63 14.82
C.D(p<0.05)
Height (H) 0.07
Time (T) : 0.13
Wood (W) 0.16
W x H : 0.19
HxT : 1.07
WxT : 0.25
HxTxW : 0.30



4.2.6 Number of leaves

The data in Table-29 indicate that the height afftgrg, time of grafting
and scion wood used had a significant effect on brmof leaves in walnut
epicotyl grafting during 2011. Maximum number cves (4.88) was recorded in
grafting performed at the point of attachment dfy=mlons followed by grafting
at 2cm above the point of attachment of cotyledd6). At 4cm height number
of leaves was to the tune of 4.65. Lowest numbédeadfes (4.10) was recorded in

grafting performed at a height of 6cm.

The time of grafting had a significant effect or thumber of leaves and
highest number of leaves (5.47) was recorded ugigdting performed on 15 day
old stocks followed by grafting on 30 day old ste¢k.45). The number of leaves
got significantly lowered when grafting was perfeanon 45 day old stocks and
was to the tune of 3.78 during the year 2011. Highenber of leaves (4.69) was
recorded under terminal portion of scion wood ammgared to basal portion

which was to the tune of 4.46 number of leaves.

The perusal of data in Table-29 indicates thatrauitons between height
X scion wood, time x height and scion wood x timerevstatistically significant.
Maximum number of leaves (5.33) were recorded umdieraction of wood x
height in grafting performed at the point of attaemt of cotyledons using
terminal portion of scion wood whereas it was 4mdnber of leaves in case of
grafting performed at point of attachment of codigles using basal portion of
scion wood. The minimum number of leaves (3.88) reasrded at interaction of
scion wood x height under grafting performed an@wight using basal portion

of scion wood.

Height x time interaction produced maximum numbkeleaves (5.99) in
grafting performed at the point of attachment dyemlons on 15 day old stocks.

The number of leaves recorded at 2cm and 4cm amagld stocks were at par
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in grafts. Lowest number of leaves (3.31) at theraction of height x time were
observed in grafting performed at 6cm height ord¥ old stocks.

Wood x time interactions were found effective andhlbr number of
leaves (5.75) were recorded in grafting perforradl5 day old stocks using
terminal portion of scion wood. The next higher foemof leaves (5.24) were
observed when grafting was performed on 15 daystiddks using basal portion
of scion wood. Among the interaction wood x heitjte lowest number of leaves
(3.66) were recorded in grafting performed on 4y dld stocks using basal

portion of scion wood.

The interactions between height of grafting x sonood used x time of
grafting were significant during 2011. Highest nenlof leaves (6.23) were
observed at interaction of height x time x sciavoa in grafting performed on 15
day old stocks at the point of attachment of calgtes using terminal portion of
scion wood. The next higher number of leaves (6.0@ye recorded under
interactions of height x time x scion wood undeafting performed at 4cm height
on 15 day old stocks using terminal portion of saiod. The lowest number of
leaves (3.23) were recorded at interaction of Heighime x wood in grafting
performed at 6cm height on 45 day old stocks ubasgl portion of scion wood.

During second year also the height of grafting etiofi grafting and scion
wood used had a significant effect on number ofdsa(Table-30). Maximum
number of leaves (5.27) was recorded in graftingopemed at the point of
attachment of cotyledons. Grafting at 2cm heigbuited 4.70 number of leaves
and at 4cm height number of leaves was to the ofifle60. Among the grafting
heights the lowest number of leaves (4.20) wasrdexbin grafting performed at

a height of 6 cm.

The time of grafting had a significant effect ommher of leaves (Table-
30). Highest number of leaves (5.20) was recordedrafting performed on 15

day old stocks followed by 4.37 number of leavegyafts grafted on 30 day old
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stocks. Minimum number of leaves (4.03) was reabridegrafting performed on
45 day old stocks. The number of leaves (4.69)rdsmbunder terminal portion of
scion wood used was at par with the number of ked¥e63) recorded in basal

portion of scion wood.

The perusal of data in Table-30 indicates thatrauttons between height
X scion wood, time x height and scion wood x tinieg@fting were significant.
Maximum number of leaves (5.33) was observed umntderaction of wood x
height in grafting performed at the point of attaemt of cotyledons using
terminal portion of scion wood. The next higher foem of leaves (5.21) was
observed under grafting performed on 15 day addkst using basal portion of
scion wood. Among the interaction of height x wadbd lowest number of leaves
(3.88) were observed under grafting performed 8nddy old stocks using

terminal portion of scion wood.

The interaction height x time produced maximum nendf leaves (5.89)
in grafting performed at the point of attachmentcotyledons on 15 day old
stocks. Grafting at 2 and 4cm heights on 15 daystiddks were at par with each
other. Among the height x time interaction the lstvaumber of leaves (3.63)
were recorded in grafting performed at the 6cm litedgy 45 day old stocks.

Scion wood x time interaction had also significarfluence on number of
leaves and higher number of leaves (5.66) wererebdeon 15 day old stocks
using terminal portion of scion wood. The next gmumber of leaves (5.24)
were recorded under grafting performed on 15 ddystibcks using basal portion
of scion wood. Minimum number of leaves (3.80) weeeorded in grafting

performed on 45 day old stocks using basal podfastion wood.

The interactions between height x time x scion waedeal that the
highest number of leaves (6.33) were obtained ugdaiting performed at the
point of attachment of cotyledons on 15 day olctlssousing terminal portion of

scion wood. Number of leaves were at par in grgffierformed at 4cm height on
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Table-29:  Number of leaves in walnut epicotyl grding during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 6.23 5.33 413 5.33 5.66 4.33 3.93 4.44 4.88 5.99 4.83 3.83
2 5.66 4.33 3.66 4.55 5.33 4.66 4.63 4.77 4.66 5.49 4.49 3.92
4 6.00 4,23 413 491 4.60 4.60 3.66 4.32 4.65 5.40 4.46 3.90
6 4.66 3.66 3.33 4.33 5.33 4.13 3.23 3.88 4.10 4,99 3.99 3.31
Mean 575 4.41 3.91 4.69 5.24 4.49 3.66 4.46 5.47 4.45 3.78
C.D(p<0.05)
Height (H) 0.10
Time (T) : 0.12
Wood (W) 0.11
W x H : 0.13
HxT : 0.18
WxXT : 0.16
HxTxW : 0.21



Table-30:  Number of leaves in walnut epicotyl grdaing during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 6.33 5.33 4.33 5.33 5.38 5.38 4.26 521 5.27 5.09 4.35 4.90
2 5.66 4.31 3.60 4.55 5.30 4.26 4.31 4.77 4,70 5.42 4.29 3.09
4 6.02 4.32 418 4.19 4.66 4.06 3.33 4.21 4.60 5.40 4.19 3.83
6 4.66 3.66 3.36 4.33 5.33 4.31 3.30 3.88 4.20 4,99 3.99 3.63
Mean 5.66 4.41 3.97 4.69 5.24 4.44 3.80 4.63 5.20 4.37 4.03
C.D(p<0.05)
Height (H) 0.09
Time (T) : 0.11
Wood (W) N.S
W xH : 0.15
HxT : 0.15
WxXT : 0.16
HxTxW : 0.24



15 day old stocks. The minimum number of leave8QBwere recorded at
interaction of height x time x scion wood underfgng performed at 6¢cm height

on 45 day old stocks using basal portion of scioodav
4.2.7 Leaflet size (crf)

The perusal of data in Table-31 reveals that heafjlgrafting, scion wood
used and time of grafting had a significant eff@ctieaflet size in walnut epicotyl
grafting during the year 2011. Maximum leaflet s{88.52 cm) was recorded
under grafting performed just at the point of ditaent of cotyledons. The leaflet
size recorded at 2cm height (38.30%¢mmnd 4 cm (36.26 cthwere at par with
each other. Among the grafting heights minimum sdieaflet size (36.29 cfh
was obtained in grafting performed at the heighah.

Significantly higher leaflet size (38.76 &mwas recorded under grafting
performed on 15 day old stocks followed by 37.9%iengrafting performed on 30
day old stocks. The lowest leaflet size (35.8%)cmvas recorded in grafting
performed on 45 day old stocks. The portion of saiood used also affected
leaflet size and higher leaflet size (37.87%cmwas recorded under terminal

portion of scion wood than the basal portion (3%tf).

The perusal of data in Table-31 further reveals ihi@ractions between
the height of grafting, time of grafting and scimmod used had a significant
effect on leaflet size during 2011. Maximum leafie (39.08 cff) was recorded
under interaction of wood x height in grafting merhed at the point of
attachment of cotyledons using terminal portios@bn wood followed by 38.46
cn? leaflet size in grafting performed at the heighRom using terminal portion
of scion wood. Among wood x height interaction tbevest leaflet size (36.19
cnt) was recorded under grafting performed at the Hieaf 6cm using basal

portion of scion wood.

Height x time interaction was statistically sigodnt and higher leaflet

size (39.86 cff) was observed in grafting performed at the pofratmchment of
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cotyledons on 15 day old stocks. The next highafide size (39.37 cf) was
recorded in grafting performed at the 2cm heightlédnday old stocks. Among
height x time interactions the lowest leaflet s{86.39 cm) was obtained under
grafting performed at the 6cm height on 45 daysitatks.

Wood x time interaction was also effective whiclvaaled significantly
higher leaflet size (39.82 dnin grafting performed on 15 day old stocks using
terminal portion of scion wood. The next higherfleasize (38.80 cfi) was
recorded on 30 day old stocks using terminal portad scion wood. The
minimum leaflet size (34.61 nwas observed in grafting performed on 45 day
old stocks using basal portion of scion wood.

The interactions between height of grafting x timfegrafting x scion
wood used was significant and highest leaflet é8e33 cn) was observed when
grafting was performed at the point of attachmentatiyledons on 15 day old
stocks using terminal portion of scion wood follavey leaflet size (39.98 cin
when grafting was performed at 2cm height on 30 @dystocks using terminal
portion of scion wood. Among height x time x scwaood interactions the lowest
leaflet size (34.09 cthwas recorded under grafting performed at theHteof
6cm on 45 day old stocks using basal portion ajrserood.

During second year (Table-32) also the height aftorg, time of grafting
and portion of scion wood used had a significdfgce on leaflet size in walnut
epicotyl grafting. The maximum leaflet size (38¢t8) was recorded in grafting
performed at the point of attachment of cotyled@is2cm grafting height leaflet
size(38.61 crf) obtained was significantly better than graftaig4 cm height
(37.88 cm). Minimum leaflet size (37.13 cth was observed under grafting
performed at the height of 6cm.

Time of grafting had a significant effect on leafi&ze in walnut epicotyl
grafting. Highest leaflet size (40.23 Bnhwas recorded in grafting performed on
15 day old stocks. The next higher leaflet size43&nf) was observed under
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grafting performed on 30 day old stocks. Lowesftlé¢asize (34.90 cfi) was
recorded in grafting performed on 45 day old stodikse portion of scion wood
also exerted influence on leaflet size and sigaiftty higher leaflet size (38.24
cn?) was recorded under terminal portion of scion wasdcompared basal
portion of scion wood (37.47 én

The data in Table-32 further reveals that intecmdibetween height of
grafting, time of grafting and scion wood used watatistically significant.
Maximum leaflet size (38.93 énwas recorded under grafting performed at the
point of attachment of cotyledons using terminattipa of scion wood. At 2cm
grafting height using terminal portion of scion wioteaflet size of 38.72 c¢m
observed was at par with grafting performed at ploent of attachment of
cotyledons using basal portion of scion wood (3863. Minimum leaflet size
(37.00 cm) was recorded under interaction between scion wobeight under
grafting performed at 6cm height using basal partbscion wood.

The interaction between height x time of graftingrev also statistically
significant. Highest leaflet size (41.13 OYmwas recorded under grafting
performed at the point of attachment of cotyledond5 day old stocks. The next
higher (40.44 ci) was recorded under grafting performed at 2cmhiedm 15
day old stocks. Among the time x height interacditime lowest leaflet size (33.95
cnt) was observed in grafting performed on 45 daystdatks at a height of 6cm.

Scion wood x time interaction was found effectivéhieh revealed
significant results (Table-32). Highest leafletes{#0.56 crf) was observed under
grafting performed on 15 day old stocks using teahiportion of scion wood
followed by grafting performed on 30 day old stoaksng terminal portion of
scion wood which was to the tune of 39.48%°crmong scion wood x time
interaction the lowest leaflet size (34.14%mvas observed in grafting performed

on 45 day old stocks using basal portion of scioodav
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Table-31: Leaflet size (crf) in walnut epicotyl grafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 40.33 39.09 37.82 39.08 3940 3854 3599 37.9B.523 39.86 38.81 36.90
2 39.98 3941 36.00 38.46 38.77 38.51 37.14 38.148.303 39.37 38.96 36.57
4 39.88 39.27 33.53 37.56 40.01 33.22 35.25 36.16.263 39.14 36.24 34.39
6 39.09 37.44 38.69 36.40 37.68 37.80 34.09 36.19%.293 35.88 37.62 35.39
Mean 39.82 38.80 35.01 37.87 37.71 37.01 34.61 137.1 38.76 37.91 35.81
C.D(p<0.05)
Height (H) 0.13
Time (T) : 0.11
Wood (W) 0.16
W x H : 0.19
HxT : 0.25
WxXT : 0.20
HxTxW : 0.23



Table-32: Leaflet size (crf) in walnut epicotyl grafting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 41.59 39.58 35.63 38.93 40.67 39.63 35.63 38.68.783 41.13 39.60 35.63
2 40.85 40.37 34.96 38.72 40.03 38.66 36.84 38.58.613 40.44 39.51 35.90
4 40.09 39.85 34.13 38.02 40.71 32.40 34.13 35.74.883 40.40 36.12 34.13
6 39.74 38.14 33.95 37.27 38.23 38.83 33.92 37.00.133 38.98 38.48 33.95
Mean 40.56 39.48 35.66 38.24 39.91 37.38 34.14 737.4 40.23 38.43 34.90
C.D(p<0.05)
Height (H) 0.10
Time (T) : 0.13
Wood (W) 0.14
W x H : 0.20
HxT : 0.24
WXT : 0.24
HxTxW : 0.27



The interactions between height of grafting x sonood used x time of
grafting were statistically significant during 20a&o. Highest leaflet size (41.59
cnt) was observed at the interaction of height x tisfigyrafting x scion wood
under grafting performed at the point of attachmantotyledons on 15 day old
stocks using terminal portion of scion wood. Amamgractions of height x time
x scion wood lowest leaflet size (33.923mwas recorded in grafting performed

at 6cm height on 45 day old stocks using basalgodf scion wood.
4.2.8 Plant height (cm)

The perusal of data in Table-33 reveals that heafjlgrafting, scion wood
used and time of grafting had a significant infleeron plant height during 2011.
Maximum plant height (20.16 c¢rwas observed under grafting performed at the
height of 6cm.The next highest plant height (1888 was recorded in epicotyl
grafting performed at 4cm height. Among graftingghés lowest plant height
(17.84 cm) was recorded in grafting performed & point of attachment of

cotyledons.

Time of grafting had a significant effect on plameight (Table-33).
Highest plant height (19.24 cm) was recorded ifitigig performed on 15 day old
stocks. The plant height obtained in grafting penied on 30 day old stocks was
19.13 cm. Lowest plant height (17.70 cm) was reedreh grafting performed on
45 day old stocks. Significantly higher plant heigh9.14 cm) was recorded
under terminal portion of scion wood which was 18c#n in case of basal portion

of scion wood used.

The data in Table-33 further reveals that the adgons between height of
grafting, time of grafting and scion wood used watatistically significant.
Maximum plant height (20.43 cm) was observed atratdtion of scion wood X
height when grafting was performed at the heigtash using terminal portion of
scion wood. The next higher plant height (19.85 emal recorded in grafting

performed at the 4cm height using terminal portafnscion wood. Among
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interaction of scion wood x height lowest plantdii(17.44 cm) was observed
under grafting performed at the point of attachmetotyledons using basal

portion of scion wood.

Height x time interaction produced maximum planghe(20.22 cm) was
recorded under grafting performed at the 6cm hegghtl5 day old stocks. The
next higher plant height (20.02 cm) was recordedyrafting performed at the
6cm height on 30 day old stocks. Among the intevadbetween height and time
lowest plant height (17.20 cm) was observed intopgfperformed at the point of

attachment of cotyledons on 45 day old stocks.

Plant height of 19.59 cm was observed under int@raof wood x time in
grafting performed on 15 day old stocks using teahportion of scion wood.
The next higher plant height (19.19cm) recordedratfting conducted on 15 day
old stocks using basal portion of scion wood. Amevgpd X time interaction
lowest plant height (17.06 cm) was obtained intgrgfperformed on 45 day old

stocks using basal portion of scion wood.

The interactions between height of grafting x sonood used x time of
grafting were significant during 2011. Highest plareight (20.90 cm) was
recorded in grafting performed at 6¢cm height orda$ old stocks using terminal
portion of scion wood. The next higher plant hei(@.85 cm) was recorded in
grafting performed at 6cm height on 30 day oldtlkssousing terminal portion of
scion wood. The former and later interactions vwarpar with each other. Among
interactions between height of grafting x time odéfgng x scion wood used the
lowest plant height (16.16 cm) was recorded intgrgfperformed at the point of

attachment of cotyledons on 45 day old stocks usasal portion of scion wood.

During second year also the height of graftingpsaivood and time of
grafting had a significant effect on plant heighalfle-34). Maximum plant height
(19.77 cm) was observed in grafting performed at @om height followed by
grafting at 4cm (18.47 cm). Among the grafting lmsgthe lowest plant height
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(18.00 cm) was observed in grafting performed @&t ploint of attachment of
cotyledons.

Time of grafting significantly affected plant hetglis revealed in Table-
34. Highest plant height (19.14 cm) was recordegraiting performed on 15 day
old stocks. The next higher plant height (18.98 emas observed in grafting
performed on 30 day old stocks. Among time of gngftowest plant height
(17.72 cm) was observed in grafting performed omld old stocks. The portion
of scion wood also influenced plant height sigrfidy and higher plant height
(18.89 cm) was observed in grafting using termpwtion scion wood which was
18.34 cm in case of basal portion of scion wood.

The perusal of data in Table-34 reveals that theraations between
height of grafting x scion wood were statisticaflignificant. Maximum plant
height (20.07 cm) was recorded under interactiosaddn wood x height under
grafting performed at 6cm height followed by 4ct8.69 cm) using terminal
portion of scion wood. Among the interaction ofostivood x height lowest plant
height (17.51 cm) was obtained in grafting perfadraethe point of attachment of
cotyledons using basal portion of scion wood.

Height x time interaction also influenced plant diei significantly and
higher plant height (19.92 cm) was recorded intgrgfperformed at 6 cm height
on 15 day old stocks. The next higher plant he{at68 cm) was recorded on 30
day old stocks in grafting performed at 6¢cm heigimong interaction of height x
time lowest plant height (17.05 émwas obtained in grafting performed at the

point of attachment of cotyledons on 45 day olals$o

Maximum plant height (19.60 cm) was recorded umakeraction of wood
x time in grafting performed on 15 day old stocksg terminal portion of scion
wood. The next higher plant height (19.22 cm) waorded in epicotyl grafting

performed on 30 day old stocks using terminal parbf scion wood. The lowest
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Table-33:  Plant height (cm) in walnut epicotyl grdting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 18.42 18.39 17.95 18.05 18.04 17.83 16.16 17.447.841 18.23 18.11 17.20
2 19.23 18.25 17.28 18.25 18.26 18.16 16.41 17.517.881 18.74 18.20 16.69
4 19.82 19.34 17.40 18.85 19.75 19.62 17.36 18.98.881 19.78 19.48 17.38
6 20.90 20.85 20.74 20.43 20.74 20.60 18.34 19.79.162 20.02 20.72 19.54
Mean 19.29 19.20 18.34 19.14 19.19 19.05 17.06 118.4 19.24 19.13 17.70
C.D(p<0.05)
Height (H) 0.10
Time (T) : 0.08
Wood (W) 0.12
WxH : 0.11
HxT : 0.09
WxXT : 0.13
HxTxW : 0.16



Table-34:  Plant height (cm) in walnut epicotyl grdting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean  Height -----------m-mmmmommmeomoe oo
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 18.73 18.69 18.05 18.49 18.21 18.08 16.25 17.58.001 18.47 18.38 17.05
2 19.06 18.8 17.10 18.32 18.16 17.73 18.16 18.01.1618 18.61 18.26 17.63
4 19.71 19.04 17.34 18.69 19.45 19.11 16.72 18.2@.471 19.58 19.07 17.13
6 20.70 20.35 20.17 20.07 20.14 20.07 18.01 19.4B.771 19.92 19.68 19.09
Mean 19.60 19.22 18.16 18.89 18.99 18.74 17.28 418.3 19.14 18.98 17.72
C.D(p<0.05)
Height (H) 0.09
Time (T) : 0.06
Wood (W) 0.10
WxH : 0.12
HxT : 0.13
WxT : 0.15
HxTxW : 0.17



plant height (17.28 cm) was recorded in graftingdiected on 45 day old stocks
using basal portion of scion wood.

The interactions between height x time x scion wo®¢kal that highest
plant height (20.70 cm) was recorded under graftpegformed at 6cm height on
15 day old stocks using terminal portion of scioaod. The next higher plant
height (20.35 cm) was obtained in grafting perfadraé6cm height on 30 day old
stocks using terminal portion of scion wood. Amanmigractions of height x time
x scion wood the lowest plant height (16.25 cm) whaserved under grafting
performed at point of attachment of cotyledons 46rday old stocks using basal

portion of scion wood
4.2.9 Stem diameter (mm)

The perusal of data in Table-35 reveals that hegghgrafting, time of
grafting and scion wood had a significant effectst@m diameter during 2011.
Maximum stem diameter (3.73 mm) was recorded irftiggaperformed at the
height of 4cm followed by stem diameter (3.59 mmyiafting performed at 2cm
height. The lowest stem diameter (3.43 mm) wasrdsmbin grafting performed

at the height of 6cm.

Time of grafting had a significant effect on sterandeter and higher stem
diameter (3.67 mm) was recorded in grafting perftran 15 day old stocks. The
next higher stem diameter (3.59 mm) was observegtafting performed on 30
day old stocks. The lowest stem diameter (3.41 muay recorded in grafting
performed on 45 day old stocks. Significantly higkeem diameter (3.67 mm)
was recorded under terminal portion of scion woddctv was 3.45 mm under

basal portion of scion wood.

The interactions between height of grafting x tiofegrafting x scion
wood used were significant. Maximum stem diame2e95 mm) was recorded in
grafting performed at the height of 4cm using tewhportion of scion wood. The

next higher stem diameter (3.59 mm) was observeptafiing performed at 2cm
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height using terminal portion of scion wood. Amantgraction of wood x height
the lowest stem diameter (3.37 mm) was recordegtafting performed at 6cm

height using basal portion of scion wood.

Height x time interaction recorded maximum stenmditer (3.87 mm) in
grafting was performed at 4cm height on 15 day sititks followed by stem
diameter (3.77 mm) in grafting performed on 30 adg stocks. Among the
interaction of height x time lowest stem diame®B82 mm) was recorded under
interaction of height x time in grafting performatithe height of 6cm on 45 day

old stocks.

The data in Table-35 indicates that wood x timesrattion was also
effective in influencing stem diameter. Maximumrstdiameter (3.81 mm) was
recorded in grafting performed on 15 day old stogksg terminal portion of
scion wood followed by stem diameter (3.71mm) iafgng performed on 30 day
old stocks using terminal portion of scion wood. édug interaction between
wood X time lowest stem diameter (3.36 mm) was ndd in grafting

performed on 45 day old stocks using basal podfastion wood.

The interactions between height of grafting x sciwwood x time of
grafting were significant during 2011. Highest stelmmeter (4.13 mm) was
recorded under interaction of height x time x scimood under grafting
performed at 4cm height on 15 day old stocks usamminal portion of scion
wood. The next higher stem diameter (4.03 mm) vea®rded in grafting was
performed at 4cm height on 30 day old stocks usemminal portion of scion
wood. Among interactions of height x scion woodirre lowest stem diameter
(3.21 mm) was observed in grafting performed at@be height on 45 day old
stocks using basal portion of scion wood.

The data on stem diameter for the year 2012 isngimeTable-36.The
perusal of data reveals that height of graftingnetiof grafting and scion wood

used had a significant effect on stem diametemdusiecond year. Highest stem
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diameter (3.63 mm) was recorded when grafting wafopmed at the height of
4cm followed by stem diameter (3.56 mm) recordedrafting performed at the
height of 2cm. Lowest stem diameter (3.44 mm) waseoved in grafting

performed at the height of 6cm.

Time of grafting also had a significant effect aarns diameter (Table-36).
Highest stem diameter (3.68 mm) was recorded ugddting performed on 15
day old stocks. The next higher stem diameter (8166 was recorded in grafting
performed on 30 day old stocks. Lowest stem dian{8té0 mm) was in grafting
performed on 45 day old stocks. Significantly higkeem diameter (3.65 mm)
was recorded in terminal portion of scion wood amparison to basal portion of

scion wood used (3.56mm).

The perusal of data in Table-36 further reveals thizractions between
height of grafting, scion wood and time of graftimgd a significant effect on stem
diameter. Highest stem diameter (3.90 mm) was obdedt interaction of wood x
height in grafting performed at the height of 4&mong the interaction of wood
X height lowest stem diameter (3.36 mm) was reabidegrafting performed at

the height of 6cm.

The interaction between height x time recorded maxn stem diameter
(3.91 mm) under grafting performed at the heighétain on 15 day old stocks.
The next higher stem diameter (3.64 mm) was recbndeyrafting performed at
2cm  height on 15 day old stocks. Among interactimtween height x time
lowest stem diameter (3.30 mm) was observed irtiggaperformed at the height

of 6cm on 45 day old stocks.

Wood x time interaction also had a significant efffen stem diameter
(Table-36). Highest stem diameter (3.85 mm) wa®roexd under interaction
between wood x height in grafting was performedl&nday old stocks using
terminal portion of scion wood. The next highemstdiameter (3.64 mm) was

recorded in grafting performed on 30 day old stogksg terminal portion of
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scion wood. Lowest stem diameter (3.37 mm) was rgbsgeat interaction of
wood X height in grafting performed on 45 day didcks using basal portion of

scion wood.

The interactions between height of grafting x timfegrafting x scion
wood were statistically significant during seconeay as well. Highest stem
diameter (4.21 mm) was observed under interactainseight x time x scion
wood in grafting performed at the height of 4cm I day old stocks using
terminal portion of scion wood. The lowest stemnigder (3.30 mm) under
interactions height x time x scion wood was obseénwegrafting performed on 45
day old stocks at 6cm height using basal portioscadn wood.
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Table-35 :

Stem diameter (mm) in walnut epicotyl gafting during the year 2011

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean di;tﬁé?er -------------------------------------------
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 3.90 3.69 336 355 3.1 3.56 330 349 357 3.75 3.62 3.33
2 3.75 3.57 3.47 3.59 3.58 3.50 3.31 3.42 3.59 3.66 3.53 341
4 4.13 4.03 3.69 3.95 3.62 3.52 3.43 3.52 3.73 3.87 3.77 3.56
6 3.59 3.40 3.49 3.49 3.28 3.49 3.21 3.37 3.43 3.43 3.44 3.32
Mean 3.81 3.71 3.52 3.67 3.52 3.51 3.36 3.45 3.67 3.59 3.41
C.D(p<0.05)
Height (H) 0.03
Time (T) : 0.05
Wood (W) 0.22
W x H : 0.09
HxT : 0.03
WXT : 0.11
HxTxW : 0.14



Table-36 : Stem diameter (mm) in walnut epicotyl gafting during the year 2012

Scion —wood used Factor Means
Height  -mmmmmmmmmmmmmmmmmm oo oo oooooooooooooooooooooooooooooooo
of grafting Terminal Basal Time
(Cm) e Mean --------sesemsemsseoseosoeooeoeoo Mean di;tﬁé?er -------------------------------------------
15 DAG 30 DAG 45 DAG 15 DAG 30 DAG 45 DAG 15 DAG 3DAG 45 DAG
0 3.83 3.65 3.30 3.59 3.63 3.59 3.38 3.53 3.50 3.53 3.62 3.40
2 3.79 3.51 3.41 3.57 3.50 3.52 3.29 3.43 3.56 3.64 3.51 3.35
4 4.21 3.81 3.70 3.90 3.68 3.47 3.46 3.53 3.63 3.91 3.72 3.58
6 3.63 3.43 3.50 3.52 3.30 3.40 3.38 3.36 3.44 3.46 3.41 3.30
Mean 3.85 3.64 3.47 3.65 3.52 3.49 3.37 3.59 3.68 3.56 3.40
C.D(p<0.05)
Height (H) 0.02
Time (T) : 0.03
Wood (W) 0.06
W xH : 0.07
HxT : 0.05
WxXT : 0.09
HxTxW : 0.12



Chapter -5
DISCUSSION

The present investigation entitled “Studies on S&stmination and
Epicotyl grafting in Walnut” was carried out atufr Plant Nursery Division of
Fruit Science, SKUAST-Kashmir, Srinagar, J&K duritng year 2011 and 2012.
Salient findings of the present investigation arscalssed under the relevant

headings in the following pages.
5.1  Studies on seed germination and seedling growith walnut
5.1.1 Germination percentage

It is clear from results that all the chemical tne@nts proved significant in
breaking seed dormancy. Among the chemicals usgdeki germination was
produced through use of GAand nuts treated with 100 ppm &#ave highest
germination (58.24 and 58.57%) followed by 50 pp#:;@ which germination
percentage was to the tune of 54.23 and 56.32 mertae higher germination
with GA; is due to diffusion of endogenous auxins and gidbes like
substances or might have antagonized the effeatshilfitors present in the seed
(Mathuret al., 1971 and Sastry and Muir, 1963). Exogenous appicaif GAg
causes absorption of GAand consequently growth inhibiting substancesedess
thus there was an increase in catalase activityuimdately an increase in the
germination of walnut seeds (Kelly, 1969). The hessaf present investigation are
in agreement with Dahabt al. (1975) who found thaPistachio vera seeds
obtained more than 95% germination after soakind00 ppm GA solution
before sowing. Casini and Conticni (1979) immerBesiachio seeds in 50 ppm
GA; for seven days and was able to increase seed rgggrom from 50-79 per
cent. Aket al. (1995) has obtained 73.30 per cent seed germmati®istachio
nuts when seeds were soaked for 48 hours in 125@fmSamaaret al. (2000)
found that 15 day chilling and soaking in &#ave an average germination of

84.78 per cent when apricot seeds were soaked y26@ ppm with stratification
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period of 3 weeks. According to Mehanetaal. (1985) Gibberellins eliminate the
chilling requirements of peach and apple seeds thwedeby increase their

germination.

The next higher germination (49.66 and 48.57%) wasluced through
use of 7.5 per cent sulphuric acid. Immersion eflse sulphuric acid disrupts the
seed coat. Sulphuric acid 7.5 per cent gave highasientage of germination as
compared to 9.5 per cent sulphuric acid (47.99 46149%) indicate that more
rapidly the endocarp is ruptured the faster the @it germination. However,
prolonged immersion may be injurious to the seedacad may rupture vital parts
of embryo (Levitt, 1974). Sulphuric acid is thougdbtdisrupt the seed coat and
expose the lumens of the macrosclereid cells, pngiimbibition of water
which triggers germination (Nikoleave, 1977). Tlsuits are in agreement with
the findings of Nasiet al. (2010) who reported that in acid scarificatiorgdse of
almond nuts scarified with 7.5 per cent concentrateSQ, for 3 minutes gave
highest germination of 50 per cent and when treatéd 9.5 per cent for 3
minutes gave only 28.6 germination percentage. Aling to Sehgal and Singh
(1990) higher concentrations of sulphuric acid wiess effective compared to
lower concentrations and that scarification 88, and stratification at % for
30 days increased seed germinatioRistachio nut up to 90.70 per cent. Heidari
et al. (2008) immersed almond seeds in different conaéntrs of HSQ, for 10
to 60 minutes and stratified the seeds for 15, 180 46 days. The immersion of
almond seeds in 40, for 10 minutes in combination with stratificatioarf30

days improved germination percentage of upto 9@ eet.

In the present investigation potassium nitrate %f).4significantly
improved germination percentages (44.24 and 43r88pmparison to potassium
nitrate 0.2 per cent (41.24 and 40.66%). Potassitirate is thought to play role
in biosynthesis of auxins and increases probalofitgermination (Alboresgt al.,
2005). The results are in agreement with Bhan dratr8a (2007) who recorded

significantly higher germination (91.24%) iArunus armeniaca (wild apricot)
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seeds when treated with KN@.3%). Pillay (1962) reported that potassium
nitrate had positive effects on the germinationseéds with and without coat.
Soaking in 7,500 ppm and 10,000 ppm KN@ave the most significant
germination rates: 64.54 per cent for seeds witt aad 74.24 per cent for seeds
without coat, respectively. Moreover, all the camtcations tested increased the
germination of mazzard cherrrunus avium) seeds. Due to the influence of
KNO3 on seed germination it has been an important seatinent in seed testing
laboratories for many years without a good explanafor its action. (Copeland
and Mc Donald, 1995 and Basra, 1994).

Ethrel used in present investigation although les$ective in inducing
good percentage of seed germination was statistisaperior when compared to
control. Ethrel 1500 ppm resulted higher germimatjgercentage (38.07 and
38.82) than the ethrel at 1000 ppm (35.58 and 38)7&8he latter was also
superior when compared to control. The resultsraegreement to the findings of
Kumaret al. (1988) who reported that higher concentrationstiohmeol (5%) was
more effective in promoting maximum seed germorain pear. Etherl possibly
plays a role in enhancement of endogenous levéloohones. Applications of
ethrel have been reported to induce seed germmatiovarious plant species
(Salisbury and Ross, 1986).

In the present investigation during 2011 and 20&&pectively. Cold
treatment of 30 days resulted maximum germinatemcent (46.51 and 46.56%)
compared to ambient stored seeds (42.21 and 42.T996)to cold temperatures,
more oxygen is soluble in water, so the oxygen irequent of embryo is better
satisfied. Cold treatment of seeds is also importammeet the chilling units of
walnut which is between 700-1000 hours. Seedsmopégate fruits such as peach,
plum, apple and nuts require a definite period old ctreatment for uniform
germination (Hartman and Kester, 1968). The resaits in line with Powell
(1987) who has justified it with the explanatio@ttistratification in cold instantly

stimulates the structural GA synthesis. While GAthe structure increases the
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enzymatic activity, it slows the ABA activity. Acating to Ruduicki (1977) the
percentage of seed germination in walnut increaggtth the increase in
stratification period. The low temperature stratifion probably releases the seed
from dormancy and promotes germination, due toeffsct on the activity of
protease and lipase enzymes involves in the makibiz of stored food material
in the seeds. Kestet al. (1977) and Grassley (1977) reported that almoedse
treated with different (30 and 60 day) stratifioatiperiods had significantly
higher germination percentage whereas non-stréitfeeds did not germinate. Ji
and Wang (1987) reported that during cold treatneériour weeks followed by
pre-soaking treatments ABA levels possibly decreéas®l GA levels increase.

In the present investigation seeds without soakmgvater and treated
with chemicals had a higher germination percent$4®.36 and 45.53%)
compared to soaked ones (43.36 and 43.83%). Réseark conducted by other
workers also support direct application of chensicas concentrated chemicals
probably dilute the effects of inhibitors very fashese results are in agreement
with Frutos (1993) who reported that direct apgien of chemicals on dry nut
led to the best results as for as germination ic€emed. Soaking of seeds prior to
chemical treatment probably produced a lesser @ftthemical solutions into the
seeds. In fact, gradient of humidity between chahsolutions and tissue of seeds
ought to be bigger in no water treatment, therefloeeeffect of this extra chemical

probably increase the rate of germination.

The germination percentage of walnut seed increasetd weatments
combining of 30 day chilling plus subsequent sogkim GAg in comparison to
other treatment combinations. Highest germinatiercgntage (63.49 and 62.66)
was obtained when cold treated nuts were soaké&klrin100 ppm for 12 hours.
The results are in agreement with Aslametral. (2007) who had reported that
percent of seed germination increased with the sthtification in walnut seeds
(36.8 in the control compared with 86.3% after eigbeks). Also the mean time

to germinate significantly decreased with the aiglltreatment. Samaaet al.
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(2000) had recorded highest percentages of seedirggion in apricot with
treatment combination of 15 days chilling plus ®duent soaking in GA
Ozguvenet al. (1995) reported that the concentration of ABA lgidstances was
high when Pistachio seeds were soaked for 12 hiouSibberellic acid but
decreased with the time of stratification. Dahskiaal. (1987) had also obtained
highest germination (84.78%) with GAt 250 ppm plus stratification for 3 weeks
at 5°C.

In the present investigation Gibberellic acid, $wipc acid, potassium
nitrate and ethrel were found helpful in promotthg seed germination under 30
day cold period compared to control. It is obvidtmm these results that the
chemical treatments helped in shortening the algilfequirement of walnut seeds.
The results obtained in present investigation ése e agreement witlarcia-
Gusancet al. (2004) who observed higher germination percentaggld almond
(Prunus scoparia) seeds after soaking nuts in 500 ppm of gibberattid. Aygun
et al. (2008) reported that hazelnut seeds soaked inrwate24 hours and
stratified into moist peat and incubated 8€ 4or 100, 110 and 120 days had
resulted germination of 65-67 per cent. Sieghl. (1966) found that GAIn agar
medium broke dormancy of peach seeds and gaver3epegermination during
13 days at 2% and a similar level of germination was obtainedy after two
months cold storage in untreated seeds. Sewal hadn@ (1992) reported that
gibberellic acid helped in promoting seed germoratin two cultivars of plum
l.e., Santa Rosa and Green even without straificaSharma and Singh (1980)
have revealed that release of seed dormancy wasndept on increase in
quantity of acidic type of Gibberellins and on gigi stratification at low
temperature (7-10°C) to dormant peach seeds, the level of basic type
gibberellins increases. Kinally (1986) reportedt twéh increase in stratification
period, GA, IAA, soluble sugars, soluble amino acids andlgdelyphenol content
increase in peach seeds. Change in these endogeaoysonents are closely

related to the ability of seeds to germinate.

124



It is essential to understand the effect of sittfon, chemicals and seed
treatment on germination both for practical nursgpplications and conservation.
From the present investigation on walnut seed gatiun, it is clear that
chemicals can substitute chilling units of walnekds and can serve as alternative
method. We conclude that the combination betwesuitable pre-chilling period
and an effective level of GAwould considerably enhance walnut seed

germination.
5.1.2 Seedling growth of walnut

It is clear from the results that height of seeglimas increased with GA
sulphuric acid, potassium nitrate and ethrel chalsicused in the present
investigation. All concentrations of GAsulphuric acid, potassium nitrate and
ethrel increased height of seedling in comparisocontrol. The maximum height
(23.24 and 21.73 cm) was obtained under GB0 ppm. The increase in seedling
growth parameters with GA might be related to thet that GA promotes stem,
and shoot elongation through both cell division antérnodal elongation in
higher plant. (Hartmanet al., 2002; Hopkins and Huner 2004 and Hadisl.,
2004). The results are in agreement with Negial. (2010) who reported
increased seedling height when Pistacdeeds were treated with @&00 ppm.
Rahemi and Baninasab (2000) also reported thatapplication lead to increased
height of seedlings in two wild species of pistactBal et al. (1990) reported
maximum seedling height in pear under{» ppm.

Sulphuric acid also increased the height of segdlimd might be related to
the fact that sulphuric acid treated seeds germghatarly due to softening of
endocarp as a result of which cell division andhgédion of cells had taken place
early and mean time growth continued for a longeriqul. The results are in
agreement with Mabundz al. (2010) who reported that sulphuric acid as pre-
germination treatment, gave seedling height ofcBiQ while the control gave the
lowest seedling height (1.6 cm). Ehiagbanare angil@n(2007) reported that
chemical scarification of passion fruit seeds iasesl germination percent and
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seedling growth under various conditions. Ryndi®6@d) has reported that
soaking seeds of plum, cherry and apple in thetisolwf Gibberellic acid for 12

hours increased height of seedling.

The height of seedlings was also observed to Ihcin€ed by seed storage
treatments. Maximum height of seedling (21.28 an®3 cm) resulted from cold
treatment of 30 days. Cold treatment is the proadsgre-treating seeds to
simulate natural processes that a seed must ebdtoee germination. In nature,
moist chilling occurs in wet soils combined withntér conditions. The results are
in agreement with Ercisli and Guleryuz (1995) wreparted that increasing
stratification period increased seedling heightapricot. Nabil and Al-Ameen
(2007) reported that the highest seedling heigBt7(L cm) was observed in
pistachio nut when 90 days stratification was aupliFlemion and Beardow
(1963) reported that in low temperature stratifmatreatments of Sharabti peach
seeds at °C, the inhibitor content decreased and growth ptorgosubstances
like auxins and gibberellins were increased whielpéd in raising of normal and

vigorous peach seedlings.

The results of present study also propounded tat &ulphuric acid and
potassium nitrate caused increase in stem diaroétealnut seedlings compared
to control. Highest stem diameter (4.04 and 4.02) mras recorded in seeds
treated with GA100 ppm. Gibberellins promote cell division and eelargement
which lead to stem growth. Better growth of seegflimmight have probably
helped in increasing stem diameter. The resultsnaagreement with Rahemi and
Baninasab (2000) who reported that stem diameteremhanced in hazelnut with
application of GA. Stratification days have also helped in incregsgstem
diameter of walnut seedlings. This is analogousht® findings of Ercisli and
Guleryuz (1995) who have obtained highest stem eianwith GA 250 ppm and

3 weeks stratification period.

In the present study root length was enhanced Ioghamical treatments.

GA3100 ppm was found more effective and recorded mamxinroot length
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(191.57 and 194.91 mm) in comparison to other tmeats and control. The
results are in agreement withatjana Cirkovi¢-Mitrovié et al. (2011) who
reported thathe root length of the below-ground part of seefflimaried from 5.3
to 43.30 cm. Donoho and Walker (1957) also repottet Gibberellic acid
increased root length in peach. Sulphuric acid eff&ctive in promoting root
length and reason might be that seeds treatedHyli®; germinated earlier and
mobilization of photosynthates from phloem into teotake place simultaneously
which leads to growth of roots. The early developtra root system also leads
to utilization of stored food reserved in hypo detipns. Potassium nitrate also
enhanced root length of seedlings in comparisoootdrol. KNG is helpful for
reactivation of metabolic process of seeds. Thisnpmund also helps in
biosynthesis of auxins which ultimately trigger @th of embryo. The present
study indicates that higher concentrations of ®it@s nitrate were effective in
producing more root length in comparison to lowanaentrations. Results are in
agreement with Khaet al. (1999) who reported that low response to nitraight
be because of the fact that some nut species mawnbeesponsive and

concentrations tested could be sub-optimal.

The present study indicates that number of leaves wnarkedly
influenced by application of chemical and storagmatments. Gibberellic acid,
H.SO, and KNQ were effective in promoting higher number of leavA leaf
primordium is formed from the periclinal division$ group of cells on the flank
of the apex which results in broadening of apexh& region and chemical
treatment represent a process involving the agiasticipation of meristematic
cells in leaf primordium. In the present study thaximum number of leaves was
observed with application of 100 ppm &fallowed by 50 ppm GA The results
are in agreement with Hamed and Fathi (1999) wipmrted that number of
leaves in walnut was higher with application of £3BIl-Nabawyet al. (1985)
reported increased number of leaves in pecan rt application of Gibberellic

acid. Sulphuric acid also increased number of leamewalnut seedling in the
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present study. Due to early embryonic activitytiaé cells of embryo are capable
of division. KNG; has also significantly increased number of leanewalnut
seedlings as the seedlings exhibit property of dwikion, cell enlargement and
cell differentiation. KNQ probably causes biosynthesis of auxins and thexgfo
might have played its role in enhancing meristecnegil division under favorable

climatic conditions.

It is clear from the results that maximum leafleteswas obtained with
GA; 100 ppm (74.12 and 72.70 &nfollowed by 50 ppm (72.27 and 71.043m
in walnut seedlings. The results are in agreemetit Ram Chandra and Sheo
(1990) reported that in guava @Application increased leaf size. Muradoglu and
Gundogdu (2011) have reported that average leafled in walnuts varied
according to cultivar and leaf size ranged from7260 86.92 crh The present
study also reveals that Sulphuric acid, KiNé&nd ethrel resulted in increased
leaflet size in walnut seedling compared to contvbich might be due to active

participation of cells in growing portion.

The chlorophyll content was found non-significantlar both chemical as
well as storage treatments which ranged from 0080.86 mg/g of fresh weight.
Days from germination to leaf fall was also countediven treatments. It is clear
from results that senescence occurred very la@Ag treated seedlings. Further
GA3; and sulphuric acid treated seeds germinated eadytherefore, difference
was observed in the effects of different chemicall astorage treatments.
Maximum number of days from germination to leafl falas observed with
application of GA followed by sulphuric acid, KN©and ethrel. GAhelps in
solute translocation in phloem and during develapniehelps phloem to carry
more nitrogen and other nutrients to the sites ahbey are required. Further
exogenous application of chemicals might have teduln an increase in
endogenous levels. Although leaf fall extendeddioly a short period but earlier

germination caused due to chemical and storagéntents resulted in significant
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difference in number of days from germination tafléall as also reported by
Sinhaet al. (1977) in walnut and Sintetal. (1977) in an another study in apples.

5.2  Studies on epicotyl grafting in walnut

Epicotyl grafting of walnut is a newly introducecethod in few countries
and the present study is the first attempt to olesthre feasibility of this method
in Kashmir valley under open conditions. The susces grafting in walnuts
depends on different factors such as temperatwkative humidity, scion
material, height of rootstock, time and method ddftjng and the skill of the

grafter.
5.2.1 Scion take percentage

Scion take percentage was recorded in three phBlsesighest scion take
percentage (67.38 during 2011 and 70.38 during @42 recorded after 15 days
in grafting performed at point of attachment of yedons. Levels of
compatibility of rootstock and scion improve dueptoliferation of callus tissue
in walnut (Liu and Han, 1984). Lowest graft take8.( and 28.32%) under
present investigation was observed in grafting ggared at 6cm height. The
results are in agreement with Rongting and Pingh@b3) who reported that
walnut callus quality and amount of callus formatjlays an important role in
grafting success. Serddral. (2005) reported chestnut swelling of union, one of
the signs of graft incompatibility and lignificatiaf cells at the junction. No such
swelling was observed in the combinations of staokl scion used in present

study.

Time of grafting had a significant influence onatitake percentage and
maximum scion take percent (67.49 during 2011 ad@®@8 during 2012) was
recorded in grafting performed on 15 day old stocklsgher activity of
meristematic cells resulting in faster formatiorcaflus and quick healing of graft
union is observed in younger rootstocks (Hartmamoh leester, 1997). Minimum

scion take percent was observed in grafting perorion 45 day old rootstocks.
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Phenolic content increases with age of rootstocic lavel of compatibility of
cells decrease with the result probability of geaftcess decreases. The results of
present investigation are in line with Rongting didghai (1990) who reported
that variations in juglone content of walnut leaddifferences in graft success.
Pritivieraet al. (1983) who reported that accumulation of the phermmpound
like 4-hydroxynapthoquinine observed in 20-25 dalgswalnut and was harmful
for growth of walnut callus. Dhunaga al. (1989) also reported maximum graft
take percentage in 5-10 days old rootstocks. Léeptr§1982) reported that
limited exposure to higher temperatures will restdallus formation and cause

subsequent graft failure.

Scion take percent was also influenced with pordrscion taken for
grafting in present investigation. Terminal sci@torded maximum scion take
percent. Scion wood effect can be due to more nzalibn of reserve food
material and release of the same at the intiatiograwth. The results are in
agreement with Sul-In (2006) who observed signifiograft success in terminal
portion of scion used in epicotyl grafting of walnAccording to Rongting and
Pinghai (1993) quality of scion affects graft tglercentage. Rezaee and Vahdati
(2008) have reported that time of taking the scafifscts grafting success.

Scion take percentage was lower with the increaseeight of grafting
and the time of grafting. As the height of graftingcreased there was
corresponding increase in the scion take failurecqgoegage (Fig. 1). Time of
grafting also influenced the graft failure percg@arhe later the time of grafting

the more the grafting take failure was noticed (Big
5.2.2 Scion sprouting percentage

The highest scion sprouting percentage (40.93 du#dll and 41.32
during 2012) was obtained in grafting performedpaint of attachment of
cotyledons under open conditions. Scion sproutiegcgntages reveals that

vascular continuity had established between rocksamd scion. This is likely due
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to lining up of cambial layers of rootstock andasgi critical requirement for
successful scion sprouting (Hartmagiral., 2001). The temperature and relative
humidity play an important role in getting higherafy success. Temperature
between 24-2C for callus formation and high relative humidityeamost
congenial for quick graft union intiation which &tee prerequisites for quick and
stout joint development. The present results aragreement with Duman and
Serdar (2006) who reported that 55 per cent sqoousing was observed in nurse
grafting of chestnut performed on 2cm long radafier germination and under
controlled temperature 72.5 per cent scion sprgutias achieved. Gandeve
(2009) reported that 77.50 per cent scion sproutiag recorded in cleft grafting
performed at point of attachment of cotyledons. deanand Arnaudov (2011)
reported success percentage of epicotyl graftingamut ranging from 56.60 to
63.35. Sawanet al. (1983) reported that survival rate ranging fromt&a00 per
cent in chestnut non-lignified seedlings grafted4afcm heights. Greenwell
(2002) reported that possible causes of nut grafures might result from
cotyledon irregularity where the petioles form dtdangles to the cotyledons in
the nut; besides Fungus/mold infections and weasfgktations also contribute to
the graft failures. It is, therefore necessary totgrt nuts against fungus/mold
infections. According to Hartmarat al. (2002) temperature has a prounced effect
on callus formation and optimum temperature forlusahg varies between

temperate zones.

Lowest percentage of scion sprouting (17.99 du2@bl and 18.21 during
2012) was recorded in grafting performed at 6cngliteiOne of the reason behind
low percentage of scion sprouting could be incre@serespiration and
transpiration by actively proliferating new shootaipled with insufficient ascent
of sap. Other reasons related to low sproutingegrgage may be that phenolic
content increases with the age and level of coriiti of cells decreases. The

results are in agreement with Pritivietaal. (1983) who reported that after 15-20
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days accumulation of the phenolic compound likeydrbxynapthoquinine was
more and harmful for growth of walnut callus.

Sprouting percentage was statistically influencgdiime of grafting and
maximum sprouting percentages of 36.12 during 284d 37.99 during 2012
were recorded in grafting performed on 15 day olatstock. The higher sprouted
grafts might be due to high meristematic activigving higher reserved food
material in the cotyledons of germinating seedlifige results are in agreement
with Suk-In (2006) who reported that the survivater of epicotyl grafting in
walnuts ranged from 65 to 87 per cent. Hartmetrad. (2002) reported that 63-75
per cent graft success was achieved on epicotytg) wdeft method of grafting,
generally less in other methods. Gandev (2009)ralsorted a good percentage of
success in cleft grafting of walnuts on 10-15 dalyseedling. Lowest percentages
of sprouting (20.99 during 2011 and 18.21 durin@2)0wvas recorded in grafting
performed on 45 day old stocks. The reason relatedhe fact may be
accumulation of phenolic compounds and fluctuationgemperature. Ronting
and Pinghai (1990) noticed variations in Jugloneteot in three cultivars which

lead to differences in graft sprouting percentage.

Scion sprouting was affected significantly with fhertion of scion wood
used in present investigation. Terminal portios@bn wood was found superior.
The present results are in agreement with Anad@liév5) who used scions from
upper, middle and lower parts of walnut shootsrg\®4.59, 91.82 and 86.46 per
cent success respectively.

Scion sprouting percentage was lower with the mmeein height of
grafting and the time of grafting. As the heightgrafting increased there was
corresponding increase in the scion sprouting faipercentage (Fig. 3). Time of
grafting also influenced the graft failure percg@arhe later the time of grafting

the more the grafting failure was noticed (Fig. 3).
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5.2.3 Seedling growth (cm) of walnut epicotyls

The present investigation indicate that scion ghowas more influenced
by time of grafting compared to grafting heightsax¥mum scion growth of
(16.22 and 16.20 cm) was observed under graftinfjoppeed on 15day old
stocks. The highest scion growth of 18.59 and 1¢r@6vas produced in grafting
performed at point of attachment of cotyledons énday old rootstocks using
terminal portion of scion wood. Reasons behind higfer scion growth could be
the availability and utilization of reserved foodatarial responsible for
maintaining congenial physiological conditions faxable for optimum growth
and development. The results are in agreement Raifm and Bist (1982) who
reported better growth rate of grafts in mango. iMum scion growth was
recorded in grafting performed at late stage either to reduced rates of division
of cambial cells or exposure of more scion surfacea to atmosphere which

causes higher rate of desiccation.

The present study indicates that maximum numbecoofpound leaves
(5.47and 5.20) were observed when grafting wasopedd on 15 days old stocks
and lowest number of leaves (3.78 and 4.03) weeervled when grafting was
performed on 45 days old stocks. The differencenénnumber of leaves of grafts
of different age groups might be due to variatiomghe meristematic activity

related to cell division for development of leainpordium.

In the present study leaflet size was influenced iy time and height of
grafting and maximum leaflet sizes (38.76 and 4(c28) were observed in
graftings performed on 15 day old stocks. Leaf alepends upon the genotype
and plant adaptations. Cell division and incraadeaflet area depends upon the
relative increase in anticlinal divisions of megisiatic cells. The present results
are in agreement with Muradoglu and Gundogdu (204thp reported that
average leaflet area in walnut varied accordinguitivar and leaflet size ranged
from 26.77 to 86.92cfn
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In the present study maximum plant height (20.18 &8.77 cm) was
observed under grafting performed at the heiglcof followed by 4cm grafting
(18.88 and 18.47.15 cm) during 2011 and 2012, ctsedy. The reasons related

could be rapid cell division, cell enlargement ahdot elongation.

Time of grafting had a significant effect on growdh grafts. Maximum
plant height (19.24 and 19.14 cm) was recordedarftigg performed on 15 day
old stocks. In younger rootstocks meristematicsceivide fast and food material
stored in hypo cotyledons is better utilized. Thesgent results are in agreement
with Hartmann and Kester (1997) who reported thgé af rootstock has
relationship with regenerating ability of plant {garand higher activity of
meristematic cells. The present study also indécdateat the maximum stem
diameter (3.67 and 3.68 mm) was recorded in gigftperformed on 15 day old
stocks. The higher stem diameter in younger stouight be due to higher
meristematic activity in perclinal cells (meristeimacells) which increase stem
diameter owing to better water and solute absampfiw new cell wall material

formation.
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Chapter — 6
SUMMARY AND CONCLUSION

Investigation entitled “Studies on Seed Germinatad Epicotyl Grafting
was conducted on Walnut” at Plant Nursery DivisadrFruit Science SKUAST-
Kashmir, Shalimar, Srinagar, J&K. The main objeetiwas to determine the
effect of various chemical treatments in breakimgds dormancy, promoting
germination and growth of walnut seedling and taleate the Feasibility of using
Epicotyl method of grafting as a Procedure for \tatiee Propagation of Walnut.

Chemical treatments each at two levels viz.,3G30 and 100 ppm),
sulphuric acid (7.5 and 9.5%), potassium nitrat@ @hd 0.4%) and Ethrel (1000
and 1500 ppm) were used in present investigatitora§e treatments constitute
main and chemical treatment constitute sub-plattnents.

Height of grafting, time of grafting and portion stion wood taken
consists of main treatments on the basis of wheasibility of epicotyl grafting
was evaluated under open conditions. Grafting heigiz., point of attachment of
cotyledons, 2 cm above the point of attachmentatyledons, 4 cm above the
point of attachment of cotyledons and 6 cm abowe ghint of attachment of
cotyledons. Time of grafting viz., 15 days afterrgmation of seedling, 30 days
after germination of seedling, 45 days after geatiom of seedling. Scion wood

viz., terminal and basal portion was taken.

The chemical treatments GAOO ppm followed by 50 ppm were most
effective in breaking the seed dormancy and pramyagermination and growth of
seedling in comparison to seeds soaked in watet2onours. Epicotyl grafting
survival rate was observed highest in grafting quened at the point of
attachment of cotyledons on 15 day old seedling.

> Among the chemical treatments given to walnut se€dg at 100 ppm
resulted in highest seed germination percentage2458nd 58.57)
followed by Gibberellic acid at 50 ppm (54.23 artd3®).

135



Amongst the storage treatments cold storage rekuttesignificantly
higher germination percentage (46.51 and 46.56).

Maximum germination (63.49 and 62.66%) was recoragth the
treatment combination of GAat 100 ppm and 30 days chilling.
Significantly higher germination (47.73 and 47.51%gs recorded with
treatment combination of un-soaked seed and cotdge.

Interaction between chemical x seed treatment tetleat the seed
treatment with GA at 100 ppm under un-soaked conditions recorded

significantly higher germination (59.33 and 59.66%)

Higher percentage of germination was recorded i B30 ppm under

cold storage treatment with un-soaked seed (65183%3.66%).

GA3 (100 ppm) recorded maximum height (23.24 and 28rApfollowed
by Gibberellic acid at 50 ppm (20.24 and 20.31chiySO, at (7.5%)
recorded (19.62 and 19.55 cm),S49, (9.5%) (18.48 and 18.73 cm) and
KNO3 at 0.4% (18.01 and 17.94 cm).

Amongst the chemical treatments minimum height§@3and 13.40 cm)
was observed with the application of ethrel at 1@@dn which was
significantly higher when compared to control (Bahd 12.90 cm).

Among the storage treatments cold storage resuitsgynificantly higher
stem length (21.28 and 17.93 cm) in comparisorh&éoambient storage
(16.83 and 16.99 cm).

Significantly higher stem length (17.78 and 17.7®) evas also recorded
under un-soaked seed treatment than the soaked €62@3 and 16.96

cm).

Interaction of chemical x storage recorded maximharght (24.17 and
24.27 cm) with the GA100 ppm and 30 days cold storage followed by
GA3 100 ppm (22.31 and 21.73cm) under ambient storage
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Interactions between seed treatment x storage hagnéicant effect on
seedling height and maximum height (18.66 and 18r63was observed

in un-soaked seed treatment under cold storage.

Seed treatment and chemical interaction was fotfiedta/e in promoting
height and maximum height (23.83 and 23.61 cm) azserved in GA
100 ppm with un-soaked seed treatment which wak622nd 22.38 cm

under GA 100 ppm in soaked seed treatment.

The interaction between chemical x storage x sesatrhent were also
statistically significant and maximum stem leng#b.85 and 24.91 cm)
was observed in GA100 ppm under cold storage in un-soaked seed

treatment.

GA3; at 100 ppm resulted in highest stem diameter (&7d 4.92 mm)
followed by Gibberellic acid at 50 ppm (4.19 an@4mm).

Among the storage treatments cold storage resuhedhigher stem

diameter (4.09 and 3.93 mm) in comparison to theiam storage (3.53
and 3.44 mm). Un-soaked seed treatment recordguehstem diameter
(4.01 and 3.80 mm) which was 3.83 and 3.57 mm &e ad soaked seed

treatment.

Higher stem diameter was recorded in {680 ppm under cold storage
treatment with un-soaked seed (5.71 and 5.63 mmprAy the interaction
of chemical x seed treatment x storage the lowest sliameter (2.59 and
2.14 mm) was observed in control at ambient storagger un-soaked

seed treatment.

Among the chemical treatments Gibberellic acid 100 ppm reedrd
maximum root length (191.57 and 194.91 mm) follovagdGAs 50 ppm
(181.24 and 184.16 mm).

Cold stored seeds resulted in higher root leng#8.@36 and 156.69 mm)
than the ambient stored seeds 134.82 and 141.55Sigmificantly higher
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root length (144.92 and 152.40 mm) was also recbrdeler un-soaked
seed treatment than the soaked seeds (138.27 &r&# ).

Maximum root length (198.49 and 200.00 mm) undderaction of

chemical x storage was observed ingd@A0 ppm with 30 days chilling.

Seed treatment x chemical interaction recordedifsigntly higher root
length (196.16 and 199.33mm) with the applicatibGA; 100 ppm under

un-soaked seed treatment.

Higher root length was recorded in @A00 ppm under cold storage
treatment with un-soaked seeds (201.66 and 203.33. Among the

interactions between chemical x seed treatmenbrage the lowest root
length (84.66 and 85.13) was recorded in contralearambient storage

treatment with un-soaked seeds.

All chemical and storage treatments were stasifyicignificant as far as
their influence on number of secondary roots of nwalseedlings is
concerned. Among the chemical treatments Gibbereltid 100 ppm
recorded maximum (27.49 and 27.74) number of sesrgnwots followed
by GA350 ppm (25.99 and 25.74) during 2011 and 2012 otispedy.

Among the storage treatments cold stored seed#e@sn higher (21.18
and 22.29) number of secondary roots than the amlEmred seeds
(20.16 and 19.45). Significantly higher (21.02 ak#l.23) number of
secondary roots was also recorded under un-soaext teeatments than
the soaked seeds (20.32 and 20.51) during 201 2@l

Seed treatment x chemical interaction recorded ifsigntly higher
number of secondary roots (28.00 and 28.50) wighagiplication of GA
100 ppm and un-soaked seed treatment during thre20d4 and 2012.

Higher number of secondary roots (29.33 and 29w3) recorded in GA
100 ppm under cold storage treatment with un-soalesdis. Among the

interactions between chemical x seed treatmentoxagé the lowest
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number of secondary roots (14.33 and 14.16) wasrded in control

under cold storage treatment with un-soaked seeds.

Chemical treatments had a significant effect on loemof leaves during
2011 and 2012. Maximum number of leaves (6.22 a@#)&vas obtained
with the application of GA100 ppm.

Maximum number of leaves (4.96 and 5.08) was oleskmnder cold
storage treatment which was comparatively lessecase of ambient
storage treatment 4.46 and 4.57. Seed treatmentaisasfound non-
significant, however, maximum number of leaves %4&hd 4.89) was
observed under un-soaked treatment in comparisorsogked seed
treatment (4.57 and 4.76) both during 2011 and 2012

Highest number of leaves (6.08 and 6.53) was recbrdith the
application of GA 100 ppm under cold storage with un-soaked seed

treatment.

Among the chemical treatments @A00 ppm recorded maximum leaflet
size (74.12 and 72.70 &nfollowed by GA 50 ppm (72.27 and 71.04
cn?).

Among the storage treatments cold stored seed#egsn significantly
higher (65.62 and 62.77 &neaflet size in comparison to ambient storage
(61.30 and 61.18 cfjp Higher leaflet size (63.47 and 62.98%was also
recorded under un-soaked seed treatments thano#ked seeds (62.57
and 60.97 cf).

Maximum (75.86 and 73.97 &nleaflet size at interaction of chemical x

storage was observed in @200 ppm with 30 day chilling.

Under seed treatment x chemical interactions sgamtly higher leaflet
size (75.02 and 73.74 &rwas observed with the application of G200

ppm with un-soaked seed treatment.
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Significantly higher leaflet size was recorded iIA{GLO0 ppm under cold
storage treatment with un-soaked seeds (77.36 @hdO7cnf) in

comparison to all other treatment combinations.

Chlorophyll content of walnut seedlings was fourah4significant in all

chemical and storage treatments. The chlorophyltesd under different
chemical treatments ranged from 0.80 to 0.86 md/dresh weight,

however maximum chlorophyll content (0.86 mg/g) wesorded in GA

100 ppm during 2011 and 2012.

Among the chemical treatments maximum number ofsddgom
germination to leaf fall (225.94 and 224.46) waorded in GA 100 ppm
followed by GA; at 50 ppm (223.85 and 223.10).

Among the storage treatments cold storage resuitsgynificantly higher
number of days from germination to leaf fall (2I2.Gnd 212.14) in
comparison to the ambient storage (210.45 and 811.5

Interaction of chemical x storage recorded maximoumber of days
(226.39 and 225.44) with GALOO ppm with 30 days cold followed by
GA3 100 ppm (225.49 and 222.26) under ambient storage.

The interaction between chemical x storage x seedtrhent was
statistically significant and maximum number of sldgom germination to
leaf fall (227.33 and 227.43) was observed in@B80 ppm under cold
storage with un-soaked seed treatment.

In epicotyl grafting maximum scion take percent.8&7and 70.38) was
recorded in grafting performed at the point of @itaent of cotyledons
followed by grafting at 2cm above the point of eliment of cotyledons
(65.55 and 67.64).

Time of grafting had a significant effect on sctake percentage. Highest
scion take (67.49 and 64.79%) was recorded iniggafperformed on 15
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day old stocks followed by (63.37 and 63.76 %) mvgeafting (63.37 and
63.76 %) performed on 30 day old stocks.

Minimum scion take (45.36 and 55.73 %) was obsewieen grafting was

performed on 45 day old stocks.

Higher percentage of scion take (62.99 and 64.53% wecorded in
terminal portion of scion wood as compared to basafion which was to
the tune of 59.01 and 59.42 per cent.

Maximum scion take percentage (69.10 and 72.77) oteserved under
interaction of scion wood x height in grafting merhed at the point of
attachment of cotyledons using terminal portios@bn wood.

Height x time interaction produced maximum scidtetpercentage (71.39
and 75.83) when grafting was performed at the hed§tzcm on 15 day
old stocks.

Scion take per cent of 67.16 and 68.25 was obtaimelér interaction of
scion wood x time (W x T) in grafting performed @b day old stocks

using terminal portion of scion wood.

Highest scion take percent (75.33 and 78.33) wagrgbd at interaction
under grafting was performed on 15 day old stockgha point of

attachment of cotyledons using terminal portios@bn wood.

Maximum scion take percent (63.32 and 64. 84) vezerded after 30
days in grafting performed at the point of attachtmef cotyledons
followed by grafting at 2cm above the point of eliment of cotyledons
(57.90 and 58.60).

Maximum scion take percent (43.16 and 45.32) wesrded after 45 days
when grafting was performed at the point of attaehtmof cotyledons
followed by grafting at 2cm above the point of eliment of cotyledons
(39.32 and 39.54).
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Time of grafting had a significant effect on sctake percentage. Highest
scion take (42.53 and 43.78%) was recorded inigeafierformed on 15
day old stocks followed by (38.78 and 39.54%) iaftyng performed on
30 day old stocks.

Maximum scion sprouting percentage (40.93 and 41w&®% recorded in
grafting performed at the point of attachment ofytsmlons followed by
grafting at 2cm above the point of attachment di/ledlons (35.88 and
33.99%).

The time of grafting was effective in promoting @ti sprouting
percentage. Highest scion sprouting percentagelZ3énd 37.99) was
observed under grafting conducted on 15 day oldkstdollowed by
grafting on 30 days old stock (33.74 %).

The scion sprouting percentage got significantlywdced in grafting
performed on 45 day old stocks and was to the ofi22.24 and 19.82 per

cent.

Significantly higher scion sprouting percent (32.48d 31.85) was
recorded in terminal portion of scion wood as coragao basal portion
which was to the tune of (29.21 and 29.63 per cent)

Maximum scion sprouting percentage (43.88 and 43w&s recorded
under interaction scion wood x height when graftivegs performed at the
point of attachment of cotyledons using terminattipa of scion wood

scion.

Height x time interaction was statistically sigo&nt. Maximum scion
sprouting (47.49 and 49.99 %) was obtained on 15otth stocks grafted
at the point of attachment of cotyledons.

Scion wood X time interaction was found effectivehielh records

significantly higher scion sprouting per cent (37.8nd 39.99) when
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grafting was performed on 15 day old stock usimmieal portion of scion

wood.

The interactions between height x time x scion wandicate that
significantly higher scion sprouting (51.66 and33%) under obtained
grafting was performed at the point of attachmédrdatyledons on 15 day
old stocks using terminal portion of scion wood.

Maximum scion growth (15.75 and 15.78 cm) was réedr grafting

performed just at the point of attachment of calgies.

Among grafting heights the minimum scion growth.(Band 15.23 cm)
was obtained in grafting performed at the heighah.

Time of grafting had a significant effect on scgnowth. Maximum scion
growth (16.22 and 16.20 cm) was recorded in grgfperformed on 15
day old stocks.

The portion of scion wood used also affected scgmowth and
significantly higher scion growth (15.87 and 154th) was recorded in

terminal portion than in basal portion of scion Wd@5.42 and 15.41cm).

The interaction between height of grafting x tiffgafting x scion wood
used reveal that highest scion growth (18.59 an@i6lém) was obtained
in grafting performed at the point of attachmehtatyledons on 15 day

old stocks using terminal portion of scion wood.

Height of grafting, time of grafting and scion woosled had a significant
effect on number of leaves in walnut epicotyls gnaf during 2011 and
2012. Maximum number of leaves (4.88 and 5.27) vem®rded when

grafting was performed at the point of attachmérmodyledons.

Lowest number of leaves (4.10 and 4.20) was recordeler grafting
performed at a height of 6cm.
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Higher number of leaves (4.69 and 4.69) was recbhnaéerminal portion
of scion wood as compared to basal portion which§4nd 4.63).

Maximum number of leaves (5.33 and 5.33) was resmbradinder
interaction of wood x height in grafting performed the point of

attachment of cotyledons using terminal portiois@bn wood.

The interactions between height of grafting x sonood used x time of
grafting were significant during 2011 and 2102. lréigt number of leaves
(6.23 and 6.33) were observed at interaction oftitei x time x scion

wood when grafting was performed on 15 day old kstcat the point of

attachment of cotyledons using terminal portiois@bn wood.

Height of grafting, scion wood used and time offiyng had a significant
effect on leaflet size in walnut epicotyl graftidgring the year 2011 and
2012. Maximum leaflet size (38.52 and 38.78%cmwas recorded in
grafting performed at the point of attachment diy=mons.

Among the grafting heights minimum scion leafletes{36.29 and 37.13
cn?) was obtained in grafting performed at the heigtcm.

Significantly higher leaflet size (38.76 and 40@%°) was recorded in
grafting performed on 15 day old stocks.

Maximum leaflet size (39.08 and 38.93 ¥mwas recorded under
interaction of wood x height when grafting was peried at the point of

attachment of cotyledons using terminal portiois@bn wood.

The interaction between height of grafting x tiffgafting x scion wood
used were significant and highest leaflet size3@Gnd 41.59 cf) was
observed in grafting performed at the point of@ttaent of cotyledons on

15 day old stocks using terminal portion of scicoog.

Height of grafting, scion wood used and time offiyng had a significant
influence on plant height during 2011 and 2012. iaxn plant height
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(20.16 and 19.77 chwas observed in grafting performed at the height o

6cm.

Among grafting heights lowest plant height (17.8%&8.00 cm) was

recorded in grafting performed at the point of @ttaent of cotyledons.

Time of grafting had a significant effect on plarmgight. Highest plant
height (19.24 and 19.14 cm) was recorded in g@fterformed on 15 day

old stocks.

Significantly higher plant height (19.14 and 18.8&%) was recorded in
terminal portion of scion wood used which was 18attl 18.34 cm in
case of basal portion of scion wood used.

Maximum plant height (20.43 and 20.07 cm) was olesgmat interaction
of scion wood x height under grafting performedtla height of 6cm

using terminal portion of scion wood.

The interactions between height of grafting x sonood used x time of
grafting were significant. Highest plant height @D and 20.35 cm) was
recorded in grafting performed at 6¢cm height onday old stocks using

terminal portion of scion wood.

Height of grafting, time of grafting and scion wolbadd a significant effect
on stem diameter during 2011 and 2012. Maximum stemmeter (3.73
and 3.63mm) was recorded under grafting perforniébdeaheight of 4cm
followed by stem diameter (3.59 and 3.56 mm) inftgrg performed at
2cm height.

Time of grafting had a significant effect on sterandeter and higher stem
diameter (3.67 and 3.68 mm) was recorded in gaftiarformed on 15
day old stocks.
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> Under interaction of height x scion wood maximuranstdiameter (3.95
and 3.90 mm) was recorded under grafting perforatete height of 4cm

using terminal portion of scion wood.

> Highest stem diameter (4.13 and 4.21 mm) was decbunder interaction
of height x time x scion wood under grafting penfi@d at 4cm height on
15 day old stocks using terminal portion of scicoog.

CONCLUSION

Use of chemicals and storage treatments can beogetplto attain
maximum percentage germination and subsequentisgeagtiowth. The results
obtained in the present study indicate that seealigation of walnut at late stage
can be possible with the use of & 100 ppm concentration without pre-soaking
treatment. Chemical treatments can substituteimfpitequired for walnut seed
germination. Epicotyl grafting under Kashmir vallegnditions is a viable option
for mass propagation of walnuts. Epicotyl graftcan be performed on 15 day
old walnut rootstocks at height of point of atta@mnof cotyledons. The scion
wood needs to be stored under moist conditions4C3to retain the optimum
moisture level. Skill development of nurserymenhwigspect to performing of
grafting technique as well as management of prdpdganaterial is of vital

importance.
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Appendix — |

Weather data for the year 2011

Maximum Minimum . Relative Humidity
Date Temperature | Temperature Rainfall (%)
(°C) (°C) (mm) RH1 RH2

1/3/2011 11 2 14 91 52
2/3/2011 6.5 2 0 91 71
3/3/2011 7.5 2 6.7 94 71
4/3/2011 8 1 12.3 94 52
5/3/2011 11 14 1.2 91 37
6/3/2011 14 -0.5 0 90 37
7/3/2011 12 14 0 87 45
8/3/2011 15 3 0 87 55
9/3/2011 16.5 0 0 80 39
10/3/2011 18 0.4 0 80 39
11/3/2011 17.5 0 0 58 31
12/3/2011 19 0.4 0 74 23
13/3/2011 19.6 14 0 77 33
14/3/2011 22.5 15 0 68 21
15/3/2011 22.5 2.5 0 73 25
16/3/2011 22 3.5 0 69 25
17/3/2011 21 5.2 0 76 30
18/3/2011 23 6 0 79 37
19/3/2011 9.6 8.8 2.8 88 85
20/3/2011 10.5 1 34.7 80 45
21/3/2011 14 2.5 0 82 50
22/3/2011 17.5 1.6 0 91 46
23/3/2011 20 3 0 91 30
24/3/2011 21.5 3.5 0 86 31
25/3/2011 22 3 0 84 33
26/3/2011 21 4 0 87 30
27/3/2011 21.5 6.5 0 80 35
28/3/2011 9.5 7.5 2.6 98 92




29/3/2011 14 5 13 95 55
30/3/2011 16 7 8.6 92 43
31/3/2011 18 3.5 0 92 46
1/4/2011 13.5 5 0 85 73
2/4/2011 13.5 4.6 4 87 51
3/4/2011 11.5 2 2.4 94 1
4/4/2011 8 3 7.6 89 86
5/4/2011 6 3 9.4 94 86
6/4/2011 9.5 4 0 92 87
7/4/2011 15 4.5 2.6 92 52
8/4/2011 17.5 15 0 87 40
9/4/2011 18 3.5 0 72 40
10/4/2011 14 9.5 0 54 67
11/4/2011 13 7 20 93 92
12/4/2011 15.5 7.8 9.6 78 62
13/4/2011 20.5 6.5 0 80 36
14/4/2011 23 4.5 0 77 36
15/4/2011 22 6 0 63 38
16/4/2011 18 10 0 83 52
17/4/2011 14 8.4 18.1 93 68
18/4/2011 12.5 6.5 18.8 88 74
19/4/2011 11.5 6.6 0 90 88
20/4/2011 16.6 3.5 0 95 62
21/4/2011 19 4 0 82 49
22/4/2011 23.5 4.6 0 68 42
23/4/2011 26.5 5.5 0 68 36
24/4/2011 27 5.4 0 67 33
25/4/2011 28 6 0 65 27
26/4/2011 29 7 0 64 28
27/4/2011 29 7 0 65 28
28/4/2011 25.5 8 0 66 59
29/4/2011 22 9.6 0.6 71 65
30/4/2011 20.3 8 0 83 51




1/5/2011 24.4 8 0 72 29
2/5/2011 27 8 0 73 35
3/5/2011 29.5 9 0 68 27
4/5/2011 28 8.5 0 71 35
5/5/2011 26 7.6 0 71 52
6/5/2011 18 11.5 3.6 85 90
7/5/2011 23.5 8 2 87 42
8/5/2011 25 7.6 0 89 45
9/5/2011 24.5 8.5 0 91 53
10/5/2011 24 12 1.6 82 44
11/5/2011 24.5 10 0 81 59
12/5/2011 23.5 7.6 1 80 59
13/5/2011 24.5 7.4 1.8 70 42
14/5/2011 27.5 8 0 75 31
15/5/2011 31.5 7.6 0 69 27
16/5/2011 31 9 0 81 27
17/5/2011 32 11 0 73 36
18/5/2011 32 13 0 64 27
19/5/2011 31.5 12.8 0 67 26
20/5/2011 30 13 0 66 32
21/5/2011 26 13 0 58 41
22/5/2011 27.5 8.6 0 67 28
23/5/2011 30.5 9 0 67 28
24/5/2011 29 11 0 63 30
25/5/2011 29 14.3 0 70 30
26/5/2011 23.5 11.2 0 68 49
27/5/2011 25.5 14.1 5.8 94 32
28/5/2011 30 12 0 77 28
29/5/2011 30 13.4 0 64 28
30/5/2011 31 13 4 69 32
31/5/2011 31.5 11.5 0 66 26
1/6/2011 18 12.8 0 63 64
2/6/2011 24.5 10.4 1 83 51




3/6/2011 27 9.5 0 64 38
4/6/2011 30 9 0 65 30
5/6/2011 31 11.7 0 73 42
6/6/2011 29 15 0 54 22
7/6/2011 33.5 10.5 0 59 23
8/6/2011 30 12.9 0 61 24
9/6/2011 31 13.4 0 69 37
10/6/2011 30.5 114 11 69 33
11/6/2011 31.5 155 0 74 39
12/6/2011 26.5 12.6 37.4 87 43
13/6/2011 30.5 15 0 75 45
14/6/2011 32.5 13.7 0 68 43
15/6/2011 32.5 135 0 61 54
16/6/2011 33.5 16 0 65 66
17/6/2011 31.5 16 0 72 60
18/6/2011 29.5 16.5 0 82 47
19/6/2011 29.5 14.5 0 77 50
20/6/2011 30.5 155 0 82 52
21/6/2011 33 14 0 64 37
22/6/2011 34.5 16.1 0 69 45
23/6/2011 33 16 3.4 75 39
24/6/2011 33.5 16.7 0 73 43
25/6/2011 35 18.6 0 76 39
26/6/2011 33.5 20.5 0 69 47
27/6/2011 33.6 18.7 0 70 44
28/6/2011 29 18.4 0 68 50
29/6/2011 30 17.4 0 68 57
30/6/2011 29.5 16.6 0 59 57
1/7/2011 29 17.5 0 75 76
2/7/2011 29 154 0 73 50
3/7/2011 27 15.5 0 71 81
4/7/2011 29.5 13.2 7.2 79 46
5/7/2011 32 14.4 0 72 36




6/7/2011 33.5 15.5 0 64 32
7/7/2011 26.5 17.8 0 69 75
8/7/2011 25.5 16.4 0 91 56
9/7/2011 26.5 16 5 89 48
10/7/2011 26 155 0 78 51
11/7/2011 30 14 0 78 40
12/7/2011 32.5 13.7 0 68 52
13/7/2011 34.5 16.5 0 62 41
14/7/2011 25.5 20 0 81 69
15/7/2011 29 17.5 6 91 48
16/7/2011 23 17 3 91 73
17/7/2011 29.5 13.4 0 86 44
18/7/2011 30 15 0 68 48
19/7/2011 30.5 18 0 80 45
20/7/2011 33 16.8 0 73 48
21/7/2011 31 17.7 0 68 53
22/7/2011 33 18 0 67 65
23/7/2011 34.5 18.6 0 69 41
24/7/2011 31 21 0 76 59
25/7/2011 31.5 21.4 0 76 59
26/7/2011 30.5 20.8 0 89 64
27/7/2011 30.5 195 1.8 84 50
28/7/2011 30.5 17.4 7.2 88 53
29/7/2011 29.5 17 0.8 83 48
30/7/2011 32 16.4 0 77 58
31/7/2011 32.5 17 0 74 48
1/8/2011 33 14 0 61 48
2/8/2011 33.5 14 0 78 44
3/8/2011 33 16.4 0 68 42
4/8/2011 31 19.1 0 73 52
5/8/2011 33.5 16.5 0 80 40
6/8/2011 34.5 18.5 0 65 39
7/8/2011 26.6 19 2.2 93 69




8/8/2011 31 17 0 83 53
9/8/2011 32.5 16.9 5 76 44
10/8/2011 32.6 18.6 0 70 40
11/8/2011 315 20.1 0 76 48
12/8/2011 20 18 9.8 91 87
13/8/2011 28 155 6 85 57
14/8/2011 27.5 154 0 80 64
15/8/2011 27 15 0 87 76
16/8/2011 27 15 0 74 60
17/8/2011 31 13.6 0 75 44
18/8/2011 30.5 135 0 82 40
19/8/2011 30.6 14.2 0 75 44
20/8/2011 315 15.6 0 80 44
21/8/2011 33.5 16 0 70 35
22/8/2011 34 19.5 0 72 35
23/8/2011 35 20.2 0 66 33
24/8/2011 34.5 21.5 0 72 84
25/8/2011 28.5 16.5 11.2 78 57
26/8/2011 32 17 0 87 49
27/8/2011 29 18.4 2.4 88 57
28/8/2011 23.5 174 8 96 64
29/8/2011 22.5 154 0.6 91 60
30/8/2011 29.5 17 0 91 52
31/8/2011 32.5 17 0 94 39

Source : Department of Agronomy, SKUAST-Kashmir, Simagar,

Jammu and Kashmir




Appendix — Il

Weather data for the year 2012

Maximum Minimum : Relative Humidity
Date Temperature | Temperature Rainfall (%)
(°C) (°C) (mm) RH1 RH2
01/03/2012 13 1 0 80 36
2/03/2012 14 -0.6 0 87 49
3/03/2012 17 14 0 79 29
4/03/2012 5 4 6 94 91
5/03/2012 10 2.5 23.4 97 72
6/03/2012 13.5 2.5 0 89 58
7/03/2012 14.5 1.8 0 86 43
8/03/2012 10 1.8 0 94 47
9/03/2012 10 -0.7 2.2 97 54
10/03/2012 12.5 1 0 85 41
11/03/2012 11.5 -1 0 84 43
12/03/2012 11.5 15 0 72 45
13/03/2012 135 2.3 0 88 40
14/03/2012 155 4.1 1 65 52
15/03/2012 16 0.5 0 82 45
16/03/2012 15 3 0 67 35
17/03/2012 16 4.4 0 81 45
18/03/2012 19 5 0 84 40
19/03/2012 20 6.2 0 64 30
20/03/2012 20.5 17 0 38 26
21/03/2012 17 2.5 0 69 31
22/03/2012 19.5 2 0 73 25
23/03/2012 22 3.5 0 73 21
24/03/2012 22 54 0 64 21
25/03/2012 17 7.5 0 73 53
26/03/2012 125 6.4 1.2 87 87
27/03/2012 13.5 6 4 87 68




28/03/2012 18.5 6.5 0.8 88 40
29/03/2012 21 3.5 0 87 38
30/03/2012 23 3.5 0 77 29
31/03/2012 21.5 4.5 0 87 40
1/4/2012 21 4 0 77 56
2/4/2012 22 3 0 74 51
3/4/2012 21.5 7.4 30.4 12 51
4/4/2012 23 6 0 77 40
5/4/2012 21.5 6.5 0 75 43
6/4/2012 21 3.8 0 77 35
7/4/2012 23 5.2 0 80 35
8/4/2012 24.5 6 0 74 30
9/4/2012 195 10.5 0 70 60
10/4/2012 11.5 9 13.4 91 88
11/4/2012 13 8.5 8 95 78
12/4/2012 17 7 20 88 54
13/4/2012 10 5.9 2.1 92 87
14/4/2012 16.5 6.5 3 87 53
15/4/2012 16.5 4.5 0 87 78
16/4/2012 18.5 4 0 90 49
17/4/2012 22 4.4 0 81 38
18/4/2012 23.5 4.5 0 73 30
19/4/2012 23.5 5.5 0 88 30
20/4/2012 21.5 10.5 0 79 43
21/4/2012 21.5 11 9.2 89 40
22/4/2012 19 8.5 1 83 68
23/4/2012 18.5 9.5 3 89 55
24/4/2012 20 9.5 9 85 49
25/4/2012 21 7.6 0 83 72
26/4/2012 17.5 10 5 89 56
27/4/2012 20 9 20 89 53
28/4/2012 17.5 7 0 84 70
29/4/2012 17 7.5 1.6 89 69




30/4/2012 17.5 8 4.8 89 66
1/5/2012 13.5 3.5 1.6 92 68
2/5/2012 19.5 5 0.2 83 49
3/5/2012 23 4.6 0 84 41
4/5/2012 25 5.5 0 69 38
5/5/2012 25 6.5 15 69 50
6/5/2012 24 11 0 68 52
7/5/2012 22 8.6 0 82 59
8/5/2012 27 8.4 0 92 59
9/5/2012 28.5 9.4 0 72 46
10/5/2012 25 13 0 80 67
11/5/2012 18.5 10 1.6 83 81
12/5/2012 19 10 6.6 85 72
13/5/2012 22 7.9 3.5 91 53
14/5/2012 23 8 0 80 59
15/5/2012 22 6.8 0 81 63
16/5/2012 25 9.5 0 76 56
17/5/2012 20.5 9.5 0 75 62
18/5/2012 19.5 11.2 10 79 66
19/5/2012 24 9 2 89 54
20/5/2012 22.5 8.5 0 79 51
21/5/2012 18.5 10.6 1.6 93 69
22/5/2012 17.5 10 9.2 89 80
23/5/2012 21 8 0 89 58
24/5/2012 26 7.6 0 76 44
25/5/2012 21.5 10 0 66 80
26/5/2012 21 12 3.2 90 62
27/5/2012 25.5 8.4 2.6 84 45
28/5/2012 27 9.5 0 93 38
29/5/2012 29 9 0 85 37
30/5/2012 31 10 0 69 39
31/5/2012 30 10 0 64 71
1/6/2012 30.5 9 3.4 63 70




2/6/2012 31 10 0 56 35
3/6/2012 31 10 0 64 43
4/6/2012 29.5 9.4 0 74 47
5/6/2012 27.5 10 0 73 54
6/6/2012 24.5 12 0 73 57
716/2012 20 11.5 0 86 90
8/6/2012 17 11 0 94 86
9/6/2012 23 10.4 8.4 89 a7
10/6/2012 26 11.5 0 80 38
11/6/2012 25 11.5 0 77 50
12/6/2012 24.5 10.6 0.6 90 39
13/6/2012 25 13.8 0 77 53
14/6/2012 27 11.4 1 90 48
15/6/2012 29.5 11.4 0 83 45
16/6/2012 30 11 0 73 44
17/6/2012 29.5 11.5 0 71 45
18/6/2012 27.5 12 0 88 50
19/6/2012 29 15.5 0 81 37
20/6/2012 30.5 13 0 82 32
21/6/2012 33 13.5 0 79 40
22/6/2012 32.5 16.5 0 75 40
23/6/2012 30 18 0 52 42
24/6/2012 29.5 15 0 86 51
25/6/2012 24 16.4 0 84 62
26/6/2012 27 14.6 0.8 73 51
27/6/2012 26.5 12 10 70 51
28/6/2012 29.5 14 0 78 51
29/6/2012 29.5 14.5 0 77 39
30/6/2012 32.5 14 0 84 36
1/7/2012 31.5 13 0 87 43
2/7/2012 34 15 0 68 36
3/7/2012 35.5 16 0 67 36
4/7/2012 35.5 20 0 69 36




5/7/2012 28.5 18.7 1 91 50
6/7/2012 33.5 17 0 79 40
7/7/2012 31 20 0 76 53
8/7/2012 31.5 16 0 75 48
9/7/2012 31 16.5 0 70 48
10/7/2012 34.5 15.6 0 74 41
11/7/2012 28 18.5 0 76 64
12/7/2012 29 17.5 0 88 72
13/7/2012 21.5 16.4 0 89 91
14/7/2012 28 14.5 6.2 89 58
15/7/2012 26.5 14.5 12.4 91 64
16/7/2012 30.5 14.5 0 82 43
17/7/2012 32 16 0 75 43
18/7/2012 34 16 0 72 38
19/7/2012 28 16.5 2.2 68 67
20/7/2012 29 15.5 1.2 96 56
21/7/2012 29 15.5 0 96 48
22/7/2012 33.5 15.5 0 87 40
23/7/2012 34.5 17.4 0 91 41
24/7/2012 34.5 18.6 0 76 41
25/7/2012 29 18 7 79 48
26/7/2012 28.5 18.4 0 89 53
27/7/2012 32.5 15.2 2.2 68 40
28/7/2012 33.5 15.4 0 91 39
29/7/2012 34.5 17 0 86 41
30/7/2012 33 20 0 79 40
31/7/2012 34.5 18.5 0 84 45
1/8/2012 33 20 0 76 45
2/8/2012 34 21.5 0 83 45
3/8/2012 33.5 19.6 0 83 45
4/8/2012 21 18.5 2.6 91 91
5/8/2012 22.5 14.4 26.4 90 75
6/8/2012 29.5 14.6 0 87 48




Jammu and Kashmir

7/8/2012 31 15 0 84 48

8/8/2012 33.5 15.2 0 75 44

9/8/2012 31 17 0 76 48
10/8/2012 28.5 18 0 80 55
11/8/2012 23.5 17.5 0 91 84
12/8/2012 28.5 18 4.8 91 64
13/8/2012 29 16 0 86 64
14/8/2012 20 18.6 1.6 91 54
15/8/2012 28.5 19 21 83 55
16/8/2012 29 19 1 91 64
17/8/2012 32 17.5 0 84 54
18/8/2012 33.5 18 0 83 49
19/8/2012 33 20.5 0 80 49
20/8/2012 34 20 0 76 46
21/8/2012 34.5 21.5 0 79 45
22/8/2012 33 19.5 1.8 85 45
23/8/2012 325 19.3 0 84 54
24/8/2012 335 18.7 0 76 45
25/8/2012 30.5 19.1 0 83 53
26/8/2012 26.5 17 0 93 45
27/8/2012 30 15.5 0 88 57
28/8/2012 30 17 1 75 58
29/8/2012 32 15 0 75 51
30/8/2012 30.5 16 0 67 36
31/8/2012 33 14.6 0 71 49

Source : Department of Agronomy, SKUAST-Kashmir, Smagar,
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